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CHAPTER 1
INTRODUCTION

1 1 BACKGROUND A"lD PURPOSE OF MANUAL

ThIS manual pro" Ides an mtroductIOn to the applIcatIOn of pollutIOn pre\ entIOn technIques m
\ anous metal finIshmg processes mcludmg degreasmg and cleanIng metal pretreatment
metal platmg telectroless and electrolytic platmg), and pamtmg Excerpts from prey lOusly
prepared metal fimshmg gUIdes are also proVided m Appendices 1 through 5 so that the
reader mav revIew and evaluate metal finIshmg pollutIOn preventIOn strategIes and
technologIes m greater depth

ThIS text IS part of a senes of four manuals which cover a broad range of pollutIOn preventIOn
tOpICS ThIS senes mcludes "PollutIOn PreventIOn Concepts/ApplIcatIOns", "PollutIOn
PreventIOn m the TextIles Industry and 'PollutIOn PreventIOn m Food Industnes
The first manual dIscusses the theon and practIce of pollutIOn pre\ entIOn technIques m
general terms \VhIle the next two texts cover the pollutIOn preventIOn opportunItIes WhICh
e\.lst m speCIfic mdustnal sectors There are plans to prepare additIOnal manuals CO\ enng
ISO 14000 and pollutIOn pre\ entIOn m the mmmg tannmg and chemIcal mdustnes

The user of thIs metal finIshmg manual should \ le\\ It as a first source m pursumg process
and eqUIpment changes m thIs mdustr\ The manual IS Intended to aSSIst mdustn
professIOnals m determmmg 1) \\here there mIght be potentIal for Impro\mg process
etficlenc\ and profitabillt\ m metal finIshmg facilitIes and 2) \Vhlch altematl\es are worthy
of consideratIOn for ImplementatIOn Users of thIs manual should not reh on Its contents
alone to cam out speCIfic measures but rather should seek. aSSIstance from expenenced
professIOnals m the field such as those lIsted m the attached appendIces Ho\\e\er as a
general rule of thumb those process Impro\ ement measures \\ hlch can be Implemented at no
cost or 10\\ cost or \\ Ith minImal effort should be conSIdered first whIle the more capItal and
labor mtenSl\ e optIOns \\ III reqUIre more e'\.tenSl\ e re\ le\\

1 2 BACKGROUND

The metal finIshmg mdustn uses a \VIde vanetv ofmatenals and processes to clean etch and
plate metallIc and nonmetallIc surfaces to proVIde deSIred surface propertIes These matenals
mclude solvents and surfactants for cleanIng aCIds and bases for etchmg and solutIOns of

EP3
PollutIon Pre~enllOn In Metal FinIshing
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metal salts and other compounds to plate a finIsh onto a substrate Ph\ sical chemIcal and
electrochemIcal processes are all used to finIsh metal \\<orkpleces The processes ma\ simph
polish the surface to pro\ Ide a bnght appearance or apply another metal to change the surface
propertIe~ or appearance The three stages of metal finIshing Include 1) pretreatment and
preparatIOn at metals :2) inorganIC surface treatment and fimshIng and depending on the

product 3) orgamc tinIshIng (painting)

Waste\\ater solid \\aste and air emISSIons are generated bv the metal finIshing process The
pnman source of \vaste In the metal finIshing Industrv occurs In the nnsIng operatIon Rinse
\\aters ohen contain lo\\< concentratIons of process chemIcals carned Into the nnse on the
\\-orkplece T\pICal nnse\\ater treatment produces a metal h\droxide sludge that can be a
hazardous \vaste The ongIn and charactenstics of SIgnIficant v.astes produced In the metal
fimshIng Industrv are shown In ExhIbIt 1-1

Expenence In the U S and abroad has shown that the metal finIshing mdustrv has the
potentIal tor SIgnIficant cost recovery and waste reductIOn through the ImplementatIOn ot
pollutIOn preventIon technIques

EP3
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rl\,TRODlCTIO"J • 1-3

Exhibit 1-1 Tvplcal Metal Fmlshmg Industn "astes

'" aste Potential Hazard \\'aste Stream Process

Alk.all (h\ droxlde) Corroslvlt'. Vv aste'W ater Cleanmg etchm~

ACid (nitric sulfunc CorrOSI\ It'. Vv aste'W ater Cleanmg plck.lmg
h\ drochlonc etchmg bnght dlppm~
h\drofluonc)

Surfactants Aquatic tOXICIty Waste'Water Cleanmg

Oil and grease Aquatic tOXICity Wastewater, spent solvent Cleanmg

Platmg bath drag-out
CadmiUm zmc nIck.el To>.. IC It\ nnse 'Water spent filters Platmg
copper other metals sludge

Spent solvent (hqUid or
Perchloroethvlene InhalatIOn, dermal sludge), aIr emIssIOns Cleanmg
tnchloroethvlene other
solvents

Platmg bath drag-out
CvanIde TOXIClty rmse water other Platmg tumblmg

wastewater stnppmg heat treatmg
desmunmg

Platmg bath drag-out
Chromates TOXICIt\ nnse water other Platmg chromatmg

\\ aste'W ater mist etchmg

Rmse water drag-out
Water process bath air emiSSIOn Vanous

(evaporatIOn) coolmg
'Water boiler blowdown

EP3
PollutIOn PreventIOn m Metal Fmlshmg



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CHAPTER 2
PRETREATMENT AND PREPARATION OF METALS

2 1 INTRODUCTIOl'

Pretreatment and preparatIon of metals takes place m tVvo steps The first consIsts of the remm al
and stnppmg of coatmgs and the second consIsts of the cleanmg and degreasmg of metal
surfaces

In stnppmg old organIc coatmgs are removed from the workpIece by mechanIcal or chemIcal
means Em Ironmental problems anse from the applIed chemIcals or removed coatmgs
ChemIcals create aIr emIsSion problems because they contaIn volatIle orgamc compounds
(VOCs) and also must be dIsposed of when they are spent The removed matenal result In solId
waste WhICh, dependmg on the contents of the pamt, may be hazardous

Cleamng and degreasmg IS performed to remove contammants from the surface of the metal such
as 011 grease gnt, and metal ChIpS ThIS process prepares the part for further treatment such as
pamtmg or platmg bv affordIng better adheSIve propertIes as well as mcreasmg the qualItv of the
finish Three medIa are used to clean and degrease metals these are solvents aqueous medIa
and abrasl\ es

The reader should note that thIS chapter re\ Ie\\ s se\ eral pollutIon preventIon measures and
altematl\ e technologIes used m the pretreatment and preparatiOn of metals m general terms In
order to compare the advantages and dISad\ antages of anyone measure or technologv to another,
It IS recommended that the reader refer to the appropnate appendIx m the back of thiS gUide The
appendices pertammg to the tOpiCS covered m thiS chapter mclude

ThiS chapter IS denved from the follo\'. mg documents
H Freeman Industrial Pollution Prevention Handbool-. McGraw-Hill, Inc 1995 (Chapter 29 and 43)
Mmnesota ASSOCiation of Metal Finishers Metal FInlshmg PollutIOn Prevention GUIde' Julv 1993
USEPt\ AlternatIves to Chlonnated Solvents for Cleanmg and Degreasmg' Februarv 1994 GUide to Cleaner
Technologies EPA/625/R 93/016
USEPt\ Cleanmg and DegreasIng Process Changes FebruaIY 1994 GUIde to Cleaner Technologies EPA/625/R
93'017
USEPA Waste MmlmlZatiOn m Metal Parts Cleanmg August 1989 EPA/530 SW-89-049
USEPA Organic Coating Removal FebruaIY 1994 GUIde to Cleaner Technologies EPA/625/R 93/015

EP3
PollutIOn PreventIOn In Metal Finishing
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Appendix 1 Organic Coatmg Removal
-\.ppendl\.2 'Waste MmlmlZatIon m '\'letal Parts Cleanmg
--\ppendn: 3 --\lternatn es to Chlormated Soh ents for Cleanmg and Degreasmg

2 2 REMOVAL AND STRIPPING OF COATINGS

2 2 1 Process DescriptIOn

The three approaches used conventIOnallv for stnppmg mclude abrasIve blastmg manual
gnndmg and chemIcal stnppmg

In abrasIve blastmg pamts and other orgamc coatmgs are physIcally removed from metallIc
surfaces ThIS process uses mechamcal energ\ to hurl partlcles at hIgh speed agamst the pamt
film The partIcle medIa mav be composed ot sand glass, plastic and steel shot Blastmg IS
used on large statIonary workpleces or small pIeces that cannot wIthstand heat or chemIcal
stnppmg The malO envIronmental problem assocIated wIth thIS process IS the dIsposal of the
solId waste whIch IS composed of the abrasIve medIa and the materIals removed from the part
surface

Manual grmdmg processes are used to phYSIcally remove very tenacIOusly adherent organIC or
morgamc coatmg WIth hand or power tools WhICh abrade cut or scrape awav the film ThIS
process IS labor mtensive and IS not al\\-a\ s practIcal for large or Irregularly shaped parts The
envIronmental problem assocIated wIth grIndmg IS dIrect worker exposure to the abraded
materIal dUrIng the removal process A second major envIronmental problem IS dIsposal of the
ohen hazardous abraded materIal

ChemIcal stnppmg processes remove the organIC coatmgs by dIrect applIcation of chemIcals to
the coated surface The solvents soften or dIssolve the coatmgs and are then scraped awav or
othem Ise mechamcalh removed ChemIcal stnppmg processes are used when the \\-orkplece to

be stnpped IS une" en has man" small cre\ lees or IS not amenable to mechamcal remm al The
major em Ironmental problems assocIated \\-nh chemIcal stnppmg are hIgh emISSIOns ot VOCs
explOSIOn or fire hazards and solId or lIqUId \\-aste dIsposal

\\ aste reduction strategIes 10 parts stnppmg and c1eanmg can be subdIVIded m the tolIo\\-mg
categorIes

~ -\\ Old the need to clean
~ \la\.Imize cleanmg effiCIenCY
~ Select the least hazardous medIUm for cleamng
~ Segregate c1eanmg wastes
~ MaXImIze recYclmg and reuse

EP3
PollutIOn PreventIOn m Metal Fmrshme
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222 1 .<\ssess the Need to StrIp In mam eqUIpment mamtenance pamtIng operatIons the
routme practIce IS to remo\ e all pamt dO\\-TI to bare metal \\ben the reason tor repamtmg IS onh
cosmetlc (1 e the top coat has faded but the base coat and pnmer are stIll mtact) selectl\ e
remo\ al of the top coat \\'Ith abrasIves \\-111 reduce \\ aste generatIon At some facllltles thIS
polIc\ change has resulted 10 a 90-percent reductIon 10 the number of parts be109 fulh stnpped

2222 lise the Most Durable AbraSive Practical AbraSIves commonh used for parts
preparatIOn mclude steel gnt alumma garnet and glass beads Because ot ItS hardness and
durabIlm steel gnt can be reused repeatedh and IS the abraSIve matenal \\hlch generates the
least amount of \\aste per umt of surface area strIpped To maxImize the reuse of steel gnt It
must be kept dI"\ and free of rust

Alumma IS conSidered to be a multi-purpose matenal that IS less aggressive and less durable than
steel gnt Its use results 10 a smoother surface profile and less remOval of substrate matenal
Gamet and glass beads are the least aggressive and are often used m a smgle pass operation

2223 Use Blastmg Surface Standards AbraSive blastmg a surface longer than necessary
creates excess waste and reduces productivity Blastmg standards or measunng deVices are used
to define the lev el of surface scratchmg or ' profile' deSIred Two sty les of standards are
a\ allable \ Isual disk and photographIc

2 2 2 4 ITse .<\brasn es 10 Place of Chemical StrIppers ChemIcal-based pamt strIppers ma\
be reterred to as hot (heated) or cold Mall'. hot strIppers contam sodIUm h\ dro\.lde and other
orgamc additives whlle cold stnppers contam methv lene chlonde along \\-Ith other additIves
such as phenolIc aCIds cosoh ents \\ ater soluble soh ents thIckeners and sealants Handlmg and
dIsposal of spent baths and nnses IS a malor problem tor facllltles emplo\ 109 these stnppers

Although abraSIve blastmg IS not an entlrelv trouble free operatIOn from an envIronmental
perspectIve It offers a number of ad\ antages 0\ er the use of solvents AbraSIve blastmg utIlIzes
mert strIppmg partIcles and offers the posslbIlItv to rec) cle the abraSIve gnt thereby mmlmlzmg
the amount of \\- aste generated

-\braSI\ e blastmg IS performed m an open area or m an enclosed blastmg booth and reqUIres that
the operator be protected from airborne dust b\ \\-eanng a self-contamed breathmg eqUIpment
After blastmg the used abraSIve may be shoveled or vacuumed from the area and processed for
reuse Some svstems combme dust control and abraSIve recoverY by mcludmg a vacuum
collectIOn pIckup deVIce \\ Ith the blastmg nozzle

2225 lise of Crvogemc Methods Crvogemc pamt remOval uses lIqUId mtrogen ImmerSIOn
at appro\.Imateh -200°F \\hlch causes the pamt to contract and thus breaks the adheSIve bond
\\ 1th the substrate

EP3
PollutIOn Pre~entIOn In Metal Finishing
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222 6 (Jse of High-Temperature Thermal Technologies Burnotf ovens molten salt baths
or heated flUIdIzed sand beds are WIdely used to remove pamt overspra\ from hooks racks
grates and bod\ carners used m automotl\ e plants Stnpped parts are lett \\ Ith a reSIdue ot ash
\\ hlLh can be remov ed b\ nn~mg

222 7 lTse of Less Hazardous StrIppers Because of em lronmental concerns Q\,er the use at

meth\ lene chlonde and phenolIc-based stnppers mam ne\\ and less hazardous stnppmg
formulatlOns ha\ e been researched and developed Hov"e\ er these alternatn e stnppers present
some dIsadvantages as compared to the standard tormulatlOns

2 2 3 Clean Technologies for Strlppmg

Several of the technologIes whIch have been developed to reduce the envIronmental or health
Impact at ~tnppmg operatlOns are dIscussed 10 greater deta11 m AppendIX 1 - US EPA GUide to
Cleaner Technologies - Alternative Coatmg Removal Technologies The alternatIve
technologIes presented 10 document Include plastIC or wheat starch blastIng burnoff or molten
salt coatmg removal pressure water blastmg and cryogemc blastIng

23 CLEANING AND DEGREASING OF METAL SURFACES

2 3 1 Proces~ DeSCriptIOn

Halogenated solvents have traditlOnallv been used for degreasmg apphcatlOns In the metal
fimshmg mdustrv usualh m a \ apor degreaser T\ plcal soh ems used are III-trIchloroethane
(IC A.) 1 1 2-tnchloro-I 2 2 -tnfluoroethane (Freon CFC-II3) perchloroethylene (PERC)
trlchloroeth\ lene (TCE) and methylene chlonde (MECL) In the US the manufacture ot TCA
and CFC-II3 \v111 be phased out bv December 31 1995 whIle PERC TCE and MECL
emlsslOns \\-111 be regulated under U S air pollutlOn regulatlOns The mcreasmg regulatory
pressure m the L'S has prompted the de\ elopmem of non-halogenated degreasmg alternatlves

2 3 2 PollutIOn PreventIOn Strategies

\1easures for reducmg waste and ImprovIng effiCIenCY In metal cleamng and degreasIng
proces~e~ can be dIvIded mto 1\\-0 categones medIa SUbStltutlOns and process optlmizatlOn
There are three medIa used for cleamng and degreasmg metal substrates conventlOnal orgamc
soh ents (dIp baths or \ apor degreasmg) aqueous cleaners and abraSIves As shown 10 Exhlbn 2
1 tor each ot the cleanmg medIa used there IS a partIcular set of measures WhICh can be used to
reduce \\ aste and Impro\ e efficIenC\ \-fan) ot these process OptlmiZatlOn technIques tor soh em

EP3
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and aqueous dIpS apph not onh to cleanmg and degreasmg operatIOns but also to subsequent
steps m the metal finIshmg process mvolvmg baths

It IS Important to note that e\ en though process optImIzatIOn measures can be applred to

cleaning operatIons that are conducted \\-Ith aqueous cleaners the use of aqueous soh ems m
place of organiC solvents IS m Itself a v.aste reductlon measure A. detaIled dIscussIOn at \\aste
reductIOn measures IS gl\ en m Appendn. 2 - \\ aste MmlmIZatlOn m Metal Parts Cleanmg

E~hlblt 2-1
Process OptimIZatIOn Techmques for Cleanmg and Degreasmg

Cleanmg MedIUm Process Optimization TechDlques

ComentJonal Soh-ents ElImmate the need for cleanIng or degreasmg
(Dip degreasmg)

Use less tOXIC solvents such as emulSIOn cleaners aqueous solvents and abrasives

Standardize solvent use Use the least number of different solvents possible m the
facllItv

Consolidate cleanmg operatlon mto one centralIze degreasmg operatIOn

AvOId contammatlOn of solvent - Parts should be checked for undue contammatlOn
such as mOIsture before dlppmg

Mamtam eqUIpment - Racks and barrels should be mamtamed so as not to

Introduce corrosIon products (such as rust) mto the solvent

Caretul sol\ent addltlon <\ddmg e" en a small amount of the \\ rong sol\ ent to a
tank. can render the entlre batch useless

Sludge removal Metal fines can catal\ze reactlons that lead to decomposItIOn ot
the solvent Contmuous filtering IS helpful

Control evaporatIve losses The locatlon of the cleanmg tanks IS vef\; Important
for reducIng e" aporatl" e losses AvOId drafty and heated areas

Reduce drag-out Drag out refers to liqUId that comes along on the part a~ It IS

remo\ ed from the tank Methods for reducmg drag-out mclude proper rackm"
mcreased dramage and mstallatton of dram boards

Use counter-current cleanmg - Parts should be passed through a serIes of cleanmg
tanks or compartments of mcreasmg pUrity Counter-current cleanmg WIll reduce
the amount solvent used by mamtammg for a longer perIod of time a high degree
of solvent quahtv m the final cleanmg tank

I\.eep solvents segregated For recvclmg It IS much easier to separate a solvent
from Its ImpUritIes than to separate two solvents

EP3
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Cleanmg MedIUm Process OptimizatIOn Techmques

ConHntlonal Soh,ents ~eep \l;aste solvent~ as tree from \Vater solids and garbage as possible
(Dip degreasmg)

Label the chemIcal content on each waste contaInercontinued

On-sIte rec\ clmg - Methods mclude gravltv separation tiltration batch dIstlllatlon
fractJonal distillatIOn evaporation

Off-sIte reC\,c1Ing

Vapor Degreasmg Limit entrance/exit speeds - SolutIon and vapors are lost when parts are moved In
or out of the UnIt too qUlcklv

LImit workload size - Use baskets haVIng an area less than )00
0 ot the degreaser

open109 to limit vapor drag-out due to piston effect

AVOid \V ork shock Work shock occurs when a heavv load IS mtroduced Into the
degreaser resultIng 10 the collapse ot the vapor blanket and mfiltratIon ot air mto
the cleanIng umt

Mamtam temperature of solvent - The temperature of the solvent degreaser should
be mamtamed at a level adequate for vapor production to ensure that the degreaser
functions properly

Allow sufficient time 10 the degreaser - Ensure that all parts have reached the
temperature of the vapor degreaser so that condensation has ceased

Spray onlv below the vapor zone - The spray pattern should be a soltd stream not
a fine mist

MaIntaIn proper solvent level In sump - In addltlon to excessive water
contammatIon a major cause of the aCldIficatlOn of chlonnated solvents IS
exposure solvent vapor to the heating coIls

MInimize vapor dlffuslOn - Vapor dlffuslOn results m all" emiSSions

.\queous Cleaners MaIntaIn solutlOn qualttv

Conduct precleamng mspectlOns - A.1I parts entenng tanks should be free of
solvents and other cleaners

AVOId unnecessarY loadmg which can rapldlv decrease cleaner efficacv

Proy Ide contInUOUS heatmg

Practice proper solution make up mix thoroughly and heat to approprIate
temperature

Remove sludge and solis promptlv

MOnItor cleanmg solution strength

MaIntaIn equipment

EP3
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Cleamng MedIUm Process OptimizatIOn Techmques

<\queous Cleaners Reduce drag out
(continued)

Use demmeralIzed v.ater

Use counterf1O\~ rmsmg

Use spra\ nnsmg Rmsmg efficlenc\ can be mcreased b\ mstallmg spra\ S\ stems

Install tog nozzles - These nozzles use much less water than com entionaJ spra\
s\stems

EmploY closed loop systems

Abrasives Use a greaseless or water-based bmder for buffmg or polishmg

Control water level m mass fimshmg operations - Water level control IS extremely
important m order to achle\e maximum efficlenC\ m mass cleanmg operations

2 3 3 Alternatives to Chlormated OrganIc Solvents

There are se\ eral alternatl\ e technologies and techniques aval1able to ellmmate or slgmficanth
reduce the use of halogenated solvents These alternatIves mclude

~ L\queous cleaners
~ Semi-aqueous cleaners
~ Petroleum h\ drocarbon~
• -\brasl\ e and non-abrasl \ e media
~ Supercntlcal FlUIds
~ Cleanmg ellmmatlon
~ Sol! modificatIOn
~ Soh ent emiSSIOn reductIOn

Some of the k.e\ alternatives are hsted bela\\- but a more comprehensive descnptiOn IS given m
Appendn. 3 - .\lternatlves to Chlormated Solvents for Cleanmg and Degreasmg

2 33 1 Aqueous Cleaners Aqueous cleaners are water-based solutIOns that may contam water
conditIOners corrosIOn mhIbltors orgamc surfactant and varvmg amounts of alkalme buIlders
The alk.ahne salts dlssoh e fat!\ compounds bv sapomficatlOn the surfactant provide
emulSificatIOn and/or disperSIOn of the OIls whIle the water acts as an excellent solvent for
morgamc matenals

EP3
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Aqueous cleaners are applied generally by ImmerSIOn spray or a combmatlon ot the m,o
processes m batch com evonzed or rotan systems Higher temperature and mcreased agItation
usually achle\ ed b\ solutIOn recirculatIOn or ultrasomcs \\ III slgmficanth Impro\ e the
pertormance ot the cleanmg operatlon

'\ \vater nnse (sprav or ImmersIOn) IS reqUIred to remo\ e the resIdue whIch remams on the parts
aher the cleanmg step The use of deIOmzed Vvater m the nnse bath and the addmon ot heat or
surfactant (nnse aIds) greatlY Improve rmsmg performance On mg of the parts or the addmon
ot a rust mhibitor to the nnse bath may also be reqUIred dependmg upon downstream processes
and the tendency of the metal substrate to rust On mg can be accomplished through the use ot
heated tinal rInses dn mg ovens heated blowers mfrared drYers or centnfugal drYers Water
can also be blovvn otf manualh vvIth compressed aIr or displaced WIth a rust mhlbmng 011 or
alcohol

The nnseVvater and e\ entuall) the spent cleamng solutIOn mav need treatment pnor to discharge
from the facIhty If thIS IS the case, the nnses and the cleanmg solutIOn must be analyzed to
determme whether a pH adjustment and/or metals precIpItatIOn IS reqUIred There IS hkelv to be
an mcreased chemIcal oxygen demand (COD) loadmg m the plant effluent as a result of the soIls
removed by the cleanmg solutIOn The wastewater conSIderatIOns of aqueous cleanmg are
generally cleaner- soIl- and process-specIfic but the need for analvtlcal Vvork IS common to all
cases

The prInCipal ad\ antage of aqueous cleaners IS theIr abIlm to easIly remove mam t\ pes of oIls
greases and morganic matenals Process deSIgn and cleaner formulatIOn flexIbIhty allow process
optlmizatIOn tor dIfficult applIcatIOns, m many cleanmg tasks aqueous cleaners outperform
halogenated soh ents In addItIOn the use of aqueous cleaners elImmates the costs and mcreasmg
regulatorY responsibilItles assocIated WIth halogenated solvents

The dlsad\ antages of aqueous cleaners mclude hIgher energy costs associated WIth heated
so IutIOns and dn ers mcreased Vv ater consumptIOn, potentlal wastewater treatment reqUIrements
and the mcreased floor space that may be needed The operatmg temperatures of some of these
~olutlons may also preclude the apphcabllItv of this process to heat-sensltlve parts

:! 33:! Semi-aqueous Cleaners Semi-aqueous cleaners contam Vvater-Immlsclble solvents
that are dispersed m an aqueous phase through the use of emulSifiers surfactant or couplIng
agents The solvents are generally hIgh molecular weIght compounds such as terpenes and
petroleum h\ drocarbons When a part IS Immersed m a bath contammg a semi-aqueous cleaner
the orgamc soIls are dlssoh ed m the solvent phase whIle the morganlc contammants are
dissolved or remam suspended m the solvent and/or water phase

Semlaqueous cleaners are generalh apphed bv ImmerSIOn spray or a combmatlon of the tVvo
processes m batch convevonzed or rotary systems AgItatIOn Will sIgmficantly enhance

EP3
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cleamng perfonnance but care must be tak.en to a\ Old the fonnanon ot flammable mlsb
A..gltatlOn IS usual!\ pro\ Ided b\ solunon recIrculatIOn or ultrasomcs HIgher temperatures ma\
also Increase the cleamng perfonnance of some semI-aqueous cleaners but dependIng on the
t\ pe of soh ent 1m oh ed heatIng ma\ Increase the e\ aporatIon flammabIlm and the degradatIon

ot the cleaner

<-\ \\ ater nnse (spra\ or ImmerSIOn) IS reqUIred to remo\ e the reSIdue \\ hICh remaInS on the part
atter the cleamng step The use of delOmzed \\ater In the nnse bath and the additIOn ot heat or
surfactant (nnse aIds) greath Impro\e nnSIng perfonnance

<-\d\ antages of semI-aqueous cleaners Include the abIlIty to solvate soIls as wIth solvent cleamng
and the abIlltv to develop fonnulatlOns for specIfic SOlIs DIsadvantages mclude the generalh
low saturatIon capacIty of the cleaner solutIOns safety and envIronmental concerns relatmg to
flammabIlIty and aquatIc tOXICIty and wastewater treatment concerns resultmg from the COD
load generated b\ the cleaner solutIOns

2 3 3 3 Abrasive and Non-abrasive Media The removal of contammants WIth abrasIve and
non-abraSIve medIa IS achIeved by the mechanIcal actIOn between the medIa and the parts
L\brasl\ e medIa mclude SIlIca sand alummum oXIde nut shells, glass beads and plastIc beads
"'Jonabrasl\ e medIa mclude bak.Ing soda carbon dIOXIde and \\ater ThIS type of cleanmg
process IS used for the remo\ al of gross soIls

--\bras1\e medIa are applIed USIng eIther \\et or dn methods Wet applIcatIOn Imohes pumpIng
suspended abrasl\es at hIgh pressure or USIng compressed aIr to apph an agitated slum to the
parts Dn applIcatIOn methods Include dIrect pressure applIcatIOn trom a pressunzed tank.
mductIon blastIng b\ ml"\Ing the medIa \\ Ith aIr In the applIcatIon gun medIa applIcatIOn b\
.... entntugal force and \ IbratlOn or tumblmg \\ Ith abrasl\ e medIa Some t\ pe of enclosure IS
usual!\ reqUIred If partIcles are aIrborne or If the matenal IS caustIc

The pnncIpal advantage of abraSIve cleamng IS the 10\\ tOXICIty or Inert nature of the medIa Its
dlsad\ antages mclude labor mtenSI\ e applIcatIOn the possIbIlItv of SOlI embedment In the parts
and ItS lImited applIcabIllt\ to mtncate parts

2 3 3 -t Cleanmg ElImmatlOn Cleanmg elImmatIOn can be used to reduce or elImInate soh ent
utIlIzatIon Often parts are degreased \\lth halogenated solvents regardless of the other cleamng
steps m the productIOn process, In man) cases the solvent degreasIng operatIOn IS unnecessary
and can be elImmated

2335 Soil Modification SoIl modIficatIOn mvolves changmg the type of contammant 'WhIch
soIls the parts or possIbh elImmatmg the contammant altogether Changmg a standard
machInmg flUId to one whIch IS more amenable to an aqueous cleamng operatIOn IS one example
ot soIl modIficatIOn

EP3
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2336 Solvent EmissIOn ReductIOn EffectIve reductIOn of solvent emISSIOns m metal
fimshmg faCIlIties can be generalh achle\ ed bv Improv 109 the deSIgn and operatIOn of the \ apor
degreasers EmISSIOn capture technologIes such as carbon absorptIOn also e\.Ist but can qUIte
costlv

The emISSIOn reductIOn optIOns for vapor degreasers mclude

Cl use mmlmum heat and suffiCIent water cool109 to contam the \ apor blanket
o cOver the degreaser
o avoId air movement over the degreaser
o e'Xtend the freeboard
o decrease drag-out through part onentatIOn and proper degreaser operatIOn,
o ellmmate spraymg,
Cl sprav m or below the vapor zone

2337 Emergmg Technologies Two processes are emergmg as pOSSIble replacements for
halogenated solvent degreasmg

o supercrltIcal flUId cleanmg,
Cl and vacuum degreasmg

SupercntIcal flUId cleanmg Supercntlcal flUIds such as carbon dIOXIde and some lIght
11\ drocarbons acqUIre solvent capabIlItIes when thev are above theIr respective cntlcal
temperatures and pressures In thIS cleanmg process the parts are placed 10 a vessel and
supercntical carbon dIOXIde IS passed over the part to dIssolve the OIls The contammant laden
carbon dIO'Xide steam 10 then collected 10 another vessel and 11s pressure IS reduced Below the
CrItical pressure the otIs and contammants are no longer soluble m the carbon dIOXIde and
separate from the carbon dIO'Xide The clean carbon dIOXIde can then be recompressed and
reused The use of supercntical carbon dIOXIde has been mvestIgated for the cleanmg of
preClSlon parts

\ al.uum degreasmg Vacuum degreasmg, or \ acuum deotImg IS a process that uses a vacuum
furnace to alter the botI-off of otIs from parts The vaporIzed OllIS condensed and collected 10 a
cold heat e\.changer for rec\ clmg \\- htIe the non-condensable gases are vented from the furnace
-\Ithough thIS technolog\ has been around for some vears It IS onlv now bemg exammed as a
pOSSIble replacement for halogenated solvent degreasmg Handlmg of the vented gas streams,
machme fumes and vacuum pump e'Xhaust can ho\\-ever pose some envIronmental concerns
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2 3 -4 ConsIderatIOns 10 Cleaner Technolog\ SelectIOn

The replacement of chlonnated soh ent cleaners can be comple..... due to the speclficlt\ ot the
\ anou:, altematn es and the charactenstlcs of the parts and contammants Caretul conslderatwn
must be gn en to the charactenstlcs and to the effects of the cleanmg operation on the \\ ork.plece
The most Important factors \\ hlch must be conSIdered m the selectIOn of an altematn e mclude

T\ pe of Substrate The cleaner must be compatible \\ nh the substrate Some cleaners ma\
attack. and damage certam substrates

Tvpe of Solis It IS necessarY to determ10e the type of sOlI WhICh contammates the part m order
to tIn a SUItable cleaner It rna) be pOSSIble to modIfy sOlIs for eaSIer remmal

Application Method DIfferent applIcatIOn methods can be used such as ImmerSIOn agItated
ImmerSIOn and spra\ The performance of an mdn Idual cleaner can be strongh aftected b\ the
method of applIcatIOn

Waste Treatment The effect of a partIcular cleaner on waste treatment performance must be
assessed The presence of chelators can severelY dISrupt the operatIOn of a preCIpItatIOn or Ion
exchange svstem

Health and Safet\ The regulaton health and safetv Impact of a partIcular cleaner must be
studIed

lltlmateh all of the abo\ e pomts must be conSIdered for the successful ImplementatIOn of a
cleanmg S\ stem There are mam pOSSIble combmatlOns of cleaners and applIcatIOn methods that
Lan be appropnate for replacmg chlonnated soh ents m cleanmg applIcatIOns

EP3 ---------------
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CHAPTER 3
METAL TREATMENT AND FINISHING

3 1 I~TRODUCTIO~

The metal finIshmg mdustn uses a \'vIde \ anet\ of matenals and processes to clean etch and
plate metallic and nonmetallic surfaces to prm Ide desIred surface properties The matenals
mclude solvents and surfactants for cleanmg, aCIds and bases for etchmg, and solutIons of metal
salts and other compounds to plate a fimsh onto a substrate PhYSIcal, chemIcal, and
electrochemical processes are all used to fimsh metal workpleces The processes range from
slmph polishmg the parts to achIeve a bnght surface to applymg another metal to a part to
change Its surface propertIes or appearance

The reader should note that thIS chapter reVIews several pollutIOn preventIon measures and
alternatl\ e technologIes used m metal treatment and fimshmg mdustry It IS recommended that
the reader also refer to ~ppendl'l( 4 USEPA Gmde to Cleaner TechnologIes AlternatIve Metal
FmIshes tor a detaIled dIscussIOn of the advantages and dIsadvantages of the varIOUS metal
finIshmg alternatI"es

3 1 1 Process DeSCriptIOn

Ph" slcal processes used m the metal finIshmg mdustn -- such as buffing abraSive blastmg
gnndmg tumblmg and polishmg -- do not generate as much \'vaste as chemIcal and
electrochemical processes Ph" sical processes mvoh e the use of a solId matenal (or abrasive) to
change the surface charactenst!cs of parts and generate wastes \'vhlch contam the abraSive and the
matenal remO'. ed from the surface Pamt stnppmg bv sand blastmg IS an example of a phv sical
finIshmg process

ThiS chapter IS denved from the follOWing documents
GUIdes to Pollutlon Preventlon The Metal FinIshing Industrv US Environmental Protectlon Agency CincinnatI

OhiO 1992
H Freeman IndustrIal Pollution PreventIon Handbook McGraw-Hill Inc 1995 (Chapter 43)
Minnesota ASSOCIatlOn of Metal Finishers Metal Flnlshmg Pollution PreventIon GUIde July 1993

EP3
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\ Jes<.-nptlon of the major metal treatment and fimshmg steps follows
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Waste
Water

Workpiece
To Next Step

r Rmse
System
~

Fresh Water

WorkpIece

Chemical Drag-Out
(To Floor and
Rinse System)

ExhIbIt 3-1
TvpIcal Metal FlnIshmg Process Step

Process
Bath

Spent Bath
(Waste)

VaporS/Mist
(To Exhaust Scrubbers)

Process
Chemicals

Workpiece

The mdustrv also uses chemIcal processes (degreasmg, cleanmg pIcldmg etchmg coatmg and
electroless platmg) and electrochemIcal processes (platmg electrocleanmg electropolIshmg
anodlzmg)

The <.-hemlcal and electrochemical operatIOns are generall\ conducted m baths (or tanks) and are
followed bv a rmsmg step E\.hlbn 3-1 Illustrates a tvplcal chemical or electrochemical process

step In \\hlch the \\orkplece IS Immersed first In the process bath and then m the nnse tarn. The

drag-out or the process solutIOn \\hlCh IS carned out of the bath together \\lth the part enher
drams off the workpiece as n IS transferred to the next tank or IS \\ ashed off m the nnse \\ ater

3 1 1 1 Metal Treatment Metal treatments fallmto two categones chromatmg and
phosphatmg The\ are utilIzed bv mdustn to Improve the surface propertIes of a metal for
speCIfic needs mcludmg corrosion reSIstance better pamt adheSIOn and overall durabIlIty
These processes are batch operations m whIch the metal workpIece IS eIther Ilnmersed m a senes
of chemIcal baths or spraved With the speCIfic matenal The envIronmental problems assocIated
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\\ nh morgamc surface treatment mclude the release of hea\ \ metals and aCIds mto the
\\ astestreams

Chromatmg IS a process v,hlch uses hexa\ alent chromlUm and proper pH control to deposn a
protectIve film on metal surfaces ThIS process works well on a vanet\ of metals and allo\ s
The film IS usually deposIted through ImmerSIOn and reqUIres a hIgh degree of prellmmaf\
surface c1eanmg to pre\ ent Imperfectlons m the film The chromate film IS resIstant to
dIssolutIOn m v,ater thus formmg a mechamcal barner v,hlch resIsts corrosIOn The equIpment
used m chromatmg IS relatl\ eh mexpensl\ e however the process releases hIgh lev els of
hexa\ alent chromlUm and aCIds mto the v, astestream

Phosphatmg IS the treatment of a metallIC surface v,nh a dIlute solutIOn ofphosphonc aCId plus
other reagents to produce a converSIOn coatmg contammg msoluble crystalhne phosphate
Phosphate coatmgs are obtamed by ImmerSlOn or spray apphcation and are relatIvelY mexpensive
and eas\ to produce These coatmgs Impart corrOSIOn reSIstance to the surface and pro\ Ide a
good base for pamts and other organIc coatmgs The phosphatmg operatIon IS usually preceded
bv a cleamng step to msure that the surface IS free of SOlIs and to foster proper coverage and
adheSIOn of the coatmg The phosphatmg operatIOn IS generally followed by a chromIc aCId
nnse The v,aste sevent\ of thIS process IS less than WIth chromatmg but heavy metals and aCIds
are stlll dIscharged to the effluent

3 1 1 2 Metal FInIshmg Metal fimshmg processes are used to Impart a broad range of
attnbutes to the parts such as abraSlOn corrOSIOn and wear reSIstance and Improved fnctIOnal
charactenstlc and appearance Vletal fimshmg processes mclude electroplatmg electro less
platmg anodlzmg and dIp gah amzmg

Electroplatmg IS one of the most v, Ideh used processes for the productIOn of protectl\ e and
decoratlve metal coatmgs It mvolves the electrodeposItlon on the workpIece (cathode) ot the
metal lOns v, hlch are carned by the electrolyte ThIS reactIOn IS dnven bv passmg a dIrect current
through the bath and achIeves the formatlon of an adherent coatmg on the workpIece

The formatlOn of the protect1\ e coatmg m electroless platmg IS aChle\ ed through the
autocatalYtIc or chemIcal reductIOn of metallIc Ions whIch are contamed m the process solutIOn
Smce thIS process IS not drl\ en b\ an e'\.temal electnc current 11 offers advantages over
electroplatmg for certam apphcatlons -- e g umform surface coatmg thIckness regardless of the
part s configuratIOn

Both electrolYtIc and electroless platmg processes typIcallY reqUIre a hIgh degree of surface
preparatIOn and generate hazardous Vvaste

--\nodlzmg processes form a stable film on metal surfaces whIch proVIdes corrOSIOn protectIOn
decoratlve surfaces or a base for pamt or other coatmgs AnodIzmg IS an electrolytIC OXIdatIOn
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process by WhICh the surface of the metal IS converted mto an msoluble oXIde layer that has
deSirable chemIcal and phvslcal propertIes

Dlpl gah anIzed coatmgs are applted pnmanh to Iron and steel to protect the base metal trom

corrosion Dunng the dIppmg process the part IS Immersed In a molten metal bath commonh

composed ot ZinC compounds The metal parts must be free of grease oil lubncants and other
~urtace contammants pnor to the coating process Operating dIfficulty and equipment cost are
lo\\- which makes dipping an attractIve coating process for most industrial applIcatIOns
However dipping does not ahvays prOVIde a high-qualtty finish

3 1 2 '" aste DeSCriptIOn

Wastewater soltd waste and aIr emiSSions are generated bv the metal finIshmg process

Wastewater mcludes

Industnal wastewater rinse water, coolmg water, steam condensate, boIler blo\\-do\\'n
wash water, and exhaust scrubber solutIOn

Spent plating baths contaminated or spent electroplating or electroless platmg baths

Spent process baths etchants and cleaners that are contaminated or spent

Stnp and pickle baths nItnc sulfunc, hydrochlonc and hydrofluonc aCids used to stnp
metals from ~orkplece racks or parts

E,haust'scrubber solutIOns solutIOns collected m exhaust and air emiSSIOn control
deVices

Solid \',aste mcludes

Sludge torm the treatment of industrial \\-astewater sludge containing metals such as
cadmIUm copper chromIUm nickel tin and ZInC

vhscellaneous soltd \\-astes absorbents filters, emptv contaIners aisle grates, and
abrasl\ e blastIng reSIdues

.. Soh ents spent and contammated degreasmg solvents

--\Ir emiSSIOns Include

EP3
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\ apors from degreasmg and soh ent cleanmg

~ \1IStS trom chromIUm platmg operatIOns

Most ot the waste from metal finIshmg operatIons IS generated m the nnsmg step Generall\
discarded nnse Vv aters contam 10Vv concentratIOns of the process chemIcals that v, ere carned \\ Ith
the \\ork.pIece mto the nnse bath (drag-out) Tv picalh the treatment of nnse \\aters produces a
metal h\ droxide sludge that can be a hazardous v"aste

-\her use spent baths may be stored m a SUItable contamer for future treatment dIsposal or
renclmg To determme the potentIal for modIfvmg the bath's operatmg parameters or recvclmg
or reusmg the bath, Its chemIcal and phySIcal charactenstlcs must first be quantIfied The
charactenstlcs establIsh the potentIal for the baths reuse or value to a recycler

<\ddmonal potentIal Vvaste hazards m the metal finIshmg mdustn mclude vapors and mIsts
emItted from process baths, spIlls, and samples Vapors and mIsts are usually controlled by
exhaust systems that must be eqUIpped WIth mIst collectIOn and scrubbmg systems to meet air
emISSIon regulatIOns SpIlls, If the) are common, can contnbute sIgmficantly to the volume of
\\aste Documentmg theIr occurrence \\-111 proVIde valuable histoncal mformatIOn for IdentIfymg
the mamtenance or operatlonal changes that are necessar'r to reduce theIr frequencY Samples of
platmg solutlons proVIded by vendors that are not mtended for use also contnbute to the waste
generated b\ the metal finIshmg mdustn These samples often accumulate WIthout concern for
\ IOlatmg am \\aste storage tlme reqUIrements However these samples must e\ entualh be
returned or dIsposed of Outdated chemIcals are addItIOnal examples of Vvaste not tv picall\
attnbuted dIrecth to the productlon process t\ddnlOnal processmg \\aste mcludes the filter
elements trom filtratlon UnIts empty process solution contamers abrasl\ e blastmg reSIdues and
\\aste from housek.eepmg actl\1tles E'\.hIbn 3-2 IS a summan of the Vvaste generated b\ the
metal finIshmg mdustn

E,hlblt 3-2
Summan Table of Metal FIDlshmg Industn '" aste

\\ aste Potential Hazards \\ aste Stream Process

Alkali (hydroxIde) COrrOSIYlty Wastewater Cleaning etching

ACid (n1tnc sulfunc COrrOSIYlty Wastewater Cleaning pIckling
h\ drochlonc hvdrofluonc etching bnght dIppIng

Surfactants tl.quatlc tOXICIty \\ astewater CleanIng

OIl and Grease A.quatlc tOXICIty Vv astewater spent solYent CleanIng

EP3
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Water RInse water drag out
process bath aIr emISSIOn
(evaporatIon) cooling water
bOIler blowdown

META.L TREA.T\1E'l\,JT A,\;D F'....... 'SHI'\G • 3-6

I
I

I

I
I

I
I
I
I

Vanous

PlatIng

Platmg chromatmg
etchIng

Process

Platlng tumblIng
stnppIng heat treatIng
desmuttmg

Cleanmg

PlatIng bath drag out nnse
water sludge other
wastewater mIst

Plating bath drag out nnse
water other \\astewaters

Waste Stream

PlatIng bath drag out nnse
\\ater spent filters sludge

Spent solvent t lIqUid or
sludge) aIr emisSions

Potential Hazards

Inhalatlon dermal

TOXlcltv

TO\lclt\

TOXICIt\

Waste

Chromates

Perchloroeth\ lene
Tnchloroeth\ lene Other
Solvents

Cadmium ZInC '-<Ic"el
Cupper Other \letals

3 2 1 IntroductIOn

The speCIfic approaches recommended for pollutIOn preventIon In metal fimshmg faCIlIties
Include source reductIOn recyclIng & resource recovery, and the use of replacement
technologies Source reductIOn practices are designed to reduce the volume of waste ImtIally
generated In rec" chng and resource recovery waste IS used as a rav. matenal for the same or
another process or valuable matenals are recovered from a waste stream before the v.aste IS
dIsposed of Replacement technologies generate less pollutIOn and proVide therefore a more
em lronrnentalh sound alternative to the standard metal fimshmg processes

This sectIOn prOVides detaIled InfOrmatIOn on these three approaches

3 2 2 Source ReductIOn

I
I
I
I
I

Source reductIOn approaches decrease the amount of waste generated at the source Many source
reductlon optIOns require only Simple housekeepmg changes or mmor In-plant process
modificatIOns Source reductIOn opportumtIes for process baths and nnse systems and Improved
housekeepIng methods for achlevmg source reductIOn are discussed below

3 2 2 1 Process Baths I\t the Ie'\, el of the process baths source reductIOn can be achle" ed
through matenal substItutIon bath lIfe extenSIOn and drag-out reductIon

EP3
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'latenal SubstitutIOn In the L S pollution control regulations ha\ e pro\ Ided the mcentl\ e
for usmg less to\.IC process chemicals and chemIcal manufacturers are gradualh mtroducmg
such substitutes ElImmatmg process matenals such as he\.a\ alent chromIUm and
C\ anIde-beanng cleaners and deo\.ldlzers elImInates the need to detoxIf"\ these v.astes It I~

particularl\ deSirable to elImmate processes emplov mg hexavalent chromIUm and C\ amde smce
specIal eqUIpment IS needed to detoxIf\ both

Because there can be dIsad\ antages In substitutIng one process chemical for another the
follo\\mg questIOns should be ask.ed

~ Is the speCIfic coatIng needed"

Are SubstItutes avaIlable and practIcal?

v., III substItutIOn solve one problem but create another"

WIll tIghter chemIcal controls be reqUIred of the bath?

WIll product qualIty or productIon rate be affected"

~ \N III the change Involv e an'! cost Increases or decreases")

\ lost opportunIties to reduce \\ aste b\ replacmg matenals reqUIre modlf\ mg the chemIstf\ of
process baths or replacmg the chemicals used for a particular process

Punfied \\ ater DeIOnIZed distilled or reverse osmOSIS water can be used mstead of tap
\\ater tor process bath mak.eup and nnsmg "1\Jatural contamInants such as calcIUm Iron
magnesium manganese chlonne carbonates and phosphates (found m tap water) reduce rmse
\\ ater efficlencv mterfere With drag-out recoven and mcrease the frequency of process bath
dumpmg These contammants also contnbute to sludge volume Vvhen thev are
remo\ ed from VvasteVvater dunng treatment

He....a\alent ChromIUm Alternatives Tr1\alent chromIUm platIng solutIOns can be used
tor decorat1\ e chromIUm platIng to replace he....a\ alent chromIUm In so domg drag-out IS
decreased because trl\ alent chromIUm platmg baths operate with a 10Vver VISCOSlt\ and lo\\er
concentratlon than do hexavalent baths The use oftnvalent chromIUm also elImmates an extra
treatment step necessary to reduce the chromIUm from the hexavalent to tflvalent state before
precipitation In additIOn USIng tnvalent chromIUm elImmates the problems assocIated WIth
he\.a\ alent chromIUm bath mlstmg as well as hexavalent chromIUm fugItIve emISSIOns m aIr
scrubbers Ho\\e\er trl\alent chromIUm IS not presently avaIlable for hard chromIUm platmg
Other chromIUm alternatIves mclude sulfunc aCid and hydrogen perOXIde (for chromIC aCid
plck.les deo\.Idlzers and bnght dips) and benzotnazole (0 1 to 1 0 percent solutIon m methanol)

EP3
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or 'A-ater-based propnetaries (for chromIUm based antI-tarnIsh) The latter two alternam es are
e'\tremelv reactIve and reqUIre ventIlatIOn

Nonchelated Process ChemIcals Chelators are used m chemIcal process baths to control

the concentratIOn of free metal IOns m the solutIOn Thev are usually found m baths used for

metal etchmg cleanmg and electroless platmg When chelatmg compounds enter the \\aste
stream thev mhIbIt the preCIpItatIOn of metals so that addItIOnal treatment chemicals must be
used and these treatment chemIcals may end up In the sludge and contnbute to the \ olume of
hazardous waste For example when ferrous sulfate a popular precIpitant IS used to preCIpItate
metals from chelated complexes the preCIpItant adds signIficantlv to sludge \ olume For some
applIcatIOns the ferrous sulfate IS added m large amounts at an 8-to-l ratIo to the contammant
metals It spent process baths contammg chelators cannot be treated on sIte the'\- must be
contamenzed for off-site treatment or disposal which mcreases waste disposal costs

Several chelators are used m metal finIshmg mdustry processes In general mIld chelators such
as phosphates and sIlIcates are used for cleanmg and etchmg processes, whereas electroless
platmg baths are typically chelated wIth stronger chelatmg compounds (cItnc aCId maleic aCid
and oxalIc aCid) Ethylenedmmmetetraacetic aCid (EDTA) IS also used but WIth less frequency
than the others It should be noted, however, that whIle chelators help extend bath lIfe chelated
process chemIcals m wastewater must be removed to reqUIred discharge levels Often the pH of
waste streams must be adjusted to break down the metal complexes that chelators form EDTA,
for example, reqUIres lowenng the pH below 3 0 to break the complex and allo\\< subsequent
metal precipitatIOn at high pH

Nonchelated process chemIstnes can be used for some processes (e g all salme cleanmg and
etchmg) m 'A-hlch It may not be necessarY to keep the metals removed from \\<orkplece surfaces m
solutIOn In these cases the metals can be allowed to preCIpItate and the process bath can be
filtered to remove the solIds Note however that for electroless platmg It IS less feasIble to use
nonchelated chemlstnes because the chelators plav a SignIficant role m the chemical processes
that allo\\- the platmg bath to functIon

"\onchelated process cleanIng baths usually reqUIre contmuous filtration to remove the solIds that
torm These systems generally have a 1- to 5-mlcron filter \\<Ith a pump that can filter the tank. s
contents once or 1\\ Ice each hour The cost of a filter sv stem ranges from approximateIv $400 to
S1 000 tor each tank. and m addition to purchase and setup costs, costs WIll be mcurred for filter
element replacement disposal and mamtenance

Sa\ mgs ho\\-ever \\<111 be realIzed m reduced waste treatment and sludge handlmg costs and
reduced disposal costs for spent baths Another Important advantage of nonchelated process
chemicals IS that the metal-removal procedure dunng wastewater treatment IS usually Improved
Theretore the treated effluent IS more lIkelY to meet dIscharge reqUIrements

EP3
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'\onC\ amde Process Chemicals -\n alkalme chlorInatIOn process requIrIng "odIUm
h\ pochlonte or chlorIne IS t\ plcallY used to treat v.aste streams contammg free C\ amde It
comple'\ C\ amdes are to be treated ferrous sulfate precipItatIon IS commonlY used These
chemlcab contrIbute to sludge \ olume Therefore usmg nonc\ amde process chemlstne~ rna\
reduce hazardous v.aste sludge b\ elImmatmg a treatment step However mam nonc\ amde
processes are difficult to treat and produce more sludge than C\ amde baths The follo\\ mg
paragraphs pro\ Ide e'\amples and mclude ad\ antages and dlsad\ antages of each The user
~hould \\ elgh the ad\ antages and dlsad\ antages for specific applIcatIOns

The v. aste v. ater treatment say mgs v. III depend on the C\ amde treatment method and the \ 0 Iume
of v.aste Cvanlde IS typically oXidized \\Ith sodllim or calcmm hypochlorIte These chemicals
LOSt approximate!) $1 50 per gallon of solutIOn for sodIUm h) pochlonte and appro\.ImatelY
$1 85 per pound for calcmm hypochlonte powder Assummg that a faCIlIty treats 500 gallons of
dilute cyanIde waste (l00 mg/l) each day, treatment costs could be approxImately $15 to $20 per
da\ or $300 to $400 per month (not mcludmg subsequent metal precipitatIOn and sludge
dIsposal)

The use ofnoncvanide platmg baths could elImmate or reduce thIS cost For a 2 gal/mm nnse
water flov. usmg noncvanide baths means a savmgs of about $12 000 m eqUIpment costs and
$3 OO/lb m C\ amde treatment chemical costs (In thIS case treatment chemIcals cost about four
tImes as much as rav. sodIUm cyamde cleaner)

.;.ltemam es to C\ amde cleaners mclude tnsodlUm-phosphate or ammoma both pro\ Ide good
degreasmg \" hen used hot m an ultrasomc bath Hov. e\ er they are hIghlY baSIC and may
comple'\ v.Ith soluble metals If used as an mtermedlate rInse betv.een platmg baths v.here metal
IOns may be dragged mto the cleaner

.;.ltemam es to C\ amde platmg bath chemIstrIeS are also a\ aIlable ACId tm chlonde tor
example \\orks faster and better than tm cvamde In contrast to a heavy copper cyamde platmg
bath copper sulfate baths are hIghh conductl\ e and hay e a SImple chemIstry Sulfate baths are
economical to prepare operate and treat Prey IOUS sulfate bath problems have been 0\ ercome
\\ lth ne\', tormulatIOns and addltl\ es The copper C\ amde strIke ma\ stIll be needed for steel
ZinC or tIn-lead base metals One dlsad\ antage of alternatives to cvamde plating bath
chemlstnes IS that noncvamde chemlstnes often cost more than com entIonal c\ amde baths

Alkahne Cleaners A \ arlety of chlonnated and nonchlonnated solvents are used to
degrease workpleces before they are processed These solvents can be eIther recycled on SIte ore
transported off sIte for recvclmg or disposal On-site reC\ clmg generates a solvent sludge that IS
disposed of off site Howe\; er USing hot alkalme cleanmg baths mstead of solvents permIts the
baths to be treated on sIte and discharged to certam publIcly owned treatment works and less
sludge IS generated than b\ sohent degreasIng The effectIveness of alkalme cleaners can be
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enhanced bv applvmg an electrocurrent a perIOdIC reverse current or ultrasomcs The benefits
of a\ oldmg soh ent \ apors and sludges often outweIgh am addItIonal operatmg costs

--\ ISO-gallon tank to hold the alkalIne cleamng solutIOn 'W111 cost appro'\Imateh $400 tank.

InstallatIOn a heatIng s\ stem ventIlatIOn and an 011 separatIon svstem \\ou1d Increase the cost to

an estImated S6 000 The cost of chemIcals depends on the tvpe at cleaners used and the
frequency ofreplacement TYPIcaliv alkalIne cleaners cost less than degreasmg soh ents -\
standard degreasmg soh ent costs bet'Ween $6 and $13 per gallon or $300 to $700 to fill a 50
gallon degreasmg tank whereas a ISO-gallon alkalme cleamng bath (usmg sodIUm h\ dro'\lde)
costs $150 to $200 Ho'Wever the lIfe of an alk.alme cleanmg bath tvpIcallv IS shorter than that ot
a sol\ ent degreasmg solutIOn a 50-gallon tank. of solvent degreaser can last up to 6 months
'Whereas a ISO-gallon replacement of alk.alme cleaner usuallv lasts 3 months under SImIlar
operatmg condItIOns or longer than 3 months wIth bath mamtenance and filtratIOn

Dlsposmg ot a 55-gallon drum of spent solvent can cost from $300 to $1 200, dependmg on the
tvpe of solvent and number of drums Therefore, If a faCIlIty can treat 300 gallons of spent
alkalme solUtlon on SIte usmg pH adjustment and metal removal (lSO-gallon bath replaced everY
3 months) and dIspose of the resultant sludge for less than the cost of solvent dIsposal, It would
be economIcally feasIble to replace a degreasmg solvent WIth an alkalme cleaner

AlternatIve Cleaners BIodegradable cleaners may be acceptable for dIscharge to publIc
sewers However the oxvgen demand created by the cleaners durmg treatment and dIsposal of
the bath may slIghtlY mcrease se\\er fees Nonphosphate cleaners may help reduce \Yaste b\
ellmmatmg the generatIOn of phosphate sludges dUrIng wastewater treatment These and other
alternatlve cleaners should be tested to detennme theIr effectlveness

Bath LIfe E~tenslOn When baths become spent thev are eIther taken off lme and treated on
::,Ite or are placed In contamers for off-sIte dIsposal 'N aste volume and bath replacement costs
can be decreased through filtratIOn replemshment electro!) tIC dummYmg (1 e usmg a lo\\
current to plate out contammants) preCIpItatIOn momtorIng housekeepmg, drag-m reductIOn
purer anodes and bags and ventIlatIOn/exhaust s\ stems These methods of extendmg bath lIfe
are descrIbed belo'W

Frltntlon FIltratIon systems remove accumulated solIds that reduce the effectl\eness of
the proce::,s bath operatIons Contmuous filtratIon ot the bath remoyes these contammants
thereby extendmg the lIfe of the bath Manv aCIdIC electroplatmg baths (e g aCId copper sulfate
aCId zmc mckel sultonate mckel chlOrIde) are already filtered for reasons of qualItv For other
electroplatmg baths filtratlon mav not extend bath lIfe sIgmficantly Note that replacmg the
filter medIa generates a solId \\aste that adds to the operatmg costs, these costs need to be
consIdered before mstallmg a filter Ho\\- e\ er some filters use a cleanable and reusable filter
medIa \\hlch may help alleVIate expense and waste from dIsposal of the filter element
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ReplenIshment The effectl\ eness of a cleanmg bath decreases \\ nh use Instead of
dlsposmg of the enure bath part of It can be retamed and replenIshed \\ nh fresh chemical" and
\\ ater 0\ er time the concentration at contammants m the bath mcreases and e\ entualh It

becomes more e\.penSI\ e to add chemIcals than to replace the entIre bath \\ nh a ne\\ solution -\t
thIS pomt the bath should be dIsposed of

ReplenIshmg reduces drag-out m the earh lIfe of the bath but ultImateh mcreases the
concentratIOns of chemIcals m spent solutIons \\hen the bath must be replaced Although thIS
approach does not ultImateh reduce drag-out It IS stIll JustIfiable on the baSIS of qualm control
and \\ aste reductIOn

There are varIOUS automated bath momtonng and replemshIng systems now avallable to help
extend bath hfe Operators can use data generated bv bath momtormg systems to manually
adjust and mamtam process bath charactenstics such as pH chemIcal concentratIOn and metal
content \\ Ithm speCIficatIOns to Improve product quahty and to extend bath hfe Both
replemshIng and adjustIng can also be done USIng automated systems

ElectrolytIC Dummvmg Metal contammants (such as copper) Introduced Into platIng
baths \\ Ith \\Orkpleces degrade the effectIveness of the platmg process In zmc and nIckel baths
copper can be remo\ed b\ a process called dumm\ mg The process IS based on the electroh tIC
pnnciple that copper can be plated at a 10Vl< electncal current When the copper content becomes
too hIgh an electroh tIC panel IS placed m the process bath A tnck.le current' IS run through the
s\ stem usualh at a densm at 1 to 2 amperes per square foot A.t thIS current the copper m the
bath SolutIon plates out on the panel but the platmg bath addItl\es (such as bnghteners) are
unaffected \\ hIle some of the platmg metals (zmc nIckel) are madvertenth remm ed the
sa\ mgs realIzed b\ e\.tendmg bath lIfe JustIfies the slIght metal loss

PreCIpItatIOn Metals such as lead and cadmIUm enter the bath as Impunties m anodes
and can be remo\ ed from certam platmg baths b\ preCIpItatIOn For a zmc C\ amde bath zmc
sulfide can be added to preCIpItate lead and cadmIUm and the preCIpItant can then be removed b\
filtration A.s vvlth all chemIcal reactIOns care must be taken to ensure that preCIpItatmg reagents
are compatIble \\Ith bath constItuents In addItIOn Iron and chromIUm contammatIOn IS common
m aCIdIC mckel baths In most SolutIon formulatIOns these metals can be remO\· ed \\ Ith pero\.Ide
combmed \\ Ith pH ele\ atlon and bath filtratIOn

Momtonng The key to deterrmmng the need for added chemIcals or removal of
contammants and hence extendmg the lIfe of process bath IS the contmuous analYSIS of bath
parameters e g pH and metal content In addItIOn a thorough understandmg of the effect of
contammants on the productIon process IS a cntical part of reducmg waste as well as the number
of rejected parts that must be strIpped and replated MOnItonng must be treated as an ongoIng
process not an event
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Housekeeping Preventing foreIgn matenal from entering or remaining In a bath
prolongs Its lIfe When a part falls off the rack Into a bath It should be removed to reduce
contaminatIOn ot the bath The rack.s should also be k.ept clean and free of contaminatIng
matenal Other \\'aste minImizatIOn measures Include protecting anode bars trom corrOSIOn

USing corrOSIOn-resIstant tanks and eqUIpment and filtering incoming aIr to reduce airborne

contaminants

Drag-In ReductIOn LiqUIds clinging to work-pIeces from preceding baths can shorten
useful hfe and reduce effectiveness of subsequent baths RinSing helps prevent cross
contaminatIOn bet\\'een baths bv nnSIng the drag-out from one process bath before the Item IS
proces~ed In another

Purer A.nodes and Bags Impuntles contained In anodes wIll contaminate a process bath
Pure anodes do not contnbute to bath contamination but rna" cost more than other less-pure
anodes Cloth bags around anodes prevent Insoluble Impurltles from entenng a bath However,
the bags need to be mamtamed and must be compatIble WIth the process solutIon

VentIlatIOn/Exhaust Systems Scrubbers demisters, and condensate traps remove
entrained droplets and vapors from the aIr paSSing through ventIlatIOn and exhaust systems If
segregated ~ome wastes from scrubbers can be returned to process baths after filtenng Updraft
ventIlatIOn allows mIst to be collected m the ductwork and flow back to the process tank For
example hard chromIUm platmg baths would benefit from an updraft ventIlatIOn system

Process baths that generate mIst (e g hexavalent chromIUm plating baths aIr-agItated nIckel!
copper baths etc) should be m tanks WIth more freeboard to reduce the amount of mIst reachmg
the \ entI1atIOn S\ stem That IS the added space at the top of the tank allows the mIst of return to
the bath before It IS entrained WIth the aIr entenng the exhaust sv stem Foam blankets or floating
poh propv lene balls can also be used m hard or decoratIve chromIum baths to keep mIsts from
reaching the exhaust svstem

Drag-out ReductIOn Several factors contnbute to drag-out mcludIng workpiece SIze and
~hape \ Iscosm and chemical concentratIon surface tenSIOn and temperature of the process
~olutlon B\ redUCing the volume of drag-out that enters the nnse water svstem valuable process
l.hemllJb can be pre\ emed from reaching the nnse \\'ater thereb" redUCing sludge generatIOn
The technIques a\ aI1able to reduce process chemIcal drag-out Include

~ 'v1lnImIzmg bath chemical concentratIons by mamtaInIng chemistrY at the lo\\'er end of
operating range

1Iv1a'(lmIzmg bath operatmg temperature to lower the solutIOn VISCOSIt"

lTSIng 'Wetting agents In the process bath to reduce the surface tenSIOn of the solutIon
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~larntammg rack.mg onentations to achle\ e the best drammg

\\ nhdra\\ mg \\ ork.pleces at slo\\ er rates and allo\\ mg sufficient solutlOn drammg betore
nnsmg

.. Usmg arr knIves abO\ e process tank.s

l smg a spra\ or fog rmse above process tank.s

L\\ Oldmg platmg bath contammatlOn

usmg dram boards between process and rmse tanks to route dnppmgs back to process
tanks

.. usmg drag-out tarIk.s to recover chemIcals for reuse m process baths

A few of these drag-out reductlOn technIques reqUIre lIttle If any capItal mvestment, however
they do reqUIre trammg For example, removmg workpIece racks at a slower rate or allowmg the
rack. to dram 0\ er the process tank. for a longer tIme reqUIres a conscientIous operator These
procedures should not signIficantlv affect productlOn and should result m reducmg process
chemical purchases \\ater and sewer use fees, treatment chemIcal purchases, and sludge
handlmg costs

Other drag-out reductlOn technIques reqUIre some capnal expendIture Dnp bars can be mstalled
abO\ e hand-operated process tanks to allo\\ drag-out from workpiece racks to dram back mto the
process tank. If Pv C plpmg IS used and mstallatlOn IS performed b\ plant personnel this option
should cost no more than a fe\\ hundred dollars for fi\ e to eight tank.s

Process Bath Operatmg Concentration Drag-out can be reduced by keepmg the
chemical concentratIOn of the process bath at the lowest acceptable operatmg level Generalh
the greater the concentratIOn of chemicals m a solutIOn the greater the VISCOS!t\ L\s a result the
film that adheres to the \\orkplece as It IS removed from the process bath IS thicker and \\ III not
dram back mto the process bath as qUlckl\ ThIS phenomenon mcreases the volume as Vvell as
the chemical concentratIOn of the drag-out solutIOn

Chemical product manufacturers may recommend an operatmg concentratIOn that IS hIgher than
necessarv Metal finIshers should therefore determme the lowest process bath concentratIOn that
v\ III proVide adequate product qualItv ThiS can be accomphshed by mlxmg a new process bath
at a shghtlv lo\\er concentratIOn than IS normally used As the process bath IS replenIshed the
chemical concentratlOn can contmue to be reduced untIl product qualItv begms to be affected At
thiS pomt the process bath that provides adequate product qualm, at the lowest pOSSible chemical
concentratIOn IS Identified AlternatIvely the new bath can be mIxed at a low concentratIOn and
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the concentraUon can be graduallv mcreased unul the bath adequately cleans etches or plates the
test workpleces Fresh process baths can often be operated at 10\Ner concentrations than used
baths Makeup chemlcab can be added to the used bath to gradually Increase the concentration
to maIntarn effectIve operatIOn

Process Bath OperatIng Temperature HIgher temperature baths reduce the \ ISCOSlt\ ot
the process solutIOn \Nhich enables the chemIcal solutIon to draIn from the \\Orkplece taster
thereby reducmg drag-out loss Hov.e\er very hIgh temperatures should be aVOIded because
bnghteners break down In most platmg solutIOns and m cvamde solutIOns carbonate bUIldup
Increases HIgh temperatures may also cause the process solutIOn to drY onto the \\orkplece as It

IS removed Increasmg drag-out Operatmg process baths at hIgher temperatures \,,111 also
Increase the evaporatIOn rate from the process tank To retam some of the advantages of hIgher
temperature baths water or process solutIOn from a nnse tanh. can be added to replemsh the
process bath and to mamtam the proper chemIcal eqUIlIbnum DeIOmzed water should be used
to mimmize natural contammant bUIldup (such as calclUm Iron magneslUm, carbonates and
phosphates) m the process bath

Wettmg Agents Addmg wettmg agents to a process bath reduces the surface tenSIOn of
a solutIOn and as a result, can reduce drag-out loss by as much as 50 percent However, wettmg
agents can create foammg problems In process baths and may not be compatIble With \Naste
treatment systems For these reasons, Impacts at both the process bath and the treatment system
should be evaluated before usmg wettmg agents

WorkpIece PositIOnmg Drag-out loss can be reduced by properly pOSItIOnIng the
workpIece on the rack Workpleces should be onented so that chemIcal solutIOns can dram
freeh and not get trapped In grooves or cavltIes Follo\Nmg are suggestlons for onentmg and
poSItIOnIng workpIeces

~ Parts should be tIlted so that dramage IS consohdated The part should be tWIsted or
turned so that flUId wIll flow together and off the part bv the qUIckest route

~ \ Old where pOSSIble pOSItIOnmg parts directly 0\ er one another

~ TIp parts to aVOId table-lIke surfaces and pockets \I"here solutIOn \\111 be trapped

POSItIOn parts so that only a small surface area comes In contact WIth the solutIOn surface
as It IS removed from the process bath

Withdrawal and DraIn TIme The faster an Item IS removed from the process bath the
thIck.er the film on the workpIece surtace and the greater the drag-out volume The effect IS so
~Igmficant that It IS beheved that most of the tIme allo\Ned for draInIng a rack should Instead be
used tor WIthdrawal onlY At plants that operate automatIC hOlSt Imes personnel should adjust
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the hOlst to remo\ e the v, orkplece racks at the slo\\ est possIble rate Ho\\ e\ er \\ hen \\ l1rkpleLe"
are remo\ ed from a process bath manually It IS dIfficult to control the speed at \\ hICh they are
\\ Ithdrav' n i'Je\ ertheless supen Isors and managers should emphasIze to process Ime operat0r"
that \\ orkpleces should be \\ Ithdrav\ n slov, l\

The tIme allo\\ ed for drammg can be madequate If the operator IS rushed to remo\ e the
\\ orkplece rack from the process bath and place It m the nnse tank Hov, e\ er a bar or raIl (drIp
bar) above the process tank may help ensure adequate dram tIme pnor to nnsmg If drIp bars are
used employ ees can v,ork on more than one process lme or handle more than one rack dunng
operatIOn The practIce termed rotatlon platIng allows an operator to remo\ e a rack from a
platIng bath and let It dram above the process tank whIle other racks are handled Although
Increased dram tlme can have some negame effects due to drymg, some baths (such as cleaners)
are not affected The operator can return after draInmg IS completed to begm the rmsmg stage

-\Ir Knl\ es A.lr !-..nI\ es can be used above process tanks to Improve draInIng -\s the
workpIece rack IS raIsed from the process tank, aIr IS blown onto the surface of the workpleces to
Improve drag-out solutIOn drammg mto the process bath HIgh humidity aIr can counteract
workpIece drymg

Spray or Fog RInses Spray or fog nnse systems can be used above heated baths to
reco\ er drag-out solutlon If the spra\ nnse flov, rate can be adjusted to equal the evaporatIon
loss rate the spray nnse solutIOn can be used to replemsh the process bath Punfied \\ater should
be used for the spray S\ stems \\hen possIble to reduce the posslbIlm ot contamInatIOn enterIng
the bath \\ Ith the spray nnse \\ ater

Platml.! Baths ContamInated platmg baths (for e'\ample a c\amde platIng bath
contammated v'Ith carbonate) Increase drag-out b\ as much as 50 percent because of the mcrease
In solutlon \ ISCOS11\ E'\cess ImpUrItles also make applIcatIon of recovery technIques dIfficult If
not Impractlcal Therefore efforts should be made to reduce the level of Impuntles m the bath
(e g b\ carbonate removal m cvamde baths)

Dram Boards Dram boards capture process chemIcals that drIp trom the \\Orkplece rack
a~ It IS mo\ ed from the process bath to the rInse S\ stem The board IS mounted at an angle that
allov, s the chemical solutIOn to dram back mto the process bath Dram boards should LO\ er the
space bet\\een the process bath tank. and the rInse tank. ThIS prevents chemical solutIOns trom
drIppmg onto the floor Removable dram boards are deSIrable because they permIt access to
plumbIng and pumps between tanks

Drag-out Tanks (dead or statIC nnse tanks) Process chemIcals that adhere to the
v'orkplece can be captured In drag-out tanks and returned to the process bath Drag-out tanks are
essentIalh rInse tanks that operate WIthout a contmuous flow of feed water The workpIece IS
placed m the drag-out tank before the standard nnSIng operatIOn ChemIcal concentratIOns m the
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drag-out tanks Increase as workpleces are passed through SInce there IS no feed water flov. to
agitate the nnse water air agItatIOn IS often used to enhance rInSIng Eventualh the chemIcal
LOncentratlon ot the drag-out tank solution \\IIlIncrease to the POInt \\here It can be used to
replemsh the process bath Drag-out tanks are pnmanh used v.lth process baths that operate at
an ele\ ated temperature i\ddmg the drag-out tank solutIOn back to the process bath

compensates tor e\ aporative losses that occur due to hIgh temperature

DeIOnIZed Vvater should be used for drag-out tanks so that natural contammants m tap \\ater do
not buIld up In the process baths Vvhen drag-out solutIOns are used to replemsh them
Contammatlon as a result ot usmg the tank to rInse a Vvorkplece trom another process lme must
also be a\ Olded Further addIng drag-out solutIOn to some process bath chemIstrIeS (for
e\.ample electro less copper baths) can adversely affect the bath Otten, a pretreatment step IS
reqUIred to remove contammants prIor to addmg the recovered drag-out solutiOn back to the
process bath

Generally, a drag-out tank can reduce both nnse water use and chemIcal loss by 50 percent or
more AssumIng that a chemical bath loses approXimateIv 2 gallons of drag-out each dav, the
total volume of drag-out loss each month would be 40 gallons, based on 20 work days per month
If the nnse svstem followmg the process bath operates at a flow rate of 5 gallons per mInute for
a total of 4 hours each dav water usage Vvould be 24 000 gallons per month based on 20 Vvork
davs per month The savmgs In operation expenses are for (1) raw matenals/ chemIcals, (2)
water and sewer fees and (3) treatment chemicals and sludge dIsposal Reducmg drag-out and
nnse \\ater use b\ 50 percent v.ould reduce chemIcal losses bv 20 gallons per month and \\later
usage bv 12 000 gallons If nnse water reductIOn IS proportiOnal to drag-out reductiOn If water
and sewer fees are each SO 50 per 100 CUbIC feet, 16 dollars per month could be saved Sludge
reductIOn and r<:1\\ matenal/chemlcal reductIon Vvould mcrease saVIngs slgmficantly The
solutIOn collected In the drag-out tank must be returned to the process bath when the
LoncentratIOn ot the solutlon reaches the correct level If It IS returned at too Iowa concentratlon
It can dIlute the operatmg bath If the concentratIOn of chemicals In the drag-out tank gets too
high (approachIng bath concentratlon) ho\Vever the drag-out nnse becomes Ineffectlve

Sd\ Ings for chemicals depends on the tv pe of process chemIcal and the amount of drag-out
returned to the process tank The cost tor process bath chemicals could range trom less than S1
to e)\ er 520 ';'t the lov. end the say mgs for process chemIcals Vvould be S20 per month
\\ hereas at the high end the savmgs Vvould be S400 per month or hIgher

.;. sa\ Ings In the cost tor treatment chemicals Vvould also be realIzed bv redUCIng nnse \\later
effluent If a company spends approxImatelY $1 500 each month on chemIcals to treat 200 000
gallons of \\later redUCIng wastev. ater bv 12 000 gallons could reduce the use of treatment
chemIcals bv $90 each month ThIS assumes the company generates approximateiv 10 000
gallons ot wastev.ater per da\ and uses standard pH adjustment metal preCIpItatIOn and
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flocculatIOn treatment reagents Reducmg the amount of sludge requmng dlspo~al \\ III add ttl
the sa\mgs

The c..ost of a drag-out tank depends on the size of the tank Smce these tanks are not used a~

floVl--through tanks the\ can be set up Vl-Ithout am plumbmg Tvplcallv drag-out solutIons are
added back to the process bath manualh but automatIOn because 11 mamtams the best
concentratlon m the drag-out tank IS more efficIent Technologies a\allable to rec\Cle process
chemicals from drag-out tanks and nnse Vl-ater effluent are discussed under Rec\ clmg and
Resource Recoven

3 2 2 2 Rmse Systems Most hazardous waste from a metal fimshmg plant comes from
\\ asteVl- ater generated by the nnsmg operations that follov. cleanmg, platmg, and stnppmg
operatIOns The savmgs assocIated wIth reducmg nnse water use are pnmanly from reduced
water sewer, and sludge dIsposal fees By mcreasmg nnse efficIency a process lme can reduce
VI- aste\\ ater flov.. b\ as much as 90 percent Improved nnse efficlenc\ should also reduce
treatment chemIcal use and sludge generatIOn

If a company spends approxImately $400 each month for water and sewer fees a modest
reductIOn m rmse water usage of 10 percent can theoretIcally, save the company $40 each
month If a 2-\ ear payback on mvestment IS acceptable the company could JustIf\ spendmg
approxlmateh $1 000 to reduce 11S nnse Vvater usage ThIS could be spent on nnse tank agItators
and flov.. restnctors If greater reductIOns are achIevable (perhaps 50 percent) a compam could
Justlf\ more ad\ anced technologIes such as meters controllmg nnse water flov.. or counter
current nnse S\ stems Reducmg the volume of wasteVl-ater requmng treatment can also reduce
sludge dIsposal costs and treatment chemical use \VhIch v.. III contnbute to the pay back on
Imestment

Drag-out IS the most sIgmficant source of process chemical loss Treatmg nnse v.ater contammg
these process chemIcals generates hazardous waste because of the resultmg sludge The volume
of sludge generated IS proportIOnal to the level of contammatlOn m the spent rmse water

E\.hlblt 3-3 Illustrates the relatIOnship betv..een metal concentratIOn m nnse v..ater and sludge
\ olume The graph shows the percentage of sludge generated per volume of water treated at
\ anous le\ els of hem,,, metal concentratIOn As shown m the graph 1 000 gallons ot Vl-astev"ater
\\ Ith a hea, \ metal concentratIOn ot 100 mg/l Vl-Ill produce approxlmateh 90 gallons of sludge
If the same volume ot wastewater had a metal concentratIOn of 500 mg/l (five times the first
example) approxImatelY 280 gallons of sludge would be generated not even three tImes the first
example ThIS mformatlOn mdlcates that treatmg a more concentrated waste stream results m
less sludge volume
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Exhibit 3-3
Sludge Volume Generation
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Reducmg the \ olume ot rmse water contammg process chemIcals "vIlI reduce the resultant sludge
e\ en If the total weIght of the process chemIcals remams constant Two technIques avadable for
reducmg nnse water volume are Improved nnse efficIencv and rmse water flow control

Improved Rmse Efficlencv The followmg three strategIes can be used to enhance nnsmg
bem een \ anous process bath operatIOns (1) turbulence between the workpIece and the nnse
\\ater (:2) mcreased contact tIme between the \\-orkplece and the nnse water and (3) mcreased
\ olume ot \\ ater dunng contact time to reduce the concentratIOn of chemicals nnsed from the
\\ orkplece surtace The third strategy however reqUires fimshers to use slgmficanth more nnse
\\::Her than IS actualh necessary Spray nnsmg agItation mcreased contact time nnse
ehmmatlon and counterflo\\- multIple tank rmsmg on the other hand can be used to Improve the
dtluem.\ at a nnsmg S\ stem and reduce the \ olume ot nnse \\-ater

Spray Rmses and Rmse Water AgItatIOn Turbulence whIch mvolves sprav nnsmg and
nnse vvater agItation Improves nnse efficlencv Although spray nnsmg uses between one-eIghth
and one-tourth the volume ot \\-ater that a dIp rmse uses It IS not always applIcable m metal
tlmshmg because the spray nnse may not reach mam parts of the workpIece However spra\
nnsmg can be combmed \\-Ith ImmerSIOn nnsmg ThIS technique uses a spray nnse as the first
nnse step atter the workpleces are remO\ ed from the process tank A spray rmse removes much
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ot the drag-out and returns n to the process bath before the vvorh.pIece IS submerged mt(1 the dIp
nnse tanh. permmmg lo\\er v.. ater flows m the nnse tanh.

~pra\ or tog nnses can be mstalled above heated process tanh.s If the volume ot nn~e \\ater trom
the spra\ Sv stem IS less than or equal to the volume of water lost to heat evaporatIon ThIS
practIce allo\\s the drag-out and the nnse solutIOn to dram directh bach. mto the process bath m
thIs \\a\ the nnse solutIOn replemshes the process bath DeIOnIZed or reverse osmOSIS V\ater
::.hould be used m thIs t\ pe of spra\ nnse S\ stem

\\ orh.pIeces can be agnated m the nnse V\ater b\ mo\ mg the V\orkplece rach. or creatmg
turbulence m the water Smce most metal fimshmg plants operate hand rack lmes operators
could easl1\ move V\orh.pIeces manually by agItatmg the hand rach. RInsmg IS more effectl\e It
the pIeces are raised and lowered mto and out of the nnse tank rather than agItatmg the pIeces
whl1e thev are submerged

The rmse water can also be agItated WIth forced aIr or water by pumpmg eIther air or water mto
the ImmerSIOn rmse tank AIr bubbles create the best turbulence for removmg the chemIcal
process solutIOn from the worh.pIece surface, but mIstmg, as the aIr bubbles break the surface,
ma\ cause air pollutIOn Fl1tered air can be pumped mto the bottom of the tanh. through a pIpe
dIstnbutor (air sparger) to agnate the rmse water An m-tank pump can also reCIrculate the nnse
\\ater m the tanh. (a process h.novvn as forced V\ater agItatIOn) An agItator (mIxer) can be used m
a nnse tanh. but thIS reqUIres extra room m the tanh. to pre\ ent parts from touchmg the agItator
blades

-\Ir spargers \\ ater pumps or agItators can be mstalled m eXIstmg nnse tanh.s at a modest cost
Th" cost ot mstallmg air spargers \\ nh a blo\\er to pro\ Ide the air v.. ould be $200 to $325 for a
5U-gallon tanh. "\Ir blov..ers elImmate the air cleaners and filters needed m compressed air
S\ stems to remo\ e OIls t\n m-tanh. pump for forced water agItatIOn can be purchased for $200 to
SI 000 dependmg on the flow rate deSIred

Increased Contact TIme If multIple tanh.s are set up m senes as a counter-current nnse
~\ stem v..ater usage can be reduced and contact tIme betvveen the v..orh.pIece and the nnse
solutIOn can be lllcreased RotatIOn platlllg also lllcreases contact tIme b\ allowlllg operators to
lea\ e \\ ork.pIece rack.s III the nnse tam..s whrle the\ handle other rack.s

Rmse ElImmation The nnse between a soak cleaner and an electrocleaner may be
elImmated If the two baths are compatIble

Counter-Current Rmse Sv stems MultIple rmse tanks can be used to sIgmficantly reduce
the \ olume of nnse v.. ater used A multIstage counter-current rmse svstem uses up to 90 percent
less nnse v.. ater than a com entIOnal smgle-stage nnse system In a multIstage counter-current
nnse S\ stem v..orh.pIece flov.. moves m a dIrectIon opposIte to the nnse water flov. Water
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eXltmg the first tank (the last tank m WhICh the workpIece IS Immersed) becomes the feed ~ater

to the second tank ThIS water then feeds the thIrd tank and so on for the number of tanks 10 the
Ime Exhibit: --+ Illustrates the use ot a three-stage counter-current nnse S\ stem

The effectIveness of thIS multIstage system m reducmg nnse \\-ater use IS Illustrated m the

tollowmg e\.ample .; plant operates a process lme \\here the drag-out rate IS approximateh I 0
gallon per hour ThIS process bath IS followed bv a smgle-stage nnse tank requmng a dIlution
rate of 1 000 to I to malOtam acceptable nnsmg Therefore the flow rate through the nnse tank
IS I 000 gallhr If a two-stage counter-current nnse system were used a nnse \\ ater flo~ rate ot
onh 30 to 35 gallhr \\ould be needed If a three-stage counter-current nnse S\ stem \\ere used
onh 8 to 12 gafihr \\ ould be reqUIred

I
I
I
I
I
I

A. multIstage counter-current nnse system allows greater contact tIme between the workpIece and
the nnse \\ ater greater dIffuSIon of process chemIcals mto the nnse solutIOn and more nnse
\\ ater to come mto contact ~lth the workpIece The dIsadvantage of multIstage counter-current
nnsmg IS that addItional tanks and work space are needed Smce many metal fimshers lack room
to mstall addItIOnal nnse tanks multIstage nnse systems are not always feaSIble One optIon
avaIlable to a metal fimshmg plant that lacks floor space IS to reduce the SIze of the nnse tanks or
to segregate eXIstmg tanks mto multIple compartments ThIS optIOn IS hmited, however by the
SIze of the workpleces
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InstallIng a counter-current three-nnse S\ stem Into an e\.istIng sIngle-stage nnse ,,\ stem requIre:,
t\\ 0 addItIOnal nnse tanks and the associated pipIng The cost \Vould depend on the SIze of tanh.s
--\ssumIng the tanks ha\ e a capaclt\ of 450 gallons InstallatIOn could run appro\.Imateh S1 200

Flo"\\- Controls Rmse \Vater IS e\.cessne If \Vater pIpes are oversIzed or the \Vater IS left runmng
\\ hen the nnse tanks are not beIng used Rmse \Vater control de\ Ices can Increase the efficlenc\
ot a nnse \\ ater S\ stem

The cost of reducmg nnse water use \ anes dependIng on the method The cost ma\ be hmned to
that assocIated '0.nh purchasIng and mstallmg flo'0. restnctors or tImers Sa\ Ings from reduced
nnse \Vater flo\V rates mclude dIrect reductIOn of water use sewer fees treatment chemIcal use
and sludge generatIOn

The followmg equatIon wIll assIst In deterrmmng the most effiCIent nnse water flow rate for a
~Ingle-stage nnse S'v stem

Q = D (CplC)

where
Q = nnse tank flow rate
o = drag-out rate
Cp = chemIcal concentratIOn m the process solutIOn
C = all0 '0. able chemIcal concentratIon m the nnse solutIOn

The acceptable \ alue of C IS based on e\.penence or on qualnv control standards

For multIple stage nnse tanks the nnse ",ater flo\\ rate IS gl\en b\

\\here
n = number of nnse tanks In senes
en = allov.-able chemIcal concentratIOn m the nnse solutIOn of the nth tank

Drag-out Measurement Drag-out IS the amount of process solutlon that remams on the
part as It IS camed out of the process bath and placed mto the rmse bath ThIS process solutIOn IS

named drag-out for It has been 'dragged-out" of the process bath It IS the cause of VIrtually all
the contamInatIOn and pollutIOn generated by metal fimshers

The fa110\\ Ing procedure can be used to determme the drag-out rate
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Set-up a drag-out collectIOn bath (filled wIth clean water) and place it next to the process
bath ThiS collectIOn bath should be agitated

';llov. the platmg or other process to proceed normalh except that after remo\ mg the
parts trom the process bath they are immersed m the drag-out collection bath for at least

one mmute I\fter bemg Immersed m the collectiOn bath the parts proceed to the tani
that normally follows the process bath It is Important that the parts used m thIS test be
representatl\ e of the parts normallv processed m thIS operation

WhIle the test is conducted the time that the operator allov. s for drammg parts 0\ er the
platmg tanks should be tv pical of normal operatIOn

I\t the conclusIOn of the test, measure
• the concentratIOn of the metal m the process bath
• the volume of a dead nnse tank after the test
• and the concentratIOn of the metal m the drag-out collectIon bath

Instead of measunng the concentratIon of the metal IOn m the process and drag
out collectIOn baths, It is possIble to use the concentratIOn of any other solutIOn
constItuent that is unaffected by dIlutIOn

The drag-out can then be calculated usmg the followmg equatIOn

v = (C) (V)
d C

p

v"here
Vj = volume of drag-out loss
Vr = volume of water m the nnse tank
Cp = chemical concentration m the process bath
C = chemical concentration m the nnse water (drag-out collection tank)

"\;ote The umts of the vanables used m thIS equation must be compatIble'
ThiS equatIOn assumes there was no metal m the drag-out collectiOn tank at the
start of the test (1 e clean water)

The volume ot drag-out loss can be divIded bv the surface area of the parts or by the number of
parts processed to obtam the volume of drag-out per umt of productIOn

Rmse Water Flo\\- Rate The nnse v.ater flow rate IS the amount of water (gallons or
liters per hour) used to nnse parts There are two sImple ways to measure the rmse water flov.
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rate The first method IS to take an empt\ contamer ofk.no\',n \olume and a stop\\atch and
measure the tlme It takes for the contamer to be filled \\-lth v.. ater Another method 1~ to mstall a
flo\'. meter m the \\ ater lme

Total \\ ater Usage The amount ot \\-ater that passes through a process or area must be
determmed If there IS Interest m companng operatmg costs before and after a change -\s
mentlOned before the eaSlest \\-a\ to do thIS b\ mstallmg a \\ater meter at the pomt \\here the
\\ater enters the area or process Readmgs can be taken dallY \\-eekly or monthlY dependmg on
the le\ el of mformatlOn that IS deSIred The tlme of day that readmgs are taken should also be
recorded

Flo\\ Restnctors Flo\\ restnctors hmit the volume of nnse water flowmg through a
rmse svstem bv mamtammg a constant flow of fresh water once the optImal flow rate has been
determmed Smce most small- and medIUm-sIzed metal fInIShers operate batch process hnes m
\\ hlch nnse S\ stems are manuallY turned on and off at the start and fimsh of operatlons pressure
actIvated flow control deVIces, such as foot pedal actIvated valves or tImers, can be helpful to
ensure that water IS not left on after the nnse operatIOn IS completed

Installmg a flow restnctor upstream of all the rmse water mfluent hnes reduces water use
Settmg the flo\\- restnctor at a rate less than the flow rate reqUIred to operate all rmse tanks
SImultaneouslY reqUIres operators to tum off the water m the unused nnse systems so the nnse
S\ stems muse \\-111 have adequate flow For example If a metal fimsher operates between 20
and 2.+ separate nnse S\ stems each requmng an a\ erage flow rate of 2 gallons per mmute (gpm)
a £10\\ restnctor mstalled upstream of all the nnse water mfluent hnes could hmlt total \\ater
flo\\ to 15 gpm Therefore operators must tum off unused nnse systems to ensure that the nnse
S\ stems requmng ImmedIate use \\-111 operate properlY It IS Important to note that operator
trammg and complete cooperatlon are reqUIred tor thIS type of svstem to work Othern Ise parts
\\ 111 not be nnsed effectlvelv and product qualltv wdl decrease

Conductlvlty-A.ctuated Flo\\- Controller A conductIvIty-actuated flow controller
controls fresh \\-ater flo\\- through a rmse svstem by means of a conductl'\ ltv sensor that measures
the ley el of IOns m the nnse \\ ater \\'hen the IOn level reaches a preset mimmum the sensor
actl\ates a \alve that shuts off the flo\\- of fresh water mto the nnse svstem 'When the
concentratlon bUIlds to the preset maXImum level the sensor agam actIvates a '\alve that opens to
resume the £10\\ of fresh water

A.utomated controls such as a conductIVIty-actuated flow controller to control nnse water flow
can effectlvelv reduce rmse water \\-aste generatlOn A conductIVIty meter eqUIpped WIth the
necessan solenOId control valve could cost approxlmatelv $700 per rmse system

Optlmlzmg the Rmsmg Process Water conservatlOn IS a major component of an
effectl'\e pollutlOn pre'\entlOn program for nnse processes 'Water conservatIOn should begm

EP3
Pollution Pre\ entlon In Metal FInishing



METAL TREA.TME'\ T A. '\iD Fr'\ISHI1'<G .. 3-24

v.Ith an evaluation of the current nnsmg operatmg Knowledge of the current condmons ""'Ill
provIde the metal finIsher wIth a baSIS bv whIch an economIC analYSIS can be done m order to
compare the potential sa" mgs gamed from reducmg drag-out and modItv mg the nnsmg S\ stem
One v,a\ to begm IS to Idenntv and evaluate the process lme that uses the hIghest volume ot

v,ater and m tIme repeat the evaluatlOn for each of the remammg processes

3223 Improved Housekeepmg A.lthough the contnbutIon of Improved housekeepmg to
0\ erall "",aste mlnImizatlOn IS dIfficult to quantIfy often sImple housekeepmg Improvements can
prm Ide 10\\ to no cost opportunItIes for reducmg waste A. plant can reduce v.aste b\ dey elopmg
ImpeCtlon and mamtenance schedules controlltng the purchasmg and handltng of raw matenals
removmg dropped parts qUIckly from baths keepmg filters and other process eqUIpment m good
\\ orkmg condItIOn and authonzmg a ltmIted number of employees to accept and test samples
trom chemiCal supphers

InspectIOn and Mamtenance ProductlOn, storage, and waste treatment faCIlItIes should be
mspected regularlv to IdentIfy leaks Improperlv functlomng eqUIpment and other Items that mav
lead to waste Frequent mspectlons can IdentIfy problems before they become SIgnIficant Items
that should be mspected mclude plpmg systems filters storage tanks, defectIve racks aIr
spargmg systems automated flo"", controls and even operators productIOn procedures (such as
dram tIme and nnse methods)

Dropped parts and tools should be removed from process baths qUId..!\' to reduce contammatIOn
of the bath ThIS can be aIded by havmg rakes handy to recover dropped Items Mamtenance
schedules should be coordmated WIth mspectIOn schedules to ensure that eqUIpment IS operatmg
at optImal efficlenc"

Chemical Purchasmg and Handhng Controllmg the purchasmg and handlmg of matenals
can reduce \\ aste generatIOn InventorY mg raw matenals and ensunng that contamers are
completeh emptv before ne"", contamers are opened reduced stockpIlmg ofraw matenals ThIS
practIce \\ III reduce the potentIal for spIlls and the IIkelthood of mlxmg poor process baths

In addItIOn strIct procedures should be developed for mlxmg chemIcals Mlxmg procedures
~hould be deSIgned to mmlmlze spIlls to pro\ Ide correctly mIxed baths and to ensure that the
baths are operated at the lo"",est pOSSIble concentratIon to reduce drag-out loss Deslgnatmg a
lImited number ot personnel to handle and mIX chemIcals WIll Improve the conSIstency of the
solutIOn formulatIOns and ""'Ill decrease ""'aste

Sample Testm~ MallY supphers pro\Ide metal finIshers WIth a vanety of process chemIcals for
testmg Ho""'e\ er If the matenal IS not used It becomes waste and unused chemIcals should not
be allo"",ed to stockpIle at the sIte If pOSSIble metal finIshers should stipulate that test samples
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\\ dl be accepted onh If the supplIer agrees to take bach. lefto\ er samples The unused pomon at
anah tlcal samples tah.en from process baths should be returned to the process bath

3 2 3 Rec\ clIng and Resource Recoven

Rec\ cling and resource reco\ en technologIes eIther dlrecth use \\ aste from one process as n1\\
materIal tor another process or recover \ aluable matenals from a Vvaste stream before the\ are
dIsposed Some spent chemIcal process baths and much nnse water can be reused for other plant
processes ;\lso process chemIcals can be reco\ ered from nnse water and sold or returned to

process baths

Segregatmg waste streams IS essentIal for most recyclIng and resource recovery technologIes To
reuse a waste matenal for another process recover valuable chemicals from a waste stream, or
ree\ cle nnse \\ater the \\aste stream must be separated from other \Vastes that \Vould prohIbIt
recyclmg or reuse opportumties Therefore, recyclmg and resource recovery technologies
typIcallY WIll reqUIre process pIpmg modIficatIOns and addItIOnal holdmg tanks to prOVIde
appropnate matenal segregatIOn

323 1 Reusmg Waste Matenal The chemIcal propertIes of a \Vaste stream must be
understood to assess the potentIal for reusmg the waste as a ra\V matenal Although the chemIcal
propertIes of a proses bath or nnse water solutIOn mav make It unacceptable for Its ongmal use
the \\ aste materIals ma\ stllI be \ aluable for other applIcatIOns Metal fimshers should therefore
e\ aluate \\ aste streams for the propertIes that mah.e them useful rather than the propertIes that
render then \\ aste

Rmse \\ ater One \\ aste materIal reuse optlon common among metal fimshers IS multlple-use
rInse v"aters In v"hlch the nnse \\ater from one process IS used for the nnse water of another
The pnman cost aSSOCIated WIth rmse water reuse IS m replumbmg the nnse system Dependmg
on the deSIgn of the nnse Vvater reuse system storage tanks and pumps may also be needed

--\fter nnse solutIOns become too contaminated for theIr ongmal purpose the\ ma\ be useful tor
other nnse processes For example effluent from a nnse svstem follo\Vmg an aCId cleamng bath
can sometImes be reused as Influent to a nnse S\ stem fo II0\\ mg an alkalme cleamng bath If
both nnse S\ stems require the same flo\\ rate 50 percent less nnse water would be used to
operate them In addItIOn, reUSIng \Vater In thiS \Vay can Improve nnse effiCIency byacceleratmg
the chemical dIffuSIOn process and reducmg the VISCOSIty of the alkalme drag-out film Care
must be exerCIsed to make sure that tank materIals and pIpes as well as bath chemlstnes are
compatlble \VIth the rInse solutIOns

A.cld cleamng nnse \Vater effluent can be used as nnse \Vater for workpieces that have gone
through a mIld aCid etch process Effluent from a cntlcal or final nnse operatIOn, which IS
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usually less contammated than other nnse waters can be used as mfluent for nnse operatiOns that
do not reqUIre hIgh nnse efficIencIes Another optiOn IS usmg the same rmse tank to nnse parts
atter both aCId and alkalIne baths Metal fimshers should evaluate the varIOUS nnse v. ater
reqUIrements for theIr process lmes and configure rmse S\ stems to take ad\ antage of rInse v. ater

reuse opportumtIes that do not affect product qualIty

E\.hIbn 3-5 Illustrates nnse vvater reuse for an alkalIne cleamng mIld aCId etch and aCId cleanIng
lIne If each of the three nnse tanks IS operated at the same flovv rate total vvater use IS 67
percent less vvhen reused compared WIth no reuse

ImplementIng a svstem to reuse nnse v"ater effluent from one nnse svstem as feed v.ater In
another nnse system costs approxImately $1,000 ThIS mcludes $500 for contractor labor for 1
day and $500 for matenals (mcludmg plpmg and a three-quarter horsepower pump, v.hIch vvould
be adequate for a tvplcal nnse svstem) If the nnse systems are In the same process lIne and
operate at the same flovv rate, no storage tank capaclt" would be necessary

The savmgs assocIated WIth reusmg rmse water are related to water and sewer fees treatment
chemIcals and sludge handlmg If each rmse system used 24,000 gallons of water each month,
reUSIng rmse water from one nnse system could reduce water use by 24,000 gallons each month
savmg $32 per month assumIng water and sewer fees are each $0 50 per 100 CUbIC feet SavIngs
for treatment chemIcals would be approXImately $120 per month If the company spends $1,000
each month to treat 200,000 gallons of wastewater
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ChemIcal supplIers may have reclamatIOn servIces some of WhICh permIt certam spent platmg
baths to be returned

E:xhlblt 3-5
1\1ultlple Reuse of Rmse \\ ater
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Spend Process Baths TypIcally aCId or alkalme solutIOns are dumped when contammants
e\.ceed an acceptable level Hov, e\ er these solutIOns may remam sufficienth aCIdIC or alkalme
to act as pH adjusters For e'\arnple alkalIne solutIOns can be used to adjust the pH m a
preCipItatIOn tanh. A.cId solutIOns can be used for pH adjustment m chromIUm reductIOn
treatment Smce spent cleaners often contam hIgh concentratIons of metals the\ should not be
used for final pH adjustments ho\\e\er It IS Important to make sure the process solutIOns are
compatIble before the\ are used m thIS manner

3232 Recvcllng Rmse Water and Process Baths Rmse water can be recvcled m a closed
loop or open loop system In a closed loop system the treated effluent IS returned to the nnse
s\ stem ThIS sv stem can slgmficanth reduce v,ater use and the volume of v,ater dIscharged to
the v,astev,ater treatment plant A. small amount of v,aste IS still dIscharged from a closed loop
system An open loop system allows the treated effluent to be reused m the nnse system, but the
final nnse IS fed bv fresh water to ensure hIgh qualIty nnsmg Therefore some treated effluent
WIll contmue to be dIscharged to the samtary sewer ExhIbIt 3-6 shows the configuratIOns for
both a closed loop and open loop nnse water recyclIng system
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E'\hlblt 3-6 Chemical Rmse Water Rec\Clmg Svstem

CLOSED LOOP SYSTEM
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To Impro\e the economIC feasibIlm of these S\ stems nnse \\ater efficIencY technIques :,hould
first be Implemented MultIstage counter-current nnse systems flo\\ controls and drag-out
reductIOn technIques should be pursued to reduce the volume of \\ater requmng treatment for
reco\ en thus reducmg the eqUIpment capnal costs

In the past matenal reco\ en from metal finIshmg \\ as not consIdered economIcal Ho\\ e\ er
effluent pretreatment regulatIOns and treatment and dIsposal costs are not a SIgnIficant economIC
factor t\s a result metal finIshers may find n economIcal to reuse nnse \\ater and to recO\ er
metals and metal salts from spent process baths and nnse \\ ater

Recovered metal can be reused m three ways (l) recovered metals (and process solutIOns) can be
returned to baths as makeup, (2) metals can be sold or returned to supplIers, or (3) elemental
metal can be sold to a reclaImer or reused on SIte as platmg metal anode matenals Some
successful technologIes to recover metals and metal salts mclude

~ evaporatIOn,
~ reverse osmOSIS,
~ IOn exchange,
~ electrolvtIc recovery (electrowmnmg),
~ electrodIalYSIS

These technologIes are used separateIv or m combmatIOn to recover chemIcals from nnse water
effluent

The say mgs actualh achIeved through metal recoveI) wIll be SIte-speCIfic Factors that
determme \\ hether metal reco\ en IS economicallv JustIfiable mclude the \ olume of \\ aste that
contams metals the concentratIOn of the metals the potentIal to reuse some of the metal salts
and the treatment and dIsposal costs Many svstems rna) not be economically feaSIble for small
metal fimshers because the savmgs mav not be great enough to achIeve an acceptable payback on
theIr mvestment

E\ aporatlOn E\ aporatIOn has been successfully used to recover a \ anet) of plavmg bath
chemicals ThiS Simple technology IS based on the phySical separatIOn of \\ater from dlssoh ed
solIds such as hea\ \ metals \\ ater IS e\ aporated from the collected nnse \\ater to allm,\ the
chemical concentrate to be returned to the process bath The drag-out recovered IS often returned
to the process tank m hIgher concentratIOns than m the ongmal process solutIOn Water vapor IS
condensed and can be reused m the rmse system The process IS performed at low temperatures
under a \ acuum to prevent degradatIOn of platmg addItIves Atmosphenc pressure evaporators
are used most commonly because of theIr lower capItal cost EvaporatIon IS more economIcal
\\ hen used WIth multIstage counter-current nnse svstems because the quantIty of nnse water to
be processed IS small The process IS energv-mtensive and becomes expenSIve for large volumes
of \\ ater heat pumps and multistage counter-current nnse systems have lower operatIOn costs
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EvaporatlOn IS most economIcal when the amount of water to be evaporated IS small or \\-hen
natural atmosphenc e"aporatlon can be used

A. \unatron on standard evaporatIOn technology IS the cold \aponzatron process V.hlCh \\ork.s b\
a slml1ar evaporatIOn separatIOn pnnclple except that an mcreased vacuum evaporates \'I'ater at
temperatures of 50 of to 70 0 F This type ofevaporatlOn system is less energy mtenSl\e than
electncallv heated systems because it gets the needed heat from the air around the unit Some
eqUlpment uses the heat generated from the vacuum S\ stem to pro\ ide the heat needed for
evaporatlOn

Reverse OsmosIs Re\ erse osmOSIS (RO) IS a pressure-dn" en process III \\ hlch a
semipermeable membrane permIts the passage of punfied water under pressure greater than the
normal osmotIC pressure but does not allow larger molecular weIght components to pass
through These concentrated components can be recovered and returned to the process bath and
the treated nnse water IS then returned to the nnse system for reuse The most common
apphcatlOn of RO technologIes m metal fimshmg operatIOns is m the recovery of drag-out from
aCid mckel process bath nnses Although the technology IS deSigned to recover a concentrated
drag-out solutIOn, some matenals (such as bonc aCId) cannot be fully recovered Also RO is a
dehcate process that is lImIted by the abIlIty of the membranes to wIth stand pH extremes and
long-term pressure RO membranes are not generallv sliltable for solutIOns havmg hIgh
oXIdatIOn potentIal (such as chromIC aCId) Also, the membranes WIll not completely reject many
nomomzed orgamc compounds Therefore activated carbon treatment is typicallv reqUlred
before the nnse v"ater solutlOn can be returned to the nnse system -'\ctlvated carbon can be
costlv but for certam cases It may be the only practical approach

Ion Exchange Ion exchange (IX) can be used to recover drag-out from a dilute nnse solutlOn
The chemical solutlOn is passed through a senes ofresm beds that selectiveiv remove catlOns and
amons -\s the nnse water IS passed through a resm bed the resm exchanges IOns with the
morgamc compounds m the nnse \\'ater The metals are reco\ ered b\ cleanmg the reSIllS wIth an
aCId or alkalme solutlon The metals then can be electro\\-on from the resm regeneratlOn solutlon
\\ hlle the LX treated water can be returned to the rmse svstem for reuse IX umts can be used
dfectl\ elv on dilute \\'aste streams and are less delIcate than RO systems but the water must be
filtered to remove oil grease and dirt to protect the resm Certam other metals may eventuallY
toul the resm requmng a speCIal procedure to remo" e the contammant

Ion e'\change IS commonlv used to treat nnse \\-ater from chromIC aCId process baths ExhIbit 3
7 ::,ho\\-s ho\'I' an IX umt can be used to recover chromIC aCId and reuse nnse water The nnse
\\ater \\aste stream IS filtered pnor to passmg through a catlon column and two anlOn columns
The pnmaf\ catlOn resm column removes heavy metals from the solutIOn whIle the amon resm
column removes the chromate lOns The chromates are remOved from the anIOn resm WIth
:,odlUm h\ dro\.lde formmg sodlUm chromate WhICh IS then regenerated as chromIC aCid b\
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E'thlblt 3-7
Ion E\.change S, stem for ChromIc ACId Reco, en
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passmg through a secondary cation bed The secondary bed replaces the sodIUm Ions wIth
h\ drogen Ions The catIon beds themseh es are regenerated wIth hvdrochlorIc aCId and the spent
regenerant solutIOn IS usualh treated m the \\-astev.ater treatment s\' stem It IS Important to knOv.
that chlonde contammates the chromlUm platmg bath and that treatment wIth sIlver mtrate to
precipitate the chlonde IS expenSI\ e

IX eqUIpment reqUIres careful operatIOn and mamtenance In addItIOn, recovery of chemIcals
from the resm columns generates sIgmficant volumes of regenerant and wash solutIOns, WhICh
may add to the wastewater treatment load

ElectrolytIc RecovenlElectrowmnmg Electrowmnmg IS a process used to recover the
metallIc content of nnse water It operates usmg a cathode and an anode WhICh are placed m the
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nnse solutlOn As current passes between them metallic lOns deposIt on the cathode generatmg a
sohd metallIc slab that can be reclaimed or used as an anode m an electroplatmg tarn.. The
electro\\ mmng process IS capable ot reco\ enng 90 to 95 percent of the a\ aIlable metals and has
been ~uccesstully used to recO\ er gold Sliver tin, copper ZInC, solder allo\- and cadmIUm

Several basIc desIgn teatures 'Well known to the electroplatmg mdustn are emplmed In

electrolvtlc recoverY (1) expanded cathode surface area (2) close spacmg bet\'veen cathode and
anode and (3) recirculatlon of the nnse solutlOn Electroplaters can deSIgn theIr o\\n umts bv
closelv spacmg parallel rows of anodes and cathodes m a platmg tank and circulatmg rmse
solutlOns through the tarn.. ThIS process can also be used to recover metals from spent process
baths pnor to bath treatment m the wastewater treatment svstem

High surface area electrowmnmg/electrorefimng IS another method of electrolytIc recovel) The
metal-contammg solutlon IS pumped through a carbon fiber cathode or conductive foam poh mer
WhICh IS used as the platmg surface To recover the metals, the carbon fiber cathode assemblv IS
removed and placed m the electrorefiner, thIS reverses the current and allows the metal to plate
onto a stamless steel starter sheet These systems recover a WIde \- anetv of metals and regenerate
many types of solutlOns HIgh surface area metal recovery IS used mamlv WIth dIlute solutIOns
such as nnse water effluent

ElectrodialysIs ElectrodIalysIs IS used to concentrate and separate IOmc components contamed
m rmse water solutIOns as shown m ExhIbIt 3-8 A water solutlOn IS passed through a senes of
alternateh placed catlon- and amon-permeable membranes These membranes are placed
parallel to the flow of water, and an anode and cathode are placed on OppOSIte SIdes of the
membrane stack The anode and cathode create an electropotential across the stack of
membranes causmg the lOns m the nnse solutlOn to mIgrate across the membranes The
selectIvItv of the alternatmg membranes causes both amons and catlOns to mIgrate mto
alternatmg channels and lOn-depleted water remams m the other channels The concentrated
solutlOn can be returned to the platmg baths whIle the treated 'Water IS recvcled through the rmse
~v stem

EP A. has sponsored demonstratIon projects to test the apphcatIon of electrodIalvsIs to mckel
reco\-erv trom rmse water One umt was tested for 9 months WIthout sIgmficant operatmg
problems ThIS unIt successfullv reCOvered nIckel salts for reuse m platlng baths allo\'vmg the
treated nn~e \vater to be recIrculated mto the nnse system

3 2 3 3 Recvcllng Solvents Manv companIes have converted theIr solvent-based precleanmg
or degreasmg processes to alkalme cleanmg solutIOns that can be batch treated on site m a
tacIlm s eXIstmg treatment svstem Nevertheless solvent degreasmg IS StIll used for some
cleanmg operatlOns m the metal fimshmg mdustrv

EP3
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Anode

Con,amlnated
Rmse Water

Concentrated Strea""---t.....----I..~ (to plating tan~s

xCathoae

Solvents can be rec\cled off-sIte as part ofapackage solvent service Compames \\i11 rent
degreasmg eqUipment supplv all solvents and accept the v.-aste solvents for off-sIte rec\cltng
These Sef\iCeS may be cost effectIve for low volume users of solvents High volume users of
solvent cleaners can recvcle solvent \\aste on site usmg distillatIOn technologIes The solvent is
separated from the contammants b\ heatmg the solutIOn above the solvent's bOllmg pomt The
~olv ent \ apors are then condensed m a condensatIOn chamber The contammants remammg m
the heatmg vessel are handled as a hazardous sludge The economIC benefits of off-sIte \ ersus
on-Site rec\ clmg ha\ e to be Judged based on \ Irgm soh ent purchase cost off-sIte sen Ice fees
amount of \\ aste soh ent generation disposal cost of "Waste solvent disposal cost of distIllatIOn
still bottom sludge and cost of on-SIte eqUipment A general rule of thumb IS that on-SIte
recovery be consIdered If one drum (55 gal) or more of waste solvent are generated per month

EP3
Pollution Pre\entlon In \fetal FInishing

A recent studv for USEPA m 1992 looked at a company that generates 900 gallons of waste
meth\ leth) lketone (MEK) solvent per year ThIS waste solvent could be dIsposed of dIrectly at a
cost of $400 per 55-gallon drum A 55-gallon capaclt\ on-site batch distillatIOn stIll "Was used to
recover the MEK for use m a pamtmg operatIOn Everv 55-gallon batch gave 35 gallons of

Exhibit 3-8
Electrod13hsls Flo" Schematic

:: _ riled Stream ....

(to nnse tanks) ..----/"1"'--------:1------

Legend

M+ = Callons

X = AnIOns

2:2l CatlOrt--selecilve membrane

==:3 AnfOrt--seleetlve membrane
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recycled soh ent and 15 to 20 gallons of stIll bottom sludge, on average ThIS sludge v. as hauled
a'Na'v for 1OC1OeratIOn for $500 (mlmmum) per 55-gallon drum Purchas10g nev, MEK soh ent
\\ould have cost the compam $10 per gallon l nder these condItIOnS the batch reCOvel\ umt
V.hICh costs approxlmatel) 530000 has a pay back. ot around 3 years Smaller stills ot 5-gallon

capacIty are also a\ mlable 10 the $5 000 to $8 000 range IntermedIate IS-gallon stills cost

bem een $8 000 and $12 000

324 Replacement Technologies E\.Istmg replacement technologIes If used properly can
avoid most ot the envIronmental problems assocIated wIth conventIonal coatmg methods such as
emISSIons ot hea\V metals aCIds and caustICS E\.hIbIt 3-9 contams alternatIves to comentIonal
processes In addItIOn reter to -\ppendl\. 4 for a detaIled dISCUSSIOn of alternatr\ es to
conventIonal metal fimshes

There IS not one replacement technologv appropnate for everY coat1Og need However each of
the replacement technologIes descnbed here IS appropnate for many applIcatIons and does
reduce enVIronmental Impacts

Waterborne EmulSIOn ConventIOn Coat1Og Current chromate coatmg systems have m
some cases been replaced WIth a dry-1O-place, waterborne emulSIon converSIon coatmg The
product IS completely chromIUm free and adaptable to heat spraY applIcatIOns The
permanganate-based product IS conSIdered envIronmentally safe at ambIent temperatures In
fact small reSIdual amounts of potaSSIUm salt that IS depOSIted as the pnmary coat are deSIrable
10 the 10dustnal \\astevvater treatment because It aids 10 treatment of other common 'Nastev.ater
contammants

Chromate com erSIOn coatmg replacements can result 10 coat1Ogs that are strongly bound to the
metal surface thus provId1Og good corrOSIon reSIstance Umform coverage mav be eaSIlY
aChle\ ed as 10dicated b'v a color mdlcator The unpamted coatmg does not rub off on workers
hands or emIt to\.IC fumes upon weldmg The parts can be pamted ImmedIately WhICh lessens
the tlme reqUIred to complete the part fimshmg

ChemIcal Vapor DepOSItIOn ChemIcal vapor deposItIon (CVD) IS generally used to coat
lITegularh shaped parts ThIS method IS used to 10crease the strength puntv, and denSIty of the
,-oated matenal CVD creates a coat1Og bv deposIt1Og a chemIcal vapor on a substrate through
thermal or chemIcal reactIon VarIations of CVD mclude atmosphere low-pressure and plasma
aSSisted methods In atmosphenc vapor depOSItIOn the part must be thoroughly cleaned before
chemIcal deposItIon The puntv of the fimshed CVD product leads to extenSIve use 10 optIcal
coat1Og applIcatIOns Proper matenal selectIOn results 10 reduced emISSIons and high-qualItv
fimshes Plasma-aSSIsted CVD can be used on parts WhICh may be deformed by the hIgh
temperatures of atmosphenc CVD Pertorm1Og CVD under vacuum produces more umform
coatmgs \\ Ith hIgher purm \\ aste products ongmate from the lo'N matenal utIlIzatIOn and the
hazardous components 10 the pretreatment stages

EP3
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Ion Beam Techmque The lOn beam technIque Implants metal Ions under an mert
em Ironment mto the surface of metal parts ThIs type of process mcludes lOn \ apor deposltlon
(1\ D) IOn ImplantatIon and IOn-beam-enhanced deposItIOn (IBED) The IVD alumInum
coatmg process \\od.s \\ell In replacmg cadmIUm coatmgs m that It alters conductl\ It\ hardne~s

Vv ear and COITOSlOn However coatmg control can be dIfficult Ion ImplantatlOn processes \\ ork
b\ altenng the chemIcal composltlon near the surface of the metal to enhance conductl\ It\

hardness \\ear and COITOSlOn resistance ThIS optIon IS attractIve due to 10\\ operatmg
temperatures and mInImal Vvaste generatlOn IBED used Vvhen lattIce defects are present IS
more effectl\ e In coatIng than dIrect ImplantatIon

Plasma and Spray TechnologIes Plasma and spray replacement technologIes combme a
gas \\Ith metalhc pOVvder heated to a molten state and applv the coatmg to the part surface
Plasma processes mclude detonatIon gun and vacuum plasma DetonatIon gun uses a
combustlOn flame spraymg process, whIch uses oxygen and acetylene There IS a lImIted range
of matenals that can be used as coatIngs or substrates V\ Ith emplo\ ment of a \ acuum propertIes
of the coats can be Improved HIgh temperatures hmit applIcatIons m many cases The plasma
vapor process's mam pollutant IS overspray, however, generatIOn of ozone VIa the plasma arc IS
also of concern Metal and aCId emISSIons are generally reduced usmg thIS method Thermal
spray processes mclude HVOF (hIgh-veloCIty oxygen fuel), slurrv and plasma arc HVOF
apphes metals and other matenals m pOVvder form through flame spravmg A hIgh degree of
surface preparatlOn IS reqUIred m some cases to mcrease bond strength Slurrv apphcatlOns are
commonlv used m the coatmg ofJet engme components A slurry of alummum powder
ceramics bmders and soh ents IS apphed to the metal substrate through spray mg or dlppmg
technIques dned and fired ThIS method reqUIres mmlmum surface preparatlOn Because of
high arc temperatures plasma arc techmques alloVv a vanet\ of matenals to be apphed through
spray mg Poros!t\ of coatmgs deposIted b\ thIS method can be \ aned to SUit the deSIred
apphcatlOn Operatmg costs are hIgher due to the need to replace parts that are thermally
damaged b\ the process Care must be taken to protect the workers from fumes and metal dust
emitted m thIS process

E\ aporatlOn E\ aporatlOn methods coat metal through evaporatIon of the metal from a
molten pool USIng an electron beam E\ aporatlOn methods Include electron beam reactl\ e
depOSItIOn thermIOnICalh enhanced e\ aporatIOn and coaXIal electron beam ThIS method IS
\\ ldeh used In the computer Industf\ for coatIng memOf\ boards ThermIOnIcalh enhanced
e\ aporatIOn methods produce Improved films as a result of the Increased tractIOn of IOnIZatIOn
E\aporatlOn reqUIres more surface preparatIon than conventIOnal technIques do, IS generally
eaSIer to operate and reduces emISSIOns however operatmg thIS system can be dIfficult because
pressure must be closely regulated

EP3
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Exhibit 3-9
l\1etal TreatmentlFmlshmg Replacement Technolog} CharacteristIcs

Surtace Relatl\ e Relatl\e
Replacement Com entlonal Replacement Preparation Operating Capital Operating EI-h,
rLLhnolog\ Technolog\ ~tatus* ReqUIred Slmphclt\ Cost Cost rI~1-.

ChLmlcal Plating (electro" tIC) P Same Better Higher Same Lo\\ er
\ apor Plating Ielectrolessl P Same Better Higher Same Lo\\er
depo~llion Cladding P More Better Higher Higher Same

A.nodlZIng R Same Better Higher Same Lo\\ er

Ion beam Plating (electro" tic) P Same Better Higher Higher Lo\\ er
tLchnlque; Plating (electroless) P Same Better Higher Higher L0\\ Lr

Cladding R More Better Higher Higher Lo\\-er
Case hardening C More Better Higher Higher Lov.er
Dlp/Galvamzlng R More Better HIgher Higher Lo\\er

Plasma and Plating (electrolYtic) P Less Same Higher Same Lov.er
;pray Plating (electroless) P Less Same HIgher Same Lower

Cladding P More Same Higher Same Lower

E\ aporatlOn Plating lelectrolYtlc) R More Better Same Same Lower
Plating (electroless) P More Better Same Same Lov.er
Cladding C More Better HIgher Same Lov.er
Dlp/GalvamzIng R More Better Higher Higher Lov.er

Matenal Chromatlng C Same Same Same Same Lower
replacement

EHS = EnVironmental Health and Safetv
• P =pilot C =commercial R = research

EP3
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E\.hlbn 3-10 gl\ es a summan of the malor pollutIOn prevention optlons m the metal fil1l::>hmh
mdustn

LSIng nonchelated process chemIstrIes ~ ReuslOg nnse water effluent

E~hlblt 3-10
PollutIOn PreventIOn OptIOns

Rec,cimg and Resource RecoHnSource ReductIOn

I
I

I
I

I

I

I
I
I,
I
I

~ ReducIng the volume of rInse water by
o Usmg sprav nnse systems
o CreatlOg agItation 10 the rmse tank
o EmploY Ing multIple use rinses for compatIble

processes
o UslOg multIple stage counter-current nnse

systems

o Usmg conductlvlt) controls and flow timers

Extendmg the lIfe of the process baths through
o Good housekeepIng
o Inltlatmg electrolytIc recoverY or chemIcal

treatment and fi Itratlon
o Reducmg drag-m
o L ,Ing distilled deIOnIzed or reverse o,mosls

\\ ater
o Properl\ maintainIng racJ.-s
:J L SIng purer anodes and bags

~ ImplementlOg matenal reuse technIques

~ Regenerating spent process bath solutIOns

~ RecyclIng process bath chemicals and nnse water
solutIOns through use of chemIcal recovery
technologies lOciudIng
o EvaporatIOn
o Reverse osmosIs
o Ion exchange
o ElectrolYSIS
o ElectrowlOnlOg
o ElectrodIalysIs

Recv clmg spent solvents b\ dIstillatIon

Separatmg varIOUS \\aste streams for recvclln~

seleetIve treatment and batch treatment

I
I
I
I
I

RedUCIng drag out loss by
o OperatIng process baths at the lov.est acceptable

chemIcal concentrations
o Operatmg process baths at higher temperatures
o \\ IthdrawIng workpIece racks at a slower rate
o Drammg worJ.-plece racJ.-s for longer perIods
o Captunng drag out on a dramage board that

drams bacJ.- mto the process tanl-.
c ~ddmg v.enmg agents to process baths
o lmpro\ 109 \\Ork.plece positIOnIng
o Reco\ enng process chemicals 10 a drag out tank

and replenIshlOg the process bath With the
recovered solution

o SpravIng dIrectly over the process tank

ImplementIng alternatIve treatment svstems such as
Ion exchange reverse osmosIs evaporatIon and
electrolysIs

I
I EP3
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CHAPTER 4
ORGANIC FINISHING (PAINTING)I

4 1 I"'TRODUCTION

Pamt applIcatIOn IS a fimshmg step m the manufactunng process that Imparts decoratlon
corrOSlOn and OXIdatIOn protectlOn to fimshed Items The overall manufacturmg process IS as
follows

strip 0 clean c:> morgamc surface treatment c:> pamt application c:> cure

Currently envIronmental problems caused by the Industry's paIntIng operatIOns are large
quantItIes of VOC emISSIons as well as the generatIon of solId and lIqUId wastes Solvent
carners m pamt formulatIOns contam VOCs that are emItted whIle the pamt IS bemg apphed and
whIle It IS cunng In the U S these VOC emISSIons gIve nse to costly vapor recovery or
treatment S\ stems t\lso pamt apphcatlon transfer efficIencIes are tvpIcallv poor less than 50
percent The resultmg pamt 0\ erspra\ creates envIronmental health, and safetv problems for
mdustn and must be collected and dIsposed of as hazardous waste

The reader should note that thIS chapter rev Ie\'\' s several pollutIOn preventIOn measures and
alternam e technologIes used m the pamtmg applIcatIOn mdustn It IS recommended that the
reader refer to t\ppendI\. 5 LIS EP t\ GUIde to Cleaner TechnologIes - OrganIC Replacements
tor a detaIled dISCUSSIOn of the ad\ antages and dlsad\ antages assocIated \\ Ith replacement
coatmgs

4 1 1 Process DeSCription

\1an\ dIfferent pamt applIcatIOn methodologIes are emploved toda'. Methods mclude use of
brushes and rollers dIp tanks flo\'\' coaters curtam coaters and vanous sprav processes The
selectIOn of a gl\ en method IS dependent on the SIze and shape of the parts type of coatmg
applIed reqUIred fimsh qualIty \'\'ork.load, and the avaIlabIlIty of UtIlItIes such as compressed alr
and power

ThiS chapter IS denved from the followmg documents
H Freeman Industnal PollutIOn PreventIon Handbook McGra\\--HIll Inc 1995 (Chapter 29 and 43)

\-lmnesota ASSOCIatIon of Metal Fmlshers Metal Fmlshmg PollutIon PreventIon GUIde July 1993

------------------ EP3 ------------------
Pollution PreventIOn m Aletal FlnIshmg
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Solvent sprcl\ methods ofpamt applicatIOn are attractl\e to mdustf\ because ot lov.. eqUipment
costs and ease of operatIon These methods utilize a hand-held or automated gun to atomIze and
project the pamt onto the part surface Ho\',e\ er a malor deficIenC\ \\ Ith ~oh ent spra\ S\ stems
I~ their mabilm to transter a substantlal portIOn ot the pamt to the part T\ plcalh com entlon<.11
~ol\ ent spray transfer etficienCIes range trom 30 to 40 percent ThIS etficlenC\ leads to larger
amounts ot VOC emitted per part pamted

To control oversprav mam pamtmg operatIons are conducted m spra\ booths Both df\ filter
and \\ater-~ash spra\ booths are common \\ ater-~ash booths emplo\ a ,,\ater curtam or \\aU to

k.nock. do\\ n and trap the 0\ erspra\ The pamt partIcles ma\ eIther settle to the bottom ot the
\\ater sump or noat on the water \\here they are penodicalh dIsposed ot as a sludge To
elimmate the generatlon ot a \\et sludge some tacIlItIes m the L S ha\ e com erted to df\ filtcr~

;\lthough ne\\ spray eqUipment such as aIrless and air-assIsted aIrless guns have better transfer
dfillencles the\ ha\ e not been able to etfectl\ eh aIle\ late the 0\ erspra\ problems i1::.soclated
\\Ith conventional solvent pamtmg However hIgh-volume/lo\\-pressure (HVLP) guns prOVide
an alternatIve whIch mcreases the transfer effiCIency to the 70 to 90 percent range and
conslderablv lo\\-ers the envIronmental Impact of the pamtmg process

Industrv uses electrostatIc spray methods of pamt applIcatIOn because of ItS ease of operatIon In
thIS process atomIzed pamt partIcles from a hand-held or automated spray gun are pOSItIVeI)
charged WIth statIc electnCIty, causmg an attractIOn between the pamt and the grounded metal
part The spra\ guns used are SImIlar to those used m soh ent sprav sv stems and mclude aIr
airless and am airless rotaf) bells and dISk.S ElectrostatIc spray systems have hIgher mitial
capital costs than solvent spray, but pamt transfer effiCIencIes are mcreased to the 60 to 80
percent range ThIS greater efficIency translates to decreased emISSIOns as compared to soh ent
~pri1\ methods ot applIcation Ho\\ever overspra\ IS stIll produced and reqUIres cleanup and
disposal ot potentlalh hazardous \\aste

Dlppmg tlo\\ applicatIOns are also emplo\ ed m the pamtmg of metal parts In dIppmg the part
I::' Immersed m a tank ot lIqUId coatmg then \\Ithdrav.. n and allo~ed to drv In flow coatmg the
P<.1rt recel\es a sho\\er of coatIng m a pamt booth tollo\\ed b\ df\mg .\nother dIp flo\l\ coatmg
method IS l urtam coatmg \\hlch IS a hIgh-speed pamtmg process usmg a rev olv mg applIcator
roller to coat a flat part Dlppmglflo~ methods hay e the same lo~ degree of operatmg dlfficult\
J~ ~oh ent ~pri1\ but transter etficlencles are greater than 90 percent Smce a great deal ot pamt I~

etfillenth transterred to the part VOC emISSIOns come mostly from Paint evaporation The
number ot i1pplicatIOns for dIp {flow methods of pamtIng IS limIted because of the mherent
dlfficult\ m controllmg the coatmg thIckness

The final stage ot any pamtmg operatIon IS the cleanmg of reusable eqUIpment such as spray
guns pressure pots and hoses To clean thIS eqUIpment operators t\ picaUv fill the S\ stem \\ Ith
~ohent and then operate the spray gun to flush out the pamt To mInImIZe solvent emISSIOns

--------------- EP3 ---------------
PollutIOn PreventIOn In Metal FInishing
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resultmg from cleamng operatIOns mall' local air qualm agenCIes mandate the use of enclosed
cleamng s\stems Cleamng ofpamt-coated hooks and racks ma\ be performed m thermal burn
ott 0\ ens b\ hIgh-pressure v"ater spra\ s or b\ chemIcal-based strIppers

\\, astes generated b\ the pamtmg process mav mclude arr emISSIOns of volatIle organIC
compounds (VOCs) and partIculates !eftO\ er pamts and coatmgs empt\ pamt cans dIsposable
brushes and rollers dIrt\ sol\ ents and thmners used for eqUIpment cleanup dIm filters from dn
filter pamt booths and pamt sludge from \\ater-\\ash pamt booths The to\.Icm and hazard of
the \\astes generated IS dependent on the concentratIon of solvent remammg m the \\aste and the
pre:,ence of hea\ \ metals such as lead and chromIUm compounds m the pamt

4 2 POLLUTION PREVENTION STRATEGIES

... 2 1 Impro\ ed Operatmg and Inventory Practices

Improved operatmg and Inventory practIces represent pollutIOn preventIOn strategIes that have
relatIvelv low-costs and are relatIvely easy to Implement The followmg IS a summary of these
t\ pes of practIces

... 2 11 ElImmate the Need to Pamt Pamts and coatmgs perform an Important functIOn of
protectmg matenals from senous degradatIon due to emIronmental exposure WIthout pamts
:,teel structures \\ould rust a\\a\ and tImber \\ould deca\ Matenal reparr and replacement costs
\\ ould be prohibItl\ e Pamts and coatmgs also prOVIde an aesthetIc functIon addmg color and
\ anet\ to the local em Ironment

HO\\e\er the need for pamtmg can sometImes be avOIded b\ selectmg matenals that combme
both functIOn and aesthetICS In the U S use of mJectIOn-molded plastIC shells In place of
pamted metal cabmets IS \\ Idelv practIced m the electromcs mdustry BUIldmg constructIOn
emplovmg the use ofvmvl sIdmg PVC and FRP plastICS precolored concrete and metal tnm
matenals such as stamless steel copper bronze and alummum are also utIlIzed

4 2 1 2 MOnltormg Incommg and I\s Apphed Pamt Quahty (Sohds Content) The abIht\ to
control and momtor the quallt\ of the mcommg pamt \\ III help mimmize the amount ot pamt
needed tor a gI\enJob Poor qualm pamt "'Ill often neceSSItate the need to stnp the pamt off the
eXIstmg part and repamt In addItIOn, controllmg the qualIty of the pamt receIved WIll reduce the
quantItv of unusable pamt that WIll need to be dIsposed of, sent back to the suppher or sold
offSIte

The abrlm to measure the solIds and solv ent content of mcommg and as applIed pamt WIll help
control the qualm ot the pamt applIed b\ msunng that proper pamt applIcatIon speCIficatIOns are
met

---------------EP3---------------
PollutIon PreventIOn In Metal FinIshing e.o
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The sImplest method to measure the soltds content of paInt requIres the use of a preCISIOn scale
and an oven However It IS possIble to measure the soltds content WIthm the accuracv necessaf\
tor pollutIOn prevention \"Ithout speCIal or dedIcated eqUIpment For the purpose at pollutIOn
pre\ entlon It IS necessan to lillo\\ the sohds content onl\ to an accurac\ ot ~ - .5 to 100

u

The solIds content of a batch of pamt can be detenmned usmg the follov. mg procedure

.. USIng the most accurate balance avaIlable weIgh a pIece ot alummum foil (about 15 cm
"" 15 cm) Fold the edges of the alummum foIl upVvard to create a small tra\

.. FIll the trav wIth a known volume ofpamt

WeIgh the trav VvIth the known volume of paInt and record the results

L se a safe heat source to df\ the paInt -\lthough It ma\ not be pOSSIble to completel\
dI) the pamt drymg to the pomt where the pamt IS stIll tackv WIll be suffiCIent to msure
that the solvent has be drIven off

WeIgh the tray WIth the dry pamt and record the results Detemune the mass lost In
drvmg and calculate the amount of soltds remammg as percentage of the mitIal mass of
the paInt

42 1 3 StandardIZe Pamts and Colors The generatIOn of cleanup \\astes can be reduced b\
standardlzmg the number of paInts and colors employed The frequent changmg ot colors results
In the need to purge supply hnes and strIp down the pamt booths often so as to avOId color
contamInatIon StandardIzatIOn mav also mak.e It feaSIble for the purchase of pamt m returnable
bulk contaIners These contaIners mav be owned by the coatIng formulator Vvho pICk.S up cleans
refills and returns the emptv contamers as needed The use of bulk contaIners can be \ en cost
etfectIve In addItIOn to ehmmatmg the generatIOn of empty pamt cans and leftover pamt

The use ot non-pIgmented paInt rna" be a " table optIon for faCIlItIes that cannot standardIze the
number of colors reqUIred but stIll \\ ant to benefit from a bulk contamer arrangement \\ nh theIr
~uppher 'W nh such an arrangement small lots of the stock paInt are drawn off and pIgmented as
needed SInce the pmnt IS mIxed as needed \\aste due to over purchase of a color that IS no
longer u~ed b 01\ aIded To mamtam color consistenC\ from batch to batch the use of a color
matchIng ~\ stem IS otten necessaf\ Such s" stems rna) be purchased tor $6 000 to $:20 000

... 2 1 ... Implement Stnct \1.atenal Trackmg and Control There are man" Vvavs to reduce
the mdISCnmInate use of thlIrners and cleanup solvents Makmg emplovees SIgn out for cleanmg
supplIes or Issumg soh ent debIt cards to pamters often results m the reductIOn of matenal
consumptIOn and allo\\s compames to track rnatenals use StudIes m the automotIve refimshmg

-----------------EP3-----------------
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mdustn ha\ e shov. n that a ngld 1m enton control can reduce soh ent \\ aste generatIOn rates b\

50 to 75 percent

Sohent use can also be reduced b\ apphmg lo\\-\olume cleamng technIques ~ll\.mg l.ontamers
and pamt pots should first be dramed and then scraped free of resIdual pamt \\ nh a soft \\ ood or
plaStIC spatula The contamers are then rmsed \\ nh a small amount of soh ent and \\Iped clean
\\ Ith a lInt-free rag To promote the reuse of cleanmg solvent the pamt sludge mltJalh remo\ ed
from the contamers and pamt pots should be stored separateh from the dlrt\ nnse soh ent B\
not loadmg the soh ent \\nh solids one can decant and reuse It several times Some shops e\ en
u~e thiS nnse soh ent as thinner m the ne\.t compatible batch of pamt

Vv hen pamt pots are used dIsposable polyeth) lene bags or lmers can be utilIzed Instead of
pounng out the waste pamt and cleanmg the pot WIth solvent one can use a bag or lmer whIch
allows the leftover pamt to be lIfted out of the pot and placed m a collectIon drum for dIsposal
Bags and lmers t"\ plcalh cost $1 each v. hlch IS much less than the aVOIded cost of soh ent
purchase and dIsposal

42 15 Return Expired MaterIals to Supplier Pamtmg matenals often have a limIted shelf
lIfe and when It IS exceeded rna\- have to be dIsposed of as hazardous waste QUIte often the
shelf lIfe IS based on some mlmmum time durmg WhICh the formulator guarantees the qualm and
performance of the pamt Once the shelf life has been exceeded, there IS greater potential that the
pamt v.IlI not be SUItable for use due to problems such as phvsIcal separatIOn of the compounds
and clumpmg of the pigments and resms

It pamtmg matenals are properl\ stored and routmeh shak.en then shelf life ma\ be e\.tended
\\ !thm reason Some pamt supplIers m the IT S offer a fi\.ed per-gallon fee sen Ice whereb\
the\ \\ III PICk. up remI\. recemf\ and return the pamt Batches of unused pamt can sometimes
be mI\.ed together and be retmted to pro\- Ide a useful product Retmtmg can onh be performed If
the surplus pamts are of SImIlar tvpe and color Such a servIce could be arranged bv common
agreement between the manufacturer and the user and the reprocessmg fees should be specIfied
m the purchase contract

42 1 6 Set ApplIcatIOn Standards Fllm thickness rna" be easlly measured b" means of wet
film gauges or dn film meters The momtonng of applIed film thIckness IS cntical to ensure that
a umform and conSIstent coatmg ofpamt IS bemg applIed Too thm a coat wIll result m
premature faIlure m the field whIle too thIck a coat represents exceSSIve cost and waste

Other standards that can be establIshed for QC purposes mclude crosshatch adhesIOn film
hardness and solvent reSIstance Furthermore the cunng tIme and temperature profile should be
momtored to ensure that the pamt IS not bemg over or undercured Next to the pamtmg of dIrty
parts Improper cunng IS the second most common reason for coatmg [allure SpecIficatIon and

------------------ EP3 ------------------
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adherence to standards can do much to mmimize the level of rejects and ease troubleshootmg
\\hen problems anse

.t 2 2 EffiCient Use of ApplicatIOn EqUIpment

SelectIOn of the appllcatIOn equipment can ha\ e a big Impact on pamt usage and subsequent

\\ aste generatIOn Assummg that the required amount of coatmg to be deposited on the pamted
object IS known total coatmg usage IS a direct function transfer efficiency Transfer efficlenC\ IS
defined as tollo\\. s

mass of pamt solIds depOSIted on an object
Transter efficlenc\ (%) = 100 \. ---~-------~----,-_::-"

mass of pamt solIds sprayed at the object

Bv usmg spray guns wIth hIgh transfer effiCIencIes, pamt usage (and hence VOC emISSIOns) can
be mimmized The pamt applIcatIOn eqUIpment currently on the market IS lIsted belo\\ roughh
m the order of mcreasmg transfer efficIency

o conventional spray (low transfer effiCIency)
o aIrless spray
o air-assIsted atrless spray
o high \ olume lo\v pressure spra\
o electrostatic spray
o curtam coatmg
o roll coatmg
o \ acuum applIcatIOn (hIgh transfer efficIencv)

Com entlOnal spray ConventIOnal spray eqUIpment atomizes the coatmg as hIgh pressure aIr
.md Loatmg eXit the gun onfice The coatmg atomizatIOn obtamed IS \ erv fine resultmg m a
umtorm LOatmg deposltIon Howe\er the transfer efficIenC\ ot conventional sprays IS 10\\ (35
to 50° 0) because the hIgh veloclt\ air deflects the pamt a\Va\ trom the part

Clne l)t the major reasons air-atomized guns are so \Vldeh used IS that the\ allo\\ the operator to
.... ontrol mall' ot the \ anables that affect fimsh quallt\ Such \ anables mclude flUId pressure and
onfice dIameter air atomIzatIOn pressure aIr-flUId pressure ratIO fan shape and trIgger
operation

.\Irless spra\ ~Irless sprav eqUIpment uses hIgh hydraulIc pressure to atomize the coatmg b\
torcmg It through a small onfice The coatmg atomizatIOn IS not as fine as with conventIonal
:,pra\ The transfer etficlenc\ ho\Vever IS raised to 50 to 65 percent due to the 10\Ver volume of

----------------EP3----------------
Pollutwn PreventIon In Metal Flnl~hln'l

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ORG~"-Ie Fli\ISHI"-G (P ~I"-TI1'<G) • 4-7

;m that carnes coatmg past the part -\Irless spray IS often used for hIghh pIgmented or hIghh
\ ISCOUS pamts v.here appearance IS not cntical (zmc-nch pnmers and sound deadeners)

"'Ir-asslsted alrless spra, AIr-assIsted aIrless spray eqUIpment IS SImIlar to air assIsted e'\cept
that air nozzles at the tIp are added to further break up the coatmg

HIgh" olume 10\\ pressure (HVLP) H\ LP eqUIpment uses hIgh volumes of air at 10\\
pressures to atomIze the coatmg The lov. \ elocIt\ air IS less able to mfluence the dIrectIOn ot
the pamt partIcles and thus more pamt ends up on the part Transfer effiCIencIes are 50 to 70
percent -\ dIsad\ antage v. nh HVLP eqUIpment IS that productIOn rates are t\ picalh lov. er due
to the lov. pressures used ThIS dIsadvantage IS bemg addressed bv a technologv called
hYdraulIcally-assIsted HVLP \\-hich uses hIgher feed lme pressure The hIgher pressures mcrease
the productIOn rate and provIde addItIOnal atomIzatIon

Electrostatic spra, ElectrostatIc spray eqUIpment applIes an electrostatIc charge to the
atomIzed pamt partIcles WhIch are then attracted to the grounded part All surfaces of the
grounded object, mcludmg the back SIde of small parts, can be coated by the mIst dIrected at one
SIde of the object (wraparound effect) ElectrostatIc verSIOns of most spray eqUIpment have been
developed and theIr transfer efficIencIes often exceed 90 percent

It IS essentIal that the electrostatIc spray system be properly grounded to msure that the deSIred
transfer efficIencv IS achIeved S" stems tvplcalh have groundmg WIres WIth clamps that need to
be connected to a good earth ground preferabh a clean metal surface connected to the ground

Curtam coatmg/roll coatmg Curtam coatmg and roll coatmg are both used to apph coatmgs
to flat stoch. \\ nh no profilIng The transfer efficIency of these processes exceeds 90 percent

"acuum coatmg Vacuum coatmg IS most SUItable for lmear products The transfer effiCIenCy
of thIS process exceeds 90 percent

-t 2 2 1 ImproHng Spra, EqUipment (Gun) Transfer Efficlenc\ Transfer effiCIency IS
dependent on many parameters such as applIcatIOn technIque target shape and SIze spray booth
arrangement pamt characterIstICS pamt and air flo\\ rates spray gun-to-target dIstance spray
gun cond1ll0n and operator error Some of these parameters can be controlled b\ the operator
\\ hIle others cannot

Sprav guns achIeve optImum performance under a dIstmct set of operatmg condItIOns
ExcessIvely hIgh flo\\- rates can reduce effiCIency by mcreasmg the amount of bounceback (pamt
bouncmg bach. off the target) and overshoot and excessIvely hIgh air pressure can lead to
premature drY mg of the pamt before It reaches the target (pamt fog) When allowed control
mam operators tend to operate theIr eqUIpment at excessIvelY hIgh aIr pressures and flow rates
Proper operatIOn and mamtenance of a spray gun can result m a sIgmficant mcrease m effiCIenCY

---------------EP3 ---------------
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For example a 50% Jump m efficiency \Vas noted tor properlY mamtamed and operated alrless
and electrostatIc systems

\le.tsunng Transfer Efficlenc, There are se\ eral methods ot measunng the transter

dficlenc\ and the \- leld ot pamt spray s\ stems

T"I'o ot the standard procedures are descnbed belo\\

YIeld determmatlon
• Determme the sohds content of the pamt
~ Determme the mass of the pamt pamt contamer and spray gun
~ Measure the surtace area ot the parts and spray the Palnt the parts
~ Measure the amount ot pamt that has been consumed bv welghmg the pamt contamer the

remammg pamt and the spray gun
~ Calculate the surface area cOvered per k.Ilogram ot pamt used

It should be noted that thIS method assumes a umform coatmg thIckness \\hIch IS
generally not the case For product lInes that reqUIre dIfferent thIcknesses of coatmg It IS
necessary to calculate the cost of pamt per square meter of surface whIle takmg mto
account the VariatIOn m coatmg thickness

Transfer efficIency determmation
~ Prepare alummum tod parts \vhlch have the same shape as the parts that are generallv

pamted
~ Determme the mass of the pamt contamer spray gun, pamt and alummum parts
~ Spra\ the pamt on pIeces of alummum foIl
~ A.fter the test determme the mass of the contamer remammg pamt gun and alummum

parts
~ Compare the pre-spraY mass of the foIl to that of the foIl plus the pamt The transfer

etficlenCy IS equal to the mcrease m mass of the alummum part dlv Ided by the drop III

mass of the cup and gun

413 EqUIpment Cle.tnmg and Stnppmg -\lternatnes

-\ ~Igmficant portIOn of pamt-related waste results from cleamng operations The components
\\ hlch need cleanmg \ an \v lth the apphcatIOn method The\ rna)' mclude spra\ guns rollers or
some other torm ot flUid dlstnbutor pamt pots dip ta.nk.s collectIOn tanks or pans com evors
hooks rack.s a spray booth pamt heater oven pumps and hoses Measures for reducmg solvent
cleanmg \vaste are provided m the followmg sectIOns
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-t 2 3 1 EqUipment ModificatIOns EqUIpment modIficatIOns such as the use of \ non pamt
lmes m place of rubber lInes shortenmg Paint lmes constructIng tanks \\ Ith mechamcal \\-all
scrapers and the use of non-stIch. surfaces on tanh \\ alls reduce the resIdual pamt clmgmg to th~

eqUIpment \\hlch m turn mmimIzes the amount of solvent needed for clean-up

-t 2 3 2 Solvent Use ReductIOn Measures The quantlt\ of solvent used m cleanmg operatIons
can also be reduced through the use of plastIc or foam "pIgS" or b\ the use of pulse cleanmg For
plastIC or foam pIg cleanmg compressed air or an mert gas (to mimmize df\mg) IS used to propel
the pIg through the lmes pushmg pamt ahead ofn (metal gUIde) For pulse cleanmg a pamt lme
IS cleaned b\ succeSSl\ e pulses of soh ent and air The first pulses of solvent do the hea\ lest
cleanmg \\hIle the follOWIng pulses do the final cleanIng

Use of cleanmg solvent from one productIOn lme as a thmnmg solvent for another can also
reduce solvent waste In addItIOn, usmg recycled solvent to flush paInt guns and lInes IS an
effectl\ e \\ a\ to reduce soh ent \\ aste

4 2 3 3 Alternatives to Fast-Evaporatmg Solvents Fast-evaporatmg solvents are typIcally
used to clean pamt eqUIpment ChangIng the type of paInt system used can ObvIously decrease
or elImInate solvent usage There are also alternatIves to the use of fast-evaporatmg solvents
such as slo\\-e\aporatIng solvents alkalIne or caustIC cleanIng pyrOlYSIS medIa blastmg and
fl UIdized bed pHoh SIS

Slo\\- e\ aporatmg soh ents vanous slo\\-e\ aporatmg soh ents can be used for flushmg
pamtmg and coatmg eqUIpment and paInt stnppmg These mclude

o n-methd-2-pHrolIdone (1\MP)
o dIbasic ester (DBE)
o dlmeth\ I sulfOXIde (DMSO)

\lI\.tures of these compounds have been shown to be qUIte effectIve m removmg coatmgs The
effectl\ eness of these compounds can be Increased b\ raiSIng the solutIOn temperature These
soh ents do not possess the em Ironmental hazards to\Jclt\ or flammabIlIt\ of theIr
fast-evaporation solvent counterparts DIsadvantages of these compounds Include hIgh cost
($10 00 to $12 00 per gallon) the need for \ acuum dIstIllatIOn for effectIve reclaim and the
InCOmpatibIlIt\ of these soh ents \\ Ith some plastiCS

AlkalIne or caustic cleamng systems AlkalIne or caustIC cleanIng systems are used mamly m
the cleanIng of mIxmg eqUIpment and most effectIvely WIth waterborne coatIngs The caustIC
solutIOns are usually used as hot dIp solutIOns \\hIle the alkalIne detergents can be used m
hIgh-pressure spray applIcatIOns Concerns about remammg reSIdues preclude the applIcabIlItv
of these processes to flushmg applIcatIOn guns and lmes

-----------------EP3-----------------
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Pvrolysls Pvrolvsls IS a process used as a stnpper to clean ancillary eqUIpment such as racks
hooks and rejected parts The eqUIpment/parts are placed In an 0\ en and are heated untIl the
LoatIng on the equIpment part \ olatllIzes The \ apor then enters an afterburner \\ here It I:'
o\.ldlzed Concerns \\lth thIS process Include a resIdual ash \\hl\.h must usualh be remo\ed trom

the parts and the proper disposal ot the ash

'\1edla blastmg Media blastmg IS t\ plcalh used as a stnppmg process for ancIllan equipment
Vanous t\ pes of media can be used such as plastic beads sodIUm bicarbonate cn stallme Ice
Vv heat starch crushed walnut shells and carbon dIOxide

FlUIdIZed bed pvrolHls FlUIdIzed bed p\ roh SIS IS a combInatIOn of p\ roh SIS and medIa
bla:,tmg In a t1uldlzed bed stripper, sand IS agItated \'vIth hot aIr untIl the sand particles are
\ lrtuallv suspended or 'flUIdIzed' EqUIpmenVparts to be cleaned are placed mto thIS flUIdIzed bed
\\here the combmed actIOn of the heat and abraSive medIa remo\e the coatmg

.. 2 3 .. Use of Enclosed Gun Cleaners To reduce aIr emissions and promote recyclmg, the use
of enclosed cleanmg statIOns IS reqUIred by manv U S aIr quaht\ agencies Some cleanmg
stations contam aIr-dnven solvent-condensmg umt and are deSigned to be mounted on an open
top 55-gallon drum ProVided that operators are careful not to mtroduce too much pamt sludge
mto the drum reusable cleanup solvent can be decanted from the drum Enclosed cleanmg
statIOns are avaIlable for less than $1,000 Several companIes lease thiS eqUIpment along With
the cleanmg solvent

4 2 4 SegregatIon

SegregatIOn of dIfferent \\aste t\ pes IS \ en Important In coatmg Proper segregation can ensure
the successtul ren chng of wastestreams or at least mlmmlze the volume of hazardous
\\astestreams Proper segregatIOn practices can be Important for pamts whIch contam heav\
metals and for solvent-based and \'vater-based \'vastes

Hean metal-contammg pamts Hea\, metal-contammg paInts are used as pnmers and ma\
contam cadmIUm chromIUm or lead It IS Important to segregate these coatmg processes trom
others as the by-products of the processes such as filters and 0\ erspra\ clean-up products
\\Ill mo:,t lIkeh be hazardous \\astes due to the hea\\ metal content

Soh-ent-based and water-based wastes Solvent-based and water-based wastes should be
:,egregated In order to ma'<:lmlze the abl1It\ to rec, cle these matenals

.. 2 5 Process ModificatIOns

Process modIfications can be made to reduce the amount or types of wastes generated

----------------EP3----------------
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E\.amples mclude

Heatmg pamt Heatmg pamt \\ III reduce the, ISCOSl!\ and also reduce the amount ot soh em
\\ hlch must be used as thInner

Pamtmg parts prIor to assembh Pamtmg parts pnor to assembh can reduce the comple\.lt\
ot the parts geometf\ The less comple\. parts are more amenable to po\\der coatmg (t>ee
A.ppendI\. 5> or electrocoatmg

Heatmg parts prIor to po\\der coatmg Heatmg parts pnor to po\\der coatmg IS useful for
castmgs or other large parts The preheatmg allows the coatmg to cure as It IS apphed and also
sen es to ,aponze am resIdual 011 on the part In the case of castmgs an addltIonal benefit of the
preheatmg IS that the part IS degassed pnor to applIcatIOn of the coatmg In a conventIOnal
process, m WhICh curmg follows the powder coatmg, degassmg dunng cunng Will cause
corrOSIOn problems ThIS process can be used after comentIOnal part cleanmg \\Ith no
pretreatment step reqwred

Usmg prepamted parts Usmg prepamted parts ehmmates the need for pamtmg and IS most
apphcable to a captIve shop

4 2 6 Treatment and Recovelj Alternatives

Pamt soh ents and \\aste solutIOns contammg these matenals rna" be treated and/or reused
Some of the applications are

"olvent reclamatIOn Soh ent reclamation IS t\ plcalh done b\ distillation Clean soh-ent IS
reco, ered for reuse and pamt \\aste IS concentrated for disposal

Flocculatmg solids Flocculatmg solIds from water-borne coatmgs IS typicalh- performed usmg
poh mer compounds used m water treatment ThIS IS a method of concentratmg the pamt solids
and the clanfied \\ater rna" be able to be discharged \\Ithout further treatment

,",ohds reuse and blendmg Sollds reuse and blendmg rna" be useful for the solId products of
soh ent distIllatIOn flocculatIOn or Just for extra pamt Dependmg upon the chemIStrIeS and
amounts mvolved these types of\\aste products may be blended mto useful coatmgs for
undercoats

------------------EP3------------------
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... 2 7 Substitute Coatmgs/AlternatIve Technologies

There are coatmgs on the market that can be used as alternatl\ es to com entIOnal high-soh ent

based coatIngs These alternatlves Include

~ vvaterborne coatIngs
~ powder coatmgs
~ high-solIds coatmgs
~ supercntlcal carbon dIOXide formulatIOns

\\' aterborne coatmgs SubstItutIOn of solvent-based pmnts \\-Ith \\-aterborne coatmgs can
slgmficantlv reduce mr emissions solvent content m waterborne coatmgs may range from 5 to
15% as compared to 40 to 50% for a solvent-based pamt In additIOn to reduced solvent content
\\aterborne coatmgs do not reOlllre solvent tor thmmng or eqUlpment cleanup These coaungs
have exhibIted a WIde range or performances when used for mdustrIal applIcatIOns Performance
IS not only dependent on pamt compositIOn but also on the extent of surface preparatIOn
performed and apphcatlon procedure employed Waterborne coatmgs may have different
applIcatIOn reqUlrements than solvent-based pamts and reqUlre longer drymg tImes

Powder coatmgs Powder coatmg conSIsts of the apphcatIOn of finely ground thermosettmg
and thennopiastic powders to a part The parts are then cured by heatmg to melt and fuse the
PO\\ ders mto one contmuous coatmg t\d\ antages mclude no soh ent emiSSIOns reduced
operatlon costs ablhty to reuse overspray, and lower energy consumption Disadvantages
mclude high cUrIng temperatures the mabilIty to eaSIly change colors the dIfficulty m coatmg
comple\. part geometnes and high capital cost

High-solIds watmgs Hlgh-sohds coatmgs ha\ e the conslstencv of an mk. or paste and reqUlre
the use of hIgh-pressure mrless guns Smce these coatmgs are highly vISCOUS the supply hnes to
the gun mav be heated to reduce the VISCOSity of the flUld The prmclpal lImItauons of hIgh
~ohds coatmgs are that thev tend to proVide a pebbled or textured fimsh and that the range of
':1\ adable tormulatlons IS hmlted

~upercntIcalcdrbon dlO\:lde formulatIOns t\ nevv technolog\ usmg supercnucal carbon
dlO\.lde as a replacement for midrange soh ents seeks to 0\ ercome some of the applIcauon
problems encountered WIth spraymg high-solIds coatmgs The flUld dehvery system meters and
ml\.es lIqUld carbon diOXide (supplIed trom gas c\ lInders) With the coatmg concentrate and then
heats and pressunzes the mixture mto the supercnttcal range use of the supercntIcal CO~ IS
reported to Improve pamt atomizatIon WhICh results m a high-qualm fimsh The technology can
also ehmmate the need for halogenated solvents used m some VOC-comphant pamts

-\ppendlx 5 pro\ Ides a detmled dISCUSSIOn of the varIOUS substitute coatmgs

--------------- EP3 ---------------
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428 PollutIOn Pre"entIOn Strateg\ Summan

A.. summan of the most promIsmg pollutlon pre, entlOn strategIes for the pamtmg mdustr\ I"
prm Ided m E'\.hIbn 4-1 ThIs table emphasIzes the strategIes that are the most easih
Implemented and have the lo\Vest cost (e g Improved operatmg practIces)

Exhibit 4-1
PollutIOn Prevention Summan - Pamtmg Industn

"aste Ongmfh pe PollutIOn PreventIOn and RecvclIng 1\1ethods

Coatmg Overspray/ Mamtam 50% overlap between spray pattern
Coatmg materIal that falls to reach the object Mamtam 6 to 8-Inch distance between spray gun and
bemg coated the workpiece

Hold gun perpendicular to the surface
Tngger gun at the begmmng and end of each pass
Properly tram operators
Use robots for spraymg
AvOId excessIve air pressure for coatmg atomization
Recvcle oversprav
Use electrostatic spray svstems
Use turbme disk or bell or aIr-assisted atrless spra"
guns In place of air-spray guns
Install on site pamt mixers to control matenal usage
Inspect parts before coatmg

Stnppmg \\ astes AvOId addmg excess stnpper
Coatmg remO\ al from parts before apph mg a l!se spent stnpper as rough prestnp on next Item
ne", coat Lise abrasive media pamt stnppmg

Lse plastic media bead-blastmg pamt stnppmg
use crvogenlc pamt strIppmg
use thermal pamt stnppmg
L:se wheat starch medIa blastmg pamt stnppmg
Use laser or flashlamp pamt stnppmg

Sol\ent Emissions (-...eep solvent soak tanks a""a\ from heat sources
E\ aporatlve losses from process equipment Lse high solids coatmg formulations
and coated parts Lse powder coatings

L se ",ater based coatmg fonnulatlOns
L se U\ cured coatmg fonnulatlons

Reference Faclhty Pollution PreventIOn GUIde US Environmental ProtectIon
Agencv Office of Research and Development Washmgton D C May 1992
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Exhibit 4-1
PollutIOn Prevention Summan - Pamtmg Industn (Contmued)

Waste Ongm/T\-pe PollutIOn PreHntlOn and Rendmg \lethods

Equipment Cleanup Wastes Lse light to dar" batch sequencmg
Process equipment deanlng with sol\ ents Produce large batches of slmllarl\ coated objects

mstead of small batches of dlfferentlv coated Items
[solate solvent based pamt spra\ booths from \~ater

based pamt sprav booths
Reuse cleanIng solutIOn/solvent
Standardize solvent usage
Clean coatmg equipment after each use

Source ReductIOn Reexamme the need for coatmg as well as available
alternattves
Use longer lastIng plastiC coatings Instead of paInt

Reference FacIlIty Pollution Prevention GUide US Environmental Protection
-\gencv Office of Research and Development Washmgton D C Mav 1992
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CHAPTERS

CASE STUDIES IN METAL FINISHING

ThIS chapter mcludes 1) a rev le\\ of pollutIOn prey entIOn opportumtIes m metal fimshmg m
rapIdh mdustrIalIzmg countnes :2) an m-depth case study of a metal fimshmg facI1m and 3 )
other metal fimshmQ: case studIes trom other countnes mcludmQ: the US

~ ~

5 1 POLLCTIOl\ PREVENTION OPPORTUl'ITIES IN METAL FINISHING I'i

RAPIDLY INDUSTRIALIZING COUNTRIES

5 1 1 IntroductIOn

ThIS document presents the findmgs from five metal fimshmg pollutIon preventIOn (P2)
assessments conducted m a rapIdh mdustnahzmg country ThIS first round of assessments
mdicates that sIgmficant pollutIOn preventIon opportumtles eXIst m metal fimshmg mdustrIes

The P2 opportunltles Identified for each facIlity will result m a first-year net savmgs ThiS means
that the gross first vear savmgs as a result of Implementmg the P2 opportumtles will be higher
than the total estImated m\ estment If Implemented the P2 optIOns IdentIfied for the tl\ e
t:.llI1ltle~ \\111 s:ne a combmed total ofS21 734700 for the first vear at a cost ofS11 206955 In
addItIOn to thIS economIC benefit Implementmg P2 at each of these faCIlIties \\ III help mcrease
plant efficIencY product qualm and \\ orker productl\ It\ reduce exposure to to\.IC chemIcals
consen e \\ ater energy and ra\\ matenals and reduce the quantltv of wastes generated and
pollutants emmed

L\~sessments \\ ere performed at an office furnIture manufactunng plant (FacIlltV MB) a
household applIance manufactunng plant (FacIlity Me) a vehicle assemblv plant (FaCIlIty ML\)
..in electnc transmISSIOn Ime/mdustnal steel \\orks manufactunng plant (FacIlIt\ MS) and a
longltudmal \\elded water pIpe manufactUrIng plant (FacIllty MN) The two-letter facIlm
IdentIfier IS used throughout the remamder ot thIS sectIon

Processes partIcularly condUCive to pollutIOn preventIOn mclude surface preparatIOn platmg,
galvamzmg and pamtmg PollutIOn preventIOn opportumtles Identified m each of these areas at
the five plants are prOVided m thIS document

----------------- EP3 -----------------
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5 1 2 Key PollutIOn PreventIOn Examples

The toIlo\\ mg e\.amples hIghlIght p~ opportunIues that are dlrecth transferable to the same
processes at other metal tinIshmg tacIlltles The\ Illustrate the economIC benefit and mcreased

plant etficIenC\ assocIated 'WIth pollutIOn preventIOn

5 1 2 1 Surface PreparatIOn PreparatIon ot the metal vvorkpIeces for paIntIng electroplatmg

or gah amZIng IS reqUIred at each of the five faCIlItIes assessed Surface preparatIon IS needed to
Insure that metal pIeces are properly cleaned and treated so that the coatIng WIll proper!\ adhere
to the part SometImes an eXIstIng coatmg must be strIpped first ThIS IS accomplIshed usmg
eIther a phYSIcal or chemIcal process WIth chemIcal processes tendmg to be assocIated \\ Ith
more em Ironmental problems because they contam VOC s and ODC s and must be dIsposed ot
'When spent CleanIng and degreasmg IS conducted to remove contamInants from the surface of
the metal such as or! grease dIrt and metal ChIpS

At FaCIlIty MB, metal parts are etched m a solutIOn of sulfurIC aCId to prepare the part for
electroplatmg The metal parts are also stored m the sulfunc aCId etch tank for long perIods of
tIme (oyer 12 hours) An mhibitor IS added to mInImIZe corrOSIOn caused by the lengthy tIme the
part IS m contact WIth the sulfurIc aCId solutIOn By reducmg the etchmg tIme (and elImInatmg
the storage tIme), aCId consumptIOn would be reduced by at least 10 percent and the need for
addmg a corrOSIOn mhibItor would be elImmated Tlus would result m an approXImate annual
saymgs of $3 396 Smce there IS no cost assocIated With Implementmg thIS measure the payback
penod \\ ould be ImmedIate

A contmuous stream of water IS also used at thIS faCIlIty to rmse parts both before and after
electroplatmg LTsmg an mtermment (as-needed) stream ofv.ater mstead of a contmuous stream
ot 'Water may reduce water consumptIOn bv 10 percent or more ThIS reduced water consumptIOn
rate land m tum reduced 'Wastewater generatIon) v.ould result m a first year saymgs of
approximateh $8 490 at essentralh no cost to the faCIlIty <\s a result the payback. penod 'Would
be ImmedIate AddItIonal use of flov. restnctors and spray rInses In place of bath rInses v.ould
turther reduce water consumptIOn and \\astev.ater generatIOn

-\t FacIlIt\ \IS steel bundles are dIpped m a pIcklmg bath contammg a hydrochlonc aCId
:>L)]utlon The\ are Immersed tor se\ eral mmutes to remove scale and rust pnor to zmc fluxmg
and gahJnIZatIOn -\cId solutIon IS lost 'When the parts are remo\ed trom the bath ThIS drag-out
loss may be reduced by 15 percent If the parts are hung oyer the bath for two to three mmutes to
aIlo\\ the aCId to dnp back mto the bath ~hnImal or no cost would be reqUIred to Implement thIS
measure The Increased dramage tIme \\ould save $49 582 per year m reduced aCId purchases

-\t FaCIlItIes MN and MS metal parts are prepared for galvamzatIOn b\ Immersmg the parts In a
zmc chlonde/ammonIum chlOrIde flux bath The flux creates a bond betv.een the Iron atoms and
the ZInc chlOrIde The reactIOn produces Iron o\.Ide WhIch degrades the bath and contammates the

---------------EP3 ---------------
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\\ ork. pieces as the\ lea\ e the bath Once m the zmc galvanIzatlon bath the Iron o".ldes torm hard
zmc \\hlch IS a \\aste Installmg a pump and filter at Facl1ltY MN for the flu". tanks could reduce
the hard zmc \\aste generated b\ 50 percent This vvould m turn reduce the amount ot tuel
needed to melt the hard ZInc m the gah amzatlOn bath and Impro\ e the 0\ erall efficlenc\ ot the
zmc gah anIzatlOn process The pump and filter Vvould cost $44 148 and Vvould result m an
annual fuel say mgs alone of $1 08 673 The pay back. penod for the pump/filtration S\ stem \\ ould
be 5 months

5 1 2 2 Electroplatmg I\t Facl1lt\ MB dependmg upon their use metal parts may be either
Lhrome or ZInc electroplated The parts are m turn nnsed \\ Ith \\ ater after each platmg step
L'ndercoats of copper and nIck.el are plated pnor to chrome platmg which IS the final finIshmg
step There are onh mmlmal proce::,s chemical controls for the platmg baths \\-hlch contnbute to
the bath degradation ThiS m turn shortens the useful hfe of the baths by allowmg bUIld-up of
pollutants Installmg a Hull Cell Will extend the hfe of the baths by controlhng the processes that
degrade the bath It \\as assumed that usmg the Hull Cell \\ould result m a 5 percent reductlon m
annual chemical consumption ThiS m turn would result m a first year chemical savmgs of
$21 735 at a cost of $1 698 The payback penod for thiS P2 OPPOrtunity would be one month

Parts \\ ere also obsen ed to be rapidly removed from the mckel platmg tanks and dnpped onto
the floor To conserve mckel It \\as recommended that FacIlltv MB mstall dram bars to collect
the dnppmgs It was estimated that dram bars would save 80 percent of the drag-out prevlOush
lost \\-hlch represents a cost savmgs of about $20 376 dunng the first year InstallatIOn of the
dram bars \\ ould cost $5 094- resultmg m a pay back. penod of onh 3 months

--\s prey lOush mdlcated copper IS used as an undercoat for the nIckel/chrome electroplatmg
process ThiS undercoat may not be necessan If the parts are properh cleaned ElImmatmg the
copper platmg step \\ould save $12 225 per \ ear m chemIcal purchase costs

5 123 Pamtmg Workers at FacIlIty MI\ apph underbodv coatmg pnmer and topcoat to car
bodIes manuallv usmg spray guns The over spray IS dra\\-n by air down mto the water basm
beneath the cabm The over sprav IS collected and dIsposed of as a waste It \\-as recommended
that thIS facllIt\ mstall a pnmer and a topcoat over spray capture and recycle svstem Vvlth a
capture efficlencv of up to 98 percent Rec\ clmg 98 percent of the over spray Vv ould replace the
purchase of approxlmateh $512 803 Vvorth ot pnmer and $573 931 Vvorth of topcoat per year tor
an estlmated mvestment of $577 327 for each coatmg The pav bach. penod for thiS equIpment
would be 14- and 13 months respective1)' A SImIlar system was also recommended for the
manual pamtmg operatIOn at FacIlities Me and MB

It Vvas also recommended that FacIlm, MI\ also use hIgh-solIds pamts With spray guns
speclficalh deSigned to atomized these pamts ThiS new svstem would help mcrease the transfer
efficlenc\ of their manual pamt S\ stem b\ 50 percent which m tum would save $2 350 064 per

---------------EP3---------------
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year m pamt purchases The total estImated cost of Implementation was estimated to be
$339604 resultmg m a 3 month pav back penod

.1,.t FacIht\ \18 It v.as recommended that operators contmuoush momtor the thiclilles:, ot the

coatmgs applted to help a\ Old oyer consumptIOn of pamt Consen ativelY It was assumed that the

use ot an Elco meter or eqUl\ alent de'. Ice to momtor coatmg thIckness) would result m a 10
percent ($219 72..nsa\lngs m pamt consumptIOn per year at a purchase cost of onh $1 698 It
v,as further estImated that the total cost of Implementation (purchase labor cost etc) \\ould be
$67920 resultmg m a 4 month payback penod

5 1 24 Galvamzmg FaCIlIties MN and MS use molten zmc baths to galvamze metal parts ~t

FaCIlIty MN It was dIscovered that the actual coatmg thIckness on the metal parts IS 50 percent
hIgher than that documented m the mtematIOnal standards As a result It was recommended that
gauges be purchased and used to momtor coatmg thIckness and to control the reSIdence tIme of
the parts m the zmc baths By so domg It was estimated that an annual savmgs of $6 792 094 m
zmc consumptIOn costs could be realIzed at a total cost of $339,604 Tms results In a one month
payback.

As preYIOusly mdicated, metal parts at both FacIlIty MN and FaCIlIty MS are placed m a ZInC
chlonde flux bath to prepare the parts for galvanIZIng The flux creates a bond between the Iron
atoms and the ZInC chlonde ThIS reactIOn produces Iron OXIde wmch degrades the bath and
contammates the work pIeces as they leave the bath Once m the ZInC galvanIzatIOn bath the Iron
o\.ldes torm hard ZInC ZInC ash also forms on the surface of the galvamzatIOn baths Currenth
both hard ZInC and ZInC ash are sold offsIte At FacIlItv MS It was recommended that two ZInC
smelters be Installed onsIte to recover the hard ZInC as well as zmc ash and ZInC dust (ZInC dust
1:' Zinc that falls on the floor v. hen excess coatIng IS remo\ed from the part b\ stnk.Ing the object
v. hIle It IS still hot) It was estimated that the total smelter system Investment would be
S1 647 082 and result In a ZInC consumptIOn say Ings of $2 462 134 per vear A maXImum
pa\ back. penod of 11 months would result from the InstallatIOn and use of these two smelters

The ke\ examples of P2 opportumtIes for the five metal fimshIng faCIlItIes are summarIzed In
E\.hIbn 5-1
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ExlulHt 5-1
~umllMry of PollutlOll Pre, tlltlOll OPPOI tumtles at " Metal Fmlshmg PI.lIlt'\

Fm IIICIII
Nallle of Health and Environmental Co.,t to Bcncfih PI) hick
l<aclhty Ullit OperatllJII PollutIOn PH \clltlOII OptlOlI lJenefits Implcllllllt LJ'-l$ lJ~$ Pli HId

MB )w(w.e pnpllrlllio/J <;tandaldlze thl USl of ~ulfunc MlIllmlzes pollutallt 000 1396 IInlllulllte
Itlhmg aCid and elilllllldte thl U~l loncentratlon In \\ ,Istewater

mhlbltor

MB )wjiKe p/Lpmlllio/J Cll1nge to nOli contlnuou'> nnsmg MIIl1m Izes waste\\ Iter 000 8490 IIIllllldldtl
(Jenlral water U'>l m pldtlllg
areas

MS )wjiKe pnpwullO/J Reduce aCid drdg out frolll Reduces quantity of aCid 000 49 'i82 I III IIIu.l I lie
Plcklmg plcklmg tank,> through IIIcrClsed used Reduces aCidity of

aCid dramage pnor to nn,>lIIg wastewater discharged

MN )lIr/aLe prepll/lll/o/J Pump and filter flux bath Reduce the generation of 44 148 108671 I l ~'> th III 'i
Huxmg hard ZinC' sludge m the Illollth~

molten ZinC baths Reduce
the on-site burning of fuel
used to refine' har d ZinC'
Reduce ZinC losse,> by over-
applying coatmg thickness

MB f /u trop/atlllR Purcha,>e a lIulllell for process MlIllmlzes pollutant 1698 21734 I 1II0nth
control concentration In wa,>tewater

MB Ehctrop/atllll!, Inst111 a dram bM to rlduce Nickel MlIllmlzes pollutdllt 'i 09l 20176 1 1II()lIth~

Nickel solutIOn dr Ig out concentration In \\ d,>tewater

MB Eh.( trop/atllJ\!, Clllnll1ate thl u'>e of copper Hllnlndtes the use of tOXIC 000 ~4 012 1IIIIIIldldtc
Copper cyalllde ~ubstance

--------------------------1 P3 -------------------- -------
l'ul/lllltllI 1'1( 1011/11/1 III Aletal FlnIS/lll1t,



.-\
~

( \~I ~ rllDH S IN MI I Al I INI:',HINe, ~ 5-6

I III Inll II
Ndme of Uealth and Environmental ( ost to BlIlefit~ Pay hack
I'dclhty lJllIt 0pultlOn Pollulton PrtHntJon Optum Benefits Impkment LJ'-,'j; lJ'-,'!I Period

MA PWflllflg ~wltch hom water curtam capture I hmmate 15 000 M I per year I 1')465') ')73 931 13 months
~ystelll tor thLrlno-sLt pamt to dry of topcoat and prlllllr (lopuJdt (topLOat)
lapture and recycle system contammated watu ~ lvmg'»

substantially reducls pamt
waste ')09 407 14 months

(plllllLf (prnnLr)
~1Vmg,»

MA I'wntmg lJSL high ~olld,> pamt along with Reduces VOC emh<;lons by 339604 23')0064 3 months
spellal guns and dnve sy,>tems to 85 tons/year, redulL pamt
atomIze pamt consumptIOn by 14 tons/year

MB PWflllflg MonJlor coatlllg tlllckne~~ Reduces pamt use or loss 67920 no 741 4 months

MN (ullvulllzmg 1eave thL wor" pieces 111 the ZIIlC Reduces the consumptIOn of 339604 6792 094 I month
Zml tan"s fOf less tllne Purlh l~e and zmc

U~L thll"ness gauges to hLip
controlthL reSidence tlmL 111 the
Llnc bath~

MS (ILJI\ wllzmg Recover Llnc hom solid wdste of Reduces raw material usage I 647082 2462 134 up to II
lmc thL gaivalllzmg process Ihese (zmc) MlI1lmlzes \\aste months

wa~tes arL d) hard zmc b)Llnc zmc Reduces workLr
ash c) floor du,>t~ exposure to zmc Ju,>t

----------------------1 P3 ----------------------
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5 1 3 Plant DescriptIOns

Plant descnptlOns and bnef process flo\\ diagrams for each of the 5 plants assessed are pro\ Ided

m the to110\\ mg sectIon The section also mcludes a summaf\ of the costs and sm mgs associated
\\ Ith the P2 opportumtIes recommended for each plant

5131 FacIllh l\1B Facllm 1V1B opened m 1939 \\Ith the productIon of metal furnIture for use
In the office home and medical related faCIlIties The facllItv covers 0\ er 33 500 square meters
and produces 0\ er 107 000 desks cham and cabmets annually Furniture productIOn processes
lI1clude tabncatlOn surface preparatIOn electroplatmg and pamtmg The plant IS a pubhc facllm
\\Ith 1500 emplovees 1000 of whom "",ork m manufacturmg FacIlItv MB could save m excess
ot $3 396 047 per \ ear b\ Implementmg the 18 pollutIOn preventIon measures IdentIfied m the
assessment Savmgs would be derIved prImarIly from decreased waste of raw materIals and
reduced capaCIty and cost of wastewater treatment EstImated cost of ImplementatIOn of all
recommended P2 optIOns IS about $1 358418 The process flo\\ for the metal fimshmg
operatIOn for pamtmg and electroplatmg at FacIlIty MB IS as follows

Pamtm~

degreasmg c:> nnsmg c:> phosphatmg c:> passIvatmg c:> drvmg

:> automated electrostatic pamtmg c:> manual pamtmg :> drvmg

Electroplatm~- Nickel and Chrome
degreasmg ::> cleanmg :> df\ mg :> pohshmg :> degreasmg c:> nnsmg :> etchmg and passl\ atmg :>

Lopper platmg :> nnsmg :> nIckel platmg :> nnsmg :> chrome platmg:> nnsmg c:> \\eldmg

ElectroplatInu - Zmc

etchmg :> cleanmg :> dn mg :> pohshmg :> degreasmg :> nnsmg :> zmc platmg :> rmsmg :>
paSSI\ atmg ::> nnsmg

5 1 32 Faclhh Me Factlm MC IS a pnvate sector company that \\as founded m 1986 It IS
part of a fi\ e-compam mdustnal group \\ hlch employ s 1 600 people The facIlIty manufactures
and markets a \ anet\ of household applIances such as washmg machmes electrIC \\ater heaters
and gas cookers The plant operates one 8 hour shift five day s per \\ eek 240 day s per" ear

FaCIlIty Me could save over $339,604m the first year WIth an InItIal capital Investment of
$322624 b\ Implementmg the 7 pollution preventIOn measures IdentIfied m the assessment The
recommended P2 optIOns ""'Ill I) recover 1 500 kg of waste pamt per vear and recvcle It back to
mto the process 2) reduce annual \\ater consumptIOn bv 32 600 M3 3) reduce the capItal cost for
am future \\aste\'vater pre-treatment statIOn 4) reduce the damage to the sewer system 5) reduce
the use ot aCids and alkahs b\ 4 700 kg of "",aste per \ ear, and 6) reduce the amount of tOXIC and

---------------EP3 ---------------
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hazardous waste m the waste\\-ater and pamt sludge The process flo\\- for the metal finIshmg
operatIon for pamtmg and enamelmg at Facilltv MC IS as follows

PamtIn!; lme
degreasIng ::> nnsIng 0 phosphate treatment::> nnsIng ::> d\ mg :> electrochemIcal

depOSItIOn:> \\ ashIng ::> dr. Ing :> spra\ pamtIng :) dr. Ing

Enamelmg line
degreasmg :) nnsmg c:> aCId pIckling c:> nnsmg::> neutralIzmg bath::> drv mg
:> enamelIng::> drv Ing :> enamelmg furnace

5 1 3 3 FacllItv MA FacIlItv MA IS a vehIcle assemblv finn establIshed m 1976 as a Jomt wIth
Chrvsler The company assembles treats and pamts vanous types of automobIles In 1994 the
compam assembled :2 000 Cherok.ees 500 JEEP 4x4s and 1500 Peugeots The plant operates 5
days per week, 8 hours per day ApproXImately 70% of the vehicle components are Imported
from the parent companIes the remammg parts are obtamed from local manufacturers

A total of 11 pollutlon preventIOn opportunItIes were IdentIfied for FacIlIty MA related to metal
parts preparatlon and fimshmg CumulatIvely these opportumtIes \\-ould reqUire an mmal
mvestment of $4387,692 If Implemented, and would bnng about an estImated finanCial benefit
of $6046661

The process flow dIagram tor the surface preparatIon and pamtmg operatIons at FaCIlIty MA IS as
tollows

Surface PreparatIOn
manual degreasmg ::> degreasmg ::> spra\ nnse ::> phosphatmg ::> spray rmsmg ::> paSSl\ atmg :>
de-IOnIZed sprav nnsmg::> dry mg

Pnmer
dosmg holes (manualh)::> underbod\ pnmer applicatIOn:> bod\ pnmer applIcatlon::> dnmg:>
coolmg:> qualIt\ control::> sealmg t::> anti-corrOSIOn applIcatlon ::> drvmg

Color PaIntIn!;
preparation::> color pamt applIcatIOn c:> flash off c> bakmg t::> qualIty control t::> sound deadener
underbod\ pamt

5 13 ... FacilItv MS FacllItv MS gahanIzes steel structures With zmc for the manufacture of
electric transmiSSion to\\-ers and steel work.s for mdustnal bUlldmgs factones and overhead
Lranes steel pipes fixtures and hardware A.ppro\.lmatelv 8 000 tons of steel pieces are

---------------EP3---------------
PollutIOn PreventIOn m Metal Fmlshmg

I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

C\SE STL DIES J'\. MET \L FJ'\.ISHI'\.G • 5~q

gal\ amzed annuall\ The tacI1m operates three shIns per day Sl"\. day per \\ eek. and has 200
employ ees The 11 pollUtion prey entlon optlons Identified m the assessment v. III say e the
b.cI1m Up to 53 5-1-5 -1-73 dunng the first \ ear at a total estlmated lmestment ofS2 38U b2S Thl~

corresponds to a pa\ back. penod ot -1- months Say mgs accrued from the pollutlon prey entIOn
actions IdentIfied m the assessment result from 1) recovermg 260 metnc tons ot \\aste zmc per
\ ear and ren clmg It back. mto the process say mg appro"\.lmateh $2 462 13-1- per \ ear 2)
reducmg the quantlt\ ot h\ drochlonc aCId used b\ 15% or -1-0 tons per \ ear 3) reducmg the cost
at \\ ater used b\ approxlmateh $21 055 per vear or about 50% of the current cost -1-)
slgmficanth lmpro\ mg the qualm ot the gah amzed product and 5) lmpro\ mg \\ ork.er health
dnd safety b\ reducmg the presence of tOXIC \ apors and other hazards

The process flov. for galvamzmg operatIOns at FaCIlIty MS IS as follows

plcklmg c:> washmg c:> fluxmg c:> galvamzmg

5 1 3 5 FacIlity MN FacIhty MN manufactures longitudmal welded water pIpes The water
pIpes are aVailable m black steel or are galvanIzed The faCIlIty has 650 employees, 600 of whIch
are technIcal or are laborers The 10 pollutIOn preventIOn optIOns IdentIfied would save the
facI1m at least $8 116 552 m the first year and would reqUIre a total ImplementatIOn cost of
52 710 0-1-5 The pollutIOn optIOns IdentIfied v.ould help to 1) elImmate the dumpmg of
h\ drochlonc aCId wastes, 2) reduce the on~sIte consumptIOn of fuel and the generatIOn of zmc
fumes from secondaf\ refimng 3 reduce the dumpmg of coolmg flUId and 4) reduce the
consumptIOn of Zinc

The process flo\\ for the zmc gal\amzatlon operatIOns at FacI1m MN IS as follov.s

plck.lIng::> \\ashmg::> flu"\.mg::> gahamzmg

5 2 CASE STUDY l' EP3 EXPERIE~CEIN METAL FURNITURE

MA1\jUFACTURE

5 :2 1 E,ecutn e Summan

ThIS assessment evaluated an office turmture manufactunng faCIlIty In Egypt The ob]ectne of
the assessment were 1) Identify pollutIOn preventIOn actIOns that would reduce the quantIty of
to"\.ICS raw matena1s and energy used In the manufactunng process 2) demonstrate the
em lronmental and economIC \ alue of a comprehenSIve pollutIOn preventIOn assessment 3)
Improve manufacturmg competItl\ eness and product qualIty and 4) Improve the health and
satet\ InSIde the plant The assessment team v.as compnsed of a US pollutIOn preventIOn expert
and four local profeSSIOnals

--------------- EP3 ---------------
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EIght pollutIon preventIon opportunltIes were IdentIfied for the faCIlIty The one-tIme cost to
Implement these measures IS about $1 186 918 'With an addltlonal annual cost of $111 050
These measure~ \\ould result m a financIal benefit at 53 604224 per \ ear resultmg pnmanh
trom decreased \\aste at ra\.\ matenals The em lronmental benefits are also ~ub~tantlal The
facIlItv \Vould be able 10 totalh ehmmate the use of two hIghh to\.IC substances reduce the
lonsumptIOn and dIscharge ot sulfunc aCId chromlC aCId and mckel and reduce \\ater use b\
30~o Furthermore Implementmg these measures \\ould help the facIlItv decrease the cost ot
mstallmg and operatIng an expenSIve waste\.\ater treatment plant that IS currenth mandated b\
gO\ ernment environmental regulatIon

5 2 2 Facdltv Background

The facIlIty covers an area ofappro\.Imatelv 33500 square meters The plant produces t\.\o baSIC
lInes of office furnIture furnIture with chrome-plated tubular legs (60%) and steel shell furnIture
(40%), mcludmg file cabmets and metal desks It has a product lme of over 200 Items most of
\.\ hlch are made of steel and either pamted or electroplated These products are marketed to
publIc service establIshments and the local market In 1993 over 150,000 UnIts were sold The
plant IS a publIc sector facIlItv WIth 1500 employees, 1000 of whom work In manufactunng

5 2 3 Manufacturmg Process

The manufactunng operatIOns consist of three UnIt operatIOns areas fabncatIOn pamtmg and
electroplatmg The raw matenals used m productIOn are metal sheets and tubes pamt
elel. troplatIng matenals and upholster\- matenal

In the fabncatlon process steel sheets are cut to predetermmed SIzes dependmg on the pIece bemg
made and bent or pressed Into the deSired ~hape Some of these pIeces are then welded together
The parts then proceed on to eIther a pamtIng step or an electroplatIng step

The plant has two pamtIng lInes The first IS automated USIng electrostatIC eqUIpment lIqUId
pamt \\ Ith manual touch up The second lIne uses standard manual aIr guns Pnor to paIntIng
parts are tirst cleaned/degreased phosphated passl'\ated and dned The plant has t\vO different
phosphatIng hnes \.\hlch produce a large portIon of the v"aste\.\ater from thIS facIlIt\ Once
pamted the pIeces are hung to drv on hooks

The plant electroplates \\Ith eIther nIckeL chrome or ZInC All electroplatIng operatIOns are
manual Parts to be electroplated undergo a senes of steps before electroplatIng IncludIng
cleamng polIshIng and degreasIng The electroplatIng process used In thIS plant 1,) relatnelv
~tandard and fo11o\vs a senes of steps IncludIng polIshmg and gnndIng degreasIng rInsIng
etchIng and platIng

--------------- EP3 ---------------
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5 2 4 Em Ironmental Problems

The le\ em Ironmental problems assocIated \\ Ith thIS facIlm are 1) dIscharge of hIghh
contammated untreated water (caustIcs phosphates sodIUm mtrate sulfunc aCId and sodIUm
carbonate) dIrecth to sewer 2) dIscharge of platIng solutIOn (copper C\ amde sodIUm C\ amde
sulfunc aCId chromIc aCIds) and 3 I sol\ ent loss from pamt thInner v. hich affects v. orler health

5 2 5 PollutIOn Pre' entIOn OpportumtIes

ThIs assessment IdentIfied eIght pollutIon pre\ entIOn opportumtIes that If Implemented \\ould
result In sigruficant economIC and envIronmental benefits for the facIlIty ExhIbIt 5-2 lIsts the
recommendatIOns and presents the envIronmental benefits and financIal cost for each

---------------EP3---------------
PollutIOn Pre,enllon In Metal Finishing
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Exhibit 5-2
PollutIOn Pre"entlOn Opportumtles m Furmture \1anufacturmg

Health .md Fmanclal
PollutIOn Em Ironmental Cost Benefits Pa\bach.

OperatIOn Pre" entlOn OptIOn Benefit USS VSS/, r Period

CleanIng Replace sulfurIC aCId Reduction m sulfuric aCId 70977 \r --
and benzene wIth and benzene released to
alh.alme solutIOn envIronment

Cleanmg Clean parts properl" ElImmatlOn at copper 0 12225 ImmedIate
c\anIde use

Etchmg StandardIzed sulfurIC ReductIons m sulfuric 0 3396 ImmedIate
aCId use eltmmate use aCId and mhlbltor
at mhIbItor released to envIronment

ElectroplatIng Improve process Reduction of pollutants m 1698- 44 148 1 year
parameter wastewater 40 752/vr

Electroplatmg Reduce process solutIOn Reduction of pollutants m 42 4)0 Not 105
loss wastewater determmed months

ElectroplatIng Replace zmc cyanIde EllmmatlOn of zmc 67920 25470/vr N/A

WIth zmc chloride cyanIde use

Electroplatmg Improve water-use ReductIon m wastewater 5094 3396047 25 months
practIces generation

Pamtmg Improve pamt ReductIOn In pamt loss I 069 7)4 3599809 4 months
appllcatlOn

TOTAL 1 186918
(one time)
111 154/vr

5 2 5 1 Replace SulfuriC ACid and Benzene With Alkahne SolutIOn for Cleamng The
l.urrent cleanmg and degreasmg process uses a sulfurIC aCId bath followed by manually Wiping
the part Vv Ith benzene An alkalIne based cleaner can be used as a substitute for both WhIle
~\\ itching to an alkaline solution Will cost an addItIonal 70 298/yr, the benefits are Improved
product qualItv and a reductIon In the amount of harmful chemIcals dIscharged to the
em Ironment

5 2 5 2 Standardize SulfuriC ACid and Ehmmate the Use of Inhibitors Parts are kept In
etching tank tIlled with sulfurIC aCId solution for long perIods ot tune (up to 48 hours) In
order to prevent corrOSIOn, an mhibItor IS added StandardIZatIOn of sulfurIC aCId use WIll
elIminate the need to purchase mhIbltor and Improve product qualIty Annual savmgs are
53 599 In addItIon Instead of storIng parts In the etching tank as currently done another
locatIon should be found to store the parts

------------------ EP3 ------------------
Pollutlon Prevention In Metal Fin/shin"!
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5 2 5 3 Ehmmate the Lse of Copper C, amde The use of copper cvamde as an undercoat
tor electroplatmg IS unnecessary If proper cleamng IS part of the preparatIon process
ElImmatmg thIS process solution protects \\ orker health and the enVIronment b\ elImmatIng a
toXIC substance from the manufactunng process There IS no cost assocIated \\ Ith Implementmg
thiS optIon annual savmgs are $12 225

5 2 5 4 Improve Process Parameters The current qualm of the electroplatIng process IS
poor In order to Improve the process It IS suggested that laboratory analysIs of process
solutIons be performed every thIrty davs and a Hull cell be purchased to control process
parameters Implementmg measures wIll reduce pollutant concentratIon m the wastewater
produced Implementmg these measures WIll cost $1 698 and 40,752/year for laboratory fees
annual savmgs are $44 148

5 2 5 5 Reduce Loss of Process SolutIOn Durmg Electroplatmg (mckel/chrome) The
current nIck.eL chrome electroplatmg process IS not optImal and large amounts of process
solutIon are lost m the drag out process ThIS contammates wastewater and results m poor
quahty product A bar and cham hOlSt can be mstalled for extended dramage tlffie over
solutIon tanks and the tanks can be moved closer together to catch more drag out Extendmg
dramage tIme from 3 seconds to 10 seconds can save as much as 80% of the wasted process
solutIon The cost to Implement these measures IS $42 450 with a yearly savmgs of $47 544

5 2 5 6 Replace Zmc Cyamde With Zmc ChlOride The use of zmc cyarude m electroplatmg
I" declmmg because of enVIronmental concerns AlternatIves should be explored whIch v.hIle
more e\.penslve have hIgher platIng rates and more bnghtness Replacmg the current system
v.Ith one based on zmc chlonde wIll cost $67 920

5 2 5 7 Improve" ater-use Practices Water use at the plant IS not mOnItored and no work.
has been done to determme the amount and qualIty of water needed for adequate nnsmg To
reduce the amount of wastewater generated, the reqUIred water qualIty needed for
electroplatmg should be determmed flow restnctors mstalled and spray nnses used The cost
ot ImplementatIon IS $5 094 WIth a resultmg yearly savmgs of $25 470

5 2 5 8 Improve Pamt ApplIcation Techmques Pamung at thIS facIlItv IS performed both
mdnualh and usmg an automated system In both pamtmg lmes there are opportUnIues to
reduce pamt losses from overspra\ For the automated system the recommendauons to
OptImIZe the pamtIng process mclude adJustmg the target to gun dIstance and angle, pressure
of the air to pamt ratIo of the gun pamt consIstency, and actIvatmg the sensors that control the
range of motIon of the svstems' robot arms For the manual pamtmg system hIgh-volume,
low-pressure pamt spray UnIts should be used for hIgher pamt-use effiCIency

The assessment also exammed several options that would help recover the overspray produced
m the pamtmg process It was suggested that the plant mvestIgate pamt reclalfn/recycle

----------------- EP3 -----------------
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systems stagger parts on the pamtmg Imes to catch some of the overspray and to mOnItor the
coatmg thICkness to aVOId over applicatIon that results m waste These recommendatIons
would result In a reductIOn In the amount of pamt used or 'Wasted The total cost ot
ImplementatIon IS $1 069 754 with a correspondIng vearly savIngs of $3 470 760

5 2 6 ConclUSIOn

AdoptIng the pollution preventlOn opportunIties Identified hereIn WIll have a number of
benetIts tor thIS faCIlity 1) mcrease product quality 2) Improve worker health (especiallv In
the electroplatlng area) 3) save the facIlitv approximateiv 53 396 047'vear and 4) reduce
mvestment In pollutlon control Under a new envlrorunental law the plant WIll be reqUIred to
mstall a wastewater treatment system WhIle pretreatment of the wastewater WIll stIll be
necessan due to ItS hIghlv tOXIC nature mstallauon and operatIon costs can be reduced
signIfIcantl" If the recommended pollutIon preventIon measures are Implemented

5 3 CASE STUDY 2. EP3 EXPERIENCE IN ELECTROPLATING

Summary

ThiS assessment evaluated an electroplatmg faCIlIty The ObjectIve of the assessment was to
propo~e a program of pollutIOn preventIon that would (1) reduce the quantIty of toxles ra'W
materIals and energv used m the manufacturIng process, thereby redUCIng pollution and
worker exposure, and (2) demonstrate the envirorunenta! and economIC value of pollutIOn
preventIOn methods to the electroplatIng Industry and Improve operatmg efficlencv and
productIon qualitv

The assessment was performed by an EP3 team comprIsed of an expert In electroplatIng and a
pollutIOn prevention specIalist

Overall the assessment Identified 18 pollutIon preventIon opportunItIes at thiS facIlity
RecommendatIOns for pollutIon preventIOn Include replacmg the solvent degreaser With an
alk.alme cleaner ImprovIng process solutIon mOnItormg and captunng and returnmg 100
percent ot chromIUm dragout to the process solutIon

---------------EP3----------------
PollutIOn PreventIOn In Metal FIn/shine
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5 3 1 FaCllIt, Background

Thl~ facl1lt\ IS an electroplater that performs zmc mckel brass and chrome platmg Se\ cnt\
percent of productlon IS compnsed of brass artlCles The facl1n\ operates wIth 23 ow orkers \\ ho
work m a smgle 8-hour ShIft 300 days a year Approximateiv 15 m1 of metal surface IS
fmIshed per day

5 3 2 i\fanufacturmg Process

Facl1nv operatlons can be dIVIded mto five mam steps (1) polIshmg, (2) cleamng (3) rackmg
(4) electroplatmg, and (5) gIldmg

Parts are first polIshed PolIshmg paste IS applIed to statIOnary belt sanders to provIde the
necessary abraSIOn The parts are then polIshed wnh the sanders Dust generated by the
polIshmg process IS collected by vacuums connected to each machIne

Pnor to electroplatmg, many parts are cleaned m a vapor degreaser that uses tnchloroethylene
(TeE) to remove grease and other ImpUntIes Parts removed from the degreaser are dned WIth
paper towels

The facl1Ity electroplates many dIfferent kmds of parts Several parts are hung on speCial racks
that are constructed speclficall\ to handle the part Other pIeces are plated m baskets that are
placed dIrectly m the solutlons

The electroplatmg Ime conSIsts of washmg tanks nnsmg tanks and mckel and chrome platmg
and recuperatIon baths A copper c'vamde bath IS located across from the Ime and IS used to
plate zamak before It IS plated to mckel and chrome All platmg IS manual TllTIes are not
exact there IS conSIderable vanatlon m soakmg tlmes among dIfferent parts and dIfferent
workers

Before glIdmg parts are rmsed m speCIal nnse baths They are then Immersed m glldmg
solutIon for less than a mmute

5 3 3 EXIstmg PollutIOn Problems

At the tlme of the assessment there were a number of pollutlon problems mcludmg (1)
polishmg debns (2) the use of orgamc solvents for degreasmg, (3) aCId dIp contammatlon (4)
mefficient c'vamde electroplatmg (5) unnecessary chrome and mckel waste and (6) exceSSIve
water use

----------------- EP3 -----------------
PollutIOn PreventIOn In Metal Finishing
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5 3 4 PollutIOn PreventIOn Opportumtles

The assessment Identified 18 pollution prevention opporrunmes that could address the
problems Idennfled above with sIgmficant envIronmental and economIC benetits to the
faCIlIty Table 1 lIsts the recommended opportumtIes for the faCIlIty and presents the

environmental benetIts and ImplementatIon costs for each

5 3 4 1 Pohshmg DebrIs As currentlv perfonned the polIshmg process leaves conSiderable
debns (consIstmg of a mlxrure of polIshmg compound and solIds from the polIshmg wheel)
mSIde the pieces These deposIts cannot be removed by scrapmg or wlpmg

To alleViate thIS problem, the faclhty can take several steps Reducmg the amount of pohshmg
compounds used wIll reduce the amount of debrIS RemovIng VISIble reSIdue WIll allow less
debns to harden on the pIeces RedUCIng the time between buffing and cleamng wIll also allow
less debrIS to harden on the pIeces Lastly, emplOyIng a pohshmg compound that IS compatible
WIth alkahne cleansers Will Improve the effiCiency of the cleanIng process (along With
recommendations outlmed m the next section)

5 3 42 Degreasmg The facl1lty currently employs the chlOrInated solvent TCE to degrease
parts TCE IS hIghly tOXIC and chemIcally reactIve, and has been hnked to hver cancer and
ozone depletIon Parts can be cleaned equally well, or better, through the use of aqueous
alkalIne cleaners Thus the faCIlIty can greatly reduce Its envIronmental Impact and Improve
product qualm, by Implementmg an alkalIne cleamng system Further, the alkalme system IS
more cost effective than the TCE system A $5,000 mvestment WIll vleld savmgs (from
ehmInated solvent purchase) of $12,000 per year

5 3 4 3 ACid Dips In thIS faclhtv I s platmg process an aCId dIp (usually 10 percent sulfunc
aCId) IS used to remove any OXIdes that may have developed on the brass or steel surtace WIth
time copper and orgamc contamInatIon accumulates m the aCId bath If more than 300 mg/L
of copper IS present m the aCid dIp the bath can cause adheSIOn problems for the steel
substrate Further copper contamInatIon also Impacts the mckel electroplatIng solutIon WhIle
the tacIlItv utIhzes mckel depaSSIVatIOn to remove the copper contamInation, It IS not effICIent
\\ astmg mckel brIghtener and energy

Separate a<..ld dips tor steel and brass substrates WIll Improve the quahtv of both the steel
substrate cleanIng and the mckel electroplatmg solution and hence reduce the number of
rejects the facIIItv produces Addmonallv, by employmg tIghter process control over the aCId
dIpS the tacIlIty WIll save $816 a year In reduced solution cost

5 3 4 4 IneffiCient Cvamde Electroplatmg Cyamde electroplatIng cannot be ehmmated at
thIS tacIlItv because the known non-cvamde alkahne alternatIves do not functIon well m thIS

-----------------EP3-----------------
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applIcanon However Improved process control and solunon momtormg could enhance
product qualm and hence reduce the number of rejects the facIlIt\ produces

5 3 4 5 Lnnecessan l\!lckel and Chrome \\ aste Currentlv the faclllt) punfIes the md.el
bath SIX tlmes per year Bv Improvmg process control and punfymg the nIckel bath on1\ once
per year the faCIlIty should save between $4 100 and $5 900 a year from recovered mck.el
solutlon

The lost chrome solutlon IS only valued at $180 per year However, If 100 percent of thIS
chrome could be captured the faClllt) would not have to Install expensive chrome ~aste

treatment reqUIred by the fac1lltV I s government A porous pot punficatIon system (pnced
between $500 and $1,000) IS capable of removIng the chromIum from the waste water WhIle
the expected costs of meetIng chromIUm dIscharge lImIts have not been determIned they are
sure to be greater than the cost of the pUrIficatIOn system

5 4 CASE STUD) 3 METAL RECOVERY - DRAGOUT REnUCTIOl\

---------------EP3 ---------------
Pollution PreventIOn In Metal Finishing

5 3 4 6 ExceSSIve Water Use Waste water IS generated m sIgmficant volumes from the
faCIlIty's rInse steps Some faIrly SImple changes can be made that WIll reduce water use by 25
percent The use of aIr or solution agItation would mcrease the effiCIency of the nnses, and
reduce the frequency of changes Spray nnses would also be more effiCIent than the current
practlce Lastl\- water mputs should be mstalled WIth sWltches that turn off the mputs after a
set penod of mactlvlty For an Investment of less than $100, the faCIlity should save $1,728 a
year from reduced water usage
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Summan

Company

Product or SerVIce

Hazardous Waste

Ongmal System

New DImensIOn Platmg Inc
Hutchmson Mmnesota

Job shop platmg a vanety of Items mcludmg
motorcvcle stove and exerClse eqUIpment pans

Concentrated dragout solutlon and dIlute nnse water
with metal and other contamInants

Pretreatment system usmg sodIUm metablsulphIte
and hydrOXIde preClpltaUOn to remove chromIUm
from wastewater



New System

Installed Cost

Results

5 4 1 IntroductIOn
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ModIficatIons m process before reachmg eXlstmg
pretreatment svstem changes compnsed of a spra\
nnse before the stagnant nnse evaporators to
reduce plaung tank volume and concentrate the
stagnant nnse and an electropunflcauon umt
Installed In the chromIUm plating tank

ApprOXImately $2 900

Recovery of chromIUm for reuse reductIon In
volume ot sludge lowered treatment chemIcal costs

New DlmensIOn Platmg IS an electroplatmg Job shop employmg about 40 people m
Hutchmson MInnesota Although they plate a vanety of metals, Includmg gold and brass,
most of the platmg IS chromIum WIth copper and mckel as undercoats

Hazardous waste results from platmg tank dragout, consIstmg of a sIgmficant amount of
chromIUm and smaller quantltles of ruckel, chlonne, and copper

The ongInal system used a stagnant nnse tank and three countercurrent nnses to remove the
excess chromIUm solutIon The mItIal stagnant nnse tank would receIve a large portIon of the
chromIUm the content of thIS rmse would later be returned gradually to the platmg tank to
replace evaporated solutIon Wastewater from the first, most concentrated rmse In the
countercurrent nnse senes dramed to the plant's pretreatment system for removal of chromIUm
through sludge productIon (See ExhIbIt 5-3)

VeH DimenSIOn Platmg was meetmg current regulatIOns for wastewater dIscharge but the
operatIon of the system was very expenSIve The companv wanted to reduce chromIUm waste
and cut treatment chemIcal cost but mamtam a hIgh level of planng qualIty

---------------EP3---------------
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ExhIbIt 5-3
Orlgmal Svstem

5 4 3 Methods and MaterIals

5 4 2 BasIs for Design

Nelt DlmenSlOn Platmg wanted to redeSIgn ItS platmg operatIon and hazardous waste
pretreatment svstem to meet the followmg goals

Orl"tnal PretreatT"1enl Plant

(Sodlun Hydro~lde • Filter Pre$.S + Sludge D(I~r)

Wastewater fran
mas I concen ;l. ed rnse

I
Treatntnt

wIth Metablsulphl\e•

; ,
StagnantC'lO""iIUT"1

Pia llno
Sa lh

Counlerc.Jrrenl

~ jRln..t+ rnml
Return LJ ~ r- r-

'------'[0 plating

ba.h to r~place

evaporation

Wastewater
r o~ r1rse~

Proce~slnc

nd Undercoat
Platlno ~
Sa lh~

o mamtam hIgh qualIty of platmg
o reduce the amount of chromIUm dragged out of platIng bath
o reduce chromIUm m platmg bath
o reuse sludge productIon
o reduce treatment chemIcal use

To reduce the amount of chromiUm dragout New DzmensiOn Platzng selected a dnp bar In a
spray nnse tank NeH DlmenslOn bUllt the spray nnse nng and dnp bars m the ongmal
stagnant nnse tank ThIS system allows the company to gam the benefit of reduced dragout
through longer drIp tIme yet aVOIds the pOSSIbIlIty of stammg Through adjustment of the SIze
of nozzles and length of spraymg tIme the amount of nnsewater solutIon can be controlled
WIth mcreased evaporatIon from the chromIUm tank all of thIS solutIOn can be returned to the
platmg tank each dav therebv reducmg the amount of dragout that contmues through the rmse
svstem (See ExhIbIt 5-4 )

----------------- EP3 -----------------
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As a result of the new system the amount of chromIUm dragout mto the stagnant nnse tank
was reduced from seven pounds to one pound dally

The fIrst of the three ongInal countercurrent nnse tanks 'Was converted to a stagnant nnse dnd

the last two were combIned Into one large contInUOUS nnse

Evaporators were bUIlt by New Dimenszon to reduce the volume of water In the platIng tank
and the stagnant nnse tank to allow all of the spray rmse solutIon and some of the stagnant
nnsewater to be returned to the tank each day

An electropunflcatIon module was Installed dIrectlY Into the platIng bath to remove
contammants trom the returned dragout solutIon wIthOut mterruptIon of the platIng process
!\felt Dimenszon Plating chose the Model PPS2 porous pot chrome solutIon punfier
manufactured bv Hard Chrome Platmg Consultants of Cleveland OhIO The company IS
completely satIshed with the tunctIonIng of thIS umt It IS felt that SImIlar results could be
obtamed WIth thIS type of umt from other manufacturers

Exhibit 5-4
New System

tva;Jorator

Sp ray
Rln ••
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with
RZlCf<~

I
I
I
I

I,
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Wastewater Wllh
Reduced C,romlum

I,
Trea'Ment

Wllh Metablsulphll.

•

Parllal
return 10

plating bath
\0 replace

evapor:a.lIon
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Pia ling

Bat'

"-,..--~./~

Return
to pIa tlng

bath to
replace

evapa a Ion

Y-.as ewater
I C'""1 rinses

Proce~~lng

nd Und.rcoa

~ PlaU.,g ~
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Original Pr.tr•• tr"1.nt Plant
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5 4 4 EconomIcs

LIsted belo\.\ IS the approXImate cost of the ne\.\ eqUlpment

E\ aporators
Pumps
Spra\ nozzles rad..s
PPS2 Punfier
Installatlon

Total Cost

$1000
1000

50
350
500

$2900

The operatmg cost of the new system IS mIrnmal, WIth no added cost for utIlItIes or supplIes
Addmona1 labor consIsts of approxImatelY one hour every two weeks

---------------EP3---------------
PollutIOn PreventIOn m Metal FlnIshmg

By us10g a spray nnse system WIth a dnp bar follow1Og the chromIUm plat10g bath, New
DllnenslOn Platmg has reduced dragout from seven pounds to one pound dally Combmed WIth
m-tank electropunficatIon of metal contammants, thiS reductIon m dragout results 10 reduced
sludge productIon and an estImated $7 000 m savmgs from chromIUm and treatment chemIcal
purchase NeH DlmenslOn has been quite SatlSfied WIth the results of the new system The
compam WIll mvestIgate ways of further reducmg water use 10 the future
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5 4 5 Results and DISCUSSion

Change

InstallatIon of spray nnse and
dnp bar m the eXIstmg stagnant
nnse tank.

ConverSIOn of counter-current
nnses mto one stagnant nnse
and one large contmuous nnse

InstallatIon of
electropunficatlon umt (the
Model PPS2 porous pot chrome
solutIon punfier) m the
chromIUm platmg tank

Results

ThIS Imtial nnse followmg the chromIUm
plat10g reduces dragout m the system because
all of the nnsewater IS returned to the platmg
tank

The ne\\- nnse system reduces \\-ater flow from
1 2 gpm to 1 agpm The larger nnse tank
makes rmsmg of large parts more effiCient

The umt allows reuse of the dragged out
chromIUm by remov1Og contammants from the
nnse\\-ater returned to the platmg tank
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5.5 CASE STUDY 4 METAL RECOVERY - ION EXCHA."JGE/ELECTROL\' TIC

RECOVERY

Summary

Company

Product or ServIce

Hazardous Waste

Ongmal System

New System

Installed Cost

Results

5 5 1 IntroductIOn

MIdwest FinIshmg, Inc
Coon RapIds MlIll1esota

Job shop electroplatIng mcludmg gold and sIlver
platmg WIth copper and nIckel undercoats for the
electronICS mdustry

Effluent WIth metal contammants and cyanIde

Wastewater pretreatment system usmg hydroxIde
preCIpItatiOn

Recovery system usmg Ion exchange and electrolytic
recovery before pretreatment usmg hydroxIde
pretreatment

Approxunately $250,000

When fully operatIonal, wIll keep the effluent m
complIance WIth pretreatment regulanons and
replace the hydroxIde preCIpItatIOn svstem

MIdlt est Finishmg Inc Is an electroplatmg Job shop emploYmg 26 people m Coon RapIds
vlmnesora Founded m 1979 they specIalIze In gold and sIlver planng for electronICs
applIcatIons ThIS precIOUS metal planng reqUIres that they also apply copper and nIckel
platIng as undercoats (See ExhIbIt 5-5 )

Hazardous waste results trom platIng bath dragout mto the rmsewater Rmse streams conSIsted
ot contInuous streams contammg copper cyamde electroless mckel and electrolytic mckel and
batch dumps WIth copper cvamde electroless nIckel electrolytic mckel, tIn tIn/lead and aCId
copper To comply WIth wastewater pretreatment regulations MIdwest Fmishmg mstalled a
pretreatment system usmg hydroxIde preCIpitatIOn m 1981 (See Exhlbn 5-6 ) ThIS system was
SIzed for a dally wastewater flow of 10 000 gallons However, by 1983 a 300% mcrease In
bUSIness had pushed the dally wastewater flow to 55 000 gallons At thIS flow rate, It was

---------------EP3 ---------------
Pnllutwn Prevention In Metal Flnt~hmf!
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necessan to run the s\ stem 2..+ hours a day and e\ en then It \\ as dIfficult to comph \\ Ith
pretreatment regulatlons

ExhIbIt 5~5

Platmg Shop ProductIOn Process

Eleclroplate Rinse

I I• Cleaner
I I

Rmse ACId

u L
Rm~e Rinse

Several stages of svstem development were planned and Implemented

Decrease sludge productlon

• Meet standards estabhshed bv the MetropolItan Waste Control COnUTIlSSlOn for effluent
levels

---------------EP3----------------
PollutIOn Pre~entlOn In Metal FInishing

Ongmal Pretreatment Plant

For each waste stream, deterrmne pH, flow rate, metal concentratlon and cyamde
concentratlon

For each batch dump determme the type of dump quantIty, concentratIon pH and
frequency

Conduct m-plant surve\ to characterIze content of waste streams and batch dumps

Recover matenals (copper nickel and tm) from dIluted rmse streams and concentrated
batch dumps

5 5 2 BasIs for DesIgn

Mzdwest FZnlshzng needed to desIgn and unplement a wastewater pretreatment system WhICh
would meet the followmg obJectlves

3

1

I
I
I
I
I
I
I
I
I
I
I
I
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4 Determme water balance for plant companng total water use accordmg to the meter to
use determmed by other measurement

ExhIbIt 5-6
Ongmal Pretreatment S" stem

I
pH

500

I

I
Adjust
gallons ..-..

I

t

FlocculatIOn
1000 callons ..

Bel t
F I I t e r

Sludge
Collection

RecelVlno "Sump

6000 callon:5

t
Process Wasle SlrearT's

Dlscharce Sump

4000 gal/ons

Sew"'!

~L
Filtrate Slud;le

DIsposal

5 Segregate waste streams

6 InvestIgate eqUIpment tor reclaumng metals and reducmg sludge SIze of eqUIpment
was a key factor smce space IS lImIted

7 IntervIew vendors and observe eqUIpment m operation

8 Purchase and mstall eqUIpment

5 5 3 "lethods and MaterIals

The search for pretreatment methods focused on metal recovery and sludge reductIon

The metals recovery system selected (ExhIbIt 5-7) was deSIgned and manufactured by E R
Lancv Inc and mstalled by Midwest Fznzshmg The chOIce of thIS partIcular vendor was based

---------------EP3---------------
PollutIOn PreventIOn In Metal FInishing

I
I
I
I
I
I
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on tactors partlcular to MIdwest EqUIpment produced bv other manufacturers could be
expected to produce sImIlar results

E\.hIbIt 5-7
~e~ Metal Recover) System

---------------EP3---------------
Pollution PreventIOn In Metal FInishing

Onglnal Pretreatment Plant

ElectrolytiC
~lctal

Recovery
Cell

EMt:l Cell
to be

Installed

Sn/Pb 1
atch Dum

a d Emergen y
Tank

NI
Batch
Dump

I,

I,

Cyanide
Destruct

Unit

<: =:>
Ion

Exchange
Column

I,

ElectrolytiC
Melal

Recol,ery
Cell

NI
Cont

Rmses

Regenerated metal solutIon

SolJllon WI'" c:::pper r-lGlaJ

belOW 25 mgJl
I,

CulCN
Cont

Pmses

Ct./CN
Batch
Dump

Floor Spill

I
I
I
I
I
I
I
I
I
I
I
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The redesIgned pretreatment system functIons as descnbed below

1 After wod,pIeces are Immersed m the followmg process solutions statIC rmses are used
and later combmed with batch dumps Metals are recovered from the static nnses dnd
dumps as mdlcated below

Process SolutIOn

Copper Cyamde

Electroless and
ElectrolvtIc Nickel**

Tm/Lead

Recoverv \1ethod

ElectrolytIc Matenal
Recovery (EMR) Cell

Ion Exchange

EMR Cell
(When mstalled Dump now
goes to angInal pretreatment
plant )

"'* The fIrst rInse (1 e , the most concentrated nnse) m each countercurrent mckel nnse
system IS passed through the IOn exchange column

The metal-nch solutIOn resultIng from regeneratIon of the Ion exchange column IS
returned to the holdIng tank for ruckel batch dumps for metal reclaIm In the EMR cell

2 After reclaimIng the metal Ions above, pretreatment contInues Outflow from the
copper EMR cell IS combmed (when the copper metal concentratIon falls below 250
mg/L) With other cvamde nnses and IS treated m the cyamde destruct umt

3 A..fter the cyamde IS destroyed thIS stream IS combIned WIth that from the Ion exchange
column and other shop solutions such as floor spIlls Any remaImng metal m the
combmed waste stream IS treated by hYdroXide preCIpItatIOn Wastewater that enters
thiS stage of pretreatment tYpIcallY has the followmg constituents

--------------- EP3 ---------------
PollutIOn PreventIOn m Metal FInIshmg

Contammants With
'\jew System

Copper 89 mg/L

NIckel 6 mg/L

Cyamde 02 mg/L

Contammants With
Old System

Copper 25 mg/L

NIckell 4 mg/L

Cyarude 13 mg/L
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5 5 4 Economics

The follo"" mg l1st approximates the operatIng cost for one year for the new system

The table below dIscusses some of the results of the new waste management system

$25000
20000
15000
7500

20000
20000
5000

125000
12500

$4 150
2000

25000
26000

$57150

$250000Total

Ion exchange camster & resm
EMR umts mcludmg rectifiers (2)
Holdmg tanks
Cvamde destruct cell
ClarIfier
Pumps and plpmg
Shlppmg
Installation & other modIfications
Ne\\ filter press

Utllmes
SupplIes
Amortization
Labor

Total

A room had been set aSide as a waste treatment area when the ongmal hvdroxlde preclpltatIon
eqUIpment was mstalled This room proved to be madequate for the ne"" S\ stem The root \\ as
raised to make room for holdmg tanks and proper placement of the clanfier The remamder ot
the eqUIpment was mstalled m an ad]ommg room Whl1e not Ideal the current arrangement
hds proven adequate

Follo"" mg segregatIon of \\ aste streams and mstallatIon of process plpmg m holdmg tanks
eqUIpment features were added when the treatment operatIons were expanded A C\ cle tImer
and valves were mstalled to control the flo"" of all rmses The platmg lmes were e\.panded
v.lth the addmon of statIc rmses and dram boards where appropnate

Listed belo"" IS the approximate cost of the new eqUIpment

5 5 5 Results and DISCUSSion

--------------- EP3 ---------------
PollutIOn Pre,entlOn In Metal Fmlshmg
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Change Results

AddItIonal process pIpmg

InstallatIon of EMR Cell,
Ion Exchange Column

Because the 'Waste stream has been segregated
mto streams and batch dumps contammg

separate contammants each mdividual stream

can be treated 'W Ith the appropnate method

The eXIStIng hydroxIde preCIpItatIOn eqUIpment
can effectIvely lower effluent contammant
levels after pretreatment with the new
eqUIpment

Furthermore, the amount of sludge produced
for removal IS reduced after metal recoverv

InstallatIon ot cvcle timer and
valves

Wastewater IS fed mto system at an effective
rate to allow effiCIent pretreatment

--------------- EP3 ---------------

5 6 CASE STUDY 5 METAL RECOVERY -- DRAGOUT REDUCTION

Bv mstallmg and operatmg an IOn exchange svstem m combmatIon with electrolvtlc metal
recovery, Midwest Fmishmg has reduced the copper and ruckel load m Its hydroxIde
preCIpitatiOn system by 90 + % Costs assocIated with dIsposal sludge from hydroxIde
preCIpitatIOn however keeps the annual costs for operatmg hIgh because of the volume of
water still bemg treated The goal IS to operate the recovery system as the pnmarv
pretreatment s\ stem WIth hydroXIde preCIpitatiOn reserved for use as a backup for batch
dumps and upsets WhIle the system IS not yet completely functIonal, Midwest Fmishmg IS
contIdent that they WIll contmue to meet pretreatment regulations

I
I
I
I
I
I
I
I
I

q'f I

Douglas CorporatIon
St LOUIS Park MInnesota

Manufacturer/firusher of zmc dIe castmgs and ABS
plastIc parts to extenor automotive speCIficatIon

The volume of wastewater IS also reduced
lowenng water costs and reducmg sludge
production

Companv

Product or SerVIce

Summan



The volume of the process effluent was approxImately 175 gpm

-----------------EP3-----------------
PollutIOn Pre'ventlOn In liAetal Finishing

In response to wastewater pretreatment regulations and a perceived exceSSIve use of water and
platIng chemIcals Douglas began a complete revamping of ItS plating operatIon In 1984

Douglas Corp IS a manufacturer/fimsher of ZinC dIe castings and ABS plastIc parts to extenor
automotIve speCIficatIons It employs about 75 people In Its St LOUIS Park, MInnesota,
faclhty

45-50 mg/L
15 mg/L
2 mg/L
20 mg/L

ApproxImately $550 000

Effluent wIth chrome copper C\ amde and mck.el
contaminants (from plating hnes)

Cold water counter current and delomzed nnses
WhICh went directly to sewer system WIthout
pretreatment

Ion exchange system to reduce regulated metals m
the wastewater effluent

Keeps effluent WIthin regulations and aVOIds sludge
disposal costs

CA..SE STLDlES 1'\ MET A..L FI1\ISHI'\G to 5-29

Chrome
Copper
Cyamde
NIckel

Hazardous Vv aste

OngInal S" stem

Nev. System

Results

Installed Cost

5 6 1 IntroductIOn

A~ part of Its manufacturing process Douglass operates three automated rack. plating hnes to
do copper/mckel/chrome platIng (See ExhIbIt 5-8 ) ThIS platIng operatIon IS 75 % captIve As
a result of the platmg hne rInses the operatIon dIscharged an effluent WIth the follOWIng
contamInants

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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5 6 2 BasIs for DesIgn

Douglas Corp Chose an IOn exchange svstem to capture metals In the waste stream because at
Increased hazardous waste dIsposal costs and the benefits of recovery rather than dIsposal ot
metal values

The company wanted to reduce the concentratIOn of metal contammants not Just to the POInt of

comphance but to the lowest concentratIon possIble

ExhIbIt 5-8
Orlgmal OperatIOn (Rmses)

The steps to Implementmg the new waste management svstem were planned as lIsted below

I,.
hrome
DICC

f.'1,..O,..r:el
C:J,
S2NE~

NIckel
4 CCR

~
~

ACid
Dip
"''"'0

Nlcf(el

Saye

ACid
2CCR

Electr
less

CWR • Cold Waler Rinse
CCR. CO.mlercJ'Tenl Rinse
01 R. Delonlzed R rse

ccel
OM=!

Neut Cataly I
OM=! Ot\fl

o Cyamde Copper (rmses and batch dumps)
o Bnght aCId copper (nnses)
o NIckel (nnses)
o Electroless mckel (nnses)

Identlf\ \\iaste streams tor treatment with IOn exchange The waste streams to be treated
dre dS tollows

hrome
3CCR

--------------- EP3 ---------------
Pollution PreventIon rn Metal FrnIshrnrz
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5 6 3 Methods and Materials
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FiltratIon of concentrated rmse streams before CIrculatIon through IOn exchange resms

Control of dragout from process solutIOns to reduce the load on Ion exchange reSIns

Reduce volume of rmsewater used

Choose and purchase IOn e\.change system

Control spIlls and dnps WhICh can affect effluent qualIty

3

.. Changmg some tap water rmses to deIOnIZed ~ ater rmses to allow return of
concentrated nnse solution to the process tank.

o Chrome (rmses)
o ChromIc aCId etch (nnses)

InstallatIon of atmosphenc evaporators to allow static nnses to be returned to the rmse
tank.

-+

There were some phvsical lImItatIons affectIng the ImplementatIon of IOn exchange The major
lImItatIOns were that no nnse tanks could be added to the eXlstmg platmg hnes and that reSIn
camsters needed to be sIzed to fIt near the tanks bemg treated

The tactors govermng the choICe of IOn exchange eqUIpment manufactured by Dormer over
others available were relatIvely mmor and speCIfic to Douglas operatIon It IS felt that the
reduction m metals and cvamde content of the effluent and the relIabllItv of operation are
representative of thIS type of eqUIpment

The eqUIpment chosen by Douglas Corp IS an Ion exchange system made by Dormer of West
Germany It uses stacked camsters of lon-exchange resms to capture metals m the waste
stream and hold them for regeneratIOn Each lme employs a save nnse followed by a senes of
countercurrent nnse tanks The first nnse (1 e the most concentrated rmse) In each
countercurrent nnse lme IS CIrculated through the camsters The camster stacks are located
immediately adjacent to thiS nnse

InstallatIon of the Dormer ion exchange system reqUIred some changes to the platIng
operation In addmon to the prevIOusly mentIOned reductIon of nnsewater volume and control
of dnps and spIlls the followmg changes were necessary for optImum performance

---------------EP3---------------
PollutIOn PreventIOn In Metal Finishing
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BUildIng an electrolync recovery umt to reclaim metals from save nnses and solutions
from regeneratIng IOn exchange columns

~ InstallatIOn of a chemical preCipitatIOn Sy stem to make metal hydroxide trom which [he

metal IS later recovered

In additIon to these platIng operatIon changes 11/ 2 operators full tIme are reqUired to manage
and control the system This time covers the followmg operations

o changIng out loaded reSIn camsters
o operation of regeneration eqUipment
o maIntenance of pumps, filters, and momtonng eqUipment
o operation of electrolytic recovery eqUipment
o operation of chemical preCipitatiOn eqUipment

Once mstalled, the new system captures metal IOns before they reach the waste stream as
follows (See Exhibit 5-9 )

ExhIbIt 5-9
New OperatIon (RInses and Treatment)

I
I

I
I
I

I
I

To IE regenerOl..B To IE
&rod b.....""1 regeMrOl1e and ba""l

re:;enerOlle

..0 b.a""l
To Neutralization

In

To NeutralIzation

II n
~Ik.alln€ ACId a.c."I ~Cld CL ~C1d Cu Nickel ckel "",rome k:heme-
Cleane Cv'tfl Cv'tfl Save 2 CCR Save ? ::::R ~J;'~ 01 :C:

("".c .~ - -
I

R,nse

!
I II

To CN destruct To E=l To Evap To Eva.?
preclpl..ao01 and E=1

Tol=
0l1d return &nd rQIJr1

C.... fome c"
E:::.~ Chrem INll\JL ~Ollalys Ace.al leclro!Co~ Aad IACId Nickel Chrome t:hrcr1e

Save 2CCR Cv'tfl 0M1 0Mi less NI Save Caper Dip 01 CCI Save ~ 01 CC;'
?r"'r-c f---, 1""lIO , ,... ... = r-

I I I I
MIf\Se

I
To Evao To JE re:;"nera e TolE TolE TolE

L1C ren..rn and ba""l res"nera'e re:;"'1erate reg"nera e
andb.a"1 ~'\d b.a:h and l:a"

To IE r&genera e
and Cil""l

To E=i

CWR • Cold WOl er KlI"o5&

CCR • CoJnler:::.mer

DIR • ~'Or1J~ed

To E::J. To E,ap

~nd return

Evap • EV<l;:xJraJc.1

IE. Ion EIC"la.'1gtl

Ei=I • El~,olync Recovery

I
I

---------------EP3---------------
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1 Save nnses are used after each of the following processes tanks and metal from the
50lutIons recovered as indIcated

o Bnght aCId copper --
Save replaced every other week copper recovered electroIvtIcallv

o Bnght nickel --
Save reduced bv evaporatIon and returned to the process tank

o Chrome --
ChromIc aCId etch --
Save reduced by evaporatIon and returned to the process tank

Each concentrated rinse IS CIrculated through the reSin, cleanSing It of contaminants

3 Metal released upon regeneration of the reSin In the carusters IS recovered as follows

5 6 4 Economics

o NIckel --
MIxed wIth sulfunc aCId and returned to the process solutIon

o Chrome --
Reduced b" evaporatIon and returned to the process solutIon

---------------EP3---------------
PollutIOn PreventIOn In Metal Flnlshmg \~

$300000
75000

2000
100 000
75000

$550000Total

EqUIpment
Penpheral eqUIpment
(pumps filters gauges)
Shlppmg
InstallatIon
Controls

o Copper --
PrecIpitated as copper hYdroXIde, mIxed wIth sulfunc aCId and
recovered at the same time as the copper save solution

LIsted below IS the approXImate cost of the new eqUIpment

I
I
I
I
I
I
I
I
I
I
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The followmg lIst approxImates the operatmg cost for one year for the new system

L !II ltl!:: ,

SupplJes

-\montlzatlOn (10 years at 10 c;, )
Labor

Total

S2 000
600

25000
13000

$40600

(MaIntenance tees taxes Insurance and overhead have
not been Included In the total )

5 6 5 Results and DIscussIOn

Change

ReductlOn of rmsewater
volume, control of leaks and
spllls, dragout control,
flltratlOn mstallatlon of
evaporators, change to
delOmzed rmses m some cases

Installanon ot lOn exchange
column

Construcnon of an electrolVtlc
recovery umt

Installanon of a chemIcal
preClpnatlOn system

Results

These changes were made m preparatlOn for
use of Ion exchange technology

Ion exchange technology enables Douglas
Corp to recover rather than dIspose of metals

ThIS eqUlpment lets Douglas reclalffi the metals
from regeneratmg lOn exchange columns rather
than sendmg n off-sne to be reclalffied

ThIS system makes metal hydroXIde from
WhICh the metal IS later recovered

Bv mstallIng and operatmg an lOn exchange system Douglas Corp has made processmg
changes rather than usmg chemIcal preclpnanon for wastestream pretreatment ThIS change
hd.':l a\ OIded producmg 408 barrels of sludge per year It has also aVOided the necessny of
purchasmg process chemIcals valued at over $150,000 per year Douglas Corp IS sansfied
\\ nh the operanon of the eqUlpment and feels that as the costs of sludge dIsposal mcrease, the
mvestment w1l1 be mcreasmglv well-Justlfied

----------------EP3----------------
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APPENDIX 1

US EPA GUide to Cleaner TechnologIes - Orgamc Coatmg Remo\ al
Februal1 1994, SectIOns 2 through 4

EP3
Pollullon Pre'ventlOn In "vietal FInishIng
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SECTION 2
AVAILABLE TECHNOLOGIES
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How To Use the Summary Tables

Nine available cleaner coating removal technologies
are evaluated In this sectIon namely

Plastic media blasting
Wheat starch blastrng
Burnott coating removal
Molten salt coating removal
Sodium bicarbonate wet blastIng
CarDon dioxide pellet cryogenic blasting
High pressure water blastmg
Medium-pressure water blasting
LIqUId nrtrogen cryogenrc blastrng

rabies 1 and 2 summarize descriptIVe and operational
aspects of these technologies Readers are Invrted to
refer to the summary tables throughout this diScuSSIon
to compare and contrast technologies

Descriptive Aspects

Table 1 shows the main Coating Removal Mechan
Ism(s) of each available technology It next lists the
Pollution Prevention Benefits Reported Applica
tion, Benefits and LimItations of each available
cleaner technology

Operational Aspects

Table 2 shows the key operating characteristics for the
available technologies These tables give users a
compact Indication of the range of technologies cov
ered to allow preliminary Identification of technologIes
that may be applicable to specifiC sItuatIons Tables 1
and 2 contain evaluattons or annotations deSCribing
each available cleaner technology

In Table 2 Process Complexity IS qualitatively ranked
as high medium or low based on such factors as
the number of process steps Involved and the number
of material transfers needed Process Complexity IS
an Indlcatton of how eaSily the new technology can be
Integrated Into eXisting plant operations A large

6

number of process steps or Input chemicals or multiple
operations wrth complex sequencing are examples of
characteristics that would lead to a hIgh compleXIty
rating

The $.UlT1flt8ry tables WJfl help tdentlfy
posSIblecandidate cleaner tec:hnologif75

The Required Skill Level of equipment operators also
IS ranked as "high "medium or "low ReqUired Skill
Level IS an indication of the level of SophistiCatIOn and
tralnmg reqUired by statt to operate the new technology
A technology that requIres the operator to adjust critical
parameters would be rated as haVing a high skill
requirement In some cases the operator may be
Insulated from the process by complex control equip
ment In such cases the operator skIll level IS low but
the maintenance skill level IS high

Use the mfcrmatJon m the taxt from the
references and from mdustry and tra£ie
gtmJps to get more detail on the best
candidates

Table 2 also lists the Waste Products and Emissions
from the available cleaner technologies to mdlcate
tradeotts In potential pollutants the waste reduction
potential of each and compatlbllrty wrth eXisting waste
recycling or treatment operations at the plant The
capital Cost and Energy Use columns prOVide a
preliminary measure of process economics The
Capital Cost IS a qualItative estimate of the mItlal cost
Impact of the engineering procurement and Instal
latlon of the process and support eqUipment compared
to current coatmg removal equipment

Due to the dlVersrty of cost data and the Wide vanatlon
In plant needs and condItions It IS not pOSSible to give
specifiC cost compansons Cost analYSIS must be plant
specifIC to adequately address factors such as the type
and age of eXisting equipment space availability
throughput product type customer specifications and
cost of capital Where pOSSible sources of cost data



Table 1 Available Cleaner Technologies for Coating Removal DescrlpllVe Aspects

Technology/
Coating Removal
Mechanism

PlastiC
Media
Blasting

ImpacU
AbraSive

Polluuon
Prevention

B8noflb

Ellmln'.ltf ~ VOCs and
HAPs
Uses norltoxrc media
US8S a dry process
Spenl f1Hc!dld are
cleam..d and reus8d
several tlmos for paint
stnpplng
Some spenl thermoplastic
media are r8cyclabl8 10
make pldsuc products

Reported
Appllcllron

Removes palnl from a
variety of metal and
non metal substrates
Strrps aircraft compon
ents and ground
support equipment
Cleans/strrps commer
clal and Industnal parts
Removes powder
coatings from sensltlv8
substrates

Benefits
-- -----

ProVICies high throughput
controlled coating removal
Can selectively remove
individual coating layers
Eliminates waler use
When stripping IS done wllh
thermoplastic media the
waste may be recyclable

Limitations

Spent plastiC media contain paint chips and so may be
hazardous waste
ReqUires workers to wear respiratory and eye
protection equipment
Blasting generates high nOise lev81s
May cause metal substrate damage
MorB aggressive media types damagp fiberglass or
composite matenals
Contaminants In media cause stress f1sers In the
subslrate
US8S flammable medn

Whpat Ellmlnal8~ VOCs and Gentle strrpplng actIOn Provides controlled coating
Starch HAPs SUitable for ,brasIon removal
Blasung Spent media are sensItive fillers and Can selectively remove

cleaned and reused composite matenals indiVidual coating layers
ImpacU severalllrrHlS for paint Galfllr1g acc8ptance for Eliminates water use
Abnslve strlpplny thin soft aluminum In Uses InexpenSive media

Uses a nontoxIc commercial aircraft Media are nontoxIc and
blodegraddble medium skms biodegradable
Uses a dry process

-.J
Burnoll Eflmlnate~VOCs and Removes thl"k coal PrOVides rapid removal of
Coating HAPs Ings from a variety of thick coatings
Removal coating line lixtures Can process complex sh,pes

and tools Burnoll ovens can remove
Thermal uncured coating

Spent starch media contain palnl chips and so may be
hazardous waste
Dense contaminants In recycled media may damage
substrate
Stnpplng rate IS generally slow to moderat8
ReqUires workers to wear resplr Itory and eye
protection eqUipment
Blasung generates high nOI~e levels
Media are mOisture sensItive

Genmates coating ash reSidue that may be hazardous
waste
Will damage heat senSitive matenals such as heal
treated aluminum or magnets
Coatings containing halogens (PVC or PTFE) andlor
nitrogen Will produce corrosive ollgas
Must not be used for low meltmg met,Is or alloys
Must not be used With pyrophorlc metlls
May rHqulre ollgas treatment depHm.llng on local air
pHrnllttlng regulations
Potential for generation of products of Incomplete
combustion
Presents pOSSibility of lire

Molten Salt
Coaling
Removal

Thermal

Eflmlnates VOCs and
HAPs

Removes thick coat
Ings from a vanety of
coating /rne fixtures
and tools

PrOVides rapid removal of
thick coatings
Can process complex shapes
Salt bath ensures even
heating
Rlnsewater waste IS
compatible With convenllonal
watBr treatment systems

Generates by product sludge that may be hazardous
waste
Will dam'lge heat sensltlvH maternls such as heal
trealed aluminum or magnHts
Must not be used for low melting alloys
Musl not be used with pyrophoflc metlls
May fHqulle oHga tl81tm( nl depHndlng on local air
pHrmltling wguhtlons
Polf ntlal for generation of producl'> of Incomplete
combustIOn

-d
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(continued)
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Table 1 (Contmued)
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Technology/
Coating Removal
Mechanism

Sodium
Blcarbon,te
Wet Blasting

Abraslve/
Impact

Carbon DIoxide
Pellet
Cryogenic
Blasting

Cryogenlc/
AbraSive!
Impact

Pollution
Pmvenllon

B'I1Lhts

Elimiflates VOCs '/ld
HAPs
Uses nontoxIc media

ElimInates VOCs and
HAPs
Uses a dry process so
no wlstew,ter IS
generated
Coatmg chips
collected dry with no
media
Uses natural or
II1dustnal sources so
no net production of
carbon dioxIde occurs

Reported
Appll' llion

Removes p"lInts Irom ,
vanety 01 mut,'
substnlfls
Depllnts wood WithOut
damagmg the
subslr lIe
Cleans and dep1lnts
bnck w,lIs
Removes he,vy
accumulations 01
grease and din Irom
mechanlc,l (~lJlpment

StripS SlJrhCflS
needing high degree of
final cleanliness
Useful lor 8qlJlpment
where It IS deslnble to
aVOid disassembly
Useful whon volume 01
reSidue must be
minimized such as With
radloacllve
contaminated
components or
coatings contalnll1g
hazardous metals
(e g cadmllJm or lead)

Benehts
-- ---

Provldos a controllable
process lor coalmg removal
C,n selecbvely remove
mdlvldual coabng layers
Uses inexpensive striPPing
mpdla
In some cases liqUid waste
may be discharged to a
convenllonal wastewatpr
treatment plant
Use of water diSSipates heat
gRnerated by the abrasion
Ehrmnates need to prawtSh
surface
Sodium bIcarbonate waste
streams are generally
compabble With eXIsting
waler treatment systems

GRnerates low volume of dry
waste (none Irom the media)
Eliminates water use
Provides well defined coabng
removal pattem
Can selectIVely remove
mdlvldual coabng layers
ReqUIres limited pre or
postsb1pplng cleanup
No masking needed except
for delicate matenals such as
soft clear plasbcs
EqUipment can be stripped
Without disassembly
No medIa separabonl
recycling system needed
No media disposal cost
Pellets dnven Into InterslJllal
spaces vaporize leaVing no
reSidue

llmltabon~

Uses nonrecyclable stnpplng medn
Generales weI sodium bicarbonate sludge cont11111ng
coabng debns which may be a h,Z1rdous waste
System must be available to collect1nd treat waste
water containing sodium bicarbonate and pamt c1l1ps
May requtre exh,ust venlJlatlon system to control
parbculate
ReqUires workers to wear respiratory and eye
protecbon eqUipment
Blasbng generates high nOise levels
Media can be aggressive so potenlJ,l for substrate
damage eXlsb

Generates small volume of coaling dobns which may
be a hazardous waste
ReqUires venlliallon to aVOid potentially dangerous CO,
concentrations
Generates aIrborne parlJculates lhal may contlln me!.,1
from the coabngs
ReqUires workers to wear respiratory and eye
protecbon equipment
Requlfes workers to wear heanng protection
Possible worker exposurE' to extreme cold
Potenballor worker mJury from high vploclly CO, pellet
Impact
Reboundmg pellets may carry coatmg debns and
contaminate the work area or workers
Nonautomated system fatigues workers qUickly
PossIble stallc eJectncllY buildup on substrate If no
grounding provided
Some coabng debns may redepOSit on sUbStrttfl
Low temperatures can cause condens11J0n on
substrate
Large local temperature drops can occur In SUb~tr1tfl

but conflnfld mainly to the surlace hYflr
May damagfl thermoset composltfl m Itmilis
Dtlflcultto control coaling removal on grClpllltfl APOXY
composites
Slow coaling remov11 rate
EqUIpment bulky and capital IfItewlVfl

(contmued)



Table 1 (Conllnued)
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Technology/
Coating Removal
Mechanism
- - - -

High Pressure
Water Blasting

Impact

Medium Pressure
Water Blasting

ImpacVmay be
supplemented With
sohelllng agents or
abraSives

Liquid Nitrogen
Cryogenic
Blasting

Impact

I 1

Ponullon
Prevenllon

Burmhts

Eliminates HAPs and
VOCs
Watm can be
procesred and
rscyclBd during
stnpplng redUCing
wastBwaler volume

Eliminates HAPs some
systems use VOCs
containing softeners
Water can be
processBd and
recycled dUring
stripping redUCing
wastBwaler volume

Eliminates HAPs and
VOCs
Uses a dry process
No dust fumes or
chpmlcals released
Coating chips
colleued dry with
sman volume of media

Reported
Applic'ltlon

- -
Robollc systLms for
rapid coaung removal

Rapid coaling removal

Removes thick coat
Ings of coaling from a
vanety of coaling line
hxtures and lools

Benehls

High stnpplng rate
Stripping water can be
recycled
Wastewater stream IS
compaltble with eXiSting
water treatment systems

High stnpPlng rate
Stripping water can be
recycled
Wastewater stream IS
compatible with eXisting
water treatment systems

Envlronmentany clean
No ash residue
Low waste volume
EI,mlnatBs water nnse
Very fast cycle times (5 10
15 min) give high throughput
rate
Works wen on IhlCk coaling
buildups

L,mllaUons

Coaling debns slUdge may be hazardous waste
System IS needed to collect and recycle stripping waler
Ultrahigh pressure systems (> 15000 pSI) require
expensive robouc operation
Misapplied water Jet Will damage substrate
Blasllng generates high nOise levels
Water can enter caVities
Water can penetrate and/or damage JOints seals
and bonded areas

Coaling debns sludge may be hazardous waste
System IS needed to collect and recycle stnpplng water
Requires workers to wear respiratory and eye
protecllon equipment
Blasting generates high nOise level"
Mechanized applicallons typl<...al due to high reacllon
forces
Mls1pplied water Jet Will d1mage sub"lrale
Water can enter cavities
Water can penetrate and/or damage JOints seals and
bonded areas

Generates some solid waste containing coaling chips
and spLnl plastiC media which may be a hazardous
wastL
May require ventilation system to pr8vpnt nitrogen
bUildup In confined spaces
ReqUires worker protecllon from low temperatures
dUring unloading
Nol etfeclive on thin coating films
Les,> effective on epoxies and ureth1mls
EXlsling technology limits part size to less than 6 fttan
and 38 In diameter weight less than 400 Ib per
stnpplng cycle
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Table 2 Available Cleaner Technologies for Coating Removal OperatIOnal Aspects

Process
Available Complexity!
Technology Required Waste Products C'pltll Em~rgy Operabons Needod
Type Skill Level and Eml'>Slons Cost Use After Stripping Refsmnces
---- ------ --- ~~---- -----~

PlasbC Medlum/ Solid coahng residue Modlum Compressed air to pro Conhnuous separatIOn of media Abbott 1992
Media Medium and spent media pel biasling media from stripped coating particles and Bailey 1992
Blasting w,ste Energy for media re spent media dUring stripping Baker 1991

Airborne particulates covery and recycle Remove masking Bowers Irons et al 1991
NOise dust collection and Dispose of spent media and can Capron and Wells 1990

venhlatlon lalned coaling reSidue waste Composillon Materials Co 1993
Some spent thermoplashc media Cundiff et ,1 1989
(even With coabng reSidue) can be Dlcalre 1990
reused to make plashc parts Galliher 1989

Groshart 1988
fllZTECH News 1991
Lyons 1990
Novak, 1990
Pauli 1989
Roberts 1989
US 000 1988
US Navy 1987
US Technology Corporahon 1993
Wasson 'lnd Paull 1993

Wheat Starch Medium! Solid coahng reSidue Medium Compressed air to pro Conllnuous collechon and reuse of Drake 1993
~

Blasllng Medium and spent media pel biasling media spent media dunng stnpplng Larson 19900
waste Energy for media re Remove masking Lenz 1991
Alrbome particulates covery and recycle Dispose of spent media and can Oestreich and Porter 1992
NOise dust collecllon and lalned coahng reSidue waste Oestreich and Waugh 1993

venhlallon Spent media can be treated by blo
degradation

Bumoff Low/ Ash Medium ElectriCIty or gas sup Cool down Coberth and Ceyssons 1993
Coahng Low for operabon Offgas ply for healing Ash removal and collechon Izzo 1989
Removal High for Mann 1991

maintenance Metal FInishing 1990
Whelan 1993

Molten Salt Low/ SallJcoating by prod Medium ElectriCIty or gas sup Cool down Gat etal 1993
Coaling Low for operabon uct sludge ply for healing Water nnse Malloy 1993
Removal High for Offgas Mel'll Flnlshrng 1990

maintenance Rinse water

Sodium Medium! liqUid waste contam Low Compressed air and Remove masking Chlln and Ulfenbuttel 1993
Bicarbonate Medium 109 coating residue water supply to propel Dispose of sodtum bicarbonate Kline 1991
Wet Blasbng and spent media blashng media solullon and coatmg reSidue waste larson lqqO

Some airborne part! Venlliallon to control Peebles Ht ,1 1990
culates particulate Spears 1989
NOise SVIlJkovsky 1991

W,sson and Haas 1990
----- -------- --- ------

(continued)
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Table 2 (Continued)

Process
AvaIlable Complexity!
Technology Requlr8d Waste Products Capital Energy Operations Needed
Type Skill Level and EmiSSions Cost Use Aher Stripping References

- - --- -- -- - ----- --------- - --- -~ ~_----- --- -- - -- ---
Carbon Medium! Solid coaling Medium Liquid carbon diOXide Remove masking APCI 1984b
DIOXide Medium reSidue waste supply Dispose of coating reSidue waste Boyce et al 1990
Pellet Airborne particulates Compressed air supply Burcham 1993
Cryogenic CO

2
gas 10 propel blasting me Cheney and Kopl 1990

Blasting NOise did Cold Jet Inc 1989
Cundiff and Malalis 1990
Foster et al 1992
Ivey 1990
Kopf and Cheney 1989
larson 1990
Schmitz 1990
SveJkovsky 1991
Wolff 1984

High High! Sludge waste can High ElectriCIty to drive Remove masking Hofacker et al 1993
Pressure Low tor operation talnlng paint reSidue w,ter pump Dispose at coating reSidue sludge Howlett and Dupuy 1993
Water High tor Wastewater and wastewater Stone 1993
Blasting maintenance Some airborne LJ S Army 1992

particulates
NOise

......

......
Medium Low! Sludge waste can Low ElectriCity to drive Remove masking Bailey 1992
Pressure High talnlng paint reSidue water pump DIspose of coating reSidue slUdge Boeing 1993
Water (and In some sys and wastewater Howlett and Dupuy 1993
Blasting terns solvent or If used dispose at ,braslve or Now SCIentist 1990

abraSive additives) sorbent or other treatment medium Petkas 1993
Wastewater carrying solvent
Some airborne
particulates
NOise

LiqUid Medium! Solid coaling Mpdlum LiqUid nnrogen supply Vent nnrogen gas tram the striP APCI 1982 1984a 1984b 1985
NltrogLn Low lor operation reSidue and spent ping cabinet Mathur undated
Cryogenic High tor media wastL Allow parts to warm lor 5 minutes Products Fmlshlrlg 1983
Blasting malOtLnance Inert IlIlrogen gas Dispose of coaling reSidue waste Stroup 1991

Wolff 1984

-~
-~--... - - - .. - ,



are referenced In the discussions of each cleaner
technology

Some additional inspectiOn hand cleaning or other
operations may be neeaed to prepare the surface after
use of the cleaner technology for coating removal
These are noted to indicate special consideratiOns In

the applIcatiOn of the cleaner coating removal technol
ogy

Process Complexity, Required Skill Level Waste
Products and Emissions and Capital Cost serve to
qualItatively rank the cleaner technologies relative to
each other The rankmgs are estimated based on the
deSCriptions and data In the lIterature The text further
describes the operating InformatIon applications
benefits known and potential limitations technology
transfer and the current state of development for each
technology Technologies In earlier stages of develop
ment are summanzed to the extent possible In Section
3 Emerging Technologies

The last column In Table 2 cites References to publica
tIons that will proVide further mformatlon about each
available technology These references are given In full
at the end of the respective technology sections

disposal at a hazardous waste site the cost Will be
high

A thermoplastic matenal has been developed to allow
recycling of spent blasting medium (Lyons 1990) It
thermoplastic media are used It IS often possible to
recover the spent media tor manufacture ot plastiC
parts even With tne coating chip contamination
Bloreactors are also under development to treat the
spent PMB waste (Baker 1991) It may be possible to
degrade either the plastiC media or tne coating reSidue
(Bowers Irons et al 1991) Generally however the
spent PMB media are not recyclable or biodegradable
so disposal IS required

How Does It Work?

The PMB process uses low pressure air or centntugal
wheels to project plastiC media at a surface The blast
particles have suffiCIent Impact energy coupled with
hardness and geometry to chip away or erode the
coating The sharp-faceted particles fracture on Impact
leaVing new sharp edges to allow continued use for
stnpplng After the coating has been removed the part
can be prepared for recoatlng by air pressure and/or
vacuuming to remove plastiC dust and coating debriS

•
I
I
I
I
I
I
I
I

PlastiC Media Blastmg

Pollution Prevention Benefits

The plastiC media blasting (PMB) coating removal
process eliminates the use of solvent strippers The
process uses nontoxIC plastiC media for coating re
moval and does not generate volatile organic air
emiSSions PMB IS a completely dry stripping process
!nus eliminating generation of wastewater

In most applications the plastiC media are collected
cleaned to remove coating debriS and reused The
plastiC particles do breakdown In use so they can not
be reused Indefinitely Once the particle size IS smaller
than about 60 to 80 mesh the stnpplng effiCiency
drops These small plastiC fragments mixed With
coating debriS must be discarded

PlastIC medIa are nontOXTC but may reqUire
oTsposal

The disposal of the spent media could be a problem
Although the plastiC media are not tOXIC the spent
stripping medium Will be contaminated With coating
chips These coating reSidues may contam hazardous
Iletals or unreacted reSinS The disposal options
available depend on the nature of the media used and
the coating stripped If the spent media do require

12

The hardness of the plastiC particles vanes from 34 to
72 on the Barcol scale (3 0 to 4 0 on the Mohs scale)
In general the plastiC media are selected to be harder
than the coating Otherwise a larger particle size must
be used to reach the necessary Impact energy level

In typical applications the air pressure measured In the
pot ranges from 10 to 60 pSI The higher pressures
remove coating taster but also are more likely to Induce
substrate damage

Operating Features

There are two baSIC types of PMB systems (1) cabinet
systems and (2) open blast systems Automated and
manual cabinet systems are available for stnpplng
smaller parts Standard cabinet dimenSions typically
are Iimrted to about 8 feet The cabinet systems proVide
an controlled environment for media collection and
reuse Automated cabinets use either air pressure or
rotating wheels to project the media toward the parts
The parts may be In rotating bas~ets or can be moved
through the cabInet on tracks or conveyor belts If high
throughput wrth low labor use IS needed Manual
systems Involve an operator manIpulating an air
powered blast nozzle The open blast systems are
applicable for parts too large to fit Into the cabinets for
example automobiles white goods and aircraft In the
open systems the operator uses a nozzle to project the
air dnven blast media at the surface



A wide range of PMB equIpment IS aVail·
able and blasting condltJOnS can be
selected to sud the coatmg and substrate

PMB stripping equIpment may range from sImple
single nozzle systems to complex multlnozzle com
puter-controlled systems (Capron and Wells 1990)
The electroniC control systems provIde not only for
remote control of the operating parameters such as
blasting pressure and media flow rate but also tor tully
automated motion and process control such as robotic

operations (Dlcalre 1990)

The parameters that affect the performance ot the PMB
process Include

Blasting pressure-1 0 to 60 PSI With an optimum
range of 20 to 40 pSI
Angle of Impingement-30° to 80°
MedIa flow rate-250 to 500 Ib/hr With a 1'2 In

nozzle
Blasting standoff dlstance-6 to 30 In
Stripping rate--D 5 to 5 ft2 l mln
Type of coating to be removed
Nature of substrate matenal and ItS thickness
Media type and size
Nozzle size
Masking requIrements
Types and capabilities of commercially available
PMB systems (Abbott 1992 Lyons 1990)

DUring normal operations a PMB operator will have a
set of predetermined parameters to be applIed to a
given substrate In the case of a complex workpiece
containing parts made of several types of materials or
wrth filled areas the operators Will adopt a blast plan
wrth each substrate marked as to type prior to blasting

Problems may arise when higher air pressures are
used for blasting Including metal removal reduced
resistance to metal fatigue the hiding and causing of
surface cracks and buckling These problems have
caused some controversies In the aerospace Industry
Where materials such as aluminum and high strength
composites are reqUired to carry dynamiC or fatigUing
loads

The U S Bureau of Mines conducted a study of the
exploslbility and Ignrtabllity of plastiC abraSive medIa for
the Naval CIVil Engineering Laboratory (NCEL) (U S
Navy 1987) The stUdy concluded that recycled media
IrJ the size range of 12 to 80 mesh would not explode
but that particulate from degraded media had explOSIVe
potential (for example less than 40 mesh With Type V
medIa) The POSSibility for explOSive conditIOn IS

greatest In portions of the media reCYCling system

where the concentration of fines IS highest for ex
ample a baghouse filtration system The report sug
gests locating such equipment away from occupied
areas outSide If pOSSIble and prOViding overpressure
relief vents

PlastIC blast medJa can be selected to
adjust the stnppmg rate and aggressIVe
ness

SIX thermoset and thermoplastic blast media nave
been promulgated and/or approved for use by the U S
Department ot Defense (Lyons 1990 US DoD 1988)
SpeCIfications tor a bloaegradable nonpetroleum
polymer also were Introduced later (Lyons 1990) The
blast media are claSSIfied by type and hardness (Barcol
and/or Mohs scale) as follows

Type l-polyester (thermoset) 34 42 Barcol
30 Mohs
Type II-urea formaldehyde (thermoset) 54
62 Barcol 3 5 Mohs
Type III-melamine formaldehyde (thermoset)
64 72 Barcol 4 0 Mohs
Type IV-phenol formaldehyde (thermoset)
35 Mohs
Type V-acrylic (thermoplastic) 46 54 Barcol
35 Mohs
Type VI-polycarbonate (allyl dlglycol carbonate)
(thermoset) 20 30 Barcol 3 0 Mohs
Type VII-a nonpetroleum amylaceous polymer
(bIodegradable) 2 8 Mohs

Larger harder media giVe more aggreSSiVe
stnppll1g

The order of medIa aggressIveness from mild to
aggressive IS Type I Type VI Type V Type II and Type
III Type I IS soft abraSive that would be selected for
topcoat or primer removal from soft metals or fiber
glass Type VI IS Intended for low aIr pressure appllca
tlon to removing coating from fiberglass or other
composites Higher air pressure Increases the break
down rate ot Type VI medIa so the application pres
sure IS limIted to about 20 pSI Type V IS a durable
medIum tor general strippIng of coatings trom metal
sheeting Type II lIke Type V IS applied tor general
stripping Type II gives faster stnppmg rates but IS less
more likely to damage the substrate rf the operator
deViates from stripping parameters Type IV IS SimIlar
to Type II In aggressiveness but breaks down faster
and has not found much market acceptance Type III IS

an aggressive fast acting medIum for removal of
topcoats and primers trom hard SUbstrates such as
engine parts (Groshart 1988 BaIley 1992 Compos
rtlon Matenals Co 1993) U S TechnOlogy Cor
poratlon 1993)
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Size IS the second major factor controlling the aggres
slveness of PMB meOia Larger particles generate
more aggressive stnpprng action The vanous types ot
nedla typIcally are available In about five mesh size
ranges The largest standard size available IS 12 to 16
mesh and the smallest IS 40 to 60 mesh The material
type and particle size can be selected to optimize the
PMB system to the cuttrng speed and gentleness
required for particular application

PlastIC medIa can be cleaned and reused

Systems to recover and reuse the plastic media have
been developed Media recovery IS facilitated If the
parts are small enough to allow the use of a blasting
cabinet Media reuse systems separate contaminants
such as coating chips and underSized media frag
ments from the Intact media Separation can be done
by cyclone separators Vibrating screens magnetic
separators or Similar equipment The media reclama
tlon systems typically employ a combination of these
equipment types to separate contaminants and clean
the spent medIa for reuse (Wasson and Paull 1993)
The number of reuse cycles that can be achieved IS
vanable Generally large media and lower operating
pressures allow more reuse cycles Granulated plastic
pellets used at pressures below 50 pSI are reported to
fJe durable with an average breakdown rate of less

lan 10%

Each applicatJ.On requires spectflC custom
designs based on mdlVlduaf production
reqUirements a generIC "StEtement of
Work 15 no longer acceptable (Roberts
1989)

Tne energy reqUirement IS determined bv the complex
ltv at each PMB system Compressea air IS reqUired to
operate the blastrng system at drtferent blasting pres
sures and nozzle sizes For example the air use IS 8
SCFM for a 1/8 Inch nozzle at 30 PSI and 230 SCFM
for a 1 2 Inch nozzle at 60 pSI (Dotson and Ballard
1992) Energy IS reqUired to operate a spent media
recovery subsystem that Includes a pneumatic trans
port vacuum hose an Induced draft fan a rotary screw
conveyor and a subfloor piPing or mechanical convey
mg system Energy IS also consumed bv the media
reCYCling subsystem that Includes a cyclone an
alrwash a Vibrating screen a rotary airlock and
pneumatic or mechanical conveyance deVices Other
SUbsystems such as a dense particle separator dust
collector and ventilation system also consume energy

, seen In Table 2 PMB operation reqUires a medium
~klll level Effective use of PMB requires an Initial
training penod to familiarIze the operator With the
reqUired strIpping media supply pressure and the
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nozzle to surface distance and angle With approPrIate
training operators should be able to periorm the 100

Without much difficulty

Application

The PMB process has been Widely used b~ the mliitarv
and commercial sectors

Types of coatings removed Incluae pOWder
coatings urethanes mllrtary chemical agent
resistant coatings epoxies high solids
polyamld acrylic lacquers polvsulflde sealants
fluorocarbon films
Cleanlng/strrpplng of machinery eqUipment
engines Injection molds etc
Cleanlng/stnpPlng of aluminum stainless and
mild steel fiberglass and plastiC totes and tanKS
and containers
CleanIng/strrpplng of commerClal!Jndustnal parts
components and structures fabncated of metal,
engineered plastiCS fiberglass and advanced
composrtes
Stripping of marine vessels and related compo
nents and assemblies
Exterior aJrframe strlppmg
StriPPing of aircraft ground equipment
StriPPing aircraft components (e g wheels
brakes landing gear engine pans and compos
rte parts) (Lyons 1990 Novak 1990 Paull
1989)

Current aDpflCaflOns show ttrat PMB can
be economICal

I

PMB strIppmg of a C 5 aircraft (32000 W) was studied
In detail at a large new Air Force mstallatlon deSigned
for PMB stnppmg of B 52 and C 5 aircraft uSing Type V
PMB media The study Indicated that PMB offers
SignifIcant economic advantages over solvent stnppmg
The total workmg time for superviSion masking
blasting demaskIng, sanding vacuum and blow off
and housecleaning was 3 010 hours ThiS reported to
be a savings of 2 000 hours over solvent stnpplng of
the same aircraft The reported stnpplng rate waste
qeneratlon rate and unrt cost were 1 35 fF/mm 0 22 Ib/
ft and $4 70/tF The costs Include electncal labor
media use hazardous waste disposal and consuma
bles The PMB process IS expected to save $4800 00
O/year and ellmmate 72 000 gallons/year of methylene
chlonde stnpper (Wasson and Paull 1993)

The major factors controlling costs of operating a PMB
system are

Hourly cost of direct labor
Labor productiVity rates typically 75%



Cost 01 blast media ranging from $1 SO/Ib to
more than $2 OO/Ib (1991 prices)
Energy costs
Overhead costs
Waste disposal costs rangmg from Inconsequen
tlal to up to $4/blast hr If hazardous waste IS

generated (assuming a 1/2 m nozzle at 30 pSI)
Removal rate typically ranging from 0 5 to more
than 4 ft2/mm (assuming a 1/2 In nozzle at 30 pSI)
EffIciency of the media reclamation system

Under typical operating conditions the variable operat

mg costs are reported to range from $45 to $65iblast
hr and the cost of removal can range from $0 20 to
$2 15/fF (Lyons 1990) The process can provide a high
throughput rate but the capital mvestment and start up
costs 10r new system with state-of the art media
recycling eqUipment can be high In most cases the
PMB systems are not compatIble with eXisting stnpplng
facllrtles so facility modifications are reqUired

Benefits

Some of the major benefiCial aspects of PMB Include

High stnpplng rate
Elrmlnates water use
Can selectively remove individual coating layers
(e g remove topcoat leaving pnmer)
Often done With recyclable thermoplastic media
Fully automated robotiC systems available
FUlly developed systems available
No size IrmrtatlOns on parts to be stripped

Limitations

Potential hazards and limitations of PMB Include

Spent media contam coating chips and may be a
hazardous waste
Operators should wear respiratory and eye
protectIon equipment for protectIOn from re
bounding media and airborne particulates
Operators should wear heanng protection due to
high nOise levels from blasting equipment
PMB may cause metal substrate damage such
as redUCing resistance to metal fatigue hiding
and causing of surface cracks and buckling
PMB may cause crack closure
More aggressive media types damage composite
materials
Contaminants In media may damage substrate
PMB has potential for high disposal costs If spent
media are hazardous and cannot be recycled
PMB uses flammable media
The technology has somewhat high capital and
startup costs
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PMB reqUires complex subsystems for mema
recovery and recvcling and dust collectIOn and
control
There IS a pOSSible explOSive hazard from dust
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Wheat Starch Blastmg

Pollution Prevention Benefits

The wheat starch blasting coating removal process
eliminates the use ot solvent strippers The process
uses nontoxIC biodegradable media tor coating re
moval and does not generate volatile organic air
emiSSions The wheat starch blasting media are made
from renewable agricultural products rather than from
petroleum which helps reduce resource consumption
Wheat starch blasting IS a completely dry stripping
process and thus eliminates the generation of wastew
ater

The starch media can be collected and reused for
several blasting cycles The wheat starch particles do
break down In use so they cannot be reused Indefl
nltely Fine dustlike partIcles are not effectively pro
pelled for stripping The starch meala are processed In

equipment Similar to that used for processing PMB
medIa Small starch fragments mixed With coating
debriS are separated and discarded
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The dIsposal of the spent media could be a problem
Although the media are not tOXIC the spent stripping
media Will be contaminated With coating chips These
coating reSidues may contain hazardous metals or
unreaeted resins The disposal options available
depend on the volume of the media used and the
coating stripped The wheat starcn blastIng media are
100%, carbohydrate so proper aeroolc bioaegraaation
can reduce the waste volume substantially The medIa
are digested to produce a liqUid that can be separated
from coating debns pnor to disposal BIOdegradation IS

most likely to be economical when spent meola vol
umes are on the order of 50 000 to 100 000 pounds
(Oestreich and Waugh 1993)

How Does It Work?

Wheat starch blasting uses low pressure air to propel
particles at the painted surface The coating IS stnpped
away by a combination of Impact and abraSIOn AI
though wheat starch blasting uses generally SImilar
equipment and techmques to PMB the process has
somewhat different operating characteristics and
stripping actton (Drake 1993)

Operating Features

In wheat starch coating removal particles of wheat
starch are propelled at a surface by a flow of air to
abrade and fracture the coating The natural wheat
starch has the benefIts of being nontoxIc blodegrad
able and made from a renewable resource (Lenz
1991) The media are clear white granules In the size
range of 12 to 30 mesh with a denSity of 1 45 g/cmJ

and a Shore 0 hardness of 85

Testing determined that when the propelling air pres
sure IS above 30 PSI (200 kPa) the starch particles
fracture The fractUring occurs as the starch removes
coatmg matenal resulting In smaller particles and more
edges per pound of medium to be recycled as strlppmg
proceeds The wheat starch thus becomes more
effective as It IS used untIl the particles become so
small that suspended starch dust obscures the opera
tor s view of the surface The used starch media are
collected and processed Small starch particles and the
removed coating are collected for disposal and the
larger particles are reused for blasting Because the
media are reused continuously for coatmg removal the
potential arises for contamination of the media with
harder coating particles The coating panicles could
Impact the substrate and cause stress risers

\\~



Wheat starch blastmg uses SImilar equip
ment and tectrmques to PMB but the
media propertIeS result Tn a gentfe, reliable
stnppmg aetJOn

Particle fracturrng reduces the sensrtlvrty of wheat
starch coating removal to operating condrtlons An
Increase In air pressure Increases particle flow rate but
does not cause the strrpplng action to become more
aggressive

As with the plastic media new or clean recycled wheat
starch media do not present explosive hazards Dust
generation from the wheat starch raises the potential
for generating an explosive dust mixture Testing
performed for a wheat starch media vendor indicates
that undned dust must be smaller than 120 mesh for
explosion to be a hazard As wIth PMB dust the
explosIve hazard from wheat starch blasting media
dust IS small and IS limrted to process areas where high
concentratIons of dust may accumulate Precautions
for handling wheat starch blasting media dust should
be Similar to those mentioned for PMB dust handling

The reported typical blastIng condItIons for coating
removal from composites are (Oestreich and Porter
1992)

Blasting pressure-20 to 25 pSI
Angle of ImpIngement-20° to 40 0

Media flow rate-420 to 720 Ib/hr wrth a 3/8-Inch
extended Venturr or double Venturr nozzle
Blasting standoff dlstance-6 to 8 In

Thin aluminum partIcularly soft alloys or anod
Ized surfaces (e g commercIal aircraft skinS)

SenSitive composItes (e g automObile fiberglass
or plastiC or aircraft radomes)

The wheat starch technology has been tested for
stnpplng a vanety of epoxy urethane ZinC chromate
prrmer and alkyd enamel coatings such as MIL P
23377 MIL C 83286 and IT E 489 (Larson 1990)
Test substrates have Included aluminum plated ferrous
alloys and composrtes

Benefits

Some of the major benefiCial aspects of wheat starch
blasting Include

Recent developments Indicate that moderate
stnpplng rates can be achieved while maintaining
a gentle stnpprng action
Safe on soft clad aluminum and composrtes
Eliminates water use
Can selectively remove IndiVidual coating layers
(e g remove topcoat leaVing pnmer)
Uses Inexpensive stnpplng media
Media are nontoxIC and bIodegradable
Fully developed systems available
No size ffmrtatlons on parts to be stripped

LimItations

PotentIal hazards and Ilmrtatlons of wheat starch
blasting Include
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The reported typical blasting conditions for coating
removal from clad aluminum are (Oestreich and Porter
1992)

Blasting pressure 25 to 30 pSI
Angle of Impingement 40 0 to 700

Media flow rate 900 to 1 200 Ib/hr wrth a 1/2 Inch
extended Venturr or double Venturr nozzle
Blasting standoff distance 8 to 12 In

StrrppIng rate 0 9 ft2/mrn

The wheat starch can absorb mOisture causing clump
Ing of the media during blastrng In humid condrtlons It
may be necessary to dry the blasting air to aVOid
mOisture pickup by the media

Application

Wheat starch blasting IS known mainly for ItS gentle
strrppIng action Therefore most of the testing and
application has been on sensrtlve substrates such as
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Spent media contain coating chips and may be a
hazardous waste
Generally slow to moderate stripping rate
Dense contaminants In recycled medIa may
damage substrate
Operators should wear respiratory and eye
protection equIpment for protection from re
bounding media and airborne particulate
Operators should wear heanng protection due to
high nOise levels from blasting equipment
Media are mOIsture senSitIve and can require an
aIr dryer In humId atmospheres
Potential for high dIsposal costs If spent media
are hazardous and cannot be recycled or treated
by biodegradation
Somewhat high caprtal and startup costs
ReqUires complex subsystems for medIa recov
ery and recycling and dust collection and control
ExplOSive hazard from dust
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matenal A few metals such as mercury or arsenic Will
volatilize at the operatrng temperature of burnott ovens
However tOXIC volatile metals are not used In current
pamt formulations Inorganic matenals such as pig
ments remaining on the substrate must be removed by
mechanical cleanmg such as low energy shot blast
manual cleaning or water nnse

Several burnott techn%gJes are avaJiable

Burnoff coating removal can be accomplished by a
vanety of methods Including direct burnott heating In
an abraSive flUidized bed or pyrolySIS In all cases a
high-temperature energy source IS used to remove
orgamcs followed by a cleamng process to remove
inorganIc reSidues Inorgamc reSidue removal can be
accomplished by mechamcal or manual brushing or
blast cleaning With water or airborne media (Izzo
1989) Offgas treatment Including an afterburner
scrubber and filter iYPlcally IS supplied to control air
pollution To ensure safety the system must be de
Signed to control the Intense heat resulting from the
rapidly burning org~mc coating

Burnott systems remove coatmg matenals raplOIY Even
drfflcult coatings such as heavy layers or powder
coating can be removed However the substrate is
exposed to a harsh high temperature enVIronment so
pyrolySIS coating removal IS generally surtable only to
noncrrtlcalltems Burnott coating removal IS not gener
ally acceptable for parts that Will be used In a product
However the functioning of part support eqUIpment
usually IS not Impaired by many cycles of heating so
burnott coating removal can be used for hooks racks
and overspray collectors

OperatIonal Features

For direct burnoff the coating IS Ignited to burn ott the
organic material at an operatrng temperature of 540°C
to 650°C (1 OOO°F to 1200°F) DIrect burnoff IS surtable
to continuous operatIon In which a conveyor carnes the
racks through the burnott oven and then through a
cleaning system to remove InorganiC reSidue As the
parts pass through the burnott unit ceramic nOZZles
direct high temperature flue gas onto the parts at high
velOCity to Ignite the coating Complete combustion
typIcally occurs wrthln tne unrt to ensure acceptable
coating removal and SUItable air pollution control at the
source With proper line speed and operating tempera
ture complete combustion can be obtained but some
units Include an afterburner to further ensure that
orgamc matenals are fUlly converted to carbon diOXide
and water Burnott also can be done In batches In a
closed oven
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Pollution Prevention Benefits

Burnoff Coatmg Removal

Burnoff coating removal technologIes use a combIna
tIon of volatilization pyrolYSIS and oXidation to remove
organic coating materials Thermal methods completely
aVOId the use of solvents for coating removal but
generate potentially contaminated offgas and wastewa
ter streams In a well deSigned unrt the organic
materials Will be almost completely converted to carbon
diOXide and water However traces of more complex
organic compounds may appear In the offgas In
addrtlon coatings containing halogens or nItrogen
compounds Will produce volatile corrosive compounds
such as hydrogen chlOride Inorganic pigments Will not
volatilIze and thus remain as a reSIdue on the part after
the organic coating burns oft Water may be needed to
scrub the pyrolYSIS stripping unrt ottgas stream and In

some systems IS used to flush inorganic reSidue from
the stnpped part

Hc:?w Does It Work?
;~

I .....~Bumott systems use temperatures of 370°C (700°F) or
- .. higher to volat I-~ At'" Ilze and/or burn the organiC coating
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Coattngs can be thennally degraded m an
abraswe tllJld bed

In an abrasive fluid bed the coating IS thermally
degraded by a combinatIOn of pyrolysIs and partial
oXidation at a temperature of 480°C to 510°C (900°F to
950°F) To maintain a flUidized state air flows up
through a bed of abraSive media such as SIlica sand or
alummum oXide (Coberth and Ceyssons 1993) The
hot abraSive media transfer heat to the coating to
pyrolyze and remove organic constituents After the
part IS removed from the flUidIzed bed inorganic
residues must stili be removed Heat IS supplied to the
abraSive media by an electrical resistance heating unrt
The organic matenals are not fully oXidized In the
flUidized bed so an afterburner operating at 790°C to
870°C (1450°F to 1600°F) IS required to oXidize the
Intermediate organic products

Coattngs are volatthzed m the pyrolystS
process

In the pyrolysIs process the coating is volatilized to
produce fumes nch In organic compounds (Whelan
1993) The combustIble materials on the substrate
volatilize to form an organic nch vapor but do not burn
In the pyrolysIs Unit The Unit therefore operates with
low or no oxygen and at a lower temperature (370°C to
500°C (700°F to 930°F)) with no flame present In the
Unit

Some coatings notably epoxies contain oxygen
molecules bound In the coating The oxygen m the
coating can support combustron which would cause
excessive temperature nse Water vapor cloud injectIOn
controls the temperature In the pyrolySIS unrt to ensure
no combustion takes place and to minimiZe damage to
the substrate Typically pyrolysIs unrts can only process
cured coating matenals The solvent and other volatiles
In uncured coatings will evaporate rapidly In the
pyrolysIs unrt The rapid Input of reacting matenals Will
cause temperatures In the unrt to nse before the control
system can respond The resulting uncontrolled
temperature rIse causes the pyrolySIS unrt to shut down
to prevent excessive temperatures Advanced control
systems are being developed and tested to allow
pyrolysIs to be applied to uncured coatings (Mann
1991 )

Because of the need to control oxygen levels pyrolySIS
units typically are batch ovens The organic fumes from
the pyrolysIs unit are treated In an afterbumer to
convert hydrocarbons to carbon diOXide and water
Following removal from the pyrolysis unrt InorganIc
reSidues must be removed from the part

EurnoffgfVes rapd removal of thick
coatmgs

Heat IS the pnnclple removal mechanism for coating
removal Although all of the thermal systems reqUire a
follow up cleaning step to remove inorganic reSIdues
no solvents or alkalis are used to soften and remove
the coating Despite the heating value of the organic
matenal In the coating heat rnput IS needed to Initiate
maintain and complete combustion Heat for direct
burnoff or pyrolYSIS units usually IS supplied by
combustIon of a fOSSil fuel typically gas In the coating
removal unit The flUidized bed units normally use
electncal heating The afterburner In all units typically
uses gas or another fOSSil fuel to supply the reqUired
energy

The control systems for a burnoff coating removal
system are complex Accurate temperature control IS
needed to ensure that complete removal of the coating
and destruction of organics In the offgas IS reliably
achieved The control systems for the thermal unrts and
afterburner may be unlike equipment normally found In
coating shops so new maintenance skills are needed

Actual operatIon of a burnoff coating removal unit
Involves only mechanical or manual loading and
unloading of parts The unrts are typically deSigned to
operate automatically dunng the coating removal cycle
so no operator attention IS needed dUring a normal
cycle The reqUIred skIll level IS therefore lower than
the level for solvent stripping Units that require the
operator to handle potentially hazardous chemicals

Application

Burnoff coating removal IS commonly used tor high
volume noncrrtlcal parts such as the hooks racks
overspray collectors or other Similar parts Burnott
methods can be used to remove both conventional and
powder coatings (Mann 1991)

It also may be pOSSible to use the burnott coating
technology to stnp parts With poor coatrngs but some
Iimrtatlons apply Metals wrth a melting POint below
900°F generally are not SUitable for bumott coating
removal MagneSium Will burn Violently Ii Ignited so
magnesium and ItS alloys should not be stnpped In a
burnoff oven Iron steel and nontempered aluminum
generally are amenable to burnott stnpplng However
testing must be performed to determine If heating
deforms removes tempenng or otherwise damages
the part
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Benefits Molten Salt Coating Removal

Some of the major beneficial aspects of burnott coating Pollution Prevention Benefits
removal Include

I
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Allows rapid removal of heavy coating accumula
tlon with a minimum of handling
Can process parts with complex shapes
Direct-burn ovens can remove wet uncured
coatings
Large ovens are available to process large Items
but the maximum size IS IImrted by the oven size

Limitations

Potential hazards and limitations of burnott coating
removal Include

Generates coating ash residue that may be
hazardous waste
Will damage heat-sensitIVe materials such as
heat treated aluminum or magnets
Coatings containing halogens (polyvinyl chlonde
[PVC] or polytetrafluoroethylene [PTFE]) and/or
nrtrogen will produce corrosive ottgas

• Must not be used for low-mettlng alloys such as
ZinC beanng materials
Must not be used for magnesium or rts alloys or
for pyrophonc metals
May require offgas treatment such as scrubbers
and air fitters depending on local air permitting
requirements
May generate products of Incomplete combustton
Presents POSSibility of fIre
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The molten salt stripping process replaces solvent
stnppers The molten salt process proauces a coating
pigment salt by prodUct reSidue wastewater and
ottgas streams

DUring molten salt stnpplng by products of the reaction
of the salt and the coating accumulate In tne batn
Even when the bath IS saturated wrth by proauets
stripping Will continue Additional by products develop
as more coating IS removed from a separate phase In
the bath The by product sludge phase can be removed
for disposal The organic content of the coating will be
OXidized by reaction wrth the salt bath The by-product
sludge IS a small volume containing mostly metal salts
formed by reaction of pigments with the salt bath
matenals Depending on the salts used In the bath and
the metals In the pigments the sludge may have RCRA
hazardous charactenstlcs

The wastewater results from water used to cool and
nnse the part after It leaves the molten salt bath The
salt In the coating removal bath usually IS formulated
from alkaline matenals so for most Installations the
nnsewater Will have a pH of about 11 to 12 The
nnsewater Will require neutralization to a pH range of
6 to 9 pnor to discharge For plants wrth a central
wastewater treatment plant It may be possible to use
the alkaline rinse water to help neutralize aCidiC waste
water from other metal finishing operations The
nnsewater also may contain metals from the coating
pigments AnalYSIS for potential metals should be
performed pnor to discharge and treatment for metal
removal may be required depending on the plant
discharge permrts

The molten salt technology cherrncally
oxidtzes the coatmg orgamcs

As With the burnott coatmg removal systems motten
salt coating removal works by combustlng the coatmg
organics The result for hydrocarbon coatmgs should
be mainly the formation of CO

2
and H 0 However

products of Incomplete combustion and entrained salt
particulates and pigments can enter the otfgas stream
A well deSigned molten salt stnpplng system Will
Include prOVISions to control and treat the offgas

How Does It Work?

The molten salt strIpping process relies on chemical
OXidation of the coating by a speCially formulated
molten salt bath The process uses mixtures of mor
ganlc salts formulated to react With the coating mate
rial Carbon and hydrogen In the coating are OXidized to



CO2 and H,° Most metals are retained In the molten
salt bath In sodium carbonate based and similar
molten salt formulations halogens combine wrth the
molten salt to form halides and to release CO

2
from the

carbonate salts Metals from the coating pigments
generally are retained In the molten salt and enter the
offgas stream only In small amounts

The main functions of the molten salt are a heat
transfer medium and catalyst to oXidize the organics In
the coating The salt bath provides thermal inertia and
effective heat transfer to avoid hot spots or temperature
excursions The molten salt also acts as an In place
scrubber which retains the nonvolatile by products (Gat
et al 1993)

Operational Features

Molten salt stnpplng uses simple and straightforward
processing steps The Items to be stnpped are loaded
Into baskets or supported on hooks The Items then are
lowered Into the salt bath at a controlled rate The
required heating time In the bath depends on a number
of vanables Including

Chemistry and temperature of the bath
Shape size and matenal of the rtem
ThIckness and type of coating being stripped

The typical dwell time ranges from seconds for thin
coatings to minutes for thick coatings (Malloy 1993)
Following ImmerSion the Items are removed from the
salt bath and rinsed With water for cooling and removal
of residual salt The nnsed Items are dned by an air
knrfe or other compressed air blow drying operation
The process allows rapid and complete coating re
moval wrth a minimum of hand work

Molten salt stripping baths are formulated from Inor
gamc salts such as sodium carbonate The exact
mixture of salts is tailored to the required operating
temperature chemical reactiVity and performance The
operating temperature for the salt bath vanes depend
Ing on the salt formulation Formulations are available
wrth operating temperatures from 550°F to 90QoF The
lower temperature formulations usually are applied to
salvage matenals wrth blemished coatings or for
maintenance stnppmg Higher temperature formula
tlons stnp heavy coating accumulations from hooks
racks and paint line fixtures

Application

Molten salt strrpplng typically IS targeted to the same
applications as bumoff technologies Although the
molten salt process achieves coating OXidation by a
drtferent mechanism the process provides the same
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baSIC features that IS rapid destruction of thick coat
mgs The Items most often stnpped wrth molten salt
baths are pamt line supports and fIxtures Molten salt
baths can remove a vanety of organic coatings mclud
Ing nylon polyester and epoxies Due to the chemistry
of the bath molten salt systems also can be applied to
stnp coatings contamlng halides e g PVC and PTFE
(Malloy 1993)

Beneftts

Some of the major benefiCial aspects of molten salt
coating removal Include

• Allows rapid removal of heavy coating accumula
lion with a mInimum of handling
Can process parts wrth complex shapes
Provides rapid well controlled unrform heating
Wastewater stream IS compatible wrth conven
tlonal wastewater treatment plants available to
many installations
Salt baths are available to process moderate
Sized Items but the maximum size IS IImrted by
the bath size

Limitations

Potential hazards and IImrtatlOns of molten salt coating
removal Include

Generates a by product salt slUdge that may be
a hazardous waste
Will damage heat-sensrtIVe matenals such as
heat treated aluminum or magnets
Must not be used for low-melting alloys such as
zinc beanng matenals
Must not be used for magnesium Its alloys or
pyrophonc metals
May require offgas treatment such as scrubbers
and aIr filters depending on local air permitting
requirements
May generate prodUcts of Incomplete combus
tlon
Wastewater and dissolved salt dIsposal reqUire
ments Will depend on the toxlcrty of the coatrng
and pigments being removed
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Sodium Bicarbonate Wet Blastmg

MedIa flow rate-2 to 4 Ib/mln wrth a In nozzle
Water flow rate--{) 5 gpm
BlastIng standoff dlstance-12 to 24 In
Stripping rate--{) 25 to 2 5 ff/mm
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Pollution Prevention Benefits

The sodium bicarbonate technology eliminates solvent
use In coating removal The sodium bicarbonate
striPPing medium IS not regulated under the OSHA
hazard commUnication standard 19 CFR 1910 1200 or
the SARA Title III reporting requIrements The stripping
medium IS mixed With water which controls dust and
substrate heating Water also IS used to rinse the
substrate after stripping IS complete As a result an
aqueous waste stream IS generated Although the
medium IS nontoxIc many coatings contain metals or
unreacted resins that are tOXIC The spent media will
contain coating residue so the aqueous waste must be
tested to determine If It will meet local discharge limits
for wastewater disposal TestIng should Include quanti
fylng pH total suspended solids (TSS) all and grease
and metal concentrations If desired the media can be
dissolved In excess water and the solid coatmg resIdue
can be removed by filtration Even If waste treatment or
landfill disposal IS needed the total solid waste volume
generated by the sodium bicarbonate technology
typically would be less than for methods uSing solvents

How Does It Work?

The sodium bicarbonate (bakIng soda) IS delIvered by a
wet blast system to remove coating In thIs way Com
pressed air moves the sodium bicarbonate medium
from a pressure pot to a nozzle where the medium
mixes With a stream of water The blast medium/water
mixture accelerated to several hundred miles per hour
Impacts the coated surface and shatters Into a very fine
particulate The water prevents heat bUildup In the
substrate and helps control the dust generated when
the media Impact on the coatIng

Operational Features

The sodium bicarbonate coating removal technology
operates mainly by abraSive action The wet blast
svstem delivers a mixture of blast medium and water
through a hand held hand actuated blast nozzle
shown In Figure 1 The flow diagram (Figure 2) Illus
trates a typical configuration of the system

The exact operating conditIons are specific to the type
of coating and the substrate type and conflguratlon
The typical range for bicarbonate stripping applications
IS (Spears 1989)

Blasting pressure-20 to 70 pSI
Angle of Implngement-45 to 90°
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Bicarbonate blast condrttOns can be
5eJe~tetJto suit the coatmg and substrate

Other Important parameters In bicarbonate coating
removal system operation are

Type of coatIng to be removed
Nature of substrate matenal and rts thickness
MedIa type and size
Nozzle size
Masking requIrements
Types and capabilitIes of commercially available
systems

Vanous bicarbonate media are avar/able to
aJJow balance of strf{Jpmg rate and aggfes
StV8178SS

Typically a nontoxIc flow agent IS rncluded rn the
bicarbonate media to minimize caking In the blast pot
The media come In SIX formulas to provide different
mesh sizes for different applications

Composrte formula
Marntenance formulal')

Maintenance formula XLI,I
Profile formula
AViation formula
ElectronIcs formula

The wet blast system uses a pressurized nozzle
deSigned to allow a low propellant pressure whIle
maintainIng a posrtlve abraSive flow The low pressure
of the aIr propellant minimiZeS damage to aluminum
plastiC composites and other sensrtlve materials
Operators can adjust the blast pressure to remove one
layer 01 coating at a time The pressure of the water
can vary between 10 and 500 pSI The air requirement
IS determined by blastIng pressure and nozzle size For
example when blasting at 60 PSI for a 1/2 In nozzle
265 cfm of air IS required that In turn requires a
minimum 01 66 HP electriC compressor

As seen In Table 2 sodium bicarbonate blasting
requires a medium skill level AbraSIve media blastrng
reqUires an inItIal training period to familiarize the
operator With the required stnpplng media supply
pressure and the nozzle to surface dIstance and angle

Maintenance lormula and Mamtenance formula XL are available With
SupraKleen Rinse Accelerator 10 Improve removal 01 surlace contaminants
or heavy coaling "need80
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Source Schmidt Manutactunng Inc

FIgure 1 Sodium bIcarbonate syslem with wet blast head

With appropnate training operators should be able to
perform the Job wIthout much difficulty

Eqwpment for sodium bicarbonate wet
blastIng [s relatIVely lf1expensrve

Sodium bicarbonate blastmg uses modified sand
blasting equipment and IS less expensive than equip
ment for PMB wheat starch blasting or carbon dioxide
pellet blasting

The sodium bicarbonate medium costs more than
traditional abrasive media such as sandblasting but IS

relatively inexpensive compared to PMB Startup costs

/ WaterLine

Blast NozZle

may Include facilIty revamping to allow installation of
the wet blast system An exhaust ventilation system
with cyclone separator and Intake Piping must be
added to control blast media overspray IT the sodium
bicarbonate coating removal system IS used Indoors
The sodium bicarbonate process often can be applied
In eXisting solvent stnppmg facilIties which also saves
Investment In facility reVISions

Application

The technology has been applied for removal of both
fnable and elastomer organic coatings Substrate
matenals Include thin and thick metal parts machinery
and building surfaces Sodium bicarbonate or similar

23

(

I
I
I
I
I
I
I



To Blast
Nozzle

DlfferentJal
Pressure
Gauoe

Armex and
Blast Air

Pot Blast
Pressure Pressure
Gauge '- Gauge '-

Blast
Pot

Armex
Under

Pressure

Patented
Thompson Valve

Blast Air
OI1iOff

Pot
Pressure

On.Oti

Pot
Pressure
Regulator

Air
Supply

Source Schmidt Manufactunng Inc

Figure 2 Flow diagram of sodium bicarbonate wet blast system

water soluble abraSive technology has been tested or
applied to the following

\~

Blast Water

Tennessee Eastman has used the sodium bicarbonate
stripping to remove coating from equipment dUring
operation The paper and pUlp Industry also has used
the technology for cleanIng paper productIon equip
ment In place

HIgh stnpplng rate
Can selectively remove indiVidual coating layers
(e g remove topcoat leaVing pnmer)

Some of the malar benefiCial aspects of sodium
bicarbonate wet blasting Include

BenefIts

The NASA Johnson Space Center (JSC) Aircraft
Operation DIVISion has used sodium bicarbonate to
striP tile surtace of aircraft wheels prior to inspecting for
cracks and structural defects Prior to use of the
sodium bicarbonate product NASA used a phenoliC
based stripper and another earlier chemical stripper
containing methylene chlonde and other organic
solvents Both stripping formulations reqUired repetItive
soaking and the costs for disposal of the solid and
liqUid wastes they generated were high (Chen and
Olfenbuttel 1993)
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Water Pump
Strainer

MOisture
Separator

Water
Supply

Remove failing topcoat over a tight red lead
primer on structural steel
Clean and decoa! surtaces of historical bUildings
including 19th century bUildings In Manchester
England the Parliament bUilding and the Opera
House In Vienna Austna the Statue of liberty In

New York and the Mormon Church In Salt Lake
City without damaging sensitive surtaces
Clean In SItU dlsbonded coating from paper mill
roller beanngs
Remove grease buildup from drive unit of paper
machine dryer
Remove graffItI from sandstone wall and factory
finished metal siding
Clean railcar wheels pnor to magnetic particle
Inspection
Decoat diesel locomotive sheet metal door
(sandblasting had warped the panels)
Clean valvlng wIth thick coating bUildup on
natural gas vaporizing tank
Clean dirt and coating resIdue from aircraft parts
WIthout disassembling (Kline 1991)
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In some applications bicarbonate stripping can
reduce prewashlng and masking of the surface
needed prior to stnpplng
Use of water diSSipates the heat generated by
the abrasive process and reduces the amount of
dust In the air
Wastewater stream IS compatible with con
ventlOnal wastewater treatment plants available
to many Installations
Low cost strIpping media and simple strIpping
equipment
No size limitatIOns on the parts to be stripped

LImitations

Sodium bicarbonate coating stripping has several
potential hazards and IImrtatlons

The sodium bicarbonate medIum cannot be
recycled for strIppIng
Operators should wear respiratory and eye
protection equIpment for protectIon from re
bounding media and airborne particulate
The sodium bicarbonate blastrng medium does
not pose a health rIsk but the coating chips
being removed may Airborne particulates
generated dunng coatIng strrpplng may contain
tOXIC elements from the coatmg being removed
An exhaust ventilatIon system should be used
durrng sodium bicarbonate coating removal to
remove the partIculate cloud that forms as the
blast medium strIkes the surface
Operators should wear heanng protection due to
high nOise levels from blasting equipment
Unrnhlblted sodium bicarbonate and water
reSidue can corrode substrates however current
testrng indicates that the corrosion potential of
uninhibited formulations is sImilar to that of
organiC solvent strrppers
Wastewater and bicarbonate reSIdue disposal
requirements Will depend on the toxicity of the
coating and pigments being removed
Slug discharge of bIcarbonate (over about 3 000
ppm) can adversely attect the operatIon of an
anaerobic dIgester
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Carbon DIOXide Pellet Cryogenic Blastmg

Pollution Prevention Benefits

Carbon diOXide (C02) strippIng generates a smaller
amount of waste than all of the available technologies
and some of the emergIng thermal technologies Upon
Impacting the surface beIng cleaned or decoated the
CO2 pellets diSintegrate and sublime that IS they pass
directly from solid to gaseous state without appeanng
In the liqUid state Because the CO

2
pellets return to the

gaseous state after use the process does not generate
a spent media reSidue The coatrng reSidue IS collected
dry without extraneous plastiC beads grit or other
Impacting matenal Thus no reCYCling or separation of
the media from the coating reSidue IS reqUired

The carbon diOXide pellets are produced from liqUid
CO2 The liqUid CO2 IS prepared Industrially as a by
product of ammonia manufactunng (35%) alcohol and
other chemical productIon (22°/' 011 and gas refining
(20%) or by collecting and pur Jlng CO

2
gas from

natural gas vents (20%) or combustion process ottgas
(3%) (Steiner 1993) The pUrified CO

2
IS compressed

and liquefied The CO
2

from these sources would enter
the atmosphere IT It were not captured for industrIal
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use so carbon dIoxide pellet blasting makes no net
addition of new CO

The coatmg surface need not be washed before or
after CO

2
blastmg The process removes dirt 011 and

grease while stnpplng coatmgs so these surface
contaminants do not mterfere with the stnppmg action
Because the media are not recycled there IS no need
for concern about dirt 011 or grease contamlnatmg the
media In addItIOn because the pellets sublime no
media remam behind to contaminate the substrate so
no poststnppmg rmse IS needed As a result CO

2
pellet

blastmg does not produce a wastewater stream and
thus ellmmates the need for wastewater treatment

How Does It Work?

The carbon dioxide blasting systems have a refnger
ated liquid CO2 supply and a system for convertmg the
liquid to the solid media used In coatmg removal
Compressed liqUid IS allowed to expand m a pressure
controlled chamber where the temperature drops from
about 37°C ( 35°F) to about 78°C (-10goF) The
temperature drop on expansion causes a mixture of
CO

2
vapor and solid CO

2
snow to form The snow IS

collected compressed and extruded through a die to
produce well defmed pellets of a selected size and
hardness as needed for the specrtlc coatmg removal
operation

CO pellet blasting applies a blast medium much the
same way as does PMB Compressed air or liqUId
nitrogen thrusts small CO pellets at a coated suriace
Because the CO reverts to a gas the stripping media
do not contaminate the sUDstrate (Ivey 1990) A
system for centnfugal acceleratIOn of the pellets also IS
unaer develooment (Foster et al 1992)

The actual mechanism for coating removal IS however
different In CO

2
pellet blasting The CO pellets remove

the coating by a combmatlon of Impact embrrttlement
thermal contraction and gas expansion The Impor
tance of each of these mechanisms In achieVing
coating removal IS not yet defmed

CO blasting uses a combmatlon of IfTJpact
and thermal mechamsms to remove the
coatmg

Unlike the other two processes that rely on Impact and
abraSion (PMB and wheat starch blasting) the frozen
CO2 pellets provide thermal shock or cracking They
cryogenically sever the bond between the substrate
and coatmg When the CO

2
pellets sublime upon

Impact the expandmg gas can help remove the
coating The air pressure blows the coating fragments
off the substrate On multlcoat suriaces the pellets
rupture the weakest bond

Depending on the application CO
2

pellets can be
propelled toward the substrate at subSOniC SOniC or
supersonic speed The pellets typIcally are propelled at
an Impmgement angle of between 30° and 75° to
remove the coatmg The more severe the angle of
Impmgement the more aggressive IS the process The
best angle and standoff depend on the coatmg material
and substrate In one test the optimal removal rates
occurred at an Impmgement angle of 75° wrth a stand
off distance of 2 In

Due to the low temperatures generated by CO blast
Ing water condensation from the atmosphere can be a
problem The gas supply to the blasting system must
be dry The gas supply may be either dry air or nrtro
gen

Operating Features

CO pellet cryogenic blastmg IS best applied rt there IS
a high penalty for contaminating the substrate surtace
If disassembly IS difficult or expensive or If the reSidue
resulting from coating removal IS a high-hazard ma
terial For example CO, pellet cryogenic blasting can
be used to clean radioactive-contaminated compo
nents Its use dramatically reduces the radioactIVe
waste volume because no media remain behind to
become contammated

The CO, pellet technology can be custom configured
for mobile manual ftxed or automated online produc
tIOn applications for use In a Wide range of Industnes
Including

Food processmg
Automotive manufactunng
Electronics
Aerospace

A dry compressed air stream expels CO
2

pellets
through a gun and nozzle assembly (Boyce et al
1990) The pellets Impinge on the coated surface and
remove the coating by a combination of mechantsms
The main process parameters for CO cryogenic
stnpplng are

Pellet size
Pellet denSity
Blast pressure
Angle of Impingement
Media flow rate
Blasting standoff distance
Nozzle deSign (Svejkovsky 1991)

Optimizations typically change the propelling air
pressure Impingement angle or standoff distance
(Larson 1990)
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CO~ blastinggwes a stow, gentle: stnppmg
actIOn

WIth regard to a frequently mentioned limitation
slowness the reported coatrng removal rate for manual
CO2pel/et blasting ranges from 1 5 ft2/mln to 0 1 ft21
min depending on the substrate being strrpped and the
coating color (Ivey 1990 Cundrff and Matahs 1990)
The net average strip rate on an F 16 aircraft was
o 189 ft2/mln per minute of nozzle time (0 13 ft2/m1n
wIth worker effectiveness factored In) (Ivey 1990) The
striP rate Increased as the nozzle was Widened The
Alclad™ surfaces pulled the net average down The
tested F 16 has 20% Alclad™ surfaces other U S Air
Force aircraft have up to 80% Alclad™ surfaces Thus
strrp rates Will slow considerably on equipment with a
hIgher percentage of Alclad™ surfaces

In fact the process as tested cannohemove all the
coating from Alclad™ surfaces The Alclad™ surface
left by CO

2
pellet blasting must be removed by another

process to provide an adequate surface for recaatlng

Held at chest level the blast nozzle and hose weIgh
about 20 Ib When blasting underneath the aircraft
another 10 Ib of thrust IS added In tests workers
traded off the duty to other workers every 15 mm The
newer automated systems are easier to work with strrp
faster and are safer on sensitive materrals because the
optimal pressure and Impingement angle can be
malntamed

SpecIal techmques can meresse the
strIppmg rate for COz blastmg

The preliminary results indicate that combining CO
pellet blasting With other technologies may Improve
CO pellet blasting performance In certain applications
CombinatIOns considered In the IJterature are

CO2pellets + flash lamp vaporization to enhance
effectIveness of the flashlamo process alone and
to get where the flashlamp cannot reach (Bur
cham 1993)
CO pellets ... chemical softener (I e benzyl
aleonall to sDeed up the stripping rate
CO pellets + laser vaporizatIon to enhance
effectiveness of the laser alone

PrelJmlnary studIes indIcate that none of these com
blned technologies comes close to the overall deslr
abllrty of uSing CO

2
pellets alone However further

testing may reveal that one or more of these combined
technologIes has a specIalized application or may be
useful on thm skin matenals The combinatIOns may
make CO, more cost effective to use As currently

defined COo pellets used alone damage unsupported
aluminum alloys that are less than a 032 In thick The
peening damage caused by the pressures reqUIred for
effective stripping could prevent use of CO on up to
20% of cargo aircraft skinS (Ivey 1990)

Chemical softeners applied before CO
2

pellet blasting
would allow less blasting pressure and thus decrease
damage to thin skin alummum Chemical softeners also
would proVide more thorough and faster stripping at
well over 1 Wlmm but could reqUire aircraft preprocess
Ing tasks such as degreasmg and maskrng and woula
generate more disposable waste Softeners could
damage aircraft matenals (Ivey 1990)

Combined WIth flashlamp vaporization CO pellet
cryogenIc blastIng may be useful on thin skin materials
The CO

2
+ flash lamp combination may Increase

stripping speed to 3 ft2 lmln and promises to reduce the
aggressiveness of the CO2 pellets used alone (Ivey
1990)

Improvaments have been made to make
CO; cryagentG blastmgsystems easier to
handle

AsslstlVe devices have been developed to make the
blast nozzle and hose less bulky These save on the
tIme needed for stnpplng and Improve stnpplng quality
The robotiC system at least doubles the stripping rate
The Improved technology usrng either robotICS or
manrpulator arms could proVide the preCISion needed
to aVOid peening damage on thin aluminum skinS (Ivey
1990)

The matenal reqUIrements Include

Tank of liqUid CO (supply ranging from 181 kg/hr
to 658 kg/hr)
SkId mounted unit (compressor With maximum
output of 430 PSI pelletIZing unit propellant
system etc)
Variety of nozzle assemblies
Minimum 30 ft2 of work area
OptIOnal robot or manipulator arms
Breathing apparatus If CO levels rise above
1 5% for 10 min or 0 5% for continuous use or
dust masks If breathing apparatus not needed
ElectriCity to freeze the CO

2
pellets and acceler

ate them (@ $ 101lb or $40/hr In 1984 $)

Figure 3 shows a set of typical COo blast system
components

WIth the nonautomated nozzles and hoses operators
require strength and stamina The evolVing automated
equipment Will requITe a medIum level of skill to control
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Application

C02 Blast System

Some of the major benefiCial aspects of CO
2

pellet
cryogenic blasting Include

Benefits

Generates solid waste containing coating chIps
which may be hazardous however media do not
add to the volume

Hazards and limItations of CO
2

pellet blasting Include

Limitations

CO pellet cryogenic blasting has undergone field
testing on F 16 aircraft frames It IS not conSidered
aggressive enough to remove polyurethane topcoat
(Kopf and Cheney 1989)

CO, media vaponze leaVing only a small volume
of dry coating reSidue waste
ElimInates water use
Has a clean and well defined coating removal
pattern (CundIff and Matalls 1990)
Can selectively remove indiVidual coating layers
(e g remove topcoat leaVing primer)
Pre or poststrippIng cleanup requirements
typically are mInimal
No masking IS needed except for delicate maten
als such as soft clear plastiCS
EqUipment can be stnpped without reqUiring
disassembly
No separation/recycling system needed
No media disposal costs Incurred
Pellets dnven Into interstitial spaces vaponze
leaVing no reSidue
Benign to most substrates surface damage
mInimal for a clad or bare surface (CundIff and
Matalls 1990)
No size limItations on parts to be stnpped

More than 50 systems have been custom conTlgureo
for direct or contractor applications worldWide for the
automotive mIlitary aircraft and food orocesSlng
Industnes

The CO cryogenic technology can be applied near
moving parts Without Interrupting the power source It
can be used on senSitive electrOnic components that
would be damaged by other cleaning technologIes
(Cold Jet Inc 1989)

CO
2

pellet blasting has been investigated for pOSSible
use as an aircraft coatings removal process (Ivey
1990) ThiS technology has successfully cleaned up
mould tools coating Jigs extruder screws and general
grease and all contamination
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_ICUld C02

Source Aloheus 1990

CO eliminates many of the costs assOCIated With
chemical processes and With some of the other cleaner
coating removal technologies By eliminating such
costs as pre and poststnpplng cleanup media dlspos
al media separation/recycling and aqueous waste
dIsposal costs the overall system cost for CO stnp
ping can be competitive For example CO

2
stnpplng IS

reported to have an average cost of $5/ft2 for typical
1ppilcatlons The CO cost compares favorably to the
reported cost of $19+,fF for available chemical pro
cesses (Schmrtz 1990)

Depending on the degree of automation adopted CO
pellet blasting could Involve high capital cost and
relatively low labor cost The caprtal cost IS greater than
for PMB To stnp a large part Within a reasonable
amount of time would require multiple nozzles A high
continUous throughput application would be needed to
Justify the caprtal cost of a CO

2
system

the pressure relative to distance Operators must take
care not to damage the thinner substrates

Potential operator exposure to high levels of CO2 also
.:; a concem with CO

2
pellet blasting The greatest

health concern presented by CO IS the nsk of suffo
cation ISteiner 1993) An atmosphere with at least
19 5% oxygen generally IS conSidered safe At 19 5%
oxygen If the remainder IS CO the atmosphere IS
unsafe For continuous exposure dunng an 8 hour
workshlft OSHA sets an acceptable maximum concen
tratlon of 10

0 CO In air

Figure 3 A typIcal liqUId CO 2 blast system
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VentIlatIon required to avoId potentially danger
ous CO_ concentrations In the coating stnpplng
area (> -1 5% short term or > 05% 8 hr average)
Possible worker exposure to extreme cold
Operators should wear respiratory and eye
protectIon equipment for protectIon from re
bounding media and airborne particulates
Operators should wear heanng protection due to
high nOIse levels trom blasting eqUIpment
Rebounding pellets may carry coating debriS and
contaminate the work area or workers

• Large local temperature drops can occur but are
confined mainly to the suriace layer

There IS potential hazard from compressed air
and/or high velocity CO

2
pellets

Static energy can bUIld up rt no grounding IS

provIded (Cundrff and Matalls 1990)
Some coatIng debns may redeposit on substrate
Low temperature can cause condensation on
substrate
A slight quantity at coating particles are emItted
to the air reqUlnng a standard aIr filtratIon
system
May damage thermoset composrte matenals
unless close attention IS paId to dwell tIme and
stand-off distance
Drfflcult to control coating removal on graphlte
epoxy composrtes perhaps because of brrttle
ness (Cheney and Kopt 1990)
Slight reductIon at tatlgue Irte at ~etal substrates
(Cundiff and Matalls 1990)
Peens and damages soft aluminum less than
o020 In thick (Larson 1990)
Particularly slow on Alclad™ coated aluminum
skinS and thermoset composItes
Nonautomated system fatIgues workers qUickly
because at cold weight and thrust of blast
nozzles (Ivey 1990 Wolff 1984)
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High-Pressure Water Blastmg

Pollution Prevention Benefits

High pressure water blasting eliminates the use of
chemical strippers containing HAPs However waste
water IS generated that contains paint debns The
stripping water can be recycled to reduce waste
volume The spent stripping water must be collected
and then either processed for reuse In the stripper or
treated for disposal Unlike dry stripping processes
water stripping does not generate dust

How Does It Work?

High pressure waterjet striPping removes coating wrth
a stream of water projected from specially designed
nozzles at pressures of 15 000 pSI to 30 000 PSI or
more High pressure pumps supply water to a system
of rotating nozzles that spray the water stream onto the
coated surface The coating IS removed by the kinetic
Impact of the water stream

Operational Features

High pressure water stripping will be performed by
robotlcally manipulated equipment to control nozzle
movement over the surface to be stripped Process
development testrng for stripping polyurethane topcoat
from primed and clad 2024 T3 aluminum alloy used a
no::zle travel rate of 1 25 In/sec and rotation speed of
400 rpm Additional operating conditions Included
(Stone 1993)

Blasting pressure maximum 24 000 pSI
Blasting standoff distance 1 3 In
Stripping rate 1 25 to 1 7 fF/mln

Application

The U S Air Force currently IS supporting development
of a Large Aircraft Robotic Paint Stripping faCility
(Hofacker et al 1993) The faCility IS designed to use
high pressure water blasting In a fully automated
system Aircraft to be stnpped Include B 52 C 135 E
3 and B 1

The U S Navy IS developing a high pressure water
garnet abrasive slurry stnpplng system for paint
removal and surface preparation on ship surfaces
Testing of a manual system was completed and a
semi automatic system has been designed and as
sembled The system operates with a water pressure
higher than 35 000 PSI The blasting slurry IS dis
charged through a rotating blasting head with four
nozzles The reported stripping rate IS about 2 5 fF/mln
The estimated cost of the high pressure blasting

system IS $150 000 and the unit cost of the garnet
abrasive IS $300/ton (U S Army 1992)

Benefits

Some of the major benefiCial aspects of high pressure
water blasting Include

The technology has a high stripping rate
Stripping water IS recycled
Wastewater stream IS compatible with conver
tlonal wastewater treatment plants available to
many installations
There are no size limitations on parts to be
stnpped

Limitations

Potential hazards and limitations of high pressure
water blasting Include

Coating debriS sludge may be a hazardous
waste
Wastewater and reSidue disposal requirements
Will depend on the toxlcrty of the coating and
pigments being removed
A system must be available to collect filter and
recycle stripping water contamlng coating debriS
(and In some systems abrasives)
Workers must be protected from direct Impinge
ment of water jet due to extreme danger from
>15 000 pSI.wate, Jet
RobotiC applications are required due to high
reaction forces and high hazard from water Jet
There IS a high capital cost for the robotiC sys
tem
A misapplied water Jet WIll damage the substrate
The blasting operation generates high nOise
levels
Water can enter cavities
Water can penetrate and/or damage JOints seals
and bonded areas
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Medium-Pressure Water Blasting

Pollution Prevention Benefits

Medium pressure water blasting ellmmates the use of
chemical stnppers containing HAPs F-lowever waste
water IS generated containing paint debriS The stnp
ping water can be recycled to reduce waste volume
The spent stnppmg water must be collected and then
erther processed for reuse In the stnpper or treated for
disposal In some applications the water may contam
small quantrtles of alcohol or a Similar organic solvent
Unlike dry strrpplng processes water stripping does not
generate dust

How Does It Work?

Medium pressure water blasting removes coatings wrth
a stream of water projected from specially deSigned
nozz'es at pressures of 3 000 pSI to 15 000 PSI Heavy
duty pumps typIcally In the 15 to 600 hp range supply
water at high pressure The water IS sprayed through a
nozzle or system of rotatIng nozzles onto the coated
surface The coating is removed by the kmetlc Impact
of the water stream The striPPing action often is
supplemented by presof1enlng With an alcohol solvent
or by mcludlng sof1 or hard abraSives In the water
stream

Operational Features

Water Jet blasting has been used on an mdustrral scale
for many years to clean a vanety of corrosion grease
or other deposrts from metal surfaces (Howlett and
Dupuy 1993) Severa/Implementations of medIum
pressure water blasting for coating removal are being
developed and have reached varying stages of matu
rrty Variations Include water blasting alone water
blastmg With a solvent presoak and water propelling
abraSIve media such as sodium bicarbonate Systerns
uSing water only or water wrth a solvent presoak
typically use a rotating nozzle Systems wrth abraSive
propelled by water typically use a fan nozzle

Portable water blastIng stripPing systems are In use for
stnpplng floor gratings In paint booths Two or four
nozzles are carned on a rotating fixture Several of the
rotating nozzle assemblies are mounted In an enclo
sure The enclosure has wheels so it can be moved
over the booth floor The rotating nozzles spray a hlgh
pressure water stream onto the booth floor The
enclosure protects the operator and prevents the
spread of water spray and paint debns (Bailey 1992)

In response to a West German governmental directive
to mlnrmlze vac emiSSions In industrial processes the
German airline Lufthansa developed the Aquastnpprng
process to striP old coating from alrcraf1 (New SCIentist
1990) Water stnpplng IS preceded by a 3 hour dwell
tIme presoak wrth an alcohol sof1ener The water
stnpplng IS performed by manually controlled mecna
n1zed arms each carrying rotatIng nozzles for the bulk
of the alrcraf1 surface One recent Implementation uses
SIX nozzles on one stnpplng head (Boeing 1993) The
nozzle rotatIon speed IS 3 500 rpm The underSides at

the wings are stnpped with a counterbalanced hand
manipulated stnpplng nozzle Operating condrtlons
Include

• Blasting pressure maximum 7350 pSI typical
5 100 PSI

Water flow rate 50 gpm
Blasting standoff distance 1 to 4 In
Stripping rate 5 ft2/mm

Medtum-pressure waterblastingsystems
combfl1ed With abrasIVes suckas sodium
bicarbonate are being tested

MedIum pressure water blasting systems are also
being developed uSing abraSive additives One system
being tested uses bicarbonate as the abraSive (Petkas
1993) The system differs from the low pressure
bicarbonate blasting system In that the operating
pressure IS higher resulting In much lower abraSIve
use rate Reported test condrtlons for strrpplng clad and
bare 2024 T3 aluminum are

Blasting pressure-3 000 pSI
Angle of Implngement-45°
Media flow rate-1 a to 1 751b/mln
Slnpplng rate-O 56 fF/mln to a 69 tf/mln

Application

The automotive Industry has found medium pressure
water stnpplng to be very effiCIent for cleaning floor
grates overhead conveyers ralls and part support
hooks In water wall spray paint booths (Bailey 1992)
Portable water spray units prOVide removal rates In the
range of 15 to 30 tt2/mln No abraSive IS used and the
stnpplng water IS not recycled The paint booth water
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collectlon and treatment system IS used to handle the
striPPing water

A prototype test facility for medium pressure water
blasting with sodium bicarbonate abrasive IS planned
for Installation at Warner Robbms Air Force Base In
early 1994

BenefIts

Some at the major beneficial aspects of medium
pressure water Jet striPping inClUde

Low Implementation cost uSing simple robust
equipment
High stripping rates
Wastewater stream IS compatible with con
ventJonal wastewater treatment plants available
to many Installations
No size limitations on parts to be stripped

Limitations

Potential hazards and limitatIons ot medium pressure
water Jet stripping Include

Coating debns sludge may be a hazardous
waste
Wastewater and resIdue disposal requirements
will depend on the tOXICity ot the coating and
pigments being removed
A system must be available to collect filter and
recycle strlPpmg water containing coating debris
land In some systems abrasives or alcohol
sottener)
Workers must be protected from direct Impinge
ment of water Jet
Operators should wear resplratorv and eve
protection eqUIpment for protection trom water
spray and airborne particulate
Operators should wear heanng protection due to
high nOise levels from blasting equipment
Mechanized applications are typical due to high
reaction torces and high hazard from water Jet
A misapplied water Jet will damage the substrate
Water can enter caVities
Water can penetrate and/or damage JOints seals
and bonded areas
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Liquid Nitrogen Cryogenic Blastmg

Pollution Prevention Benefits

The liqUId nitrogen cryogenic coatmg stnppmg process
elimmates solvent use and results m no ash or reSidual
to clean No fumes smoke or chemicals are released
A small volume of coating reSidue and spent plastIC
blastIng media are collected dry for disposal If hazard
ous metals or unreacted resins are present the reSidue
may be a hazardous waste Liquid nrtrogen IS used to
cool the part and to help propel plastiC bead blastmg
media The process does not use air to propel the
media so nerther dust nor wastewater IS generated
(Stroup 1991)

How Does It Work?

Unlike the claSSical solvent technologies that address
the chemical properties of coatings cryogenic coating
removal addresses their phySical properties I e the
coefilclent of thermal contraction and the cryogenic
brrttle transrtlon temperature The cryogenic technology
takes advantage of extreme cold to embrrttle and shnnk
the coating The part to be stripped IS cooled by a
readily available cryogenic flUid liqUId nrtrogen NItro
gen IS Inert colorless odorless noncorroSive and
noncombustible

The Itquld nitrogen IS sprayed on rtems to be stnpped
as they rotate on a spindle WIthin a stainless steel
cryogenic chamber The liqUid nitrogen chills the
coating causing greater thermal contraction of the
coatmg than ot the substrate TenSIle stresses thus
develop wrthln the coating and make It brrttle High
velOCity nonabraSIve plastiC pellets (media) are then
blasted by centrifugal throw wheels to make the coating
crack debond and break away from the substrate

The fixtures emerge from the chamber clean The dry
coating reSidue and plastiC media are collected and
separated so that the medIa can be reused Mean
while the liqUid nItrogen warms and evaporates
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changing back to a gas The harmless nrtrogen gas IS
vented out to the atmosphere where It onglnally came
from (APCI 1984a)

Operational Features

LIqUId nitrogen cryogenic coating removal works well
for removal of heavy coating bUIldups such as those
that accumulate on coating line fixtures The heavy
coating buildups can Intertere wrth parts loading and
maintenance service to these fixtures For electrostatIc
coating application systems the supports must be
clean to promote good electrical contact between the
part and the holder Typical coatIng line fixtures Include

Coating hangers
Conveyor racks
Masks
Grates (APCI 1982 Products Finishing 1983)

Removal of acrylic alkyd lacquer polyester and Vinyl
coatIngs has been successful removal of epoxy and
urethane coatings has been less successful (APCI
1984a Mathur undated) However Products FInishing
(1983) reports successful stnpplng of urethane coat
Ings and adds phenolics to the list According to APCl
(1984a) and Mathur (undated) coating thicknesses
ranging from 0 010 to 0500 In gIve the best results
coatings thinner than a010 In do not readily debond
Products FInishIng (1983) reports success on tests on
fIlm as thin as 0 005 In depending on the formulatIon

UquIdNz ClYogenic biastmguses cold
supplementedby If11pact to proVide rapJd
removal at thICkcoatJngs partlcuJatly from
pamt Ime equtpment

Parts to be stnpped (except hooks) are placed on a
loading tree and lifted onto a rotating spindle at the top
of the cryogenic chamber The refngerant liqUid nrtro
gen coats the surtace so that the Impact of the plastiC
pellets debonds and knocks off the cracked coating
chips The reSidue of coating and plastiC media collects
at the bottom of the chamber and IS conveyed to a
separator The separator diVIdes the reSidue Into
oversized chips media and underSized chips The
media are retumed by conveyor back to the throw
wheels

Most coatings become bnttle If subJected to tempera
tures that are below 73°C ( 100°F) Cryogenic coating
removal relies on the bOIling temperature of nitrogen (
196°C [ 320°F]) to embnttle and shnnk the coating so
that the high velOCity nonabraSive plastiC pellets can
h.nock oft the coating particles Without damaging the
fixture The process reqUires a chamber and compo
nents specially deSigned and bUilt for low-temperature

use Figure 4 shows the chamber rotating spindle and
separation areas

The medTa can reach recesses and
shaded surfaces

Operators manage and optimize the decoatlng process
from a control panel They can program temperature
blast tIme wheel speed and media flow for automatic
operation or they can control these vanables manually
Interlock systems must be prOVided to protect opera
tors from the Intense cold and the rotating equipment
The outer door can be opened between cycles but the
Inner door prevents entry to the cryogenIc chamber
Guards and covers shield all moving parts

One cycle lasts 5 to 15 min (typIcally 10 min) Although
the cryogenic technology works best when all parts are
readily exposed to the two throw wheels the high
velOCity turbulent plastIC media cloud can reach
recesses and shaded surfaces on repeated rebounds
at such high velocity Hooks tOUChing adjacent hooks
have been effectIvely cleaned around the entire
circumference (APCI 1984a)

Energy req1Jlrements for IJq!Jld N2. C1}'O
genic blasting am lew

A typical cryogenic system Includes a stainless steel
cryogenic chamber wrth double doors a liqUId nitrogen
delivery system a rotating fixture support two cen
tnfugal throw wheels conveyors and a medIa-coating
cyclone separator With a hopper for recycled media
The total system occupies a length Width and height
of 16 ftx 15ft x 12 tt

The cryogenic technology requires no heat Energy
requirements therefore are low The compressed air
reqUirement IS 1 cfm @ 90 pSlg A small amount of
electricity (10 kW) IS used to condense air Into liqUid
nrtrogen and to operate the throw wheels and convey
ors (APCI 1982 1984a)

The actual operation of cryogenic stripping IS relatively
Simple once the appropriate operating cycle IS estab
"shed for the specifiC parts and coatings to be stripped
The requIred skill level for routine loading and stnpplng
IS therefore lower than for solvent stripping unrts
which require the operator to handle potentially hazard
ous chemicals

The cryogenic strrpplng equipment IS however more
complex than strrpplng tanks The equipment for the
cryogenic system may be unlike other equipment In a
typical small or medium SIzed coating shop so new
maintenance skills may need to be learned
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Figure 4 Operation of cryogenic coaling removal process equipment
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Application

The equipment used In cryogenic coating stnpplng is
costly In 1984 the system cost $130 000 pius a royalty
fee of $10 000 The operating cycle cost of $5 to $15
(APCI 1984b) combines wIth the high throughput to
bring the cost down when frequent use Justrtles the
capital outlay Because of ItS speed labor costs are
reduced

When throughput requirements are high enough to
JustIfy the equipment purchase cryogenic coating
stripping can reduce the costs of

Hazardous solvent sludge disposal
Cleaning after stripping
Facility damage from fIre or explosion
Measures to ensure worker safety (APCI 1984a
Mathur undated)

Payback withm 1year is possIble USIng the
liqUid N2 cryogenIC bfastmg technology

A major auto manufacturer reported payback within 1
year on a prototype cryogenic coating removal system
(Products Finishing 1983)

r-....--....-- V,oratorv
separator

Dry pamt

Dry paint
screened out

Factors that rnfluence the operating cost are

Average loadrng of the system
Mass and surface area of the fixtures
Coating tYP81 and thickness
Tradeoffs of cycle tIme vs cooling
Unload reload Interval

One appliance maker uses a cryogenic coating re
moval system to stnp rts Inventory of more than 13 000
coating hangers and racks The cryogenic system
removes the baked on overspray acrylic coating In 10
min cycles Loads range from 12 to 60 hangers
averaging 375 hangers/day Stnpplng costs averaged
about $0 54 each In 1985 dollars The dry coating chips
are collected In a drum for dIsposal

The company reports no damage to rts fixtures from the
cold Workers can handle the parts wrthout gloves 5 to
10 min after removal from the cryogenic chamber
(APCI 1985)

The hIgh caprtal cost of cryogenic coating stripping
equipment has hmrted the breadth of Industrial apph
cation However the technology IS used to rapIdly
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remove heavy layers of coating In applicatIOns reqUir
Ing high throughput

Benefits

Some of the major beneficial aspects of liquid nrtrogen
cryogenic blasting Include

No ash residue
Low waste volume
Coating waste chemically unaltered
Eliminates water nnse
Very fast cycle time (5 to 15 min)
High throughput rate
Works well on thick coatrng bUildups

Limitations

Potential hazards and IImrtatlons of liqUId nrtrogen
cryogenic stnpprng Include

Generates small volume of coating chips and
spent plastic media whIch may be hazardous due
to coating constrtuents
May reqUire ventilation system to avoid paten
tlally dangerous nrtrogen concentrations In the
coatlng-stnpplng area
ReqUIres workers to wear long sleeves and
gloves dunng unloading
Not effective on thin coatrngs (those of :::;0 010
In)

Less effective on epoxies and urethanes
EXisting technology IImrts part sIze to less than 6
ft tall and 38 Inches In diameter
Part weight IImrted to less than 400 Ib per cycle
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SECTION 3
EMERGING TECHNOLOGIES
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How To Use the Summary Tables

Three emerging cleaner coating removal technologies
are evaluated In this section namely

Laser heating
Flashlamp heating
Ice crystal blasting

Tables 3 and 4 summarize descriptive and operational
aspects of these technologies Readers are Invrted to
refer to the summary tables throughout thIs diScussion
to compare and contrast technologies

Descriptive Aspects

Table 3 shows the main Coating Removal Meehan
Ism(s) of each emerging technology It lists the Pollu
tion Prevention Benefits, Reported Application,
Benefits and LimItations of each emerging cleaner
technolog ~

Operational Aspects

Table 4 shows the key operating characteristics for the
emerging technologies This table and Table 3 give
users a concise Indication of the range of technologies
covered to allow preliminary Identification of techno I
ogles that may be applicable to speCifiC situations
Tables 3 and 4 contain evaluations or annotations
desCribing each emerging cleaner technology

The summary tables WI/l help tdentlfy
possible candidate cleaner technologIes

In Table 4 Process Complexity IS qualitatively ranked
as high medium or low based on such factors as
the number of process steps Involved and the number
of matenal transfers needed Process Complexity IS
an indication of how easily the new technology can be
Integrated Into eXisting plant operations A large
number of process steps or Input chemicals or multiple
operations with complex sequencing are examples of

characteristics that would lead to a hIgh comolexrh
ratmg

Use the micrmatJOTl tr1 the text from the
references and from mdustry and trade
groups to get mere detatlon the best
candidates

The Required Skill Level of eqUipment operators also
IS ranked as "high "medium or "low" Required Skill
Level IS an indication of the level of sophistication and
training required by staff to operate the new technology

A technology that requIres the operator to adJust critical
parameters would be rated as haVing a high skill
reqUirement In some cases the operator may be
insulated from the process by complex control equip
ment In such cases the operator skill level IS low but
the maintenance skill level IS high

Table 4 also lists the Waste Products and EmISSions
from the emerging cleaner technologies to IndIcate
tradeoffs m potential pollutants the waste reduction
potential of each and compatibilIty wrth eXisting waste
recyclmg or treatment operations at the plant The
Capital Cost and Energy Use columns proVide a
preliminary measure of process economics The
Capital Cost IS a qualitative estimate of the initial cost
Impact of the engineering procurement and Installa
tIon of the process and support equipment compared to
current coating removal equipment

Due to the diverSity of cost data and the Wide vanatlon
In plant needs and conditions It IS not pOSSible to give
speCifiC cost compansons Cost analysIs must be plant
specrflc to adequately address factors such as the type
and age of eXisting equipment space availability
throughput product type customer specrflcatlons and
cost of capital Where pOSSible sources of cost data
are referenced In the diSCUSSions of each cleaner
technology
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Table 3 Emerging Cleaner TechnologIes for Coatmg Removal Descriptive Aspects

Flashlamp Replaces solvents Provides coaling removal
Healing Produces a small and/or cleaning

volume of ash waste Ohen used In conjunction
Thermal wllh CO, pellet blasllng

Ice Replaces solvents Good for use In confined
Crystal Media are nontoxIc space such as submanne

w Blasllng Produces a small Intenor---l
volume of coating chip Useful on aluminum and

ImpacV waste composite substrates
AbraSive

Technologyl
Coaling
Removal
Mechanism

Laser
Healing

Thermal

Pollullon
Prevenllon

Benefits
~ --

Replaces solvenls
Produces a volume of
ash residue smaller
than the onginaI coal
Ing volume

Reported
Application

- - - - - - -- ---- -
Provides coaling removal
and/or cleaning
Ohen used In conJuncllon
wllh CO, ppllet blasting
Besl when used With robollc
syslems

----- - - --- -------

Benefits
----------

Results In a very small volume ot waste
ReqUIres minimal training
Allows topcoat to be stripped Without remov
Ing pnmer
No substrate damage detected under a van
ely of conditions
Does not damage electronic components or
change metallurgical properties
Can remove coaling between clamped to
gether surfaces to a depth of 1 32 In
Does not damage composites
Control systems can be minimal
Parllculates easy to collect tor disposal

Results In a very small volume of waste

Generates low volume of dry waste (none
from the media)
No media separation/recycling systpm need
ad

Limitations
- ------~--- -
ReqUires oflgas collecllon and IIllratlon for
partJculalds
ReqUires laser barner wall to protect work
ers from lethal energy laser beam
ReqUires air flow or other collecbon
mechanism to prevent ash redeposItion on
the substrate
Can generate products of Incomplete
combustion

ReqUires offgas collecllon and IIltratlon for
paroculates
Can gonerate products of Incomplele
combusllon
Leaves oily reSidue on substrale

Generates small volume of coaling chips
which may be a hazardous waste
PotenllaJ for worker injury from tugh
velOCity ILa pellellmpacl
ReqUIres workers 10 wear respiratory and
eye protecllon eqlJlpmenl
ReqUires workers to wear heanng
protection

Table 4 Emergmg Cleaner Technologies tor Coaling Removal Operational Aspects

Emerging Process
Technology CompleXity/ Waste Products
Type ReqUIred Skill Level and EmiSSions

--- -- ~-- - - -

Laser High/ Solid ash conslsllng
Healing Low for operation pnmanly of pigment

High for mall1tenance

Flashlamp High! Solrd ash cons IS ling
Healing Low for operation pnmanly of pigment

High for maintenance

Ice Medium/Medium Solid coaling reSidue
Cryslal waste
Blasting Airborne particulates

/

~

- - - - - - - -

Capllal
Cost

High

High

Medium

Energy Use

Eleclnaly supply 10
laser
Venlliallon 10 conlrol
parllculale

Eleclnclty supply 10
flashlamp
Venlliabon 10 control
parllculate

Compressed air to
propel blasting media
Refngerabon 10
prepare Ice crystals

Opera lions Needed
After StrIpping

- - - - ---
Offgas collection of
particulates dUring
stripping
Removal of ash resldudl

Oflgas collection of
parllculates during
slnpplng
Removal of a~h resldll II

Remove m,sklng
Dispose of co,llng n ~ldlJP

waste
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Some addItional inspectIOn hand cleaning or other
operations may be needed to preoare the surface after
use of the cleaner technology for coatmg removal
These are noted to indicate special considerations m
the applicatIon of the cleaner coating removal technol
ogy

Process Complexity, Required Skill Level, Waste
Products and Emissions, and Capital Cost serve to
qualitatively rank the cleaner technologies relative to
each other The rankings are estimated based on the
descnptlons and data m the literature

The text further descnbes the operating mformatlon
applications benefits and limitations as known for
each emerging technology More highly developed
tecnnologles are discussed m Section 2 Available
Technologies

The last column m Table 4 cites References to publica
tlons that will provide further information about each
emerging technology These references are given In full
at the end of the respectIve technology sections

Laser Heatmg

Removal of coatings uSing laser energy mvolves
heatmg the coating with laser radiation to vaporize thin
layers of matenal The coating IS removed by sweepmg
the laser beam over the surface to be stnpped The
coating matenal absorbs energy from the laser The
rapid heating action oXidizes organic In the coating to
CO and H 0 Production of organic products of
Incomplete combust on has not been quantified

Hetals ard other nonvolatile portions of the coatmg
form particulate ash A vacuum air removal system
possibly supplemented by compressed air blowott
collects the ablated particulate to prevent redepOSition
or escape Into the surroundmg air space The offgas
can be passed through filters to remove the particulate
Laser heating has the potential to reduce the fmal
disposal volume to less than the ongl'lal volume of
coating matenal due to combustion of the organic
elements In the coating

Laser coating removal relies on heating the coating by
absorption of Itght energy Coatings with low light
absorbance typically light colored or glossy surfaces
are less amenable to removal by laser systems
Uncontrollable vanatlons In the thickness of the coating
being stnpped make optimization of the laser coating
removal difficult

A commercial vendor has both used a 10 W pulsed
laser to develop data on laser cleanmg of aircraft
matenals and developed higher powered modular
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systems for full scale applicatIons The new modular
systems have a laser beam generator and a manually
operated beam delivery arm Pulse frequencv vanes
directly with power In the hIgher powered systems

Pulsed laser stripping of coating requires offgas
collection In filtration bags to remove the particulates
which are pnmanly the coating pigments In tests
these particulates either did not deposit on the filter
housing or they plugged and shortened the life of the
fitters The coating particulates are collected on the
fttter for disposal or reCYCling (Head 1990)

Laser paint removal has been tested tor removal of
topcoat and pnmer from smooth aluminum smooth
steel textured Iron fiberglass and carbon fiber resin
composite The testing mdlcated that laser pulse
duration timing and energy density could be selected
and controlled to remove coating without substrate
damage (Hill 1993)

Lasersystems can gIVe rapId controlled
coating removal but reqUJf8 complex
hardware

A Laser Automated Decoatmg System (LADS) IS being
developed for the U S Air Force Ogden Air LOgiStICS
Center m cooperation With the Aeronautical Systems
Center RAMTIP office The system WIll be desIgned to
remove coating from F 16 radomes The planned
system consists of the follOWing subsystems (Toohey
1993)

Beam Delivery Subsystem (Including turning
mirrors a beam director head and the beam
enclosures)
Matenal Handling Subsystem (including a
holding fixture lathe head and lathe bed)
VISion Imaging SUbsystem
Waste Collection Subsystem
Control SUbsystem
Pulsed Laser Subsystem

Advantages must be weighed agamst
hffiftattOns

Laser coatmg removal has several potential advan
tages

The waste IS small (ash from noncombustible
coating matenals)
Combination of robotiC control wrth Visual
overcheck can remove coating In a well con
trolled manner
No substrate damage has been detected under a
vanety of conditions including coating removal
from composrte materials



Lac;er cleaned substrates show good coatIng
adhesIon and corrosion resistance
Laser stripping does not damage electronic
components or change metallurgIcal properties
(Head 1990)

Some of the limItations of laser coating removal
systems Include

The laser systems have a high capital cost and
are best used wIth robotIc controls
It IS dIffIcult to focus and control the laser beam

to allow stripping of cUNed or complex surfaces
The use of hIgh power lasers for coatmg removal
requires the use at a Class 1 laser enclosure to
ensure worker protectIon
Coating removal effiCiency IS affected by coatmg
color and gloss
The potential for productIon of products of
Incomplete combustion has nat been quantified

References

were not damaged but composites abSOrbed ilght and
were removed In layers analogous to coating

Flashlamp strippIng leaves an Oily layer on the stripped
surface so final cleanrng wIth CO. pellet blasting or a
SImilar process IS needed A system combIning xenon
flashlamp and CO

2
pellet blasting In a sIngle pass IS

under development as dIscussed m the sectIon on CO2

pellet cryogenic blasting In AvaIlable Technologies
(Section 2) Acutely tOXIC gases are released If polyu
rethane coatings are vaponzed In an Inadequate
oxygen flow
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Ice Crystal Blastmg

Head J 0 1990 Pu Ised Laser Cleaning In Pro
ceedmgs of the 1990 DOD/Industry Advanced
Coatmgs Removal Conference Atlanta Georgia
pp 256260

Hill A E 1993 PhYSical ReqUIrements and Methodol
ogy Necessary to Achieve Controllable Damage
Free CoatIngs Removal USing A High Energy
Pulsed Laser In Proceedings of the 1993 DOD/
Industry Advanced Coatings Removal Conference
PhoeniX Arizona pp 304 316

Toohey J A 1993 Laser Automated Decoatlng
System (LADS) In Proceedings of the 1993000/
lnaustry Advanced Coatings Removal Conference
Phoenrx Arizona pp 278 303

Flashlamp Heatmg

Flashlamp coating removal IS Similar to laser coating
removal but with the thermal energy Input from a xenon
flashlamp rather than from a laser A hIgh Intensrty
flash from the lamp IS focused on the surface to heat
and vaporize the coating A special lens must be used
to focus the light for each different part of the configura
tlon to be stnpped

A review of the literature Indicated that flashlamp
heating has the follOWing characteristIcs (Larson
1990) Dark low gloss coatIngs could be removed at a
rate of 1 0 ft2 i mln However as wIth laser coating
removal systems light or glossy surfaces were diffIcult
to striP Metal surfaces reflected the light and therefore
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The CanadIan Navy studied the use of Ice crystals to
remove coatings from the interiors of submarines
(Larson 1990) Preliminary testing on aIrcraft indIcate
very low stripping rates (PaUli 1993) No actIve devel
opment programs were IdentifIed by thiS Irterature
review The Ice crystals are used as an air propelled
blasting medIum to remove coatmg Because the Ice
crystals melt and evaporate separatIon of the coating
reSidue IS Simple and the waste volume IS small Ice
crystal coatmg removal IS reported to be compatible
with aluminum and composrte substrates

Ice blasting uses Ice crystals formed from tap water as
the coating removal medIa Ice crystal production
equipment forms crystals of controlled size and denSity
to ensure reliable coating removal A typIcal hand held
blasting system uses about 280 scfm supply air at 200
pSlg to propel the Ice particles lee crystal use rate IS
about 200 Ib per hour

Ice crystal blasting has been employed commercially In
the United States to clean metals (starnless steels
alumrnum lead) rubber concrete and plastiC surfaces
In the nuclear Industry Oak Ridge National Laboratory
and Martrn Marietta have used Ice blasting to decon
tamlnate hand tools equipment lead bncks hot cell
walls and other surfaces In different Oak Ridge
facilities SimIlar applications have been reported at the
Wolf Creek and Oconee nuclear reactor plants (Apple
and Jahn KeIth 1993)
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SECTION 4
POLLUTION PREVENTION STRATEGY

USing solvent based methods for coatrng removal
causes release to all three environmental media air
land and water 80th the solvent and the removed
coating matenals may cause environmental concerns
The solvents used In conventional stnpper formulations
are hazardous and tOXIC The removed coating debns
also may contain resins or pigments that can cause
problems for the enVIronment or worker safety Volatile
organic vapors Will enter the air due to the volatility of
the stripper components RemOVing the stnpper and
sottened coating generates sludge contarnlng a mIxture
of solvents and coating solids including resins and
inorganic pigments Otten the stripped part IS rinsed
with water to remove remaining traces of stnpper and
coating The poststnpplng rinse generates wastewater
contalnrng solvents and coating solids

Consumers must mcreasmgly restnct
methylene ch/onde use, limit 8mtSSlOOSr

and reduce exposure af wolkers ta methyl
ene chlonde Demand fOI methylene
chkmde dechMd 15% In 1991, reflectmg
health concems anda weak economy

These multimedIa releases are monrtored and con
trolled under a diversIty of laws and regulations The
main federal environmental regulatIons influenCing
selection of cleaner coating removal technology
deCISions are the Clean Air Act Amendments (CAAA)
the Resource Conservation and Recovery Act (RCRA)
the Right to Know ProVISions of the Superfund Amend
ment and ReauthOrization Act (SARA) and the empha
SIS on eliminating pollution at the source In the Pollution
preVentIon Act Solvent stnppers also Increase the
potential workplace exposures to VOCs regulated
under OSHA There are a Wide vanety of state and
local limits on vac hazardous and aqueous wastes
that also are of concern

Title "' of the CAAA reqUIres adoption of MaxImum
Achievable Control Technologies (MACT) for control ot
189 HAPs Both paint stnpper users and coating
Industries are conSidered majOr sources of HAPs and
are sUbject to MACT standards The coating Industnes

may use pamt removal technologies either to remove
unsatisfactory coatings or to clean paint line equip
ment MACT standards may be developed for coating
removal specifiC to the needs and attnbutes of the
specifiC Industry

The reqUirements for cradle to grave management tor
solvent waste established by RCRA create several
incentives to seek solvent-free alternatIVes Disposal of
RCRA wastes IS costly and carnes continued Ilabllrty
RCRA also reqUires the waste generator to maintain a
waste minImizatIon program Converting all pOSSible
plant applicatIOns to a coating removal technology that
eliminates or reduces solvent use helps to demonstrate
an effort to minimize hazardous waste

Since 1988 manufactunng faCIlitIes have been report
Ing emiSSions of more than 300 chemIcals or chemical
categorres The reporting reqUirements are established
under Title III of SARA The tOXIC chemIcal release
reporting IS usually reterred to as the Toxlcs Release
Inventory (TRI) The reporting rule requires annual data
on direct releases to all environmental medIa FaCilitIes
meeting the follOWing condItions must file TRI data

An SIC code In the range of 20 to 39
10 or more employees
Manufacture or processing of more than 25 000
pounds or use of more than 10 000 pounds of a
chemical on the TR I list

The Pollution PreventiOn Act af 1990
reqwred expanded reporting af waste
reductIOn actIVities

The reporting requirements were expanded to Include
data on recycling as reqUIred by the PollutIon Preven
tlon Act The effort reqUired to track and report cheml
cal usage is slgnrflcant For plants that meet the
reporting threshold redUCing chemIcal use below the
threshold elimrnates the reqUirement to prepare a
report for the chemIcal Methylene chlOride IS one of
the TRI chemicals so redUCing or eliminating Its use
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will eliminate the need to complete one TRI reporting

form

The TRI data also form the basIs tor tracking the
voluntary reductIon of 17 priority tOXIC chemicals
Identified m the 33/50 Program of voluntary pollutant
reductions Methylene chloride IS one of the prlonty
tOXIC chemicals Identified by the EPA Administrator In

the 33/50 Program SWitching trom solvent strlppmg to
a cleaner stripping technology will assist In meeting the
reductIOn goal

The organIc solvents In stripper formulatIOns result In
sufficient vapor concentratIons to cause concern tor
workers In the area Some at the health and safety
related data for methylene chloride are shown In Table
5 NIOSH recommends that occupational exposure to
carcinogens be limited to the lowest feaSIble concentra
tJon
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Note CAS" Chemical Abstract SerVices PEL" penmlsslble exposure limit REL" Recommended Exposure Limit IDLH" Immediately

dangerous to life and health TLV " threshold limit value UEL =upper explOSive limit LEL =lower explOSive limit
ta) OSHA IS expected to lower the PEL to 25 ppm or lower according to a proposed rule

Table 5 Health Physical and Chemical Dala for Methylene Chloride
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Property

CAS NumDer

OSHA PEL

OSHA Ceiling

NIOSH RE_

i'; OSH IDL'"1

NIOSH Occupatonal Carclnoqen

ACGIH TLV

ACGI h Deslgnauon

Molecular Formula

Molecular Weight

Boiling Temperature

FreeZing Temperature

Solubility In Water

SpeCIfic GraVity (@ 68 F)

VISCOSity (@ 68 F)

Vapor Pressure (@ 68 F)

Flash POint

Flammability Limit In Air UEL

Flammability Limit In Air LEL

Kaun Butanol Value

Value

~5 09 2

500 ppm'"

1000 ppm (2000 ppm With 5 mlnut~ maximum peak In any 2 hour penod)

Reduce exposure to lowest feaSible concentraUon

5000 ppm

Yes

50 ppm

A2 (suspected human carcinogen)

C H,CI,

849 g/mol

104 cF

139 F

2%

1 33 glee

044 cp

350 mmHg

None Ideslqnated combuslJble liqUid)

22°/

14%

132
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APPENDIX 2

US EPA Waste MInimizatIOn In Metal Parts Cleamng, US EP 1\
August 1989, SectIOns 2 through 5

EP3
PollutIOn PreventIOn In Metal FInishing
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2. WASTE MINIMIZATION IN PARTS CLEANING OPERATIONS _

2 1 OvervIew of Parts Cleanmg _

I
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II SOLVENTS

II AQUEOUS

Ii ABRASIVES

II

]

II

Parts clearung 15 an mtegral process operahon for mdustnes that repal!
mamtam, or manufacture parts and eqUIpment Examples of such md ustnes
are automobl1e repaIr eqUIpment repau, and transportahon mamtenance
mdustnes (trucks, trams shIps, and atrcraft) Manufactu""lng groups mclude
funuture manufacturers, metal fabncators, machmery manufacturers elec
tnc and electroruc eqwpment manufacturers, and mstrument manufacturers
among many others

While the saence of parts clearung 15 very complex, the arm of cleanmg IS

relahvely srmple - to avoId the generahan of reJects dunng subsequent use
or processmg steps by removmg contarrunahon (1 e sot!) from the surface of
Lhe parts bemg cleaned Removal of soIls can be achIeved by way or
detergency solvency, chenucal reachan, or mecharucal achon Each of these
actIons, or a combmahon of actIons, can be employed m a clearung operahon

Orgaruc solvents, the most WIdely used class of cleaners, are used pnmanly
for removmg orgaruc or all-based contammants The types of solvents
commonly used for commerclal clearung appilcahons are shown ill Table 2
along WIth other cleamng medla, lIsted by therr clearung amon Table 3
proVldes a summary of cleamng methods or means of applymg a partIcular
cleamng medIum

Aqueous cleaners can contam aCIds alkalIes or chelatmg agents ADd
cleaners such as sulfunc, rumc, and hydrochlonc aCIds are used to remove
oXIdahon scale and rust from metal surfaces AlkalIne cleaners are soluhons
of morgaruc saltl> often used m heated soak tanks to remove heavv ally soils
and some soild soIls Caustic soluhon IS often employed at; a pamt stnppmg
agent For both aCid and alkalme aqueous cleaners nnse water plays an
rrnportant part m the clearung operabon

AbraSIVes are designed to remove rust, OXides and burrs to create a smooth
surface Common abraSIVes are sand alummum OXIde or sllJcon carbide
rruxed WIth an 011- or water-based bmder

DetaIled reVlew and dISCUSSion of parts clearung can be found m several
references m the blblJography mc1udmg Spnng 1963 and 1974 Durney
1984 and the Amencan Sooety for Metals Metals Handbook 1988



Table 2. Cleamng MedIa, LIsted by Achon

Detergency

(1) Alkalme salts and caushcs
(2) Suriactants (soaps and synthehc soaps)
(3) Alkalme cleaners (1 and 2 combmed)
(4) EmulsIOn cleaners (solvents and surfactants)

Solvency

(1) Abphabc hydrocarbons naphtha, kerosene, dIesel fuel
(2) Aromabc hydrocarbons benzene toluene, xylene
(3) Non-flammable solvents (halogenated hydrocarbons TCA TeE,

PCE methylene chlonde chlorofluorocarbons)
(4) Polar solvents (ketones, alcohols, esters, ethers, terpenes, anunes)
(5) Emulslhable solvents (flushed away WIth water)
(6) Dlphase cleaners (solvent and aqueous layered media)

ChemIcal ReactIon

(1) Aadlc baths (plcklmg) YIeld soluble salts by reachon WIth oXIdes,
sulhdes etc
(a) MIneral aads sulfunc hydrochlonc, phosphonc aads
(b) PaSSlvahng aads rutnc, chronuc
(c) Orgaruc aads
(d) Speaalty aads contammg surfactants for wettmg-<lUt achon or a foam blanket or pn:klmg

mJubltors to prevent excessIve attack on the metal
(2) A.lkalrne baths

(a) Alkalme de-rosters contauung orgaruc sequestrants wluch solubilize metal OXIdes and also
remove SOils

(b) Molten a1kalJ WIth or WIthout hydnde (reductant) or rutrate (OXIdant) or electnc current also
removes soIls

(3) Chelahng agents react WIth solls to form soluble complexes
(4) ElecrropoL..shmg (reverse current clearung), electrod15solubon of

metal substrate at the anode
(5) OxJ.d1ZlI1g or reduang agents to chenucally render the sou soluble

MechanIcal ActIon

(1) Turbulence/ agltahon
(2) AbraSIVes
(3) Deformahon
(4) Ultrasoruc clearung
(5) Heat
(6) Electroclearung (drrect current hydrogen scrubbIng at the cathode)

Source Adapted from Spnng, 1963
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M,n,ml%lIt,on In M~tlll PlIrts Cl~lInJng Operations

Upon Idenhfymg the type and ongm of the contanunahon It 15 worthwlule
to examme whether clearung can be aVOIded or Its extent reduced For
example protechve coatIngs of grease or pamt (wruch requIre solvents for
removal) can be replaced WIth peel coatIngs or shnnk-wrappmg of Items WIth
polyrnenc sheetmg MOIsture wruch can lead to rust can otten be reduced or
elImInated by allomng the parts to dry more thoroughly between operations
or by stonng them mdoors to aVOId condensatlOn and/or ram

Also of Importance 15 the locahon of clearung operations In manufactunng
sequence Amcles to be cleaned pnor to fm15hmg should only be cleaned at
the POint In tIme when they are ready for coahng Parts should not be cleaned
and converslOn-eoated and then warehoused or staged for subsequent batch
coahng Dunng storage, the parts can become contaminated by aIr-borne ous
or by handlIng These contamInants will Interfere WIth ultImate fImsh qualIty
and Increase the rate of re,eets

ExamInahon and subsequent control of contammatIon sources may lead to
reduchon or elImmatIon of clearung reqUIrements as Illustrated above
However, It 15 also Important to note that an unwarranted relaxatIon of
cleanIng requirements may have an oppoSIte effect of mcreasIng waste
generatIon assoaated WIth rework of the rejects, e g due to poor coahng
qualIty Any proposed changes to the cleamng process reqUIre careful
evaluahon of potential waste generahon m downstream operatIOns

I
Select the least

hazardous medIUm
The chOIce of cleaning medium for a given parts cleanmg operatIon IS
detemuned by a number of factors

I
I
I
I
I
I
I
I

• phySIcal and chemIcal propemes of contaminants substrate surface
and cleamng media

• the amount of contanunant to be removed
• the requIred degree of deanlmess and product qualIty
• SlZe shape and compleXity of part to be cleaned
• volume or number of parts to be cleaned per umt tIme
• costs of raw matenals, eqUIpment and labor
• worker protechon
• enVIronmental protechon

Shnnk-wrapptng
011 IS often used to coat metal parts before srupment In order to prevent rust which forms on exposure to air
and m015ture SImtIar protect1on can be acrueved by a removable plashc coahng such as polyethylene shnnk
wrappmg At the receiVIng faallty the use of vapor degreasmg to remove the 01115 no longer necessary

Removal of 011 contammants pnor to weldIng
The weldmg of metal parts wluch have resIdual otIs present on or near the weld leads to the formatIon of
carbonaceous depoSits due to pyrolYS15 of orgarucs at hIgh temperatures Such depoSits are extremely diffIcult
to remove Cleanmg the parts pnor to weldmg greatly reduces the subsequent cleamng reqUIrements

. ~ ~, . . ..... ..
. .
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The relatIve lmportance of these factors can change consIderably over rune
For example both benzene and carbon tetrachlonde (fonner standards m
Industry) have been found to be caranogeruc and were regulated out of use
as metal cleaners because of heIghtened concern over worker exposure Thts
same concern and mcreased dIsposal costs, have caused some major automo
hve manufacturers to phase out solvent cleaners m favor of aqueous cleaners

In lookIng for a new cleanmg medIUm or procedure a company should
consIder the least tOXIC or most envIronmentally acceptable medIum then u
thIs IS not satIsfactory, progress to more tOXIC or less em Ironmentally deslr
able alternatIves TIus pattern dIctates that clearung medIa be evaluated m
the followmg order

• water or aIr
• abraSIve medIa WIth water or aIr as carner
• aqueous detergent solutIons
• alkalIne solutIons
• aCIds
• solvents

Ideally, the cleanmg method of chOice would Involve the shortest clearung
sequences, employmg the least tOXIC cleaning medIUm generatIng the least
amount of wastes and stIlI prOVIding the necessary minImUm level of
clearung to the part at mmImum cost For faCIlItIes attemptIng to change from
one cleanmg medIUm to another, the Impact on subsequent operations must
be conSIdered Any proposed changes to the c1eamng process reqUIres
careful evaluatIon of potentIal effects of the cleaner on the substrate that
nught affect the mtegnty of downstream processes (anOdIZing platmg paInt
mg, etc) The Impact of cleaner drag-out on the lIfespan of downslTeam
process solutlOns should also be addressed

MaXImlZe cleamng effICiency If a cleaning step cannot be elInunated and the least hazardous cleamng
matenal that IS effectIve IS already being employed, then It should be used as
effICIently as posSIble From a waste reductIon pomt of VIew, thIS means USIng
the least amount of cleanmg medium to achIeve an acceptable level of
cleanlIness Examples of ways to Improve c1eanmg effICIency are Cited In later
sectIons of thJ..s booklet for solvent cleaners aqueous-based cleaners and
abraSIves, respectIvely

Recycle and reuse waste The clt=amng waste that cannot be elIminated through substItutIOn or more
efnaent use should be conSIdered for recyclIng or reuse The segregatIOn of
dIfferent types of cleaning waste may be reqUIred for such recyclIng or reuse
SpeafIc examples of recycling and reuse are dIscussed for specIfic c1eanmg
medIa m later sectIons of thIS pamphlet

•
I
I
I



32 Subshtuhon AlternatIves for Solvents ------------------
Many fmns have been successful m substItutlng less toXIC cleanmg medIa for
solvents The alternabves mdude

D1scusslon of each substItutIon approach 15 prOVIded below Most emphaSIS
15 glVen to aqueous cleaners, smce tlus 15 the maJOr and often most effective
alternatIve

• substItutIon of toXIC solvents WIth less tOXIC solvents
• substItutIon of solvents WIth aqueous cleaners
• substItutlon of solvents WIth emulslOn cleaners
• substItutIon of solvents WIth mecharucal and/or thermal methods

In the case of halogenated solvents medIa substItutIon WIll often requITe a
SWItch from vapor degreasmg to cold tank deanmg WIth poSSible addItIon of
mecharucal or ultrasoruc agItatlon A prelrnunary analys15 of posSIble substI
tutes for chlonnated solvents 15 ava1lable (US EPA 1983)

allphatIc hvdrocrrrons (e g naphthas)
terpenes
N-methyl-2-pyrrolIdone
dtbaslC aad esters

•
•

•

•

Although photochenucally reactIve terpenes (denved from atrus plants and
pme trees) are generally recogruzed as safe substances (Hayes 1988)
However caranogeruClty of terpenes and other cvcloalkenes has not been well
explored The terpene cleaners are available commera.ally m neat form or as
water solutlons WIth surfactants, emulsiliers, rust mlubltOrs and other addI
tlves Terpenes tested very favorably as substItutes for halogenated solvents
for removal of heavy greases, ouy depoSIts, and carboruzed olls Terpenes are
bemg actIvely tested as alternatIves to chlorofluorocarbons m electroruc parts
clearung

Substltutmg one solvent for another m clearung applIcatIons has an extenSIve
lustory Tnch1oroethylene (TCE) 15 bemg replaced by 1 1 I-tnchloroethane
(TeA) Benzene and other toXIC aromatIc solvents were replaced by less toXIC
alIphatIc solvents such as Stoddard solvent and naphthas POSSIble solvent
alternatIves to halogenated compounds mc1ude

Reported dISadvantages of terpenes mclude rnability to separate long cham
alIphatlc oLls for recycle of the clearung solutIon both m neat form and m
aqueous emulslOns Ultrahltranon to remove oJJ 15 not VIable for recycle and
15 only useful for treatIng dJJute emulsIOns pnor to wastewater treatment
Recovery by d15tillatIon 15 Impractlcal smce terpenes haJJ around 340"F, wluch
means that many lIght olls would be earned over WIth the solvent Energy cost
for d15tillatIon recovery, even WIth vacuum aSSIst, would be lugh D1ffIcultIes
m nnsmg resIdues from parts surfaces have been ated Also terpenes cost
three to fIve tlmes more than tradItlonal chlonnated and hydrocarbon sol
vents (Evanoff, 1988)

Use less toXIC solvents

SOLVENTS IIII
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SOLVENTS
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It IS lIDportant to evaluate the wastewater quahty ISSues and recyclabwty
aspects when selectIng an aqueous cleaner Generally selectIon of non
emulslfymg cleaners whIch promote oll separabon will enhance recyclabwty
Process eqwpment mvolves a heated tank eqwpped Wlth ou skmuner and
mecharucal agttatlon spraymg or ultrasoruc deVlces The clearung step 15

usually followed by water nnsmg and arr drymg

QuIte often, solvent 15 employed for dearung because an attempt to uh1lze an
aqueous cleaner was unsuccessful Before comnuttmg to solvent, one should
mvesbgate the compounds requrnng removal HIgh meltmg temperature
compounds are often used m formmg compounds lubncants and preserva
bVes, makmg removal WIth aqueous cleaners dlfncult Suppllers of metal
processmg cherrucals can recommend subsbtutes that can be cleaned Wlth
aqueous cleaners thus ellrrunatmg solvent and emulSIon cleaners General
studlesareavauable(Bnggs 1976, Wagner, 1984 USEPA 1983 Evanoff 1988),
however, each appllcabon IS hIghly spea.f1c and generahzabons are dlffIcult
TeSbng ofa number of potenhal subshtutes IS recommended (see Table 5) The
reader IS adVISed to contact aqueous cleaner manufacturers for SpeaflC recom
mendahons A comprehensIve 1l.st of manufacturers and trade names can be
found m recent ISSUes of Metal Fmlshmg's "Gwdebook & DIrectory or other
standard buymg guIdes

EmulSIOn cleaners EmulsIon cleaners combme solvent clearung WIth aqueous clearung so that
water-unnusable solvent IS dISpersed m the aqueous phase Wlth the aId of
emulsIfIers, surfact.ants and coupllng agents The large surface area of the
dISpersed solvent phase often allows the attamment of results achIevable WIth
drrect solvent cleaner Solvent vapor pressure and evaporahon losses are
suppressed

EmulslOn cleaners are used for unmerslOn or spray clearung m cold baths
predornmantly m metal fabncahon facuIhes DIsadvantages mclude resIdual
ou fIlm on the parts (whIch necessItates an addlhonal cleanmg step m appllca
hons where a hIgh degree of cleanlmess IS requrred), relahvely low saturabon
capaCIty, and dlffIcultles m recyclmg by separahon of ou and reconsbtutmg the
cleaner EmulslOn clearung IS no longer a WIdespread technology and 15 bemg
qUIckly replaced by aqueous cleaners For more mformahon on emulSIon
cleaners the reader 15 referred to USEPA 1983

Replace solvent WIth alkalme cleamng medIa
The Tomngton Company m Walhalla, S C, was usmg vapor degreasers conta11ung 1,11-TCE to clean metal

beanngs for the automohve mdustry Because of concern about worker health and mcreasmg solvent pnces, the
company Installed an alkallne degTeaser that employed a two-stage washer and hot arr dner The waste water
from thIS system can be dlSCharged dIrectly to the sewer system because the alkalme cleaner 15 consIdered non
hazardous (Kohl 1984)

Reduchon of solvent use
A company that reduced TCE use IS the Harrulton Beach DIVISIon of Scovill Inc m Clmton, N C, whIch

manufactures small electnc apphances Scovill found that a water-soluble synthetIc cleaner manufactured by
Cmcmnab Mllacron Co could be used m place of the TCE orgaruc solvent degreaser for some appllcahons,
reducmg TCE use overall by 30 percent TIus saved $12000 per year (HulSmg, et al 1985)

-
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IISOLVENTS
To replace the use of chlannated solvents m pamt stnppmg operabons heat or
flame clearung ovens are beconung more cornman Heat clearung ovens burn
off pamt and other orgaruc compounds from metal parts SpeafIcally these
techruques have been successful m clearung pamt hangers and hooks A dIS-
advantage of heat clearung ovens IS the produchon of combushon eD1lSslOns

33 MmlmlZe Solvent Losses-------------------------
Once It has been detemuned that the use of solvent cannot be a\- olded, all
efforts toreducesolventusema faahtyshould be made The follOWIng ophOns
are grouped. accordmg to therr appllcabon (general, cold clearung and \- apor
degreasmg)

II

I
I
I
I
I
I
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I
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General optIons Waste nunmuzahon opbons that apply to solvent use m general are discussed
below These opoons mclude standardlZmg solvent use, consolldanng solvent
clearung operahans mamtauung solvent quallty mcreasmg clearung efn
ceney, and reduang solvent evaporabon

StandardIZe solvent use

StandardIZahon means usmg the least number of dLfferent solvents m the
faahty A reduced mventory helps track solvent consumpbon, reduces the
nsk of cross contanunabon, and eases waste handlmg In addlhon to sunpll
fymg clearung operabons, standardIZabon also helps promote the potenhal for
downgradmg or reeyclmg waste solvents Usmg fresh solvent for the most
cnhcal cleanmg app1.J.cahons and reusmg solvent sequenhally for less de
mandmg clearung operabons can reduce overall solvent consumphon and
waste produchon

ConsolIdate cleanmg operahons mto one centralIzed degreasmg operahon

Centra1J.zahon helps m the effort to standardlZe solvent use It also eases the
effort It would take to supply many solvent users dISpersed throughout a
faoltty A centrally-located solvent ISsue and waste collectIOn stahon was
found to be useful m solvent control and m proper waste hand1.J.ng m the mulh
user faahty (SFE TechnologJes, 1985)

MamtaIn solvent quahty

By mamtammg solvent qualIty, the need for solvent replacement and dISposal
15 reduced Ways to aclueve tlus goal mclude contammahon aVOIdance
eqUlpment maIntenance solvent morutonng proper solvent addlhon and
prompt sludge removal These approaches are dlSCUSsed below

Staged solvent use and standaTd,zahon of solvent
A Massachusetts electrorucs frrm SWItched from usmg three dtfferent solvents - nuneral spmts for degreasmg
machIne parts perchloroethylene for computer housmgs and a fluorocarbon-methanol blend for pnnted ClIcwt
boards - to a smgle solvent mIxture The rruxture of 1,1,1-tnchloroethane and alcohol IS used for all three
apphcahons m a staged system Fresh solvent 15 used for the pnnted ClIcwt boards then IS reused to degrease
the computer housmgs and last the machIne parts BesIdes reduang solvent consumphon and waste, tlus
prachce has ehmmated potenhal cross contarnmahon of solvents, generated a smgle waste stream that can be
recycled SImplIfIed safety and operahng procedures and mcreased purchasmg leverage (Traverse 1984)
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II SOLVENTS II

After estabhshmg a proper momtonng program, work should be undertaken
to correct Idenhbed problems Chlonnated solvents contam stabilizers to
prevent aCld formmg reactIons WIth water, metal heat and Oll When an aCId
acceptance test IndIcates that the solvent IS near the poInt of gOIng aCld the
solvent IS either dISpoSed of or fresh solvent IS added In an attempt to boost
stabIlIzer levels AddItIon of fresh solvent IS a poor solutIon Since It results 111

the degradatIon of the fresh solvent A better soIutlOn IS to analyze the solvent
and add only the speCIfIC components reqUIred (see example below) Smce
each type of solvent may employ a different mIx of stabl1lZers, the solvent
manutacturer should be contacted before any additIons are made

Careful solvent addItIon
Care should be taken whenever solvent IS added to the tank to ensure that
proper solvent IS bemg added For example as lIttle as 01 % TCA mlstakenh
added to a tank of TCE can cause an aCId condItIon requmng disposal at the
entU"e contents

Sludge removal
Metal fmes can catalyze reactIons that lead to decompoSItIOn of the solvent
Pamt ChIpS can absorb solvent and swell, formIng a VISCOUS sludge Routme
mamtenance should be performed to remove sludge ContInuous fIltenng IS

often helpful

Increased cleanmg effICIency

As the level of contammatIon Increases the rate of solvency slows doy.i\
Wlule cold cleanmg operations can be successfully performed at up to )O/""'

contammatIon, solvent baths are often replaced due to slow cleanm~ aC1Hm
when the contamInatIon level reaches 2 to 3% A Simple wa\ to tnCT1. d"'l

c1earung efflC1ency IS to employ manual brushmg Manual brushtn~ I" ("\

tremely effectIve at removmg caked-on soils and IS a very common predca nrn~
techruque DIsadvantages mclude exposure of workers to solvents hl~h la~H

costs, and the need for hIgh ventl1atIOn rates to protect workers Hlf:h
ventIlatIon rates can m tum lead to exceSSIve solvent evaporatIOn

Mamtalnlng solvent qualIty
The Ogden AIr logIStIC Center generates about 6500 gallons of waste 1,1,1 tnchloroethane (TCA) from 21 va
por degreasmg operatIons In an effort to reduce thIs waste the chemlCallaboratory personnel determIned that
the TCA was bemg disposed of because It dId not meet an aCId acceptance value of 010 weIght percent NaOH
011 contammatIon levels were less than 10 percent at the tune of dIsposal far less than the expected 30 percent
level To restore aCld acceptance levels 1,2 butylene OXIde was added to the solvent No adverse reactIOns or
detectable problems were observed when the butylene OXIde was added to the vapor degreasers Ogden Air
LOgLStICS Center expects to reduce dISposal volumes by 4000 gallons (60 percent) and save $30 000 per year
(Chnstensen 1988)

I
I
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Some waste mmuruzaoon ophons speofIc to cold clearung soak tank opera
hons mclude reducmg the degree of drag-out and usmg a counter-eurrent
cleamng arrangement In addloon to these methods the reader should reVle....
all of the general ophons dlSCUSsed m the precedmg sectIon

Reduce drag-out

Drag-out IS the term applIed to the lIqUld that comes along on the part as It 15

removed from the tank ExcesSive drag-out can result m mcreased solvent
replemshment costs mcreased aIr emISSions and upset of downstream proc
esses Methods for reducmg drag-out mclude proper rackIng mcreased
dramage and mstallahon of dram boards

Proper racking
Careful attenhon should be gIven to the design of work baskets and to methods
of rackIng so as to ensure that a rrurumum amount of solvent Wlll be trapped
eIther m the work or m the baskets (FIgure 3)

RackIng For MaXImum DraInage

t
I
I
I
I
I
I

No Yes

I
1----------------
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Vapor degreasmg

SOLVENTS II

In mdustnes that perfonn a large amount of clearnng vapor degreasmg
systems are common Aval1able sIZes for open-top uruts range from 1 x 2 feet
up to 6 x 100 feet The typIcal UnIt sIZe IS approxunately 3 x 6 feet Open-top
UnIts are commonly employed m the electroplatmg and electrOniCS mdustnes
where easl1v handled parts are cleaned Conveyonzed (or fully automated)
Units are more common m the aerospace and large applIance product coatIng

Industnes

Vapor degreasmg systems usually consist of a tank of halogenated solvent that
IS hea ted to the solvent s bollmg pomt Parts to be cleaned are placed m a basket
or on a rack and lowered mto the vapor zone As the solvent condenses the
contammatIon IS dissolved and the parts are nnsed and cleaned To mcrease
c1eanmg effICIency the parts may be Immersed mto the solvent bath or a
solvent sprav Unit mav be employed When the temperature of the parts fmally
reaches the temperature of the solvent vapor, condensation of the" apor onto
the part ceases The parts can then be removed from the Unit clean and dry

Solvent use In vapor degreasmg can be mInImIZed by many of the general
optIOns dlSCUssed preVIOusly and by the ophons llsted below

Lmllt entrance/exIt speeds

Soluhon and vapors are removed from the tank when a part IS mserted or
Wlthdrawn too qUIckly AVOId speeds greater than 11 feet per mmute to llrrut
excessIve dragout

Lmut workload SIZe

The use of baskets havmg an area of less than 50% of the degreaser openmg I
wl11 lmut vapor dragout due to pISton effect (FIgure 5)

AVOId work shock
Work shock occurs when a heavy load IS mtroduced mto the degreaser I
resulhng m collapse of the vapor blanket and mfl1tratIon of air mto the cleanmg
Unit (Figure 6) The solvent-saturated air wdl be expelled from the Unit when
the vapor layer IS reestab1.Lshed I
Mamtam temperature of solvent

The temperature of the solvent m the degreaser should be mamtamed at a level
adequate for vapor producnon to ensure that the degreaser funchons efn
Clently

Allow suffICIent hme m the degreaser

Ensure that parts have reached the temperature of the vapor so that conden
sahon has ceased

I
I
I
I
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FIgure 6 Work Shock

Workload Workload If Vapor laden
Au

~ . ~. .. .. = : ~ -~ . . . . ~ .. .."

••••

u

B 5 Condensahon on work stops
6 Vapor blanket re-establIshed
7 Vapor-laden arr expelled

••••

B

•••••
~ - J

Use cold traps above freeboard chIllers

Locate the degreaser away from drafts or use baffles to prevent up-.<'1
of the vapors Proper locabon can reduce solvent loss by 30 percrnt

•

• Extend freeboard Increasmg the fTeeboard/Wldth rabo of a \aror
degreaser can reduce solvent au emISSIOns (see FIgure 7)

•

For addioonal mformahon on ways to reduce errusslOns assoaated wIth vapor
degreasmg the reader should contact the solvent supplIer Most If not all of
the maJOrchlormated solvent manufacturers have mforrnatlOn aval.1able on the
proper way to utilize mamtam, and eventually dISpose of theIr products

•••••

A

II

A 1 Work mtToduced
2 Rapid condensahon on work
3 Vapor blanket collapses
4 AIr pulled m

SOLVENTS
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II SOLVENTS II
Keep waste solvents as free from water, sohds, and garbage as possible

Label the contamer clearly, keep the contamer closed and If possible sheltered
from ram Drums should be covered to prevent contammabon WIth water

Label the chemical content on each waste contamer

Record the exact composItIon and method by wluch the solvent waste was
generated

Recyclmg Where recyc1mg of solvent waste 15 VIable the chOice between on-site versus
Off-Slte recyc1mg must be made MaJor factors that rnay mfluence a deaslon are
shown m Table 6

Table 6 Factors InfluencIng the DeCISIon to Recycle
Solvent Wastes on SIte

Adyantages Dlsadyantages

Less waste leavmg the faahty

Owner's control of reclalIDed solvent 5 punty

Reduced lIabIlIty and cost of transportIng waste
offSIte

Reduced reportmg (maruiestmg)

PossIble lower urut cost of reclalII1ed solvent

Perceived Benefits

Favorable economICS for recovery
(e g reduced solvent reqwrements)

Reduct10n m dISposal costs

Reduct10n m reportIng (marufestmg)

Lower lJability

Source Cahforma DHS, 1986

CaPital outlay for reg.clrng equipment

Llabilibes for worker health, fires explOSions leaks
spills, and other nsks as a result of lIDproper eqUIp
ment operabon

POSSible need for operator traIDlng

Addlbonal operahng and "llamtenance costs

Reported Dlfhculbes

Loss of solvent dunng dlStillabon process

Low solvent recovery efhaency

lnstallabon problems

~tenance problems

•

•
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(For a survey of small shll manufacturers and other techrucal mfonnahon the
reader 15 referred to "Gwde to Solvent Waste Reduct:lon Alternahves a\all
able from the State of Cahforrua Department of Health ServlCes (Call! DHS
1986)

FractIonal dlstlllatton
Frarnonal dlShllahon 15 earned out m a refluxed column eqUIpped v, Ith either
trays or packmg Heat IS supplIed by a reboiler located at the bottom of the
column wlule heat 15 removed at the top of the column by a condenser
FractIonal dlShllabon allows for separabon of mulh-eomponent nuxtures or
IlUXtures of solvent and oLls with very smular boJ.1mg pomts

Evaporatton
Evaporanon can be employed for solvent recovery from VlSCOUS lIqUIds
sludges, or shll bottoms resulhng from dlstillahon Scraped or WIped hlm
evaporators utilize revolVIng blades wruch spread the lIqUid agamst a heated
metal surface The vapors are recovered by means of a condenser Another
type of system, a drum dryer, employs two heated counter-rotatmg drums
through wruch the lIqUId feed must pass Wlule both systems can handle
VISCOUS wastes, the drum dryer IS more tolerant of polymenzable
contanunants

Off-Site Recyclmg

If recyclmg of waste solvent on site IS lmpractIcal several off-Site recyclIng
schemes are available One should consider or mveshgate all of the Items hsted
m Table 7 when selechng an off-Site recyclmg scheme Some VIable off-Site

I
I
I
I
I
I

Reeyclzng solvents efftC1ently
SegregatIng solvent wastes IS usually an essenhal step pnor to recyclIng IBM CorporatIon reported that
segregatIon rna) also mcrease recyclIng e;noency segregahng non-chlonnated from chlonnated solvents
resulted m 15 to 20 percent greater YIelds (Waste ReductIOn The Untold StOrl/ 1985)

Mobile solvent degreastng umts
Automobile repair shops m Cahfomla can lease fully-contamed degreasmg systems from Safety Kleen Inc
Safety Kleen proVides a batch-tollmg servlCe for degreasmg solvents It leases ItS mobile uruts mcludmg
solvents as one system Safety Kleen penodlCally replaces the spent solvent WIth rresh solvent and recycles the
spent solvent at a separate facility

Waste exchanges
Waste exchanges generally exchange some 20 to 30 percent of the wastes they 1l5t (Banrung 1983 1984) At
present the most common wastes lISted are solvents and metal wastes Other wastes lISted mclude aCIds, alkalIS
other morganIc cherrucals organics and solvents alld metals and metal sludges

....... . ~'::'.: .'. ~ .~.. ~" '. . ' ; :::7~:.~~·~
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II AQUEOUS II

Aqueous clearung compnses a WIde range of water-based clearung methods
that use water, detergents, aCIds, and alkalme compounds to dISplace sou
rather than dIssolVIng It m orgamc solvent Aqueous cleanmg has been found
to be a Vlable substItute for many parts cleanmg operatIons currently usmg
solvents Its prmCIpal dlSadvantage IS that the parts are wet after clearung and
ferrous parts easuy rust m thIs enVIronment (However the use of warm (140
15O"F) alI for drymg IS less costly than the cost assoaated WIth solvent usage
and dISposal and there are addItIves avaliable to prevent short term rustIng)
Also, aqueous clearung may not be SUItable for electroruc components smce It
may leave conductIve resIdue

Waste mmmuzatIon tecluuques for reduang wastes from aqueous clearung
mclude substItutIon alternatIves use of less hazardous compounds and
marntammg solutIon quahty

3 5 SubstItutIon AlternatIves for Aqueous Cleaners ---------------
AbraSIVes, water, or steam are less hazardous than aCId or alkalme cleaners
and may be equally or more effectIve An example In whIch an abraSIve
clearung svstem was successfully subsntuted for an alk.alme cleaner 15 pro
VIded below

3 6 Use of Less Hazardous ACId or AlkalIne Compounds-------------

The alummum processmg mdustry WIdely uses deoXldlZers and desmutters
based on chronuc aCId wluch IS lughly tOXIC and a poSSIble carCInogen By
substltuttng a nonchromated deoxIdlZer, use of a hazardous product can be
elmunated The latter products are based on feme sulfate whIch IS easily
treated for dISposal (Weast 1988)

3 7 MamtaIn SolutIon QualIty _

As was dISCUSsed under general waste mmmuzanon options for solvent use
maIntammg solution qualIty reduces the need for replacement and disposal
Ways to achIeve thIs goal Include preclearung mspechon aVOldmg unneces
sary loadmg, provIdmg continuous heattng proper solution make up remov
mg sludge promptly and morutonng clearung solunon strength

Precleanmg mspectIon All parts entermg the tanks should be free of solvents and other cleaners For
parts that are first mecharucally cleaned water-based abraSIVes and culling
oIls should be used to reduce the clearung load Preclearung of the parts In a
hot water bath IS often effectlve m reducmg the load on the cleaner ThIs InInal
preclearung stage can often be made up from the last nnse stage of the cleanmg
operatIon and should employ denuneral1zed water

Substltutmg an abraSIve c1eamng system for an alkalme bath
A manufacturer of fabncated metal products cleaned ruckel and ntaruum WlI'e In an alkalIne chenucal bath pnor
to USIng the WIre m Its product In 1986 the company began to expenment WIth a mecharucal abraSIve system
The system worked, but requlIed passIng the WlI'e through the urut tWIce for complete clearung In 1987 the
company bought a second abraSIve urut and InStalled It In senes WIth the hrst urut TIus system allowed the
company to completely elmunate the chenucal clearung bath (USEPA, 1988B)

I
I
I
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I
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Remove sludge and SOlIs RemOVIng sludge and solls from aqueous clearung soak tanks v.'1lI reduce
promptly chenuca1 use by mcreasmg the perIIUSsible tIme mtenal between dumpmg

and total cleanout of the tank

EqUIpment mamtenance As discussed under solvent cleanmg rack systems should be mamtamed m
good condlDon free from cracks rust and corrosIOn Metal tanks should be
properly coated WIth protechve fuushes both InSIde and out Plashc lmrngs
should be used m delOruzed water nnse tanks smce these tanks tend to rust
rapIdly Use of plastIc tanks can elmunate thIs problem Spray nozzles should
be InSpected regularly to aVOId cloggmg

Alkalme cleaners are avauable wluch allow the separahon of excess ou\- sOll
from the cleaner These formulahons mvolve the use of surfactants that are
good detergents but poor emulsmers AgItahon of the bath dunng the work
shIft causes a temporary emulsmcatIon wluch keeps the soIl m suspensIOn
After a prolonged penod of InactIVlty (usually ovenught), the olly solls float
to the surface where they are slammed off Tlus method IS qUite effectIve WIth
mmeral OIl-type solls but IS less so WIth fatty olls

Good nuxmg 15 adueved by addmg a nuxmg system to the tank By InStallmg
a three way valve on the mam header of the pump eXIt solutIon can be re
diverted to the chenucal entry area InStead of through the spray nozzles TIus
proVldes for easier dl5solutIon of chenucals through a greater number of
turnovers (less pressure drop means lugher purnpmg rates) and elmunatlOn
of potentIal pluggmg of the nozzles when dlSSOlvmg soIldsII

MOnItor cleanIng solutIon AnalytIcal checks of solutIon strengths should be made on a rouhne basl5 The
strength correctlon of soluhon strength by makIng small and frequent addItIons IS

much more effectlVe than makIng a few large addIhons AnalytIcal checks can
be performed by the operator uhhzmg sunple htrahon techruques (does the
addihon of a given amount of reagent to a known volume of cleaner and
mdicator result m a color change?) Full scale htrahon tests may be performed
by the lab on a less frequent baSIS An accurate log of all tests and cleaner
addihons should be kept at all hIDes OccaSIonal teshng of the reagents should
also be performed

AQUEOUS

RedUCIng chemIcal use and waste tn a bath cleamng system
Llqutd-Ltfe makes a lOG-gallon per DUnute separator urut that operates m conJUnchon WIth a cleanmg bath
(solvent alkalIne or aCId) The separator urut contInuously removes sludge and parhculate matter from the bath
A pump, hydrocyclone and sludge retentIon tank make up the urut Waterloo Industnes Inc , of Waterloo Iowa
mstalled the uqutd-Ltfe urut for ItS alkalme clearung system used to clean the steel cabmets It manufactures pnor
to phosphate-<:oahng the cabmets The Llqwd-Ltfe urut has enabled Waterloo to reduce Its chenucal costs by 20
percent clean out Its alkalme bath system every 13 weeks InStead of every four weeks, and do less mamtenance
on the clearung operahon smce the pump IS the only movmg part m the system (Anonymous March 1982)

I
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Table 8 Drag-Out for Vanous Rack ConfIguratIons

Item Drag-out, gal/100 ft2

Vertlcal parts well dramed 04

Vertlcal parts, poorly dramed

Vertlcal parts, very poorly dramed

Honzontal parts, well dramed

Honzontal parts, very poorly dramed

Cup-shaped parts, very poorly dramed

Source Durney 1984
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Table 9 Flow Rates for FIve RInSIng Systems

System Flow (gpm)

Smgle nnS€ 100

Two nnse" m senes equal flow of tTesh rmse
water to each tank

Three nnses m senes, equal flow of tTesh nnS€ water
to each tank

Two counterflow nnses, fresh water feed to second tank only

Three counterflow rmses, tTesh water feed to thIrd tank only

Source Durney, 1984
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4. I~1PLEMENTATION

After pronusmg waste II'W'UllllZaQon measures for a parts clearung operahon
have been Idenhhed, they should be evaluated for techrucal and econorruc
feasibility and 1f found satlsfactory they should be Implemented For those
methods that are found to be econonucally mfeaslble addluonal analysIs
mcludmg conslderahon of "hldden ' cost lIability, public unage and other
components (USEPA, 19880 should be performed before droppmg an optIon

Adoptmg speabc waste II'W'UllllZatIon measures may not be easy or straight
forvvard A number of factors (Table 10) may affect the read mess of an
orgaruzanon to lmplement measures that reqwre changes m procedures
equipment or employee responsibilitIes Developmg a str~tegr to overcome
these bamers should be an mtegral part of waste m.uunuz.ahon planrung Tlus
strategy should mclude establIshment of a workIng group of personnel repre
senung the affected departments Health and Safety ProductIon, Mamte
nance Process Control, Purchasmg, and Faallnes, for example (USEPA
19888)

5. CONCLUSIONS

As mcreased regulatIon ratSes the cost of waste treatment and disposal efforts
to decrease waste volumes and toXICIty become more econoIIUcally Jushhable
Implementmg waste rrururmz.ahon techruques to reduce clearung waste can
produce treatment and dIsposal cost savmgs wluch more than offset the expen
dlture In addlhon, matenal costs, regulatory complIance, and other costs can
be cut smce the We of the clearung solunons Wlll be lengthened

Most of the measures dlSCUssed m thLs pamphlet would mvolve mmunal
capital outlays For example, proper equipment operahon reqUIres only that
management thoroughly tram the employees usmg the equipment and that the
equipment be correctly mamtamed These low-eost measures generally have
a fast payback and are among the frrst a fum should unplement MakIng
employees aware of the cost of waste generahon due to clearung operanons
and mvolvmg them m Idenhiymg solunons may encourage the design of
more effiCIent production processes

With the adoptIon of effICIent producnon processes and the waste-mtrumlZmg
measures presented here, comparues With parts clearung operanons should be
able to reduce therr waste disposal costs and lIabilitIes and reduce their
contnbutton to the envrronmental problems associated WIth waste disposal
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SECTION 2
AVAILABLE TECHNOLOGIES
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How to Use the Summary Tables

Seven available alternatives to chlorinated solvents for
cleaning and degreaslng are evaluated In this sectIOn

Aqueous cleaners
Semi aqueous cleaners

• Petroleum hydrocarbons
Hydrochlorofluorocarbons (HCFCs)
Miscellaneous organic solvents
Supercrrtlcal fluids
Carbon dIoxide snow

Tables 2 and 3 summanze descriptive and operational
aspects of these technologies They contain evalua
tIons or annotations describing each available cleaner
technology and give users a compact Indication of the
range of technologies covered to allow preliminary
Identification of those technologies that may be appll
cable to specific situations

Descriptive Aspects

Table 2 describes each available cleaner technology It
lists the Pollution Prevention Benefits, Reported
Application, Benefits, and Limitations of each
technology

Operational Aspects

Table 3 shows the key qualitative operating charactens
tiCS for the available matenals and technologies The
rankmgs are estimated from descnptlons and data In
the technrcalliterature and are based on compansons
to the materials that these alternatives would replace

Process CompleXity IS quahtatlvely ranked as 'high
'medium or I low based on such factors as the
number of process steps Involved and the number of
matenal transfers needed Process compleXity IS an
Indication of how eaSily the new technology can be
Integrated Into eXIsting plant operations A large
number of process steps or Input chemicals or mUltiple
operations wrth complex sequencing are examples of

charactenstlcs that would lead to a high compleXity
rating

The summary tables Wit! hslp tdentJfy
possIble candKfate cleaner technclcgtes

The ReqUired Skill Level of eqUipment operators also
IS ranked as "high, "medium," or "low ReqUired skill
level IS an Indication of the level of Sophistication and
training reqUired by staff to operate the new technology
A technology that requires the operator to adjust crrtlcal
parameters would be rated as haVing a high skill
requirement In some cases the operator may be
Insulated from the process by complex control eqUip
ment In such cases the operator skIll level IS low but
the process compleXity IS high

Table 3 also lists the Waste Products and Emissions
from the available cleaner technologies It indicates
tradeoffs In potential pollutants the waste reduction
potential of each and compatlbllrty wrth eXisting waste
recychng or treatment operations at the plant

Use the mformatlOn in the text, from the
references and from mdustry and trade
groups to get more detail on the best
candidates

The Cleaner Cost per Gallon column prOVides a
preliminary measur~ of economics to be compared wrth
the cost for solvents currently used Due to the dlversrty
of cost data and the Wide variation In plant needs and
conditions It IS not pOSSible to give specifiC cost
compansons Cost analySIS must be plant specifiC to
adequately address factors such as the type and age of
eXlstmg eqUipment space avallabllrty productIon
volume product type customer specifications and cost ~

of caprtal Where pOSSible sources of cost data are t-

referenced In the diSCUSSions of each cleaner technol ~Jj:;

ogy : -i
The Energy Use column prOVides a qualitatIve assess ~~.i
ment of the energy requirements associated wrth each ' "ffiil!l.......
alternative ~

6 \!o1it



Table 2 AvaIlable Technologies for AlternatIves to Chlorinated Solvents for Cleaning and Degreaslng Descriptive Aspects

--.J

~d::>

Technology
Type

Aqueous
Cleaners

Semi
Aqueous
Cleaners

Petroleum
Hydrocarbons

Hydrochloro
fluorocarbons
(HCFCs)

Pollution PreventJOn
Benefits

No ozone depletion
potential
May not con tam VOCs
Many cleaners
reported to be
biodegradable

Some have low vapor
pressure and so have
low VOC emiSSIons
Terpanes work well at
low temperatures so
less heat energy IS
reqUired
Some types of clean
ers allow used solvent
to be separated from
the aqueous rinse tor
separate recycling or
disposal

Produce no
wastewater
Recyclable by
dlsll/lallon
High grades have low
odor and aromalic
hydrocarbon content
(low tOXICity)
High grades have re
duced evaporative loss

Lower emissions 01
ozone depleling
substances than CFCs
Produce no
wastewater

Reported
Applicalion

Excellent for removing Inorganic
and polar organic contaminants
Used to remove lIght OIls and
reSidues left by other cleaning
processes
Used to remove heavy oils
greases and waxes at elevated
temperatures (> 160 F)

High solvency gives cleaners
good ability for removing heavy
grease waxes and tar
Most semI aqueous cleaners can
be used favorably With metals and
most polymers
NMP used as a solvent In paInt
removers and In cleaners and
degreasers

Used In app"catlons where water
contact WIth parts IS undeslfable
Used on hard to clean organic
contammants Including heavy 011
and grease tar and waxes
Low grades used In automobile
repair and related service shops

Used as near drop In re
placements for CFC 113 vapor
degreasmg
Compatible with most metals
and ceramics and With many
polymers
Azeotropes With alcohol used In
electrOniCs cleaning

Operallonal Benefits

Remove parllculates and films
Cleaner performance changes With
concentration and temperature so
process can be tailored to IndiVidual
needs
Cavitate uSing ultrasOniCs

Rustmhlbltors can be Included In

semI aqueous formulations
Nonalka"ne pH prevents etching of
metals
Low surface tension allows semi
aqueous cleaners to penetrate small
spaces
Glycol ethers are very polar solvents
that can remove polar and nonpolar
contaminants
NMP used when a water miSCible
solvent IS deSired
Esters have good solvent properties
for many contaminants and are
soluble In most organic compounds

No water used so there IS less
potential for corrosion of metal parts
Compatible With plastiCS most
metals and some elastomers
Low "qUid surface tension permIts
cleaning In small spaces

Short term solution to chOOSing an
alternallve solvent that permits use
of eXIsting equipment
No flash pOint

Limitations

Nonflammable and nonexploswe relatively low
health risks compared to solvents consult
Material Safety Data Sheet (MSDS) for IndiVidual
cleaner
Contaminant and/or spent cleaner may be d,Hlcult
to remove from blind holes and crevices
May require more floor space especially If multi
stage cleaning IS performed In line
Often used atlllgh temperatures (120 to 200 F)
Metal may corrode If part not dried qUickly rust
Inhibitor may be used With cleaner and rlnsewater
Stress corrosIOn cracking can occur In some
polymers

NMP IS a reproduclJve toxin that IS transmitted
dermally handling reqUifes protective gloves
Glycol ethers have been found to Increase the
rate of mlscarnage
MISts of concentrated cleaners (espeCIally
terpenes) are highly flammable hazard IS
overcome by process deSign or by uSing as water
emulSions
L,monene based terpenes emit a strong CitruS
odor that may be objectionable
Some semI aqueous cleaners can cause swelling
and cracking of polymers and elastomers
Some esters evaporate too slowly to be used
without Including a rinse and/or dry process
May be aquatic tOXinS

Flammable or combUSlJble some have very low
flash POints so process equipment must be
deSigned to mitigate explOSion dangers
Slower drying times than chlOrinated solvents
The cost of vapor recovery If Implemented IS
relatively high

Have some ozone depletion potenlJal and global
warming potential
Incompatible with acrylic styrene and ABS
plastiC
Users must petillon EPA for purchase per
Section 612 of CAAA

(continued)
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Table 2 (Contmued)

Technology Pollution PreventIOn Reported
Type Benefits Application OperatIOnal Benelits LimitatIOns

Miscellaneous Do not contain Most are used In small batch Alcohols are polar solvents and are Most evaporate readily and therefore contnbute to
Organic halogens so they do operallons for spot cleaning good for removing a wide range of smog
Solvents not contnbute to ozone inorganic and organic contaminants Alcohols and ketones have low flash points and

depletion soluble In water and may be used to present a fire hazard
Most are considered accelerate drying Inhalation of these solvents can present a health
biodegradable Ketones have good solvent hazard
Generate no waste properties for many polymers and Some have vapor pressures that are too high to
water when used adheSives they are soluble In water be used In standard process equipment
undiluted and may be useful for certain rapid MEK and MIBK are on EPA list of 17 substances

drying operations targeted for use reducllon
Vegetable Oils are used to remove
pnntlng Inks and are compatible With
most elastomers
Lighter alcohols and ketones have
high evaporation rates and therefore
dry qUickly

Supercntleal Nonpollubng when CO, Remove organic contaminants of Compatible With metals ceramics Cosolvents used to Improve the solvent power of
FlUids (SCFs) IS used as the super moderate molecular weight and and polymers such as Teflon™ CO, may have a polluhon potential

cnbeal flUid low polanty high denSity polyethylene epoxies Danger of a pressure vessel explOSion or line rup
Generate no PreCISion clean Instrument and polylmldes ture
wastewater beanngs electromechanical No solvent reSidue left on parts Cause swelling In acrylates styrene polymers
Use nalural or assemblies direct access storage May be very useful for cleaning neoprene polycarbonate and urethanes

co Industnal sources of deVices ophcal components oxygen equipment Components senslhve to high pressures and
CO, so no net polymeriC containers porous Solvent properties can be altered by moderate temperatures should not be cleaned by
producbon of carbon metals ceramics adding a cosolvent SCF methods

Low VISCOSity and high dlfluslvlty Ineffective In removing inorganic and polar
permit cleaning In very small organic contaminants for example does not
cracks and pore spaces remove lingerpnnts

Carbon No polluting emissions Cleans cnheal surfaces on Generates no media waste thus no CO, must be pun fled
DIOXide released delicate fiber OptiC eqUipment media disposal cost ReqUires aVOidance of long dwell times
Snow Replaces CFCs and Cleans radioactive contaminated Does not create thermal shock Particulates such as sand may be earned by the

solvents components Is nonflammable and nontOXIC gas stream and scratch the surface
Does not generate Used In hybnd CirCUits to remove NoncorrosIVe HeaVier Oils may reqUire the addition of chemicals
wastewater submlcron particles Leaves no detectable reSidue and heat to be completely removed
Uses natural or Indus Used on the largest most Can penetrate narrow spaces
tnal sources of CO, expensive telescopes and nonturbulent areas to
so no net production of Removes submlcron particles and dislodge contaminants
CO, occurs light Oils from preCISion Adjustable flake sIze and intensity
Cames contaminants assemblies More effectIVe than mtrogen or air
away In a stream of Removes light flngerpnnts from blasting
Inert CO, SIlicon wafers and mirrors Can clean hybnd CirCUits WithOUt

Prepares surfaces for surface disturbing the bonding wire
analySIS

~
~



Table 3 AvaIlable Technologies for Alternatives to Chlormated Solvents for Cleaning and Degreasmg OperatIonal Aspects

Technology Process Required Waste Products Cleaner Cost Energy Optional Post Cleaning
Type Complexity Skill Level and Emissions per Gallon Use Operations References

--
Aqueous Medium Medium Skimmed 011 filter $6 10 typIcal Medium-temperature Rlnslng-Some cleaners Gavaskar et al 1992
Cleaners trapped particulates dllubons range control mechanical may leave a residue to Monroe et al 1993

and greases waste from 1 3 to 1 9 control drying facilitate removal use 01 MUnie 1991
water and detergent water and/or alcohol Murphy 1991

Drying-May be acceler Polhamus 1991
ated by blOWing With hot air Ross and MOrrison 1988
or rubbing wllh absorbent US EPA 1991a b c
matenal automated dryers Weltman and Evanolf
are available 1992

Semi Medium Medium Waste terpene con $10 20 tyPical Low-mechanrcal Cleaners may leave reSidue Damall et al 1976
Aqueous talnlng mostly organic dilulJons range control drying that IS slow to evaporate HIli and Carter 1993
Cleaners matenal and aqueous from none to 1 9 water nnse may be required IPe 1990

part containing mostly Drying may be needed ,f a Nabonal TOXicology
Inorganic matenal water nnse IS used nnslng Program 1990
filters trap parbcu With alcohol Will speed US EPA 1991abc
lates grease and drying US EPA 1993
non emulSified oil

Petroleum Low Medium Produce no waste $1 3 for kerosene Low-mechanical Parts may be dned by IPC 1990
Hydrocarbons water when used and minerai splnts control drying forced air or by some other US EPA 1991a b

undiluted VOCs are $7 12 for metal method
emitted waste solvent cleaning formula

<0 Incinerated as fuel or lJons up to $30 for
recycled by distillation some speCIalty and

electrOniC cleaning
formulabons most
often used WIthout
water

Hydrochloro Low Medium SlJlI bol1oms contam $3035 Hlgh-maJntaln bOiling None Basu et al 1991
fluorocarbons Inated solvent HCFCs temperature run pnmary Finegan and Rusch
(HCFCs) emll1ed to air unless and poSSibly secondary 1993

closed loop system IS condensIng systems Kitamura et al 1991
used US EPA 1991a b

(conlJnued)
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Table 3 (Continued)

Technology Process Required Wasle Products Clf-aner Cost Energy Optional Post Cleaning
Type Complexity Skill Level and Emissions per Gallon Use Operations References

Miscellaneous Low Low Wasle solvents $220 Low-pnmanly sulled Vegetable 011 cleaning Burow 1993
OrganIc lor small scale and local reqUIres a secondary Environmental Prognm
Solvents cleaning cleaning step Office 1991

HIli and Carter 1993
US EPA 1991a b

Supercnbcal High High Contaminants are Cost 01 high punty Low-Energy IS required Remove part lrom pressure Alrco Gases N D
FlUids condensed In a vessel CO

2
(about 7¢11b) to operate pumps to vessel Gallagher and Krukonls

CO
2

gas may be IS inSignificant perform supercnbcaf 1991
vented to the compared 10 cleanIng Lira 1988
atmosphere or punfied InstaJla!Jon cost Salerno 1990
and reused Schneider 1978

US EPA 1991
Woodwell 1993

Carbon Medium Medium Solid coabng residue Cost of welding Medlum- ReqUires dry air stream or Hoenig 1990
DIOXide Snow wasle grade CO

2
IS about Carbon diOXide liquefier chamber to prevent water Layden and Wadlow

Alrbome particulates 7¢11b Refngerabon umt condensabon while parts are 1990
CO

2
gas Compressed gas sup cold Sherman and Whitlock

ply to propel blasbng 1990
media Whlliock 1989

...... Requires current lito 1990
0 between 8 and

145 amps
Requires voltage
between 115 and
230 V

......>
,.-. "- ,.



Surfactants are characterized emplncally by their
hydrophIlic lipophilic balance (HLB) whIch deSCrIbes a
relatIonship between theIr water soluble (hydrophilic)
and 011 soluble (lipophIlic) portions Oil soluble surfac
tants have low HLB values and hIghly water soluble
surfactants have high HLB values TypIcal HLB ranges
and applications of surfactants are shown In Table 4

Hydrophilic-lipophilic Balance Ranges and
AppllcalJons 01 Sur/aclanls

Source Ross and MOrrison 1988

The Optional Post-Cleanmg Operations column
summarizes addItIonal rinSing dryIng or other opera
tIOns that may be needed following cleaning or de
greasing These are noted to IndIcate specIal
conslderatlons In the applicatIon of the cleaner technol
ogy

The last column In Table 3 lists References to publica
tIOns that will provide further information for each
alternatIve These references are gIven In full at the
end of the respectIve available technology sectIons

The text further describes the pollution prevention
benefits reported application operational benefits and
limitations for each technology Technologies In earlier
stages of development are summarized to the extent
possible In SectIon 3 EmergIng Technologies

Aqueous Cleaners

Table 4

HLB Value

35 6

7 9

8 18

13 15

15 18

Application

Water In oil emulsllier

Welting agent

011 In water emulSion

Detergent

Solublhzer

Pollution Prevention BenefIts

The primary pollution prevention benefit of aqueous
cleaners IS that they are non ozone depleting and may
not contain VOCs Aqueous cleaners that are nonhaz
ardous Initially remaIn so unless they become contaml
nated wIth hazardous matenals dunng cleaning
operations In some cases spent cleaner can
be treated to remove contaminants, which may allow
them to be dIscharged to sewers proVided that the
effluents meet local dIscharge requirements

How Do They Work?

Aqueous cleaners are mIxtures of water detergents
and other additives that promote the removal of organic
and inorganic contaminants from hard surfaces Each
component of an aqueous cleaner performs a distinct
function and affects the way the contaminant IS re
moved from a substrate

Surfactants or surface action agents proVide
detergency by lowerrng surface and interfacIal tensions
of the water so that the cleaner can penetrate small
spaces better get below the contaminant and help Irft
It from a substrate Surfactants may be catlomc
anionic or nomomc In nature These terms refer to the
aqueous phase properties of their hydrophilic portions
(see below) The anIOniC and nOnlorJIc types most often
are used m ImmerSion c1eanmg nonlonlC surfactants
have lower foam producmg characteristIcs and are
preferred In applicatiOns where agitatIon IS used

Nomomc surfactants are- preferred In

appftcatloflS usmg agitatIOn

In the category of anionIC sUrfactants sulfosuccmates
are commonly used as wetting agents whereas long
cham sulfanates fatty alcohol sulfates and alkalI soaps
are used as emulSifiers Among the nonIoniC surfac
tants ethoxylated alkylphenols are used as wetting
agents and emulSIfiers while glycol ethers
(Cel/osolves™) and ethylene OXIde condensates of
alkylphenols are used as emulSIfiers (Ross and
MOrrison, 1988)

In addItion to HLB Monroe et al (1993) deSCribe the
utility of surfactant cham length ethylene oXlde/propy
lene OXide content cloud pOint and Critical micelle
concentration m selecting surfactants for aqueous
cleaning Another Important surfactant selection factor
IS emulSion stabIlity which depends on a complex
Interaction of properties such as droplet size mterfaclal
VISCOSity repulSion terms and Internal volume (Ross
and MOrrison 1988)

Emulsrfters disperse contammants m
water

ad In water emulSifiers cause water ImmISCible con
tammants such as oil or grease to become dispersed
In the water ThiS kind of emulSification can be accom
pltshed by surfactants WIth moderate to high HLB
values Many kinds of surtactants are used as emulslfl
ers In aqueous cleaners however users should be
aware that some are hazardous and should note OSHA
or NIOSH exposure limits on the Matenal Safety Data
Sheet (MSDS) proVIded With the product Examples of
hazardous components found In some aqueous
cleaners are 2 butoxyethanol (or ethylene glycol butyl
ether CAS#111 762) 2 ethoxyethanol (or ethylene
glycol ethyl ether CAS#110 80 5) and dlpropylene
glycol methyl ether (CAS#34590 94 8) 011 In water
emulSifiers are most useful when a small amount of

11
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contaminant IS present so that the cleaner does not
become loaded too qUickly 01\ In water emulsifiers
are undesirable In situations where a large amount of
011 IS to be removed In cleanmg situations where the 011

content IS high a better methodology IS to rely on the
011 s natural Immiscibility with water and allow separa
tlon to occur so that the lighter fractIOns can be
skimmed off the top and the heavier fractions can be
removed by filtration The volume of waste generated IS
greatly reduced uSing thiS kind of phase separation
technique and the lifetime of the cleaner IS thereby
extended

DefloccuJants aSsIst In disperSion

Chemicals added to help mamtaln the disperSion of
contammant particles m the cleanmg medium are
known as de110cculants Deflocculants may be anionic
or nOnlonlC suriactants or they may be morganlc salts
such alkali phosphates Because many emulSions
remam stable only at elevated temperatures and under
alkaline conditions, separation of the oily fraction from
the aqueous cleaner often can be mduced m emulsion
type aqueous cleaners by lowenng the temperature
and sometimes by aCldlfymg the bath IndiVidual
manufacturers can provide mformatlon on their specifiC
011 separatIon techniques

Sapomfiers form soaps

Saponifiers are compounds that react chemically with
Oils containing fatty aCids to form soaps Vegetable Oils
and anImal fats (tnglycendes) are examples of sub
stances that can be saponified by alkalis It IS common
for some contaminants In a particular kind of 'SOil to be
saponrflable whereas others are not For example
thickeners added to a base 011 to form grease may be
saponifiable whereas the base oli may not Neverthe
less the grease IS more readily removed by thiS kmd of
chemical action Coupled wrth saponifIers surfactants
can act as wettmg agents to help remove contammants
from the surface

The organIc amlnes comprise an Important class of
saponifiers Organic amlnes can react with many
common hydrocarbon contaminants inclUding the
saponifiable portion of solder flux roslO (Munle 1991)
However users should be aware that the organic
amlnes are hazardous and also should note OSHA or
NIOSH exposure Ilmrts on the MSDS prOVided with the
product Examples of organic amlnes found In some
aqueous cleaners are ethanolamine (CAS#141-43 5)
dlethanolamlne (CAS#111 42 2) and tnethanolamlne
(CAS#102 71 6) The organic amlnes range In volatility
according to molecular weight and Will volatilize
(evaporate) over time when the cleaner IS used at high
temperatures As the loss of these compounds Will

affect cleaning performance the cleaner may reqUITe
mamtenance to restore rts chemical balance

Aqueous cleaners tend toward mtldto hrgh
atkaifmty

Alkalinity IS a property of aqueous media which
descnbes Its ability to neutralize aCid Alkalinity IS not a
factor of pH alone but also IS a measure of a solution s
ability to buffer Itself agamst aCid Buffering caDaclty
proVides stability so that the chemical environment of
the cleaner IS not subject to abrupt pH and other
chemical changes Alkalinity also promotes detergency
Aqueous cleaners range In alkalinity from mild alkaline
(pH 8 to 10) to high alkaline (pH 12 and higher) Mild
alkaline conditions prevent etching of most metals
which have solubility minima m the range of pH 8 to 11
Two Important cases where mild alkaline cleaners
should be used are aluminum and magnesium which
are readily etched above pH 11 Mild alkalinity often IS
maIntained by soluble SIlicates, carbonates, borates.
and CItrates

In some cases, high alkalinity IS deSired to remove
metal oXides and hydroxides from a surface to prOVide
a fresh surface Highly alkaline (caustic) cleaners are
used to prepare metal surfaces prior to plating Typl
cally, very high pH (>12) IS achieved by addmg strong
bases such as sodium hydroxide (lye) or potassium
hydroxide Highly alkaline cleaners often are used to
remove heavy grease and all from corrOSion-resIstant
steels The hydroXide Ions attack the sapOnifiable part
(e g the thickeners) of the grease and all

Sequestering agems assISt cleamng In
hard water Other addrtfVes enhance
cleanrng perlormance In varIOus ways

Sequestering agents prevent the minerai content of
hard waters (mostly waters rendered hard by calCium
and magnesium Ions) from forming Insoluble products
WIth the cleaner The use of sequestenng agents
permits the cleaner to attack only the contaminant and
ensures that lower cleaner concentrations are needed
Common chelatlng agents such as sodium EDTA
NTA and ODA typically are used to sequester cations
In all aqueous cleaners the alkaliS deflocculants and
sequestering agents are referred to as bUilders Other
additives may be Included to enhance overall cleaning
periormance for example anti-foaming agents and
corrosion inhibitors CorroSion inhibitors work either
by passlVatmg the surface through adsorptIon of a
molecular species onto It that Will react wrth oxygen
before the metal can OXIdize or by formmg a protective
bamer over the suriace that excludes oxygen

12



OperatIng Features

Aqueous cleanmg and degreasmg can be periormed
for a wide vanety of applications mcludmg those that
once were considered the domam of vapor degreasrng
or cold solvent c1eanmg However some ferrous metals
may exhIbit flash rustrng rn aqueous enVIronments
therefore such parts should be tested pnor to full scale
use

The creaner chosen depends both on
contammant type and the type of process
eqLtJpmenf to be used

Many krnds of aqueous cleanrng products are avail
able Thus some InvestigatIOn IS reqUired to frnd
cleaners that are most effective agamst the contaml
nants typically encountered and to find cleaners that
give the best performance wIth the process equipment
that will be used Whereas solvents depend largely on
theJr ability to dissolve organic contamrnants on a
molecular level aqueous cleaners utilize a combinatIOn
of physical and chemical properties to remove macro
SCOPiC amounts of organic contammants from a sub
strate Aqueous cleanrng IS more effective at higher
temperatures and normally IS performed above 120°F
uSing sUitable ImmerSion spray, or ultraSOnic washing
equipment For thiS reason good englneenng practices
and process controls tend to be more Important In
aqueous cleaning than In traditional solvent cleaning to
achieve optImum and consistent results

When sWitching from solvent cleaning to aqueous
cleaning users must be aware that parts usually need
to be nnsed and will remam wet for some time unless
action IS taken to speed up the drying process Three
common methods for drymg parts are evaporation
displacement and mechamcal removal (Polhamus
1991 )

TechnIqUes extSt to speed up evaporation

EvaporatIon of nnsewater under ambient conditions IS
slow depenas on temperature and humidity and
creates an opportunity for dust to settle onto the part A
heat lamp can speed the process but IS dependent on
Orientation and stdl exposes the parts to air contact
Parts can be dried In small batches In a vacuum oven
Evaporation IS Improved by the teChnique of hot air
reclrcu/atlOn m whIch heated air IS reCirculated Within a
large chamber makeup air IS continuously Introduced
to replenish mOist aJr which IS slowly exhausted
Another method called evaporative drymg passes dry
air or Inert gas (to lessen the tendency for OXidation)
through a chamber to provide lammar flow past the wet
parts

Displacementuses wateror Oft /0 peel off
water

DIsplacement methods Include capillary or slow pull
drying With thiS method a hot part IS extracted slowly
from equally hot deionIzed water The suriace tension
of the water In effect peels the water off the part
whatever water IS left readily vaponzes Another
displacement technique common to metalworking
uses all to displace water from the part The oil also
acts as a rust Inhibitor by forming a protective barrier
between the part surface and the air However If the
cleaning objective IS to produce a reSidue free suriace
thiS latter option would be Inappropnate

Mechamcal removal Includes blowmg and
spInnIng techniques

Mechanical removal techniques also are commonly
used Air kmves blow water off the part With high
pressure air Centnfugal drymg spms the water off
Aqueous cleaners are available In the form of concen
trated liqUids and as powders The concentrated liqUids
cost between $6 and $10 per gallon when purchased
In drum-Size quantities They are diluted 1 3 to 1 10
wrth water for most applications The cost of powders IS
eqUivalent when prepared to the same final concentra
tlons

The cleaner s longeVity also must be conSidered when
evaluating cost Filtenng to remove particulates and
skimming to remove oil Will extend a cleaner s lifetime
Other benefits of these actions Include more uniform
cleanIng performance and reduced disposal costs
because the Oily wastes collected can be disposed of
separately

Tect7f1clogles eXJst for separatfngthe
contammants removed by aqueous
cleaners from the wastewater to lower
dJSPOsal costs

Waste dIsposal costs can be kept low by dlschargrng
the bulk of the used cleaner to a sewer In chOOSing an
aqueous cleaner It must be determmed whether
nnsewater can be discharged to a local sewer If
mUniCipal or other restrictions are In effect the cost of
performing all reqUired pretreatments must be conSld
ered and rncluded In estimates of an operating bUdget
It IS necessary to treat the cleaner pnor to disposal If
dIssolved metals can be precIpitated or absorbed onto
a substrate uSing a number of developed technologies
Suspended solids can be removed by small pore filters
(10 11m or less) EmulSified all can be separated from
the aqueous cleaner by means of coaleSCing equip
ment or advanced membrane ultrafiltration technIques
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Cleaning system equipment manufacturers should be
consulted to determine the best approach

Application

Aqueous cleaners have been used for a long time by
metal finishers and new products are continually being
developed for an expanding market Primary deter
gents are used to process buffed metals at tempera
tures of at least 120c F Alkaline detergent cleaners are
used to remove light oils and residues (including
solvents or other types of cleaners) left by manufac
tUring processes shop dirt and light scale Alkaline
cleaners are used at elevated temperatures ranging
from 120 to 200°F (Murphy 1991) Field evaluations of
aqueous cleaners are available from U S EPA s Waste
Reduction Innovative Technology Evaluation (WRITE)
Program For example see Gavaskar et al (1992)
Weltman and Evanoff (1992) discuss performance
materials compatibility and regeneration of aqueous
cleaners

Benefits

The ability of aqueous cleaners to remove most
contaminants has been demonstrated In numerous
tests Aqueous cleaners are capable of removing
inorganIc contaminants, particulates and films They
also exhibit conSiderable fleXIbility In application
because their performance IS strongly affected by
formulation dilution and temperature The formulation
that gives the best results can be found through some
Investigation and the user can select the dilution factor
and temperature that give the best results

Limitations

Health and Safety Health risks associated wrth
aqueous cleaners are relatively low However as noted
earlier some aqueous cleaners contain organic sub
stances that may be hazardous Because aqueous
cleaners are nonflammable there IS no risk of fire
Matenal Safety Data Sheets (MSDSs) for Individual
products should be consulted before use

Compatibility with Materials Metal corrosion may
occur If parts cannot be dried qUickly enough A rust
inhibitor may be used along with the cleaner to help
prevent rust Stress corrosion cracking can occur In

some polymers as a result of contact with alkaline
solutions Consult with cleaner manufacturers to obtain
recommended formulations and procedures

Water Tolerance The most Important factor In aque
ous cleaning IS whether the product and/or process can
tolerate water Compatibility of the product/process with
water must be carefully investigated
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Semi-Aqueous Cleaners

Pollution Prevention Benefits

The pnmary pollution prevention benefrt of seml
aqueous cleaners IS that they are non ozone depletrng
However they may be partly or completely composed
of VOCs In addItion their use commands substantially
more concern about aquatic tOXICity and human
exposure than does the use of aqueous cleaners Most
semI-aqueous cleaners are reported to be blodegrad
able One benefit of semi aqueous cleaners IS that
distillation and membrane filtration technologies are
being developed that will permIt recycling and reuse of
the products

How Do They Work?

Semi aqueous cleaners compnse a group of cleanrng
solutions that are composed of natural or synthetic
organic solvents surfactants corrOSIon mhlbltors and
other additives The term semi aqueous refers to the
use of water In some part of the cleaning process such
as washing, nnsrng or both Semi-aqueous cleaners
are deSigned to be used m process equipment much
like that used wrth aqueous cleaners The commonly
used semi aqueous cleaners Include water-Immiscible
types (terpenes Iligh molecular-weight esters petro
leum hydrocarbons and glycol ethers) and water
mIscIble types (low molecular-weight alcohols ketones
esters, and organic amlnes) Petroleum hydrocarbons
are the next AvaIlable Technology to be discussed In
thiS GUide Alcohols and ketones are discussed In
Available Technologies under Miscellaneous OrganIc
Solvents One water miscible solvent N methyf
2-pyrrolidone (NMP) commonly IS used for large scale
cleaning and paint removing and so IS Included In thiS
diSCUSSion of semi aqueous cleaners

Terpenes derwed from citrus oils fre
quentlyare used msem-aqueous clean
ers

Terpenes are natural hydrocarbons used In seml
aqueous cleaners There are many kinds of terpenes
Among them d-Ilmonene and a and f3 prnene are
listed most frequently In commerCial semi aqueous
cleaners Terpene alcohols and para menthadlenes
also are used Terpenes are denved from plant sources
such as citrus (orange grapefrUit and lemon) and pine
Oils Although terpenes are not miscible In water they
do form emulsions wIth water that are stabilized by
surfaetants and other addItives

Terpanes may be dIluted for use en less
drfflwlt contammants

In cleaning applications terpenes may be used undl
luted or diluted with water Dilution reduces cleaning
performance but on the other hand decreases usage
reduces expense and lowers vapor pressure which
decreases vapor emISSions Diluted terpene semi
aqueous cleaners may produce acceptable results with
less difficult contamInants

Terpenes have relatively low flash pOints (about 115 to
120°F) and so It IS unsafe practice to heat them above
about gO°F except when used In an mert atmosphere
or when diluted to a safe concentration With water as
recommended by the product manufacturer Some
commerCIal formulations of terpene based cleaners
and degreasers contain higher molecular weIght
hydrocarbons which lower the VolatIlity of the terpene
hydrocarbon mixture and Increase the flash pOint

Low-molecular~welght esters are soluble
In water

Esters have good solvent properties for many contaml
nants and are soluble In most organic compounds
High molecular-weIght esters have limited solubility In

water, whereas low-molecular-weight esters are soluble
In water The types of high molecu/ar weIght esters
most otten used In cleanrng and degreasmg Include
aliphatiC mono-esters (pnmanly alkyl acetates) and
dlbaslc aCid esters Dlbaslc aCid esters are made by
reacting alcohols such as methyl ethyl propyl or
butyl alcohol, wrth dlcarboxllic aCIds, such as glutarrc
aCId adipiC aCid and SUCCIniC aCId High molecular
weight esters may be used either cold or heated to
Improve cleaning performance

Among the low molecular weight esters (L) ethyl
lactate IS reported to have good cleaning health and
safety propertIes (HIli and Carter 1993) Ethyl/actate IS
an ethyl ester of (L ) lactiC aCid It IS a VOC wrth
moderate flash POint (126°F) Additional information on
ethyl lactate IS given In the AvaIlable Technology
section Miscellaneous Organic Solvents Other
esters that currently are being studied for cleaning and
degreaslng solvents are the small CYCliC esters such as
ethylene carbonate and propylene carbonate

Glycol ethers have good solvent properties
but are a health (15k

Glycol ethers also have good solvent properties for
common contaminants They form emulSions WIth
water that can be separated for recycling Health
concerns relating to the use of both the ethyl and
propyl senes glycol ethers are now being examined In
the wake of reports that they cause an Increased rate
of mlscarnage among women
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NMP has solvent properoes, TS fTJiscibfe
WIth water and othercompounds, and can
be used cold or heated

N-methyl.2 pyrrolldone, or NMP, has been used In
the chemical and petrochemical Industnes as a solvent
for extractIon and as a formulating agent for coatings,
paint removers and cleaners NMP has high solvency
for a number of contaminants It normally IS used
undiluted but It can be mixed With water NMP IS
completely miscible With water and organic compounds
such as esters ethers alcohols ketones aromatic and
chlonnated hydrocarbons and vegetable oils NMP can
be used cold or heated because of rts high flash POint
(about 199°F)

Operating Features

Semi aqueous cleaners are deSigned to be water
nnsable or non-water nnsable After washing In a
water-nnsable type, cleaned parts may be nnsed In

water to remove reSidue If a non water nnsable type IS
used cleaned parts may be nnsed In alcohol such as
Isopropyl alcohol, or other organic solvent or the
reSidue may be allowed to remain on the parts If
nnsIng IS the deSired option It IS common practice to
rinse In a secondary tank to capture dragout cleaner

Several technoJogJes allow semi-aqueous
cleaners- to be separated from the waste
water to be recycled ordtscharged for
treatment

If the semi aqueous cleaner IS diluted With water to
form an emulSion the cleaner can be coalesced Into rts
aqueous and nonaqueous components by gravity
separation or by advanced membrane separation
techniques These techniques permit used cleaner to
be recycled back Into the wash tank or discharged for
treatment and disposal Vacuum distillation can be
used to punfy Single component solvents Reclaimed
nnsewater also can be reused or discharged

Proper use of these cleaners IS reqUired to reap their
full pollution prevention benefits Good engineering
deSign IS essential so that air emissions can be kept
low For example

The cleaning bath should be operated at the
minimum temperature where acceptable cleaning
periormance IS obtained
Low vapor pressure cleaning agents should be
used
Dragout should be minimized by the use of air
knives
The air exhaust rate should be maintained at a
minimum level

Koowmgthe flash pomt 15 Important when
hEattngsemr aqueous cle;:mers

Terpene semi-aqueous cleaners normally are used at
ambient temperature or heated to no higher than gO°F
However many high moleCUlar weight esters have
flash pOints In excess of 200°F Also the glycol ethers
generally have flash pOints above 200°F and can be
heated for Improved solvency

NMP has been used for removing cured paint and
hence IS a substitute for methylene chlonde NMP IS
better SUited for ImmerSion tanks than other application
methods because elevated temperatures are reqUired
to enhance ItS chemical activity Usually NMP Immer
slon cleaning or paint removing IS done at 155°F In an
open tank or up to 180°F If a minerai 011 seal IS
present

Seml-aqueotJs deanSfs:are effectwe on
heavygrease. tar. and waxest andcan
penetrate small creVJCes

In general, the semi aqueous cleaners have excellent
solvency for a number of difficult contaminants, such as
heavy grease tar and waxes The cleaners have low
surface tenSIon, which decreases their contact angles
and allows them to penetrate small spaces such as
crevices blind holes and below suriace mounted
electronic components

As WIth aqueous cleaners nnslng IS necessary to aVOid
leaVing a reSidue on the cleaned parts If water rinSing
IS periormed the parts must be dned The methods of
drying Cited for aqueous cleaners apply here as well If
rinsing IS done by a volatile organic solvent such as
Isopropyl alcohol then drying Will be accelerated

Semi aqueous cleaners are Widely available Terpenes,
esters and glycol ethers are typically priced from $10
to $20 per gallon when purchased In drum size
quantIties The cost of NMP IS higher about $25 to $30
per gallon when purchased by the drum

More waste streams must be managed With semi
aqueous cleaners than WIth either solvent cleaning or
aqueous cleaning Each waste stream can Increase
costs

Application

Semi aqueous hydrocarbon cleaners first gamed
acceptance In the metal cleaning Industry where they
were known as emulSIOn cleaners Semi aqueous
cleaners currently are gaining Wider appeal In all types
of Industnes where parts are cleaned such as metal
fabrication electronics and preCISion parts manu
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facturlng The performance of some of these cleaners
has been validated In government tests for example
the Phase 2 Standards for Electronrc Components
Issued by The Institute for Interconnecting and Packag
Ing Electronic CircUIts (I PC 1990)

Benefits

Semi aqueous cleaners may have certain advantages
over aqueous cleaners tor example semi aqueous
cleaners

May be more aggressive In removing heavy
organic contammants
May have lower corrosion potential with water
sensitive metals
Penetrate small spaces more easily because
they have lower surface tensions

Limitations

Health and Safety Mists of concentrated seml
aqueous cleaners can be Ignited at room ttlmperature
Terpenes are a special concern because they have the
flash pOints as low as 115°F The low flash pOint
restricts safe operating temperatures to no more than
90°F In some cases Washmg equipment should be
deSigned to avoid creating mists such as by spraying
or agitating below the fluid surface or by uSing ultra
sonIc actIon Also equipment used with low-flash pOint
cleaners should have overtemperature protection

Health effects of selTII-ar;ueous cJeaners
requIre further research

The health effects associated with uSing semi aqueous
cleaners have not been fully explored Limited testing
of d hmonene has Yielded posrtlve carclnogenrcrty
results In male rats (National TOXicology Program,
1990) Also the terpenes In general and d-hmonene In

particular are hIghly photochemically reactIve (Darnall
et al 1976) so rt IS deSirable to mmlmlze losses
Another concern with terpenes IS that their strong odors
may become objectionable to workers thus reqUIring
addrtlonal ventilation In areas where they are used

The reproductive health problems associated wrth
glycol ethers are a cause for serious concern Whether
glycol ethers can be used safely Will have to be estab
Itshed by further testmg U S EPAs Office of Pollution
Prevention and Toxlcs (OPPT) recently published a
report statmg that NM P could present a Significant risk
of reproductive and developmental harm to humans
(U S EPA 1993) The route of entry IS dermal so rt IS
beheved that protective gloves may be suffiCient In

preventing harmful exposure OPPT IS currently

workIng wrth NMP product manufacturers to resolve the
Issues of worker health and safety

Although semi aqueous cleaners are biodegradable
the capacrty of treatment facllrtles to treat wastewater
must be understood For example, the reSidence time
of a waste stream m older Industrial wastewater
treatment faClirtles may be too short to effect complete
degradation In such cases an add on treatment
system should be conSidered An mdustrlal plant may

conSider purchaSing a batch-type or continUOUS flow

fixed film or other type biological reactor to process
nnsewater from semi aqueous c1eanmg This kind of
add on treatment system may be essential If wastewa
ter otherwise would be discharged dIrectly to a pUblicly
owned treatment works (POTW)

SemI-aqueous cleaners do not corrode
most metals or plasttC$ Use on some
robbers and plastICs IS not recommended

Compatibility with Materials Semi aqueous cleaners
are noncorrosive to most metals and generally are safe
to use wrth most plastics Terpenes generally are not
recommended for cleanrng polystyrene PVC polycar
bonate low denSity polyethylene and polymethylpen
tene, nor are they compatIble WIth the elastomers
natural rubber Silicone and neoprene NM P dissolves
or degrades ASS Kynar™ Lexan™ and PVC and rt
causes swellIng In Suna N Neoprene and Vlton™
Glycol ethers seem to degrade polystyrene and cause
swelling In the elastomers Suna N and Silicone rubber
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Petroleum Hydrocarbons

Pollution Prevention Benefits

The primary pollution prevention benefIts of petroleum
hydrocarbon solvents are that they produce no waste
water and they are recyclable by distillation ParaffiniC
grades have very low odor and aromatic content and
low evaporative loss rates However, planned recovery
of VOCs IS an Important part of pollution prevention If
these solvents are to be used

How Do They Work?

Petroleum hydrocarbons are available In two grades
the baSIC petroleum distillates and the speCialty grade
of synthetiC paraffiniC hydrocarbons Products of the
petroleum distillate grade Include minerai splrrts
kerosene white Splnts, naphtha Stoddard Solvent and
PD 680 (military deSignatIon types I II and III) These
are technologically less advanced as they contain
components that have a broad range of bOIling POints
and may Include trace amounts of benzene derivatives
and other aromatics Petroleum distillates were avail

able many years before chlOrinated solvents attained
their popularrty

More recently Improved separation and syntheSIS
techniques have led to the production of the speCialty
grade of paraffiniC hydrocarbons ParaffinS are straight
chain branched or cycliC alkanes they are aliphatiC as
opposed to aromatic (I e derived from benzene and
naphthalene) The number of carbons In the paraffin
solvent typically ranges from 10 to 14 Compared to
petroleum distillates the paraffiniC hydrocarbons have
very low aromatic content narrower bOiling ranges and
higher solvency and they are more expenstve

Nanpetroleum addItNf;s often am used to
Ta1se the flash pomt ofpetreleum hydrocar
bons

Hydrocarbon solvents work by dissolVing organic SOils
Some solvents that have flash POints as low as 105°F
must be used at ambient temperature to aVOid a fire
hazard Many high grade hydrocarbon solvents have
flash pOints above 140°F Higher flash POints are
achIeved uSing hIgher-molecular weIght compounds
Some formulations contain nonpetroleum additives
such as high-molecular-weIght esters to Improve
solvency and raIse the flash pOint

When the cleaning lifetIme of a hydrocarbon solvent
expires the entire bath must be replaced Used
hydrocarbon solvents commonly are blended wrth other
fuels and incinerated In cement kilns

Petroleum hydrocarbons typically are used when water
contact with the parts IS undeSirable Cleaning wrth
petroleum distillates lends Itself to Simple Inexpensive
one step cleaning In sItuations where a high level of
cleanliness IS not essential

Operating Features

Petroleum hydrocarbons have high solvencles for
many "hard to clean organic SOils including heavy all
and grease tar and waxes In addition they have low
liqUid surface tensions (-22 to 28 dynes/cm) which
allows them to penetrate and clean small spaces

Minerai SPirits cost around $3 per gallon and paraffiniC
hydrocarbons for metal cleaning cost from $7 to $10
per gallon when purchased In drum-SIze quantities
SpeCialty-grade paraffiniC hydrocarbons for electroniC
cleanmg may cost up to $30 per gallon

Because hydrocarbon cleaners have slower drying
times than chlOrinated solvents parts may be dned by
forced air or by oven drying Restrictions on vac
emiSSions may apply In some areas If so the cost of
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vapor recovery also must be considered when evaluat
Ing the cost of uSing these solvents

Application

Petroleum distillates have had a long history of use
particularly In automobile repair and related service
areas Specialty-grade paraffInic hydrocarbons have
become widely available only recently but are reported
to be used for a broad range of metal cleaning and
electronics defluxlng purposes They currently are
undergOing rapid development for specialized cleaning
operations The performance of some of these solvents
has been validated In government tests for example
the Phase 2 Standards for Electronic Components
Issued by The Institute for Interconnecting and Packag
Ing Electronic CirCUits (IPC, 1990)

Benefits

No water IS used wrth hydrocarbon cleaners so there IS
no potential for water corrosIon or for water to become
trapped In cavities Some preCIsion cleaning operations
are most effective with hydrocarbon cleaners

Limitations

Health and Safety Petroleum hydrocarbons are
flammable or combustible and some have very low
flash POints as low as 105°F Process equipment
Including drying ovens, must be deSigned to mrtlgate
explosion dangers The tOXICity level of hydrocarbon
solvents IS considered low 8 hour PELs for Stoddard
solvent and VM & P naphthas are 100 ppm and
400 ppm, respectively Values for synthetiC petroleum
hydrocarbons have not been determined yet but they
are expected to be higher than the values for petroleum
distillates Products with high flash POints evaporate
more slowly than low-flash POint solvents

ReSidues may remain on the parts long atter they are
cleaned Petroleum distillates contain compounds with
different molecular weights and hence a range of
evaporation rates In addition some speCialty solvents
are blends of paraffiniC hydrocarbons and other organic
solvents In either case the less volatile components
may be lett on the parts atter the bulk liqUid has
evaporated Furthermore contamInated solvents Will
tend to leave a reSidue so they should be repJaced
when slow drying or reSidue becomes a problem If
reSidues are unacceptable a second level of cleaning
may be needed Follow up cleaning may Include
rinsing In a clean or more volatile organic solvent or
aqueous cleaning

Hydrocarbons are VOCs and hence they are photo
chemical smog producers Restrictions against their

use may be realized In the future BUSInesses choosmg
thiS alternative must conSider the expenses of pOSSible
requIrements for recovering VOCs from exhaust
equipment

Compatibility with Materials Hydrocarbon cleaners
are compatible With most metals and plastiCS and With
some elastomers
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Hydrochloro11uorocarbons (HCFCs)

Pollution Prevention BenefIts

Hydrochlorofluorocarbons or HCFCs were developed
to lower emiSSions of ozone-depleting substances that
are used In cleanrng foam blOWing agents and
refrigerants Although HCFCs accomplish the goal of
redUCing emiSSions, they have some Ozone Depletion
PotentIal-about 0 15 for HCFC 141 band 0 033 for
HCFC 225cb-relatlve to CFC 113 which IS 1 0
Therefore HCFC 141 b depletes ozone at a rate about
6 or 7 times less than that of CFC 113 but about equal
to that of TCA (see Table 5) The ozone depletron rate
for HCFC 225cb IS about 30 times lower than that of
CFC 113

How Do They Work?

HCFCs are deSigned to be near replacements to CFC
113 for vapor degreasrng However the properties of
the HCFCs differ somewhat from those of CFC 113 so
that vapor degreasrng equipment that was deSigned for
CFC-113 would have to be retrofrtted to accommodate
HCFCs
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Table 5 Physical Properties' of CFC 113 and HCFCs

Compound CFC 113 HCFC 141b HCFC 225ca HCFC 225cb

Molecular Weight 18738 11695 20294 20294

BOiling POint (0C) 476 31 7 51 1 561

Freezing POint (OC) 35 103 112 116

Liquid Density (cm3
) 157 124 1 55 1 56

Liquid VISCOSity (cps) 068 N/A 058 060

Liquid Suriace TensIon (dyne/cm) 173 193 158 167

Heat of Vaporization (cal/g) 34 51 33 33

Kauri Butanol Value 31 56 34 30

Flash POint None None None None

Relative Evaporation Rate 123 120 101 84
(Ether=100)

Azeotroplc Composition
with Alcohol (wt%)

Methanol 936/64 960/39" 947/53 933/67
Boiling POint (0C) 39 294 455 472

Ethanol 962/38 No data 973/27 956/44
Boiling POint (0C) 445 500 538

ODP 08 015 0025 0033
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Property measurements at 25 C
b 0 1% Nilromalhana added

Sources Basu at aI 1991 Kl1amura at aI 1991

Two basIc chemistries of HCFCs are bemg used for
vapor degreasmg HCFC-141b (CCI

2
FCH

3
) which IS In

the ethane senes and HCFC 225 which IS In the
propane series Actually HCFC-225 IS a mixture of
Isomers HCFC 225ca (CF

3
CF

2
CHCI

2
) and 225cb

(CCIF
2
CF

2
CHCIF) The physical properties of these

HCFCs are compared to the properties of CFC 113 m
Table 5 The table shows that the bOiling temperature
of HCFC 141b IS lower than that of CFC 113 However
the heat of vaporization of HCFC 141 b IS greater so
that the evaporation rates for both compounds are
similar The table also shows that the bOiling tempera
tures of HCFC 225ca and cb are higher than that of
CFC 113 and that all three compounds have similar
heats of vaporization The surface tension densIty and
Kauri Butanol values of the HCFCs are comparable to
those of CFC 113 which mdlcates that sImilar cleaning
performance IS expected

Both HCFC 141b and 225ca -cb can be used In pure
form or as azeotropes with methanol HCFC 225ca cb
also can be used In azeotrope form wrth ethanol
Azeotropes are liqUid mixtures that produce a vapor of
the same chemical composItion BOIling temperatures
for azeotropes are compared wrth bOIling temperatures
for CFC 113 In Table 5 Alcohols prOVide Improved
solvency for IoniC and polar contamInants such as
solder flux Nrtromethane sometimes IS added In small
amounts to stabilize the alcohol component

Operating Features

It IS Important to realize that HCFCs are being devel
oped for Interim use only The London Amendments to

the Montreal Protocol call for a ban of HCFCs between
2020 and 2040 The mam reason for choosing this
technology IS to enable an eXisting CFC-113 vapor
degreasmg system to continue In use until a long term
alternative IS found The long-term alternative could be
a completely enclosed vapor degreaser or a non HCFC
technology discussed In this GUide

HCFC-141b currently costs approximately $300 to
$3 50/lb or about $30 00 to $35 DO/gallon Because
production of HCFC 225 mixtures IS under develop
ment prices were not available

Application

HCFCs had no commercial solvent use prior to pas
sage of the Clean Air Act Amendments (CAM) of
1990 HCFCs now are used In vapor degreasers for the
same applications as CFC-113 HCFCs have Similar
performance characteristics to CFC 113 However like
the CFCs the HCFCs Will be phased out of use It IS
unknown at this time whether regulations Will permrt
use of HCFCs until at least the year 2020 as expected

Benefits

HCFCs prOVide a short term solution to choOSIng an
alternative solvent and allow use of eXistIng equipment

limitations

Health and Safety Because HCFCs have lower bOiling
POints than CFC 113 HCFC solvent vapors may be
lost too qUickly In older degreasers and these vapors
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may be a health risk Some emiSSion control features
may have to be added such as extending freeboard
height adding secondary condensers or completely
enclosmg the system (GUIde to Cleaner Technologies
Cleanmg and Degreasmg Process Changes 1993)

TOXICity testing of HCFC has been ongoing by the
Industry consortium - Program for Alternative Fluoro
carbon Toxlcrty Testing (pAFT) Results of their findings
were recently reported (Finegan and Rusch 1993) and
are summanzed below

The toxicology program studied the effects of HCFC
141 b on rats shOWing that at an exposure level of
20 000 ppm, an Increase In cholesterol reduced
fertility and reduced body weight were the predominate
effects No effects were seen With pup Viability or
survival

Metabolism studies showed that HCFC 141 b has a low
actlvrty rate and can be metabolized to 11-dlchloro-1
fluoroethanol HCFC 141b In the gas phase was active
In the CHO cell chromosome aberration assay up to
exposure levels of 10% but inactive In aU the other
assays

The chrOniC inhalation tOXICity study at exposure levels
of up to 20 000 ppm found no effects on survIval,
hematology clinical observations serum chemlstnes
unnalysls or organ weights An Increased inCidence of
benign Leydig cell tumors and related hyperplasia In

male rats In the mld- and high-level exposure groups
did not result In any life shortening effects as survival
rates were excellent In aU groups

The program showed HCFC-225ca to have slight liver
effects at 650 ppm whereas all levels of exposure (50
500 5 000 ppm) In the 4-week inhalation study showed
hepatotoxIc effects and peroxisome Induction At the
500 and 5 000 ppm levels there was indication of
cytochrome P450 induction A 14-day comparative
effect study In rats hamsters and gUinea pigs run at 5
50 and 500 ppm showed minimal effects In rodents at
5 ppm consisting of hepatotoxlcrty, inductIOn of peroxI
some and cytochrome P450 activity GUinea pigs
showed minimal effects at 500 ppm

A marmoset study at an exposure level of 1 000 ppm IS
shOWing Similar signs of peroxIsome induction marked
reduction In tnglycerldes a reduction In cholesterol
and dIscolored livers The cause of the one death IS
unknown HCFC 225ca was not active In the chromo
some aberration assay

The same program conducted on HCFC 225cb uSing
levels 10 times higher than those for the HCFC 225ca
stUdy showed results for the most part parallel to

those for HCFC 225ca The no-adverse effect level
was 500 ppm for rodents and 5 000 ppm for gUinea
pIgs Pharmacokinetics work indicated a blood half life
of 11 minutes

The marmoset study indicates a mild reduction In
tnglycendes at ItS exposure level of 5 000 ppm but so
far no eVidence of peroxisome Induction or induction of
cytochrome P450 The genetics program and results
are Similar to those for HCFC 225ca

HCFCs have no flash POint and are nonflammable Like
TCA however HCFC 141 b Will burn If the oxygen
content IS suffiCiently high

Compatlblllty with Materials HCFC cleaners are
compatible wrth most metals and ceramics and With
many polymers They are incompatible With acryliC
styrene and ABS plastiC

HCFCs probably have been developed to their full
extent Except for HCFC-141b and HCFC-225 all other
HCFCs that are SUitable as cleaning and degreaslng
solvents have turned out to be tOXIC
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Miscellaneous Organic Solvents

pollution Prevention BenefIts

The miscellaneous organic solvents do not contain
halogens therefore they do not contnbute to ozone
depletion However all of these compounds are VOCs
and evaporate readily thereby contnbutlng to smog
formation The solvents discussed In this section
normally are used In small quantities for niche appllca
tlons

How Do They Work?

This group covers a Wide range of solvents that may be
benefiCial as a replacement technology particularly on
a small scale, such as bench-top or spot cleaning
Types of miscellaneous organic solvents that are
commonly used are shown In Table 6

Bath alcohols andketones sre useful m
certam d!ymg operatIons

Alcohols are polar solvents and have good solubility for
a Wide range of inorganic and organic SOils The lighter
alcohols are soluble in water and may be useful In

drying operations

Ketones have good solvent properties for many poly
mers and adheSives lighter ketones such as acetone
are soluble In water and may be useful for certain rapid
drying operations HeaVier ketones such as
acetophenone are nearly Insoluble In water Ketones
generally evaporate completely WIthout leaVing a
reSIdue Some ketones such as methyl ethyl ketone
(MEK) and methyl Isobutyl ketone (MIBK) once were
Widely used However they now are conSidered HAPs
and thus are not favorable solvent substitutes

Esters and ethers also have good solvent properties
Low-molecular-weight compounds dry readily wrthout
leaVing a reSidue

I
I
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fable 6 Properties of MIscellaneous Organic Solvents

Molecular BOiling Meltmg Density Solubility

Compound Weight POint (DC) POint (DC) g/cm' 10 Water

Alcohols
ethanol 4607 785 117 0789 Soluble

n-propanol 60 11 974 127 0803 Soluble

Isopropanol 6011 824 90 0786 Soluble

n butyl alcohol 7412 117 89 081 9%

furluryl alcohol 9810 171 14 1 130 Soluble

benzyl alcohol 108 15 2053 15 1 042 4%

cyclohexanol 100 2 161 25 096 4%

Ketones
acetone 5808 562 95 0790 Soluble

acetophenone 120 16 2026 205 1028 Slight

Esters
n butyl acetate 116 t6 125 77 0883 <1 0

/

(L)ethyllactate 118 13 154 NA 1 031 Soluble

Ether
anisole 108 15 155 375 0996 Insoluble

Linear Methyl Siloxanes
28, cham 162 100 68 076 Insoluble

3 SI cham 236 149 86 082 Insoluble

4 S, cham 310 192 76 085 Insoluble

Vegetable 0115
peanut 011 443 (Ignition 5 0917 to Insoluble

temperature) 0921

soybean 011 445 (IgnitIOn 10 0916 to Insoluble
temperature) 0922
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A new class of organic solvents are the volatile methyl
slloxanes Their molecular structure IS erther linear or
cyclic The linear type which was recently Introduced
commerclaUy (Burow 1993) has the general formula
(CH3)3SIQ-rSIO(CH3)21n-SI(CH3)3 where Osn.s;4 Thus
n=0 corresponds to a 2 SI unit chain n=1 corresponds
to a 3 SI unit chain and so on The linear methyl
slloxanes are nonpolar and are most effective In
removing nonpolar and nonlOniC contaminants The
most volatile methyl slloxane (11=0) can function as a
drying agent

Vegetable oils are finding use In removing pnntlng Inks
They also seem to be compatible With elastomers
(EnVIronmental Program Office City of Irvine 1991)
Vegetable oIls contain trlglycerldes of fatty aCids
typically oleic linoleiC linoleniC palmitic and stearic
fatty aCids Unsaponlflable matter usually IS low «1%)

Operating Features

These cleaners, whIch are commercially available
probably Will frnd their greatest use In small batch
operations rather than as substrtute solvents rn large
scale processes

ApproxImate costs when solvents are purchased In

bulk quantitIes are as follows

Isopropyl alcohol $ 0 50/lb or $3 30/gal
n-propyl alcohol $ 0 70/lb or $4 70/gal
acetone $ 0 50/lb or $3 3D/gal

Application

Most of these cleaners have been used for a long time
as general purpose solvents and their solvent proper
ties are well known They are most often used cold In a
small ImmerSion tank WIth mild agitation or ultraSOnics
In addition fully enclosed spray washers are available
for alcohol cleaning

Benefits

Most of these solvents are well developed and some
have been used as cleaners for a century or more
Many of them have reached their full potential for
development The lighter alcohols and ketones have
high evaporation rates and therefore fast drying times
The more volatile solvents are best surted for spot
cleanrng where rapid evaporation IS desired

Ethyl and Isopropyl alcohols are commonly used rn
spot cleaning and touch up applications Because they
are slightly polar they tend to be good general
purpose solvents for nonpolar hydrocarbons polar
organic compounds and even IOniC compounds Ethyl
and Isopropyl alcohols are tully miSCible rn water

Benzyl alcohol IS a solvent for gelatrn casein (when
heated) cellulose acetate and shellac (Budavan
1989) and IS used as a general parnt softener (when
heated) The good solvent properties of benzyl alcohol
can be enhanced by heatrng Its flash pOint IS 101°C or
213°F (closed cup) Mixtures composed of 90% benzyl
alcohol and 10% benzoIc aCid also are used for solvent
cleaning applications Pure benzyl alcohol IS 4%
soluble In water but IS miSCIble In lighter alcohols and
With ether

Furturyl alcohol forms a miSCible but unstable solution
In water It is used as a general cleaning solvent and
paint softener Furfuryl alcohol IS soluble In water and IS
miSCible In lighter alcohols and In ether The solvent
properties of furfuryl alcohol can be enhanced by
moderate heatIng ItS flash POint IS 75°C or 167°F
(closed cup)

N-butyl alcohol IS a solvent for fats waxes, resins
shellac varmsh and gums It IS 9% soluble In water at
25°C, but forms an azeotrope With water (63% n-butyl
alcohol/37% water) that bOils at 92°C N-butyl alcohol IS
miSCible In lighter alcohols ether and many other
organic substances

N-butyl acetate IS a solvent used In lacquer productIon
It IS less than 1% soluble In water at 25°C The solvent
activity of n-butyl acetate IS enhanced by mixing With n
butyl alcohol A mixture of 80% n-butyl acetate and
20% n-butyl alcoholrs used to dissolve 011, fats, waxes
metallIC reslnates and many synthetiC resins such as
Vinyl polystyrene and acrylates Also the mixture
dissolves less highly polymerized alkyd resins and
shellac

Ethyl lactate IS another ester that has useful solvent
properties The use of ethyl lactate IS relatively new to
cleaning and degreaslng Recently It has been shown
to have good solubility for skin oils cutting flUids
coolants mold release compounds and marking Inks
(HIli and Carter 1993) Ethyl lactate has a flash POint of
47°C or 117°F (closed cup)

Acetone IS a solvent for fats oils waxes resins
rubber some plastiCS lacquers varnishes and rubber
cements It IS completely miSCible In water and m most
organiC solvents Acetophenone IS only slightly soluble
In water but IS mISCible m alcohol ether and other
organiC substances

LimIted information IS available on the use of anisole as
a cleaning solvent Use of a mixture of equal parts of
anisole and ethanol With 10% sodium ethoxlde has
been reported for cleaning and pamt removal Anisole
IS used primarily In perfumery and In organic synthe
ses Anisole IS Insoluble In water but IS soluble rn
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alcohol and ether TOXICity test data show Its LD50

lrally In rats) to be 3700 mg/kg (Budavan 1989)

Volatile methyl srloxanes have been found to remove
contaminants In precIsion metal working optiCS and
electronics processing (Burow 1993) They remove
cutting fluids greases and silicone fluids They have
low odor and evaporate In the range of butyl acetate
Without leaVing a reSidue They can be used In cleaning
equipment deSigned for use With Isopropyl alcohol

limItations

Limitations of some of these cleaners IS that some
have vapor pressures that are too high to be used In

standard process eqUipment whereas others evapo
rate too slowly to be used Without including a rinse and/
or dry process

Health and Safety Most of the organic solvents men
tloned In Table 6 have low flash POints and present a
fire hazard Inhalation of these solvents can present a
health hazard It IS not known whether the more volatile
solvents will be able to meet voe emiSSion restrictions
In highly regUlated areas of the country Users should
consult MSDS Itterature for safe handling practices

fhe lighter alcohols such as ethanol and propanol
have flash pOints below room temperature so they are
potential fire hazards unless precaulions are taken to
mitigate the possibility of Igniting their vapors N-butyl
alcohol has a flash pOint of 36 to 38°C or 97 to 100°F
(closed cup) which IS considered flammable

N-butyl alcohol may cause Irritation of mucous mem
branes dermatitis headache diZZiness and drowsl
ness (Budavan 1989) Furfuryl alcohol IS relatively
tOXIC (OSHA permissible exposure limit IS 40 mg/m3)

Also furfuryl alcohol IS an Irritant to eyes and skin
exposure to ItS vapor should be aVOided

N butyl acetate IS Irritating to eyes and skin and It may
cause conjunctivitIs Also It IS a narcotic In high con
centratlons (Budavarr 1989) N butyl acetate has a
flash POint of 22°C or 72°F (closed cup) so It IS a
potential fire hazard unless precautions are taken to
prevent Igniting ItS vapor

Acetone IS qUite volatile evaporates qUickly and IS a
highly flammable liqUid Its flash POint IS 18°C or O°F
(closed cup) making It a fire safety hazard unless stnct
fire prevention measures are taken Acetophenone has
a flash pOint of 105°e or 221°F (closed cup)

InhalalJon of acetone may cause headache fatigue
excitement bronchial Irritation and In large amounts
narcosIs (Budavan 1989) Prolonged breathing of
acetone may cause erythema

The flash pOints of the volatile methyl siloxanes are In

the flammable and combustible ranges 1°C (30°F) for
n=0 34°C (94°F) for n=1 and 57°C (135°F) for n=2
compounds

The volatile methyl slloxanes are reported to have low
oral and dermal tOXIcities and are non Irntatlng to the
skin and respiratory tract (Burow 1993) They are mild
eye Irritants

Compatibility With Matenals In general solvents are
safe to use With most metals but some can cause
swelling and cracking of polymers and elastomers
Ketones also are incompatible With many structural
polymers Esters on the other hand seem compatible
With most polymers

Ethyl lactate hydrolyzes to form lactiC aCid upon
exposure to water including contact With mOist air The
aCidity could have a negative Impact on cleanrng metal
parts In one set of tests, a sample of lactiC aCid aged
6 months at room temperature without nitrogen purge
showed 0 10% aCidity by tItration (HIli and Carter
1993) Therefore I precautions are needed to minimize
the contact of lactiC aCid With mOist air
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Supercntlcal Fluids

Pollution Prevention Benefits

The main advantage of uSing carbon dioxide (CO) as
a supercrrtlcal fluid (SCF) is that CO

2
IS nonpolluting

CO2 is denved from the atmosphere and IS not created
for use as a solvent Furthermore the small quantity of
CO

2
released would have an insignificant effect on

global warming On the other hand cosolvents which
may be used to Improve the solvent power of CO

2
, may

have pollution potentIal and should be investigated
before use Energy IS reqUired to operate the pumps
and temperature control equipment that are needed In

supercrrtlcal cleaning equipment

How Do They Work?

CO2 compressed above ItS Critical pressure (73 7 bars
or 1077 pSI) becomes a critical flUid, and If also heated

above rts Critical temperature (31 1°C or 88 00 F) It
becomes a supercrltlcal flUid Typically however the
term supercntlcal (SC) IS appired to any regIon In phase
space that IS above either the crrtlcal temperature (Te)

or the crrtlcal pressure (Pc) Critical and supercntlcal
flUids are excellent solvents for dissolVing many
medium-molecular-weIght nonpolar or slightly polar
organic compounds

SCFs have more solvent power the denser
thsyare

Figure 1 IS a phase diagram for CO2 that shows ItS
stable phase boundanes including the supercntlcal
region The solvent power of supercntlcal flUids In

creases as the denSity of the flUid Increases The
denSity of SC CO

2
can be made nearly liqUid like at

moderate pressures The shaded region In Figure 2
shows the pressure-temperature (P 7) region that is
most useful for cleaning FlUid denSities range from
approximately 0 2 to 0 8 g/cm3 Figure 2 shows how the
flUid denSity may be vaned to achieve a broad range of
solvating ability It may be said that supercntlcal flUids
can be 1alJored to achieve a deSired solvent capability
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Pressure density diagram for pure CO
2

temperature In °C, cp = cntlcal POint
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SupercnfJCaJ CO2 drssoTves and carnes
away soluble contammants

Pressure pump to elevate CO
2

liqUid pressure
Hot water bath to elevate line temperature to that
of the cleaning chamber
Cleaning chamber where parts are cleaned
Pressure reduction valve at fluid eXit port
Separator vessel to collect contaminants
Air flow meter to monitor CO

2
usage

Samples to be cleaned are placed in the cleaning
chamber, which also IS called an extractIon vessel or
autoclave The process IS started by drawmg CO

2
from

the gas cylinder then pressurizing and heating the CO
2

to the same P-T conditions as In the extraction vessel
Heat tape may be wound around all Critical flUid
transfer lines and temperatures should be monItored at
various pOints by thermocouples SC CO

2
flows

through the cleaning chamber where It dissolves and
carnes away soluble substances After extraction the
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CO2 source (compressed gas cylinder)
Chiller to condense CO

2
gas to liqUid

A typical SCF cleaning system consists of the follOWing
components

Other factors that affect the cleaning abilities of SCFs
are their gas like low VISCOSity and high dlffuSIVlty
which enable them to penetrate Into small confined
spaces such as cracks and blind holes In the P T
region of Interest (shaded area In Figure 2) VIScosities
are about twice those of the gas at atmospheric
pressure and at the same temperature whereas
drffUSIVltieS are about 30 times smaller (lira 1988)
However once CO

2
molecules have solvated contaml

nant molecules the kinematic properties of the flUid
may change especially near the SCF/contamInant
Interiace With this change the solvated contaminant
species may be drfflcult to remove In practice some
sort of mixing mechanrsm or flow control usually IS bUilt
into the extraction vessel

Figure 2
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CO2 and dissolved contaminants pass through a
pressure reduction valve where pressure IS dropped
below Pc and then they enter the separator vessel As
CO2 returns to the gaseous state Its solvent power
decreases sUbstantially and contaminants drop out of
solution and remain In the separator vessel The CO

2
continues to flow out of the separator vessel through a
flow meter and to the atmosphere

As a rule of thumb to achieve good solvency at
moderate temperature, the fluid pressure should be 2
or more times the cntlcal pressure of the flUId Typical
operating conditions for SCF cleaning equipment are
listed In Table 7

cost effective to purchase lower pressure rated eqUIp
ment and operate the SCF system for longer times at
lower pressure The expense of supplying CO2 to the
system however IS qUite small about 7 cents per
pound

Application

Supercntlcal flUids have been used In organic chemical
analysIs equipment and In the food and flavor Indus
tnes SCFs have been used to clean and degrease
preCIsion parts In the defense Industry since the mid

19805

Typical Operallng CondItions for Supercntlcal COl
Cleaning

Table 7

Parameter

Pressure (gauge)

Temperature

SC CO2 DenSity

SC CO2 Flow Rate

Time

SCientific Units

100 300 bars

40 85°C

0508 g/cm3

1 5 kglhr

053 hours

Englneenng Units

1 450 4 350 PSI

100 185°F
3050lb/tt3

2 11 Iblhr

053 hours

Supercntlcal flUids have been used to remove machine
coolants on aluminum and stainless steel substrates
(Salerno, 1990) The cleanmg process performed at
35°C 138 bars for 15 to 30 mmutes yielded a reSidual
o65% of the coolants on the substrates The SOlubility
of the coolants ranged from about 1 to 5% under these
condItions

Benefits

Operating Features

SCF cleaning exploits the marked Improvement of the
solvent power of CO2 or other substances after they
undergo a phase tranSItion from a gas or liqUid phase
to become supercntlcal flUids Supercntlcal CO2 has
been used very successfully to remove organic salls of
moderate molecular weight and low polarrty Supercntl
cal CO

2
does not give good results for sOils that are

IoniC or polar In nature, such as flngerpnnts

SCFcfeanJng IS most useful forpreCiSion
cleanmg operafl()ns

SCF cleanrng IS probably best reserved for removing
small amounts of sOil from parts that require a high
degree of cleanliness For example preCIsion cleaning
operations have been performed successfully on the
following deVices gyroscope parts accelerometers
thermal SWItches nuclear valve seals electro
mechanical assemblies, polymenc containers optical
components porous metals and ceramics (Gallagher
and Krukonls, 1991 Woodwell, 1993) The cleaning
technology IS avaIlable commerCially

Capital costs for installing SCF eqUipment are high at
least $1 OOK for small capacrty eqUipment The cost of
the autoclave Increases conSIderably with size Small
vessels may be only 1 liter In volume and are relatively
inexpenSive Large vessels-30 liters for example
are many times more expensive for the same pressure
rating If large parts are to be cleaned It may be more

Low VISCOSity and high drtfuslvrty permit SCFs to clean
wrthm very small cracks and pore spaces The solvent
power of SCFs IS pressure-dependent making It
pOSSible to extract drtferent Salls selectively and
preCipitate them Into collection vessels for analySIS

Limitations

Health and Safety The only major safety concern IS
the danger of a pressure vessel or line rupture How
ever, the pressures used In SCF cleanrng are well
wrthln the strength Ilmlts of most standard autoclave
equipment

Compatibility wrth Materials SCFs are compatible
wrth metals ceramics and polymers such as Teflon™
hIgh densrty polyethylene epoxies and polYlmldes
SCFs cause swelling In acrylates styrene polymers
neoprene polycarbonate and urethanes (Gallagher
and Krukonls 1991) Components that are sensitive to
high pressures and temperatures should not be
cleaned by SCF methods Process developments In
the future probably Will make SCF cleaning more
aggressive toward removing cross linked polymenc
matenals and dIsplaCing particulates

Cleaning Efficacy The major defICienCies of SCF
c1eanmg are that SCFs are not effective In removing
inorganic and polar organic SOils nor do they remove
loose scale or other particulates For these reasons
the SOil must be well characterIzed to ensure ItS
solubillty In SCF before an Investment IS made m thiS
technology

27 \~



I

•
I
I
I
I
I
I
I
I
I
I
I
I
I

It also IS not known whether the process can remove a
complex mixture of contaminants Therefore a detaIled
analysIs of the contaminants must be done before the
likelihood of success can be determined
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tlon and Waste Management and U S Air Force
Engineering and ServIces Center pp 101 110
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Int Ed Eng! 17716 727
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Carbon DIoXIde Snow

Pollution Prevention BenefIts

Chilled CO
2

IS a nontoxIC Inert gas that replaces
solvent use to eliminate ozone depleting substances
Because the CO

2
IS recycled there IS no need for

disposal nor IS any wastewater produced It generates
no hazardous emiSSions

How Does It Work?

Gaseous or liquid CO
2

IS drawn from a room tempera
ture gas cylinder or high pressure dewar and expanded
through a nozzle to produce fine CO2 partIcles and CO2
gas These particles are dry Ice sno'Nf!akes and are
propelled by the gas stream

The CO
2

gas or liqUId IS expanded through a speCial
nozzle to form a Jet For example when liquid CO, at
750 pSI IS throttled through a nozzle and expanded mto
a volume at 1 atm pressure It undergoes a phase
change to the solid state The shape and size of the
snowflakes depend on the confIguratIon of the no:zle
and the conditIons In which the flake formed In the gas
stream The snowflakes can be IndiVidual crystals or
collective groupings of crystallItes

Cleaning action IS performed when the snow particles
Impact a contaminated surface dislodge adherent
contaminant particles, and carry them away In the gas
stream The process IS effective In removing very small
(submlcron) particles where flUid drag normally
restricts the performance of liqUid phase cleaning The
CO

2
snow cleaning process also IS beheved to attach

hydrocarbon film by dissolVing hydrocarbon molecules
In a temporallJquld CO

2
phase at the film substrate

Interface (Whitlock, 1989) The dissolved film IS then
carned away by subsequent flow of snow and gas

Operating Features

A complete system Includes a CO
2

pUrifier a pneu
matlc actuated head and a microprocessor based
timing CirCUit Several models of manual spray booths
are available that prOVide a nitrogen purged heated
and mOnitored enVIronment for CO

2
spraying that cost

$1 OK to $15K One commercial pUrifier IS available In a
17 x 14 x 24 112 Inch stainless steel cabinet It weighs
135 Ib and requires an energy supply of 6 A 115 VAC
and 60 Hz

Another commercially available pUrifier IS capable of
pUrifying CO

2
to a water content of less than 20 ppb by

weight In laboratory analyses of CO, before and after
punflcatlon the hydrocarbon content of 1800 ppb by
weight was reduced to 3 ppb hydrocarbon CO

2
With

140 ppb by weight halocarbons was pUrified to 1 ppb
wt halocarbons The pUrifier works on a 25% duty
cycle allOWing use for 1 minute to every 3 minutes of
recovery time The snow gun consumes 0 6 Ib of CO

2

per minute when used continuously

If the dust or dirt particles removed by CO
2

snow
cleaning are a hazard they can be collected by an
electrically charged curtain (Hoenig 1990)
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Application

CO2 snow gently removes particles smaller than 10
mIcrons In diameter down to 0 1 micron that are difficult
to remove uSing high velOCity lIqUid nrtrogen It IS used
to remove light OIls and fingerprints from mirrors
lenses and other delJcate surfaces and from precISion
assemblJes wrthout scratching the surface

Uses of COz snow range from hybnd
CffCI.Jffry to me optlc$ mdustry

CO2 snow can clean hybnd circuitry and Integrated
cIrcUIts without disturbing the bonding wires ThIs
unIque abilIty cannot be duplicated by any other
cleaning mechanism In the diSC drive Industry CO

2
snow IS used to remove particles from diSCS without
damage to the operation (HoenIg 1990)

The process IS used to remove paste fluxes In solder
Ing If the grease cannot be removed wrth CO

2
snow

alone a combination of CO2 snow and ethyl alcohol IS
effective followed by CO2 snow alone to remove the
Impuntles from the alcohol (Hoenig 1990)

CO
2

IS used to remove hydrocarbons and SIlIcone
grease stains from SIlicon wafers Wafers artifiCially
contaminated wrth a finger pnnt a nose print and a
thin SIlicone grease film were found to have surface
hydrocarbon levels 25 to 30% lower after CO

2
snow

cleaning than the onglnal wafer surfaces (Sherman and
Whitlock 1990)

CO2 snow:cIeanmg 15 extremely effeetwe-

Layden and Wadlow (1990) report a reduction of zinc
orthosillcate concentration on a SIlicon wafer of more
than 99 9% after cleaning by high-velocity CO

2
snow

Whrtlock (1989) reports removal of greater than 99 9%
for particles rangIng from 0 1 to 0 5 micron diameter

In the field of optiCS CO2 snow IS used to clean the
light scattenng particles and debrrs from the mirrors of
the world s largest and most expensive telescopes

CO
2

snow also IS used to clean surfaces exposed to
contaminants In air prior to surface analysIs The
process was found to work better than solvents to
clean vacuum components Because the aerosol could
penetrate narrow spaces no disassembly was re
qUired greatly shortening the time required for clean
Ing Furthermore CO

2
cleaning IS effective on some

plastiC parts that cannot be cleaned by solvents
(Layden and Wadlow 1990)

BenefIts

Some of the major benefiCIal aspects of CO2 snow
Include

CO
2

snow performs Ultrapure cleaning of light Oils
down to submlcron size on the most delicate
senSItive matenals ranging from bonding wires to
preCIsion mIrrors In telescopes
The CO

2
snow crystals generated by the snow

gun are extremely gentle
The CO snowflakes are adjustable to a Wide

2

range of sIze and intensity
The process does not create thermal shock IS
nonflammable and nontoxIc and causes no
apparent chemical reactIons
Cleaning by CO

2
snow IS noncorrosive and

leaves no reSidue
CO

2
snow does not crack glass or other ceram

ICS
• No medIa separatIon system IS needed nor IS

there a media disposal cost
CO

2
snow can penetrate the nonturbulent area to

dislodge contaminants and can be used on
components wrthout disassembly that otherwIse
must be disassembled because the aerosol
penetrates narrow spaces

Limitations

Potential hazards and limitations of CO
2

snow Include

HeaVIer oils alone or mixed with light 0115 may
reqUire chemical precleanmg and/or heating to
be completely removed
The CO

2
must be purified because of rts ten

dency to dIssolve contaminants from the walls 01
tanks In which It IS stored Purrflcatlon equipment
adds expense to the CO2 snow cleaning system
When surfaces are excessively chilled by long
dwell times airborne ImpUrities may condense
and settle on the clean surface (2lto 1990)
CO2 snow has low Mohs hardness and Will not
scratch most metals and glasses However hard
partIculates such as sand that may be present on
a surface potentIally could cause scratching
when they are carned by the gas stream
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SECTION 3
EMERGING TECHNOLOGIES

How to Use The Summary Tables

Two emerging alternatIves to chlonnated solvents for
cleaning and degreaslng are evaluated In this section

Catalytic wet OXidation cleanln~

Absorbent medIa cleaning •

Tables 8 and 9 summanze descnptlve and operatIonal
aspects of these technologies The tables contain
evaluations or annotations descnblng each emerging
cleaner technology and give a compact indIcation of
the range of technologies that may be applicable to
specrflc situations Readers are InvIted to refer to the
summary tables throughout this dIScussion to compare
and contrast technologies

The RequIred Skill Level of equIpment operators also
IS ranked as high, 'medium or low Required Skill
Level IS an indication of the level of SophisticatIOn and
traIning required by staff to operate the new technology
A technology that reqUires the operator to adjust cntlcal
parameters would be rated as haVing a high skill
requirement In some cases, the operator may be
Insulated from the process by complex control equip
ment In such cases the operator skill level IS low but
the maintenance skill level IS high

Table 9 also lists the Waste Products and EmiSSions
from the emerging cleaner technologIes It indIcates
tradeoffs In potential pollutants the waste reductIon
potential of each and compatibility WIth eXisting waste
reCYCling or treatment operatIons at the plant

.,

The Energy Use column prOVides data on energy use
for a speCifiC technology

The Capital Cost column prOVides a prelimInary
measure of process economics It IS a qualitative
estimate of the Initial cost Impact of the englneenng
procurement and Installation of the process and
support equipment compared to continuing to use
chlonnated solvents Due to the diverSity of cost data
and the Wide vanatlon In plant needs and condllions It
IS not pOSSible to gIve specifIC cost compansons Cost
analySIS must be plant speCifiC to adequately address
factors such as the type and age of eXisting equipment
space availability throughput product type customer
specifications and cost of capital Where pOSSible
sources of cost data are referenced In the diSCUSSions
of each cleaner technology

Use the mformatfCfJ m the text, from the
referem::es and from mdustry and trade
groups togetmore detail on the best
candidates

Operations Needed After Cleaning summanzes
additional inspection hand cleaning or other opera
tJons that may be needed after use of the clean afterna

31 live solvent These are noled 10 Indicate speCial \~'), I

The summary tables wrll help identIfy
posstble candIdate cleaner technologies

Table 9 shows the key operatIng charactenstlcs for the
emerging technologies The technical qualitative
ranklngs are estimated based on the descnptlons and
data In the literature

In Table 8, Process Complexity IS qualitatively ranked
as 'hIgh "medium or low based on such factors as
the number of process steps Involved and the number
of matenal transfers needed Process Complexity IS
an Indication of how eaSily the technology can be
Integrated Into eXisting plant operations A large
number of process steps or Input chemicals, or mUltIple
operations wrth complex sequencing are examples of
charactenstlcs that would lead to a high complexrty
rating

Operational Aspects

Table 8 descnbes each emerging cleaner technology It
lists the Pollution Prevention Benefits, Application,
Benefits, and Limitations of each emergrng cleaner
technology

Descriptive Aspects
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Table 8 Emerging Technologies for Alternatives to Chforlnated Solvents for Cleaning and Degreasrng DeSCriptIve Aspects

Technology Type

CatalytiC Wet
OXidatIOn Cleaning

Abso~entMe~a

C~amng

Pollution
Prevention Beneflls

Only CO
J

and water
produce

No water Involved In

cleaning
Replaces solvpnts
Media biodegradable
and/or can be recycled

AppliCltlon

OXidizable organic Salls

Degre"lse low alloy steel pnor to
heat treatment
Clean flngprpnnts from myhr
Sop up all
Degrease aluminum and other
sensllJve p.rts

Benefits

Can be used to clean wet parts

Wipes are made of recyclable potentially
reclaimable matenals
Wipes can be Incinerated
Starch applicators can be reused Indeflnltely
Sewered starch IS useful as a feedstock for
mUnicipal processing plants
Spent wipers and starch have BTU value

Limitations

May damage/corrode some
substntes

Plant "lIr or a shop vacuum needed In

most c.ses
Not use lui on complex surfaces or
detailed p.rts

Table 9 Emerging Technologies for Alternatives to Chlorinated Solvents for Cleaning and Degreasing OperatIonal Aspects

Technology Process ReqUIred Waste Products Capital Energy Operations Needed
w Type CompleXity Skill Level and EmiSSions Cost Use Alter Clerlnlng References
f\)

--~~-~~--

C.talytlc Wet Medium Medium CO
2

water No commercial syslem Low Drying to remove wa ter Dhooge 1990
OXidation Cleamng to date

Abso~ent Media Low Low Spent medn Low matenal cost and Low for air hltrallon or Sweeping or vacuuming Doscher 1991
Cleaning low operating cost vacuum system may be reqUired Doscher ot al 1990

-:$
-...Y



considerations In the applicatIOn of the cleaner technoI
ogy

The last column In Table 9 cites References to pUblica
tlons that Will provide further information for each
emerging technology The crtatlons are given as full
references at the end of the respective Emerging
Technology sections

The text further descnbes pollution prevention benefrts
application, product benefits, and limitations known for
each technology More highly developed technologies
are summarized In Section 2, Available Technologies

Catalytic Wet OXidation Cleanmg

eata/ytJC wet ~xtdatIon consumes Ilttla
energy

Catalytic wet OXidation IS a proposed method for
chemically OXidiZing. or "burning organic contamI
nants within an aqueous medium Oxygen rich air
pumped Into an aqueous solution can be used to gasIfy
organics that adhere to a substrate thereby converting
them to more easily degradable chemlcallOtermedl
ates The concept was developed for the destruction of
organic wastes (Dhooge 1990) but may be applicable
to substrate cleaning as well In pnnclple. the final
waste products are CO2 and water The process
consumes little energy

OXidation In the presence of water IS the source of the
term wet OXidation ThIs technology can be used to
treat waste streams high In organic matter Wet oXlda
tlon works most effectively on matenals that contain
substantial amounts of water and cannot be eaSily
combusted under conventional burning condrtlons

A catalyst-typically Iron (III)/Jron (II) salts that dissolve
In solutIon-and one of several homogeneous (aque
ous phase) cocatalysts are used to Increase the rate of
the wet OXidation reaction Typical cocatalysts could be
chosen from the platinum (IV) ruthenrum (1I1) rhodium
(III) nrckel (II) cobalt (II) palladium (11) or vanadium
(V) complex

The process works by forming water-soluble intermedi
ates as organic matenals are broken down Into smaller
molecular species Sometimes polymerization occurs
as In the formation of gums In petroleum Oils High
temperatures (250 to 300°C) may be reqUired to obtain
nearly complete conversion of organic matter with the
wet OXidation technology

Reference

Dhooge P M 1990 Method for Treatmg Orgamc
Waste Matenal and an OXidatIon Catalyst/Cocat
alyst Composition Useful Therefor U S Patent No
4,925540 May 15

Absorbent Media Cleanmg

Absorbent media can be used to remove grease and 011

In Situations where aqueous or semi aqueous treat
ments cannot be used as In degreaslng water sensl
tlve matenals or where lack of floor space makes
nnsmg ImpractIcal Two types of absorbent media have
been Introduced to replace VOC exempt solvents The
first Involves Wiping With 011 absorbent wipers contain
109 polypropylene fibers The second makes use of a
vanetyof particulate absorbents such as natural
Silicates wheat starch and dry cellulose pulp (Doscher
1991)

The effectiveness of wipers depends on the surface
size and VISCOSity of the grease or oil Cheesecloth and
speCially produced wipers of fine texture have been
used to remove fingerprints from mylar Wipers of
larger fiber dimenSion and rougher surface texture are
used to sop up 011 used dUring shop eqUipment mamte
nance and are effective on large, exposed surfaces As
part compleXity Increases and part size decreases
wipers contalnrng thinner, frner fibers are reqUired

Absorbent medm cleaners noware made
of recycled mateflals

The new generation of wipers are made of recycled
matenals such as polypropylene Because the fibers
are not woven or coated excess lint or shedding may
occur To combat thiS problem a ventilation system
should be deSigned to capture fugitive dusts Spent
wipers should be disposed of by recycling Inclneratrng
or landfilling prOVided that they were not used to
absorb tOXIC matenals Recycling IS seen as the most
deSirable option but In lieu of a cost effective method
for removrng all and grease from the fibers incinerating
or landfliling the wipers are the only currently available
options Because polypropylene has high BTU value
rnClneratlon may be the better alternative

Loese, partIculate absorbents are made
ofnatural matefJaJs

Loose particulate absorbents are reported to be even
more effective than wipers for removing grease and 011

because of their greater surface area and better
Impingement They may also have a greater affinity for
011 (Doscher 1991) The term partIculate absorbent
comprises such matenals as SIliceous matenals and
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organic cellulose based matenals The three commonly
used siliceous matenals talc kaolin and dlatoma
ceous earth vIsibly scratch aluminum surtaces and are
unacceptable unless abrasive surtace preparation IS
required Of the organic absorbents tested wheat
starch pertormed best In terms of ease of use and
results (Doscher 1991)

Starch waste can be used m V2ffOUS ways
so that waste handling reqUirements are
mmima!

Starch cleaning Involves dipping a foam backed nylon
bnstle paint pad In the loose starch and uSing standard
wipe techniques The process waste I e the 011

soaked starch aggregate IS vacuumed or swept away
and can be sewered In many cases depending on the
toxicology and wastewater charactenstlcs of the 011

When sewered the starch Itself IS useful as a feed
stock for mUnicipal procesSing plants If the process
grease or all cannot be sewered the process waste
has BTU value for incineration The nylon bnstle pad
can be reused many times Thus the waste volume
and handling requirements for starch are minimal

In a test to compare cleaning of sesame all wrth the
solvent MEK to starch cleaning of the same all starch
applied In one WiPing cycle (5 up and down scrubs) got
the panels 99% clean USing fresh MEK In three

successive WI pings replaCing the wiper each time
achieved 96% clean panels (Doscher 1991)

Starch cJe-anmg has been snown to be
more effedtV8 than cJeanmg WTth the
sotventMEK

Absorbent cleaning has In the past been regarded as a
'last resort substitution method WIth starch however
the matenal cost shop time and salet; healH· and
enVIronmental conSiderations outweigh the dlsadvan
tages for cleaning flat exposed surtaces A dust
collection unit or vacuum table must be provIded to
prevent excess matenal from becoming airborne When
the surtace IS not too complex and dust collection IS
feaSible starch cleaning IS a process Improvement
The effectiveness of starch In a flUidized bed dry
cleaning system IS deSCribed by Doscher and others
(1990)

References

Doscher P A 1991 Grease and Oil Removal Usmg
Absorbent Media Paper presented at the Second
Annual International Workshop on Solvent Substrtu
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Doscher PAN E Larson D D McCain and M J
Cooper 1990 FlUidized Bed Dry Cleaning as a
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SECTION TWO
POLLUTANTS OF CONCERN IN
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Introductron

Hazardous Matenals
and Processes

Sectwn Two

nus secuon descnbes the major pollutants of concern In the metal fimshIng
mduslry and the UnIt processes and operatIons that gIve nse to wastes and
pollutants addressed by thIS cleaner technology gUIde

The metals fimshmg mdustry IS concerned WIth polluuon and wastes
generated by all processes but espeCIally those generated by the use of four
specIfic matenals m firushmg processes (1) the use of cadmIum as a platmg
matenal, (2) the use of chrorruum as a platIng matenal, (3) the use of
cyanIde-based electroplaung soluuons. and (4) the use of
copper/formaldehyde-based electroless copper solunons This secnon
dlscusses the use, benefits. and hazards of each of these matenals m further
dewl The mformatIon presented provides background to the detailed
profiles on mdlVldual pollunon prevennon technologies that are presented
In Secnons Three and Four Most of these technologies address concerns
related to cadmIum and chronuum platmg and the use of
copper/formaldehyde and cyanide-based platmg solunons

CadmIUm

CadmIum IS a common platmg ma.tenal that has properues supenor to other
metal coatIngs m some apphcatIons Besides Its excellent corrosIOn
resiStance. cadmJwn IS valued for Its naturallubnclty It IS conunonly used
for platmg fasteners to ensure that the fasteners pass torque-tolerance tests
These tests Simulate the actJon of a power wrench tIghtenmg a nut on a bolt
The nut should tIghten qUickly under properly apphed torque and hold
securely thereafter Cadrruum IS a soft metal With naturallubncJty. these
properues glVe cadnuum good torque tolerance and bendablhty Cadnuum
also exhIbits good corrOSIOn reSIstance, and meets the salt-spray test
reqwrements of the automotIve mdustry It IS a readily solderable metal and
IS tOXIC to fungus and mold growth In the past, numerous rruhtary
specIficatIons have specified the use of cadrruum

The major cadmJUm complex used m electroplaung baths IS cadrruum
cyarnde, or Cd(CN)/ Other platIng electrolytes mclude cadnuum sulfate.
sulfamate chlonde, fluoroborate, and pyrophosphate Cadrruum fluoborates
are used With fluorobonc acid for electrodeposluon of cadmIUm on hIgh
strength steels CadmIum made IS dissolved In excess sodIUm cyanIde to
fonn the cadnuum complex used m the bath most conunonly used to plate
cadrruum

Page 9
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Cyamde solutions

Sodium and potassium cyarude are used m electroplatIng bath formulatIons
for the deposluon of copper, zmc, cadnuum, Silver, gold, and alloys such as
brass, bronze, and alballoy (copper-un-zmc) Electroplatmg baths may also
utlhze cyanide compounds of the metal bemg plated, such as copper
cyanIde, potasslUm gold cyawde, or Silver cyanide As the platmg solution
IS consumed, complex cyamdes are fonned from the reactIon between metals
dissolved at the anode from dropped parts and the sodIUm or potassIUm
cyanide (called "free" cyanide) In a well-designed wastewater treatment
system, most cyanides can be destroyed (OXidized) to concentratIons that
comply With the CWA Some of the complexed cyanides fonned dunng
platmg, however, are resistant to conventIonal OXidatIOn methods and
become pan of the sohd waste stream (EPA Hazardous Waste Number F
006) generated by the system CyanIdes used m stnppmg solutIons,
especially those for stnppmg nickel, are snrnlarly resistant to oXidation and
typically must be disposed of m bulk at a high cost

Copper/formaldehyde solutions

Electroless copper deposits are frequently used to apply a conductIve base
to non-conductive substrates such as plastics A thm copper deposIt
proVides a base for an adwuonal decorative or functional coaling of copper,
nIckel, etc One Important appllcauon IS In the coatIng of pnnted CirCUit
boards

Formaldehyde, a suspected carCInogen and water pollutant, IS used as the
reducmg agent m electroless copper baths Caustic nusts resultmg from
hydrogen evoluuon and alr spargmg In the baths present an addillonal
hazard

ChromIUm

Chronuum platmg falls mto two basiC categones depending on the service
feature deSired When the goal IS malnly a pleasing appearance and
mamtenance of appearance over ume, the plating IS conSidered "decorallve"
Decorauve chronuum platmg IS almost always apphed over a bnght nickel
plated depOSit, which In turn can be easIly deposited on steel alununum
plasuc. copper alloys. and Zinc die castmgs When chronuum IS applied for
almost any other purpose, or when appearance IS an inCidental or lesser
Important feature, the deposit IS commonly referred to as "hard chronuum
platIng," or more appropnately, "funcllonal chronuum plating" Funcllonal
chronuum platmg IS nonnally not apphed over bnght nickel platmg
although m some cases, nIckel or other deposIts are applied first to enhance
corrosIOn resistance

I
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SectWTl Two

Funcuonal chronuum platmg tends to be relatively thIck. rangmg from 0 1
nuls to more than 10 nuls Common apphcatlons of functlonal chronuum
Include hydrauIJc cylmders and rods, crankshafts. pnnung plates/rolls,
PIstOns for mternal combusuon engmes. molds for plastlc and fiberglass part
manufacture, and cuttmg tools Functlonal chronuum IS commonly
specified for rebulldmg worn parts such as rolls, moldmg dies C'y !Inder
hners, and crankshafts

Decorauve chronuum platIng IS most often less than 0 05 nuls 10 t1uckness,
and typIcally ranges from 0 005 nuls to 0 01 nuls Decorative chronuum
plat10g can be found on numerous consumer Items, mcludmg apphances,
Jewelry plastIC knobs, hardware, hand tools, and automotIve tnm

Hexavalent chromIUm-TradItIonally. chronuum depOSIts are produced
from an electrolyte contammg hexavalent chronuum IOns These depOSIts
have a pleasmg blwsh-whlte appearance Chenucal compounds containing
hexavalent chronuum are used m several metal fimshmg operauons.
mcludmg platlng, conversIOn coatmg. sealmg of anodiC coatmg, and
enhanced adhesIOn of pamt films on phosphated steel Chronuum plate IS
applied to a vanety of substrates for abrasion resistance (hardness) and Its
resIstance to household chenucals. as well as Its ability to I hold" lubncants
such as OIls on the surface and the pleasmg appearance (when plated over
a bnght llIckel)

The mam mgredlent m all hexavalent chromIUm platIng solutIOns IS
chromIUm triOXIde (Cr03), a compound that contams approximately 25
percent hexavalent chromIUm Other ingredients, typically present only at
very low concentratIOns, are conSidered to be eIther catalysts or Impuntles
Hexavalent chromIUm has been linked to cancer In humans followmg
prolonged InhalatIOn and IS tOXIC to aquatlc hfe at relatl vely low
concentrations Hexavalent chronuum 10 nnsewater can be treated to very
low concentraUons USIng redUCIng agents such as blsulfites and sulfur
dlOx.lde

PlatIng solutIOns based on hex.avalent chromIUm are very low In current
effiCiency As a result much of the current (as much as 90 percent) goes
towards decomposmg water Into oxygen and hydrogen gas As the
hydrogen and oxygen break the surface of the bath, they carry With them the
bath conslJtuents mcludmg chronuc acid, as a fine nust spray The nust IS
exhausted through a ventilation system on the platmg tank and captured m
either a scrubber or mesh pad system Hexavalent chroIDlum enusslOns
from decorative and functIOnal chronuum platmg operatIOns soon Will be
regulated under prOVISions of the Clean Air Act These emiSSIOns are
presently regulated on the local level throughout the U S

Page 11
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Hexavalent chrormum platlng solutions typically use lead anodes wluch
decompose over time, foenung lead chromates that must be treated and
disposed of as hazardous wastes These solutIons also are frequently treated
With banum compounds to control the sulfate concentratIon, which creates
a banum sulfate that IS typically soaked With chrormum plating solutIon and
which must be dlSPOSed of as a hazardous waste

FugIuve arr ermsslOns, water ermsslOns from poorly treated nnsewater, and
soIld waste generated from hexavalent chrormum platlng processes can have
a detnmental Inlpact on the environment This Impact can be ellrmnated or
reduced If a cleaner teelmology IS used

It IS partIcularly difficult to substItute alternate matenals for chrormum
because ofchroIIllum'S hardness, bnght appearance, resistance to commonly
encountered corrosive envlI'onments, ease of application, and low cost

Hexavalent ChroIIllum chermcals, such as chrormc acid, are frequently used
10 metal plaung appllcatlons to prOVide chrormum coatIngs exhJbltIng
hardness and aestheuc appeal Chronuum plating IS used to prOVide a
workmg surface for a part It IS also the standard method for Improving
hardness and smootluless for a Wide vanety of substrates, as well as the
resistance to wear, abrasIOn, gallIng, or high temperatures Typical
apphcauons are cylmder Imers and pistons for mternal combustIon engmes,
and cyhnders and rams for hydrauhc pistons (Guffie, 1986) Chrormum
platmg will contInue to be needed for specific applications. but alternatives
are aVailable for many tradIuonal uses Because of environmental concerns,
design engmeers will be reqUired to explore alternatlve technologies and be
more selectIve lD speclfymg chromIum platmg m the future

Tnvalent chromlum-DecoratIve chrormum platmg IS produced usmg
aqueous solutIons that contam either hexavalent or trIvalent chronuum
compoWlds The II1valent chromIum process has been aVaIlable for 20 years
and IS conSidered less tOXIC and more environmentally fnendly because of
the lower toXJclty of II1valent chronuum and the lower content of chromIum
m the platmg solutIon Over the last few years, several competitive platmg
processes based on II1valent chronuum have been developed Some of these
processes yield a depOSit that more closely resembles the platIng produced
by a hexavalent solutIon, albeit at a shghtly hIgher cost and requmng more
careful control of platlng conditions FWlCtlOnal chronuum platIng
presently IS aVaIlable commercially only from the hexavalent fonnulatlOn,
although recent efforts to optlrmze tnvalent chronuum fonnulatlons and
bath operatIon for hard platIng show pronuse (Kudryavtsev and
Schachameyer. 1994)

The major pollutants of concern m the metal fimshmg mdustry are spent
solutions contammg heavy metals and other tOXIC and noxIous chenucals
Metal fimshmg operations typically treat these solutions m wastewater
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pretreatment systems designed to meet CWA requirements These systems
In turn generate soltd and lIqUid wastes that are regulated under the
prOVISions of RCRA The au enussIOns from many metal finIshmg
processes must be controlled usmg scrubbing equipment These can
generate further wastes that must also be treated disposed or recycled
Some of the processmg solutIons used m metal finIshmg have a finIte life,
especially conversIOn coatmg solutions. acid dips cleaners and electroless
platmg baths These processes yield additIOnal concentrated wastes that
must be treated and disposed of

PhySical processes such as abrasive blasting, gnndmg, buffing, and
polIshmg do not contnbute as much to hazardous waste generation as
chenucal and electroehenucal processes The chenucal and electrochenucal
processes are typically performed In chenucal baths that are followed by
rmsmg operations The most common hazardous waste sources are nnse
water effluent and spent process baths

It IS Important to recognIze that wastes are created as a result of the
productIon actlVlues of the metal finIshmg facilIty. not the operauon of
wastewater pretreatment and au scrubbmg systems If the fmlshmg
processes were Inherently "cleaner," slgmficant progress could be made
toward redUCing environmental Impacts

Page 13
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SECTION THREE
AVAILABLE TECHNOLOGIES

IntroductIOn nus chapter descnbes cleaner technologies commerCially aV3.llable for the
metal fimshmg Industry that can reduce the fimsher's relIance on one or
more matenals of environmental concern (e g, cadnuum chronuum,
cyanIde, copper/fonnaldehyde)

NON·CYANIDE COPPER PLATING

PollutIOn Prevention
Benefits

How Does It Work?

Why Choose thiS
Technology?

Alkalme non-cyarude copper plating solutions ehmmate cyanIde from nnse
water and sludges generated dunng waste treatment of the nnsewater Non
cyanIde baths conUm one-half to one-quarter as much copper as full
strength cyanIde processes, resultmg In lower sludge volume generation
rates The sludges from waste treatment ofcyanIde beanng nnsewater (EPA
Hazardous Waste Number F-006) can be partIcularly dIfficult to dIspose of
because of reSIdual cyanIde content whIch IS regulated by ReRA to a
maxImWD of 590 mglkg of total cyarude and 30 mglkg of cyanIde amenable
to chlonnatJon By elmunatmg cyanIde from the nnsewater, complIance
WIth cyarude reguJauons m wastewater discharges IS ensured (In the absence
of other cyarude beanng processes) Rmsewater from alkalme non-cyanIde
copper platmg only requlI'es pH adjustment to precipitate copper as the
hydrOXide This ehnunates the need for a two-stage ch1onnatlOn system
from the waste treatment system and aVOids the use of chenucals such as
ch10nne and sodium hypochlonte

Non-cyamde copper platmg IS an electrolytIC process slnular to Its
cyarude-based COWlterpan. Operatmg conditIons and procedures are slnular,
and eXISting equipment usually w111 suffice when convertmg from a
cyanIde-based process to a non-cyanide process Alkalme non-cyanIde
processes operate In a pH range of 88 to 98 compared to a pH of 13 to 14
for the cyanIde processes At least one propnetary process reqUIres the
addltJOn of a punficauonloXldauon cell to the plaung tank

ApphcatIons

Non-cyanIde copper plaung baths are commerCially aV3.llable for coatmg
steel, brass lead-un alloy, ZInC dIe cast metal, and zmcated alununum The
process can be used for rack or barrel platmg Other applIcauons mclude
fasteners. marIne hardware plumbmg hardware, textile machmery,
automotive and aerospace parts, maskmg applIcations, electro-magnetic
mterference (EMI) shleldmg, and heat treatment stop-off Non-cyanIde
copper plating can be applIed as a strIke (thm depOSit), or as a heavy plate

PagelS
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Operating Features

Non-eyanide copper platmg has the followmg charactenstIcs

~ Bath temperatures typically are elevated (l1O"F to 140°F)
The pH IS In the range of 8 8 to 9 8 1brOWIng power IS as
good as that of cyanIde-based processes

DepoSllS have a matte appearance With a dense
fine-gramed amorphous nucrostructure Senu-bnght to
bnght appearances can be obtamed WIth the use of
additives,

~ Copper Ions are present m the Cu++ state as compared to
Cu+ for cyanIde-based baths, providIng a faster platIng
speed at the same current denSity

~ Changmg over to a non-cyanIde process requires a hned
tank and a punficatlon compartment outsIde of the platIng
tank (for at least one commercIal process) Good filtration
and carbon treatment are also mandatory

Assummg 100 percent cathode effiCiency, a non-cyanIde bath reqUIres tWIce
as much current to plate a given weIght of copper as a cyanIde copper bath
The non-eyanlde process, however, can operate at hIgher current densities,
yleldmg plaung speeds that are eqwvalent to or faster (m barrel platIng) than
the cyanide process

ReqUired Skill Level

Non-cyanide copper platmg requires more frequent bath analysIs and
adjustment than does cyanide-based platmg CyanIde-based copper platIng
baths are relatively forgIVIng to bath composition OperatIng personnel
should be capable of operatmg the non-cyanide process as easIly as the
cyanide-based process

Cost

Operatmg costs for the bath Itself are substantIally hIgher for the
non cyanide process than the cyaI1lde process Because replacIng the
cyanide-based bath With a non-cyanIde bath ehnunates the need for
treatment of cyamde-contammg solutIons however the cost differentIal
between the two processes IS greatly reduced Unless a facility faces
substantial compliance costs for cyanide enusslons the hIgher operatmg
costs of the non-cyanide process may not JustIfy conversIOn on a cost
companson basiS alone
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The use ofnon-cyamde copper platIng baths IS not wIdespread m mdustry
One mdustry consultant reports that the number of companIes runrnng non
cyanIde plaung tnals IS small but growmg (Altmayer. 1994) Of the
comparues that have tned the process several have SWitched back due to the
hIgher costs of the non-cyanide alternative

One apphcauon for non-cyanIde platIng that could be attractIve from a cost
perspecuve alone IS selecuve carbunzmg ThIs process IS used widely m the
heavy equipment mdustry for hardenmg portIOns of coated pans such as
gear teeth Gears must be hard at the edges but not throughout. smce
hardness throughout could cause the part to become bnttle To achIeve thIS
selective hardenmg, a copper mask IS apphed to that portion of the part
whIch IS not targeted for hardenmg, and the part IS then treated With carbon
monoxide and other gases In addition to elmunatmg the use of cyanIde,
non-cyarude copper baths can Improve producuon effiCiency of thiS maskmg
process and produce a more dense carbon deposit

Avallablhty

Non-cyanIde processes are commercIally avaJiable from several sources
These sources typically advertIse m the followmg trade Journals

Metal Flntshmg
Platmg and Surface Flntshmg
Products Fmlshmg
IndustrIal Fmlshmg

Non-cyanide copper plating has the followmg benefits

.. Greatly reduces safety nsks to workers

.. Greatly reduces the costs and complexIty of treating spent
plaung solutions

.. Drag-out to an acidIc bath poses no nsk of HCN evolutJon

.. Plaung solutIon does not have to be treated for carbonates

Replacement of cyanIde based platmg baths greatly reduces safety nsks to
workers CyanIde IS extremely tOXIC and electroplaters are most at nsk for
exposure to hydrogen cyarude (HCN) through mgestlOn and mhalatlon Skm
contact WIth dissolved cyanide salts IS somewhat less dangerous but WIll
cause skm Irntauon and rashes The most likely scenano for exposure to
lethal doses of HCN IS an acCident Involvmg the addItIOn of an acId to a
cyarude-contalIllng electroplaung bath or the rruxmg of cyanIde wastes WIth
acld-contamlng waste streams

Page 17
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Hazards and
Limitations

Summary of
Unknowns/State of
Development

REFERENCES
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Cyanide-based baths remove Impunties so that coatmgs are not
compronused Non-cyarude baths are less tolerant of poor surface cleanmg,
so thorough cleanmg and activauon of the surface to be coated IS cnucal

With one excepuon, alkalme non-cyanide processes are unable to deposit
adherent copper on ZinC die castmgs and zmcated alummum pans The
excepuon IS a supplier that clallns to be able to plate such parts usmg a
propnetary process Several facillues are currently testing thiS process on
a pIlot scale (Alunayer, 1994) Two facllIues usmg the process reported that
the application costs approximately two to three urnes as much as other
processes, even when waste treatment and disposal costs are mcluded One
of the facIlities discontinued use of the process, whIle the other facllitv
belIeved that the added safety and compliance Insurance was worth the cost
and has contmued WIth the process

Non-cyarude copper pla1lIlg baths typically are developed by manufacturers
of bath soluuons Chel1llcal composItIons and their formulae are propnetary
mformatlOn and are outside the public domam As a result very little has
been pubhshed on development actIVIties Accordmg to one manufacturer.
product Improvement Will contmue for some time, although no major
developments are expected

Altmayer, F 1994 Personal communIcation between Frank Altmayer.
SCientific Laboratones, Inc and Jeff Cantm Eastern Research Gro~p Inc
Apnl.1994

Altmaver F 1993 Companng substitutes for Cr and Cu, to prevent
pollutIOn Plating and Surface Flmshlng February pp 40-43

Barnes C 1981 Non-cyanide copper platmg solutIOn based on a cuprous
salt Annual Techmcal Conference - lnstltute ofMetal Flnlshtng Harrogate,
England (May 5-9) London Institute of Metal FlnIshmg

Humphreys, P G 1989 New lme plates non-cyanide cadnuum Products
Flmshmg May pp 80-90

Janlkowslu S K et al 1989 Noncyanide stnpper placement program Au
Force Engmeenng & ServIces Center ESL-TR-89-07 May

Kline G A 1990 Cyanide-free copper platIng process US Patent
4933051 June 12 1990

KlIne G A and J M Szotek 1990 Alkahne non-cyanide copper platmg
Asuz PaCl.fic Interfimsh '90 Growth Opportumtles m the 1990s SIngapore
(November 19-22) Vlctona, Australia Australasian institute of Metal
FmIShIng
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KrIshnan, R M 1990 A noncyanlde copper platmg electrolyte for dIrect
plating on nuld steel Bulletln of Electrochemlstry 6( 11) November pp
870-872

NON-CYANIDE METAL STRIPPING

PollutIon PreventJOn
Benefits

How Does It Work?

Why Choose thIS
Technology?

The use of cyanIde based metal strIppers results In the generatIOn of
cyarude-eontammated solutIOns These solutIons require specIal treatment
and dIsposal procedures The use of a non-cyanIde stripper ehnunates cya
mde from the spent stripper soluuon In general these non-cyanIde strippers
are less tOXlC than thelf cyanide-based counterparts and more susceptIble to
bIOlogical and cheffilcal degradauon, resultmg In simpler and less expensive
treatment and disposal of spent solutIOns

In addition, the use of a non-cyanide stripper can slmpl1fy the removal of
metals from spent solutions These metals are difficult to remove from
cyanIde-based solutIOns because they form a strong complex With the
cyanIde hgand

Metal strippers are used to remove metallic coatmgs preVIOusly deposIted
on parts Metal stnppmg IS acommon practice that nught be reqUired when
defective coatIngs have been apphed, or when recondltlOnmg of parts and
reapphcatlOn of worn coatings IS reqUired Another common use of metal
stnppers IS rack platIng where It IS employed to remove coatIngs that buIld
up on part holders Cyarude-based stnppmg solutions act by assistIng In the
OXidation of the coatIng metal The OXidized metal complexes With the
cyanide ligand and IS subsequently solubIlized

Because non-cyanide StrippIng solutIOns are typically propnetary
formulatIOns, the detailed cheffilsr.ry of coating removal IS not known for
most solutIOns StrippIng solutions are aVailable for a Wide varIety of
coaung metalJbase metal combInatIOns Some of the strlppmg processes are
electrolytic, others are not ProcessIng temperatures, bath 11fe, ease of
dIsposal, and other operatmg charactenstlcs vary Widely

ApplicatIOns

Metal stnppers can be purchased for a Wide vanety of coatmg and substrate
metals The U S Alr Force has performed testIng on a number of
non-cyarude strippers, partIcularly DIckel and sIlver non-cyanide strippers
Several of these strippers have been adopted at Kelly Alr Force Base
Apphcatlons are not lmuted to aerospace however, and Industries such as
railroads (1ocomouve crankshafts), automotive parts, and Silverware all use
stnppmg agents pnor to refimshmg In additIOn, strlppmg IS a normal step
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Reported ApplicatIOns
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m any production lme usmg rack plaung, as rackmg equipment will become
encrusted With plate matenal and must be removed on a regular basis

Operatmg Features

The wide vanety of non-cyamde stnppers makes It difficult to generalize
about operaung parameters Some stnppers are designed to operate at
ambient bath temperatures whereas others are recommended for
temperatures as high as 180°F Stnppmg processes range from acidiC to
basiC In general, the same equipment used for cyanide-based stnppmg can
be used for non-eyanlde stnppmg With acidiC solutions, however, tank
hners nught be needed to prevent corrosIOn

Reqwred Skill Level

Personnel tramed m the use of cyamde-based stnppers should also be able
to use non-cyamde stnppers For example, the U S Air Force reported that
higher slall levels were not reqUired for the non-cyanide metal stnppers
Implemented at Kelly Alr Force Base

Cost

Non-cyanide stnppers Will have some Impact on costs

• Waste treatment costs will be reduced when sWItchmg to
non-cyanide stnppers If cyanide-based solutions are not
used elsewhere m the facility, the cyanide treatment system
can be elmunated

A large Capital outlay IS not required when sWItchmg to a
non-cyanide stnpper because the eqUIpment reqUIrements
are generally the same

The costs of the makeup solutIons Will mcrease shghtly

Non-cyanide stnppers have been aVaIlable for many years Major
drawbacks of thiS new technology mclude lack of speed etchmg of some
substrates, and the need for electnc current As the disposal costs of
cyanide-based stnppers continue to escalate however many comparues
have SWitched to non-cyanide stnppmg methods Production cycles have
been adjusted to account for the slower stnppmg speed
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AvaJlablhty

A paroal hst of comparues that supply non-cyanlde strippers IS found below
TIllS list does not constitute a recommendatIOn

Circuit Cherrustry Corp

Electrochenucal, Inc

Fredenck Gumm Chenucal
Company

KIesow International

MacDemud Inc

Metalhne Chenucal Corp

Metalx Inc

OMI International

Patchn Chenucal Company

WItCO CorporatIOn

OperatIOnal and
Product Benefits

Cyarude based Strippers typically contam chelaung agents and strong metal
cyanide complexes that make waste treatment of spent strippers and
nnsewater extremely difficult The use of non-cyanide based strippers
Improves waste treatment, makmg It easier and more effiCient

At least one propnetary non-cyanIde strlppmg process can crystallize
stripped DIckel coatmgs Crystalhzatlon extends the hfe of the strlppmg
solution mdefimtely and creates a product that IS readily recycled by
commercial finns

Non-cyanide metal strippers have the followmg benefits

.. Slgmficant potentIal for reducmg waste treatment costs

.. Often easier to recover metals from spent solutIOns

Batb hfe IS longer because higher metal concentrations can
be tolerated

One of the malO mcentlves for ehnunatmg the use of cyanIde-based
stnppmg processes IS to reduce health hazards to personnel Although
cyanide m solullon IS Itself very tOXIC, one of the malO dangers for
electroplaters IS the acCIdental additIOn of acId mto the cyanide bath,
resultmg m the fonnallon of hydrogen cyanIde gas, HCN Dennal contact
With dissolved cyanide salts IS less dangerous than mhalmg HCN or
mgestmg cyanide, but It nonetheless WIll stIll cause skm Imtatlon and
rashes
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ZINC-ALLOY ELECTROPLATING

Hazards and
LimitatIons

Summary of
Unknowns/State of
Development

REFERENCES

PollutIOn Prevention
Benefits

How Does It Work?

Page 22

Faclhues that consider sWItchIng to non-cyanide stnppers must consider the
health and safety aspects of the substitute, such as higher operatIng
temperatures, corroslvlty, and so on

Non-cyamde metal stnppers have some disadvantages

.. For some stnppers, the recommended process temperatures
are high enough to cause safety problems OperatIng at
lower temperatures can slow down the stnppmg reaction
and result m a loss of effectiveness

Stnppmg rates for certam coatIngs rrught be lower than for
cyanide-based counterparts

Some StrIppers can produce undesrrable effects on substrate
metals, even If the stnpper has been recommended by the
manufacturer for the apphcatJon In quesuon

The removal of nIckel COatIngs IS a major use for non-cyanIde stnppers
Advances m non-cyaIllde alternatives for nIckel have been spawned by the
dIfficulty of treatmg ruckel-cyaIllde waste streams OpportuIllUes for further
Improvement sull remam, however, as non-cyamde processes are
slgruficantly slower than cyanide processes (8 hours versus 1 hour) Future
development Will focus on speedmg up the process and adJustmg the
product to handle different metal coatmgs (e g , Silver) and substrates

JarukowskI, S K. et a1 1989 Noncyanlde Stnpper Placement Program Au
Force Engmeenng & Services Center ESL-TR-89-07 May

Alloys of zmc can be used to replace cadrruum coatings In a vanety of
apphcauons Cadrruwn IS a heavy metal that IS tOXIC to humans In additIOn,
electroplated cadnuum coaung processes normally are performed m platmg
soluuons contammg cyarude Cyarude IS highly tOXlC to humans and anImal
hfe The use of both cadmIUm and cyanIde can be ehmmated by
subsutllung an acId or non-cyanIde alkalme zmc-alloy coaung process for
a cyalllde-based cadrruum electroplatmg process

Both zmc and ZlIlc-alloy electroplaung processes are very common and have
a long history In the electroplating Industry Recently, however, these
processes have been conSidered as pOSSible replacements for cadrruum
coatmgs (ZakJ 1993) Viable replacements for cadrruum should proVide



Why Choose thiS
Technology?
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eqUlvalent propertIes, such as corrOSIon protectIon and lubncIty, at an
affordable cost The Ideal cadnuum coatIng replacement IS also a
non-cyanIde-based process, because thIS also ellnunate cyanIde waste and
assocIated treatment costs

Among the zmc and zmc-alloy processes evaluated as cadnuum
replacements, the most pronusmg are the followmg

.. Zmc-mckel

.. ZInc-cobalt

Zmc alone can provIde corrosIon protection equIvalent to cadnuum at
platmg thIcknesses above 1 nul For ullnner deposIts, however, cadnuum
wIll outperform ZInC AddItionally, zmc coatIngs cannot match the other
propertIes for willch cadrruum IS valued, e g , lubncIty For thIS reason, zmc
IS not consIdered to have WIde potentIal for replacIng cadnuum (Brooman,
1993) Slnularly, alloys such as zmC-lron may not qualIfy because they
cannot match cadnuum's appearance attnbutes Tm-zmc IS a potentIal
SubstItute for cadnuum (Blunden and KJIlmeyer, 1993) but WIll probably
remam prohIbItIVely expensive for most applIcations

Table 3 compares relevant propertIes for several zmc alloys The
IdentIficatlOn of zmc-mckel and ZInc-cobalt as the alloys WIth the greatest
potential for as a cadnuum substitute IS based on their properties and on the
range of applicatIons for which these alloys have already seen commercial
use (see below)

Reported Applications

The ablhty of any alternative coatmg to replace cadnuum depends on the
properties required by the applIcation m question Some zmc alloys have
as good and m some cases better reSIstance to corrOSIOn, as measured ID salt
spray tests Few match cadnuum for natural lubnclty m apphcauons such
as fasteners, however In addition where cadnuum IS selected for Its low
coeffiCient of fncllon or for Its low electrIcal contact reSistance, none of the
candidates mentioned above may be SUItable Table 3 IndIcates that
apphcat.1Ons requmng heat treatment would ehmmate zinc-cobalt alloys as
a substitute

Operatmg Features

Some of the operating features of the zInc-mckel and zmc-cobalt alloys are
hsted m Table 4 Both zmc-mckel and ZInc-cobalt can be plated from acId
or alkalIne baths
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Table 3 CompamoD of ZlDC aOoy processes

Bath Type

Albbne
Albllne Zane- Neutral AlbiJDe ACid Zane-
Zane Nickel TIJILDe IDe IroD Cobalt

Depoalt propeIUCI

Appear&IIce Good Good Fa!!' Good ExcelleDt

SoldenJlI1Jty Fa1r Fa!!' ExcelleDt Fa1r Fa!!'

AbmloD resistance Fa1r Good Poor Fw Fw
W1usker Fa!!' Good Fa!!' Fa1r F&If

Good

Dueu1Jty Fa1r Fa!!' ExcelieDt Fa!!' Fa!!'

CorrosloD resistance As pl&led

To whitt rust Fa!!' ExcelieDI F&If ExcelleDt Fa!!

To red rust FAll' ExcelleDt ExcelleDt Good Good
Heat treated

To white rust Poor Good Poor Poor Poor

To red rust Poor Good Fa!! Poor Poor
After beDdlDg

To white rust Fa1r Good FAll' FAll' Fa!!'
To red rust Fa1r Good ExcelleDt FAll' Fa!!'

Balh charaaensucs

ThrowlIIg power Good ExcelleDt Poor Good Poor
?lauDg speed Fa!!' Poor Good Fa!! Good
CovenD8 power Fa!! Fw Excellent FI.JC FI.JC
Bath control Good FI.JC FI.JC FI.JC FI.JC

AnalySIS &. Thickness
meuuremenl

X ray fluoresoeDce Good Good Good Good Good
Coulornetrlc Good Good Good Good Good

Alloyrauo

X ray fluorescence Good Good Good Poor Fw
WeI analysIs Good Good Good Fw FI.JC

Anodes Separatt Lne Alloy Zinc Zinc

Source Budrnan and Sizelove (1993)
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Required Skill Level

SWltch10g to a z10c or z1Oc-mckel coat1Og process does not requIre any
10crease 10 operator slaB level These are convenuonal electroplatmg
processes that require little or no retrammg Increased attentlOn to bath
morutonng and adjustment nught be necessary because these processes are
more sensiUve to bath contanunants and vanatlOns 10 bath parameters than
cyanide-based baths

Table 4 Batb parameters ror zmc-D1ckel and zmc cobalt platmg

Plating bath

ACid ACid
ZIDC Zinc
Nickel Nickel Alkaline
(rack (banel Zinc ACid Zinc AlJca1!ae

Properties plating) platlag) Nickel Cobalt Zinc Cobalt

Bath conLeau ZInc Zinc ZInc metal ZInc metal ZInc
chlonde chlonde Dickel potLulum caustlc
Dickel Dickel metal chlonde sod&. cobalt
chlonde chlonde sodium ammODlum metal
potuslum hydro:ude chlonde
cblonde cobalt (as

metal)
boncacld

pH 50-60 50-60 nJa 50-60 nJa

Temp·C 2430 35-40 23 26 21 38 21 32

Cathode CD 01-40 0530 2 10 01 SO 20-40
AJdm2

Anode CD nJa nJa 57 nJa nJa
AJdml

Anodes Zinc and ZInc and Pure unc Pure unc Steel
Dickel nickel
separaLely separately

Source Budman and Sizelove (1993)

ACId zmc-ruckel delIvers a higher nIckel content than the alkalme bath (10
percent to 14 percent versus 6 percent to 9 percent) Corrosion protection
IDcreases WIth ruckel content up to about 15 percent, thus favonng the acid
bath ACid soluuons, however, tend to produce depOSits WIth poorer
thickness dIstnbutlOn and greater alloy vanatIon between hIgh and low
current density areas Alkalme baths produce a deposIt featunng columnar
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structures (wluch tend not to favor apphcauons that require bendablhty), as
opposed to the lanunar structure deposited by the acid system Alkalme
baths are Simpler to operate and are sUIlllar to convenuonal noncyamde zmc
processes (Budman and Sizelove, 1993)

Zmc<obalt depOSits contam apprOXimately 1 percent cobalt With the
remamder made up of ZlDC The acid bath has a hIgh cathode efficiency and
high platmg speed With reduced hydrogen embnttlement compared to
alkalme systems ThIckness dJstnbuuon of the acid bath vanes substanually
With the current density

Cost

EXlstmg electroplatmg equipment can be used for any of these alternative
processes Therefore, a large Capital expenditures would not be required to
SWItch to an alternaUve process ConversIOn to an acid bath, however, does
reqwre eXlsung tanks to be relmed With older eqUipment, new tanks nught
poSSibly have to be mstalled to proVide the necessary corrOSIOn resistance

The costs associated With cyamde waste treatment can be elIDunated for any
process hne m which a cyanide-based cadnuum process IS replaced

Acid baths have been used for some ume m zmc and ZinC alloy plating The
deSire to elmunate cyanide from the platmg process has resulted ill the
development ofnon-<:yarude alkalme baths and chlonde-based baths for ZInC
coaungs The use of ZInC-DIckel alloys has gamed ground because of their
potenual to replace cadnuum particularly In Japan and other countnes
where the use of cadnuum coatings has been curtailed or prohIbited for
several years Zmc-mckel alloys have been mtroduced m Japan and
Germany m the automouve mdustry for fuel lines and ralls, fasteners. all'

condluomng components, coohng system pumps, Calls and couplings
(Budman and Sizelove, 1993) Improved warranty proVISions from vehIcle
manufacturers such as Honda. Toyota and Mazda further boosted
applIcatIOns for zmc alloys Chrysler followed With new specifications for
zmc-ruckel and zmc-cobalt m 1989, and Ford developed specs for alkalme
zInc-mckel to replace cadnuum m 1990 (ZakJ 1993) Addluonal
apphcauons mclude electncal power transnulung eqUipment lock
components and the mantIme, manne and aerospace mdustnes Zmc
DIckel coaungs have also reportedly been subsUtuted for cadnuum on
fasteners for electncal transnusslOn structures and on teleVISion coa.:ual
cable connecters (Brooman, 1993)

Avanability

Zmc alloy platmg systems are commerCially aVaIlable from numerous
manufacturers Supphers can be Identified through articles or
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advertJsements appeanng m trade Journals such as Metal Fmlshmg, Platmg
and Surface Ftmshmg, and Products Ftntshmg

Replacmg cyamde-based cadnuum coatmg with one of the processes
descnbed ehmmates workplace exposure to both cadnuum and cyanide, and
reduces environmental releases of bot.h t.hese cherrucals

Addluonal operauonal benefits may result dependmg on the propertIes of
the alloy relative to the cadnuum deposit beIng replaced

.. Corrosion resistance for zmc IS as good as cadnuum for
many applIcatIons

.. Zmc-mckel alloys have better wear resistance than
cadmIUm

Zmc-cobalt deposits show good resistance to atmospheres
contaInmg S02

As dIscussed. the desired propertIes for the applIcation must be matched to
the properties of the alloy

ZInC and zmc-nIckel alloy electroplatIng processes have the follOWIng
disadvantages

.. Electncal contact resistance IS higher for ZInC than for
cadmIUm

Zmc and zInc-mckel alloy coatIngs do not have the
lubncIty of cadnuum coatIngs

ACid ZInC coatIngs have comparatIvely poorer throwing
power than cadnuum, and deposits are not fully bnght

In general. platIng With non cyanide-based platmg
processes reqUires that parts be cleaner than for cyanide
based processes

The processes outlined above are well-developed and are aVailable from
numerous vendors These alternatIves, however. have only recently been
considered as replacements for cadnuum coaungs Industry recogmzes that
the move away from cadnuum plating IS well underway and zmc alloys are
expected to play an Important role as substItute (Zala, 1993) Nonetheless,
more work needs to be done to compare these alternatIve coatings to
cadnuum for speCific applIcatIOns

Page 27

J

1



BLACKHOLETECHNOLOGY

Sectton Three

REFERENCES

PollutIOn Prevention
Benefits

Page 28

Blunden, SJ and AJ KJllmeyer 1993 Tm-zmc alloy plaung a Don
cyanIde alkalme deposluon process 1993 SUR/FIN pp 1077-1081

Brooman, E 1993 AlternatIves to cadnuum COatIngs for
electncallelectrolllc appllcauons PIatmg and Surface FmLShmg February
pp 29-35

Budman, E and R Sizelove 1993 ZInC alloy plaung 1993 Products
FmLShmg DIrectory pp 290-294

Courter, E. 1990 Zmc-ruckel alloy electroplatIng of components corrosion
resIstance IS sellmg pomt for autos Amencan Metal Market May 17 p 17

Duu, J W 1977 Electrodeposluon of zmc-Dlckel alloy coatIngs Workshop
on AlternatIves for Cadnuum Electroplatmg m Metal FmLShLng
Gmthersburg, MD (October 4) Washmgton US Dept. of Energy 38 pp

Hsu G F 1984 Zmc-mckel alloy platIng an alternatIve to cadmIUm
PlatLng and Surface FInl.shmg Apnl pp 52-55

Sharples, T.E. 1988 Zmclzmc alloy plaung Products Fmlshmg Apnl pp
50-56

Sizelove, R R 1991 Developments 10 alkalme zInc-DIckel alloy plaung
PlatLng and Surface FmLShmg March pp 26 30

Wilcox, G D and DR Gabe 1993 Electrodeposlted zmc alloy coatIngs
Corroswn SCIence 35(5-8) p 1251-8

ZakJ. N 1993 ZInC alloy platmg 1993 Products FmIshmg DIrectory pp
199-205

The Blackhole Technology Process IS an alternative to the electroless copper
method used 10 pnnted wire board manufactunng The followmg quahues
make It environmentally attractive

~ Fewer process steps
~ Reduced health and safety concerns
• Reduced waste treatment requirements
• Less water reqUired
• Reduced mr pollutJOn
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The chemIstry m the Blackhole process aVOlds the use of metals (copper,
palladJum, un) and formaldehyde used m electroless copper processes The
smaller number of process steps reduces the use of nnse water, decreasmg
waste treatment requIrements

The Blackhole Teclmology Process uses an aqueous carbon black dIspersIon
(suspenSIOn) at room temperature for prepanng through-holes In pnnted
WIre boards (PWBs) for subsequent copper electroplatmg The carbon film
that IS obtamed provIdes the conducuvlty needed for electroplaung copper
In the through-holes The process steps are descnbed In the follOWing
paragraphs and compared With the process steps used for the electroless
copper method

Applications

The Blackhole Technology Process elmunates the need for electroless
copper metahz.atJon of through-holes pnor to electrolyuc platmg In the PWB
mduslIy Formaldehyde, a suspected carCInogen and water pollutant IS an
mgredIent of the electroless copper plaung process The Blackhole process
ellIlllnates tlus waste stream and avolCis costs and envlronmentallhealth nsks
assocIated WIth disposal or treatment of spent electroless copper platmg
soluuons

Operating Features

PWBs must be pretreated for desmear/etchback m both the Blackhole
Teclmology and electroless copper processes Permanganate IS the preferred
desmear process for Blackhole Technology because of Its Wide operaung
condluons and the resulung hole-wall topography

Process Comparison

PWB manufacturers typIcally use the electroless copper process to plate
through-holes The electroless copper process consIsts of the followmg
operauonal steps
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The Blackhole Technology process replaces the electroless copper process
for through-hole plaung With a carbon black dlsperslOn m water The
Blackhole Technology process conSISts of the followmg process steps

Steps 1 through 6 are performed. then repeated Steps 7 through 11
complete the process All process steps are performed automwcally on
eIther a honzontal conveyor system or usmg eXlsung hOiSts and bath
systems (see Figure 1)

10 Rmse

11 Electroless coppec bath

13 Sulfunc lIC1d (10 percent) dip

12 Rmse

15 Anb-tanush dIp

16 Rmse

14 Rmse

17 DeIonIZed water nnse

18 Forced lW' dry

9 AntI tanush chp

10 Rmse

11 Dry

8 Rmse

7 Mlcro-eteb

2 Rmse

1 ACId cleaner

1 Blackhole aIkahne cleaner

2 Rmse

3 Blackhole alkalme condItIoner

4 RInse

5 Blackhole bad!

6 Dry

5 ActIvator pre-dlp

4 RInse

6 Catalyst

7 RInse

9 Accelerator

3 MIcro etcb (so<hum persulfate
solul.1on)

8 Rmse

These steps are perfonned lD order on a process Ime that uses an automated
hOlst to move racks of parts from tank to tank All of the nnses are smgle
use and generate large quantities of wastewater that contams copper The
nnses followmg the electroless copper bath (from Step lion) contam
complexed copper, wluch IS hard to treat usmg typICal wastewater treatment
technology, such as metal hydroXIde precIpitatIon
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Figure 1
Blackhole Technology Plating Line

Sectwn Thru

Hollmuller Combistem CS-65

Source MacDemnd Inc

PageJ}
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The Blackhole Technology Process first uses a shghtly alkalme cleanmg
soluuon contammg a weak complexmg agenL The solutJon IS operated at
1350P (57°C) to remove dnllmg debns from the hole-wall. to clean the
copper surfaces. and to prepare the hole-wall surface for the subsequent
condltJonmg step

A second alkalme solutJon contalmng a weak complexmg agent serves as
the condlUoner TIus solutJon IS applied at room temperature The condl
uoner neutrahzes the negative charge on the dlelectnc surfaces. which helps
to mcrease the absorpuan of the carbon m the next step

The Blackhole Technology step uses a shghtly alkalme. aqueous carbon
black-based suspeDS10n operatmg at room temperature The VISCOSIty of the
solutJon IS vay close to water The carbon particles have a diameter of 150
to 250 nanometers (1500 Angstroms to 2500 Angstroms)

ConventJonal platmg tanks and hanzontal~conveyonzed systems can be
used for the Blackhole Technology Process

Material and Energy RequJrements.

Compared to electroless copper, the Blackhole Technology Process uses
fewer mdlvldual process steps Some process steps are repeated, whIch
reduces the floor space needed for the process baths The number of
chellllcals used also IS reduced The energy requJrements should be about
the same. because both processes use a dncr and several heated soluuons

Required Sldll Level

The slalilevel reqUired of system operators runmng the Blackhole process
IS the same as or less than that for electroless copperprocessmg

Cost

If eXISting process eqUipment IS used, the only mstallauon cost IS the
disposal of the electroless copper solutJons. cleanmg of the tanks, and
replacement WIth tffe Blackhole Technology process solutIons

The Blackhole Technology process bas been available commercially smce
1989 The technology IS currently used by PWB manufacturers but IS

gaJDlDg acceptance MIhtaIy Standard MIL-P-5511OD now permits

througb-bole platIng tecbnologles other than electroless copper
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Avallabillty

The Blackhole Technology process IS sold by Mac Demud (formerly Olm
Hunt)

ProceJs Sunplljicatlon-lbe Blackhole technology reqUll'CS fewer process
steps as well as asSOCiated chermcals and nnses, greatly reducmg waste
streams from PWB plaung

Contammatzon Reductzon-Unhke the electroless copper process, the
Blackhole Technology Process does not use formaldehyde

Ease of Implementatzon-Because the Blackhole process uses eXIstIng
equipment m an electroless copper process hne, It should be very easy to
Implement

Acceptable Product Qualzty-Product quallty should not be affected The
Blackhole Technology process IS accepted under MlL-P-55110D

Lower Operating Costs-The Blackhole process results m reduced costs for
cheDllcals, water, and wastewater treatment

By usmg a carbon black suspenSion, the Blackhole process aVOIds the use
of metals (copper, palladium, and tIn) and formaldehyde The process
SOIUUODS used m the Blackhole process are Dllidly alkalme and pose a small
skmleye untaUon hazard Overall health nsks would be slgmficantly
reduced If the electroless copper process was replaced by the Blackhole
Technology Process

The Blackbole Technology IS commercially aVailable

Batusu, A.J 1986 Blackhole beyond electroless copper In Proceedmgs,
NallOnal Electronzc Packagzng and ProductlOn Conference Anaheim, CA
February 25-27 Vol 2 pp 271-37

Olm Hunt Undated Blackbole Technology Olm Hunt, 5 Garret Mountain
Plaza, West Paterson, NJ 07424 Product hterature

Plakovlc, F 1988 Blackhole - a descnpuon and evaluatIon Presented at
IPC Fall MeetIng Anaheim, CA October 24-28 IPC-TP-754

Pnnted Czrcuit Fabrzeation 1990 Blackhole update 13(5) May pp 36
42
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The evaporatIon apparatus consIsts of a senes of concave ceranuc "boats"
through which a thIn strand of alununum Wire IS contmuously fed These
boats can move back and forth between the parts to ensure even coverage
AhIgh current supplJed to the boat melts and vaponzes the alummum Once
evaporated. the alununum atoms colhde WIth lugh-energy electrons m the
chamber and become IOnIzed The posluvely alumtDum charged Ions
accelerate toward the negattvely charged substrate. condensmg to form a
protecUve metal coattng

Once loaded. a vacuum IS drawn on the chamber to remove trace gases and
vapors from the parts. racks. and chamber sluelds The chamber IS then
backfilled With argon to 10 IDlcrons, and a large negatIve potentlalls apphed
between the evaporatIon source and the parts to be coated The argon IOns
created by the potentIal difference bombard the part surfaces, dlslodgmg
substrate atoms and removmg surface contanunatIon (sputtenng) As tlus
occurs. the parts typically enut a glow of light This gas cleanmg cycle lasts
approXImately 10 to 20 mmutes

Parts to be coated must be clean to ensure good adhesion of the COatIng To
m10lDuze surface contanunatIon, parts are treated frequently With a dry
blastmg process usmg pure alummum OXIde mesh (150-220 mesh) Parts
then are loaded mto the chamber on racks, or suspended on hooks from the
cellmg The chamber may hold as few as 2 large parts to as many as 1,000
small parts

FJectroplated cadnuum coatmg processes nonnally use plaung solutIons that
contam cyawde Cadnuum IS a heavy metal that IS toXIC to humans In
addition, cyanide IS lughly toXIC to humans and awmal hfe Alummum
coaungs depoSited through Ion vapor depoSItIon (IVD) can replace cadnuum
coatIngs 10 some apphcatIons. ehnunaung the use of both cadnuum and
cyamde Alummum IS considered nontoxIc. and IVD does not employ or
create any hazardous matenals

The coatmg process Itselfcan take between 1 hour and 2 5 hours, dependmg
on the configurat1on of the parts and the deSIred COatIng tluckness

In IVD, the coatIng metal IS evaporated and partially lomzed before bemg
depoSited on the substrate A typiCal IVD system consISts of a steel vacuum
chamber (measunng 6 feet m diameter by 12 feet m length). a pumpmg
system. a parts holder, an evaporatIon source, and a lugh-voltage power
supply

Pollution Prevention
Benefits

-
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I
I
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Applications

IVD alumInum coatmgs can be apphed to a wide vanety of metalhc
substrates, IDcludIDg aluID1Dum alloys, and most recently, to
plastIc/composite substrates To date, IVD has been mamly used on h.Igh
strength steels In the aerospace Industry and for some manne apphcatIons
Accordmg to NevIll (1993), IVD and pamt currently are specIfied as the
pnme coaungs on three leadmg Department of Defense IIllSSIle contracts
(patnot, Amraam, and Lanum) IVD has replaced anodIze on faugue
cntlcal structures such as WIng secuons and bulkheads on both nuhtary and
commercial aucrafts Lansky (1993) repons that approxImately 80 percent
of 3.lrcraft parts currently coated With cadnuum can be coated With IVD
alumInum With no change 1D corrosion control or performance

IVD alununum COatlIlgs tend to be porous when apphed Burrnshmg With
glass media often IS used to reduce porosity and Improve the durabIlity of
the fuush nun coatIngs of IVD aluID1Dum (0 00 IIDches) may exhIbit low
corrosIOn resistance Such parts are often chromated after the coatmg IS
applIed to Improve corrosion resIstance

IVD coatIngs tend to be bnttle on fatlgue-prone substrates and are applIed
most often to parts that are not subject to fatIgue In service A common
application IS steel fasteners on aluIIlIDum parts, whIch must be coated to
aVOid galVanIC corrosIOn In service IVD alummuIIl IS Ideal since Idenucal
metal proVides for zero galvanIc corrosion potentIal, and the steel core
proVIdes much hIgher strength than solId alununum fasteners

Advantages of IVD alununum coatIngs are the urufornuty of thIckness and
the excellent "throwmg power" that results from the scattenng of metal Ions
DeposItion IS not hnuted stnctly to "hne of Sight" applIcatlons, and parts
With complex shapes, such as fasteners, can be coated successfully The
process IS lmuted, however, In Its ablhty to deposIt coatmg Into deep holes
and recesses In configuratlons where hole depth exceeds the diameter for
example, thIckness dlstnbuuon can drop off substanUally The reduced
thickness In these areas may not be slgmficant sIDce the relevant mIlItary
speclficatJon (MD..-C-83488C) requires coatlng of recessed areas WithOUt
speclfymg the reqUired thIckness of the depOSit

Operating Features

IVD has the follOWing operating features

~ Large and/or complex parts can be plated
~ Somewhat hnuted to "hne of Sight" apphcatlons
~ There IS no buIldup of the coatlng on sharp edges, such as

can occur In electroplatlng
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ReqUIred Skill Level

Although eqwpment for IVD IS enurely dJ.fferent that used 10 electroplatIng,
operators who have performed cadmIum electroplatIng have sufficient skIlls
and educatIon to be retramed to perform IVD Mamtenance of the
equipment would require SIgnIficant retram10g Although the equipment
reqUires less rouUne mamtenance overall, proper ma10tenance of vacuum
pumps, 10 parucular, IS cnucal to the operauon

Cost

CapItal costs and operaung costs for alummum IVD equipment are
slgmficantly hIgher than electroplatIng, but are parually offset by reduced
waste treatment and dIsposal costs IVD does not generate hazardous waste,
and It reqwres less mamtenance than tank electroplat1Og IVD also does not
requIre handhng of hazardous chenucals, venulatIon systems, platIng
soluuons, and nnse tanks

A tYPiCal IVD system can cost 10 excess of $500,000 WIth another $500.000
for 1Ostallauon Electroplating equIpment and wastewater treatment for
produc1Og the same amount of plated work would be apprOXImately 1/4 to
1/6 that amount (Altmayer, 1994) The costs of the alummum IVD process
are higher than those for cadnuum phySIcal vapor deposlUon (PVD), but
lower than those for either the low-embnttlement or diffused
Illckel-cadnuum processes Costs for cadnuum electroplating are hkely to
keep ns10g because of eveNncreasmg hazardous waste disposal costs In
contrast, more Widespread use of IVD alununum Will probably lead to cost
reductions

The alununum IVD process IS used by a large number ofU S Department
of Defense contractors, and IS mcorporated mto several nuhtary and
mdustrlal specificatIons as an option for cadIDJum platmg ApphcatIons
mclude pneumatic Ime fitungs. steel fasteners and nvets, electrlcal bondmg,
EMI and RF1 slueldmg, and coatmgs for plastic/composIte matenals (NeVill,
1993) Non-IDJhtary applicatIons mclude the coatIng of steel houses for
trollmg motors used on fishmg vessels and for exhaust mamfold headers on
hIgh-performance speed boats

AvailabJlity

The alununum IVD process was developed 10 large part by the McDonnell
AIrcraft Company (a SUbSidiary of McDonnell-Douglas) of St LoUIS,
Mlssoun The trade name of the process equipment developed by
McDonnell IS the IvadlZer In 1987, McDonnell sold the nghts to the
process to the Abar-Ipsen Co of Bensalem, Pennsylvania. Abar-Ipsen
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currently manufactures the eqwpment Other companIes have hcenses to use
the technology

Health and safety nsks can be greatly reduced when IVD IS used m place of
cadmJum electroplaung Cadnuum IS a sIgmficant health hazard. as IS the
cyamde bath often used In cadnuum electroplaung

For many applleatlons, achromate conversIOn coatmg IS used on top of both
cadnuum and alumInum IVD coaungs to Improve corrosIOn resIstance and
adherence of subsequent organIc coatIngs The use of chromate conversIon
coatmgs generates some hazardous waste SWItchIng to an alununum IVD
process, however, should not Increase the use of these coaungs

The greatest advantage of alununum IVD IS that the process sIgruficantJy
reduces the generatIon of hazardous wastes. and potentIally elImmates the
need for SpecIal pollufJon control systems Some waste IS generated m
alkalme cleamng and strIppmg although these wastes can be neutralIzed and
dIsposed of as SpecIal (I e non-hazardous) wastes Other potentIal
advantages of alununum IVD coatmgs are lIsted below (NeVIll, 1993)

~ Outperforms cadnuum coatIngs m preventmg corrOSIon In
acIdIC envIronments

Can be used at temperatures up to 925 OF. as compared to
450°F for cadnuum coatmgs

Can be used to coat lugh-strength steels WIthout danger of
hydrogen embnttJement UnlIke cadnuum electroplatIng,
the alununum IVD process does not expose the substrate to
hydrogen gas

Can be used ill contact WIth tItanIum WIthOut causmg solId
metal conversIon problems

Can be used m contact WIth fuels

Supenor to the vacuum-applIed cadmJum process m
reSISfJng partlcle Impact (e g , can WIthstand burmshmg
pressures up to 90 pSI as compared to 40 pSI for
vacuum-apphed cadmJum coafJngs)

PerIDJts coatmgs of several mIls compared to about 1 nul
for electroplated and vacuum-applIed cadmIum coatIngs,
IncreasIng corrOSIon reSIstance
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ProvIdes better UIllfornuty ofcoaungs on the edges of parts
than does electroplaung

Some of the dIsadvantages of IVD coaungs are

~ It IS chfficult to coat the mtenors of blmd holes or cavItIes
that have a depth greater than their dIameter

Compared to cadnuum, alununum IVD coaungs have a
higher electrodeposlt coefficient of frIctIon as well as
madequate lubnclty Apphcauon of a lubncant IS
someumes reqUIred for proper torque-tensIOn of fasteners
When lubncants cannot be used. madequate lubncauon
mIght be a signIficant hnutauon

Unhke cadmIum. alummum IVD cannot be combmed WIth
mckel to provide an erosion-resistant surface

Unhke electroplaung, there IS no Simple way to repm
damaged alumInum IVD coatmgs

AlUmInum IVD IS slower than cadnuum electroplatmg
(above a certam level of platIng throughput) due to
CapacIty hIIllts of the IVD system For hIgh-strength parts,
however. reduced speed IS not an Issue because these parts
would have to undergo hydrogen embnttlement relIef after
cadnuum electroplaung

Parts coated by alumInum IVD do not reqUIre
Urne-consunung heat treatment for hydrogen embnttlement
(hydrogen stress crackIng) rehef, thus compensaung for the
slower applIcatIon speed

Because IVD alwrunum coatmgs have a columnar structure
and tend to be porous, parts nught need to be peened WIth
glass beads to Improve faugue and corrosion resIStance
Peenmg can add to productIon costs and slow productiVity
CadmIum electroplaung has neIther of these disadvantages

The IVD alummum coating process IS a mature technology that has been
commercially aVailable for a decade and IS SUItable for SpecialIzed
apphcatIons
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FL Amencan Electroplaters and Surface Fimshers Society Inc

Nevill, B T 1993a. An alternauve to cadnuum Jon vapor depOSItion of
alununum Platlng and Surface Fmzshmg January 1993 pp 14-19
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PHYSICAL VAPOR DEPOSITION (PVO)

PollutIOn Prevention
Benefits

Hexavalent chromIwn IS extremely tOXIC and IS a known carclllogen Health
and safety conslderatlons as \.\-ell as nsmg disposal costs have prompted the
plating mdustry to conSider alternauves for coating processes that Involve
hexavalent chronuum PhySical vapor depOSItiOn (PVD) of alternative
matenals IS one candidate for replacing chrorruum electroplating

Page 39



PHYSICAL VAPOR DEPOSITION (PVD)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFERENCES

Pollution Prevention
Benefits

Sect:on Three

Hmton, B R W and WJ Pollock 1991 Ion vapour deposited alummum
coatIngs for the corrosIOn protectIon of high strength steel AeronautIcal
Research Laboratones (Australia) Government Research Announcements
and Index Apnl 52 pp
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corrosion protectIon of steel Corros:on Australas:a June pp 15-20
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cadnuum Platmg and Surface Fm:shmg January 1993 pp 20-21

Legge, G 1992 HIgh volume automotIve-type alununum coatIngs by Ion
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FL Amencan Electroplaters and Surface Fimshers Society. Inc

NeVill, B T 1993a. An. alternatIve to cadnuum Ion vapor depOSItIon of
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NeVill, B T 1993b Diverse applIcatIons ofIVD alurrunum Proceedmgs
of the 36th Annual TechnLcal Conference, Dallas, TX Albuquerque NM
Society of Vacuum Coaters pp 379-384

NeVill, B T 1992 Ion vapor depOSitIOn of alununum Atlanta, GA (June
22-25) Orlando, FL Amencan Electroplaters and Surface Fmlshers
Society, Inc

Ressl, R and J Spessard EvaluatIon of IOn vapor depOSitIOn as a
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Hexavalent chronuum IS exttemely tOXIC and IS a known carcinogen Health
and safety collSlderauons as well as nsmg disposal costs have prompted the
plaung mdustry to conSider alternauves for coaung processes that Involve
hexavalent chronuum PhySical vapor deposluon (PVD) of alternatIve
matenals IS one candidate for replacmg chrODUum electroplatIng
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How Does It Work?

Operatmg Features
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PVD encompasses several deposlUon processes m WhICh atoms are removed
by physical means from a source and deposited on a substrate ThennaI
energy and Ion bombardment are the methods used to convert the source
matenal mto a vapor

The thoroughly cleaned workpiece IS placed m a vacuum chamber, and a
very high vacuum IS drawn The chamber IS heated to between 400 and
900°F, dependmg on the specIfic process A plasma IS created from an mert
gas such as argon The workpiece IS first plasma-etched to further clean the
surface The coatmg metal IS then forced mto the gas phase by one of the
three methods descnbed below

~ EvaporatIon
~ Sputtenng
~ Ion platIng

Evaporation

HIgh-current electron beams or reSistIve heaters are used to evaporate
rnatenal from a cruCible The evaporated matenal fonns a cloud which fills
the depoSItIon chamber and then condenses onto the substrate to produce the
desIred film. Atoms take on a relatIvely low energy state (0 2 to 0 6 eV) and
the deposited films, as a result, are not excessively adherent or dense
DepOSition of a umform coatmg may require complex rotatIon of the
substrate smce the vapor flux IS localized and directional DespIte thIS,
evaporation IS probably the most Widely used PVD process

Sputtermg

The surface of the source matenallS bombarded With energetIc Ions, usually
an IODIzed mert gas environment such as argon The phySical erosIOn of
atoms from the coatmg matenal that results from thIS bombardment IS
known as sputtenng The substrate IS placed to mtercept the flux of
dIsplaced or sputtered atoms from the target Sputtenng depOSits atoms With
energies an the range of 40 to 10 0 eV onto the substrate Although
sputtenng IS more controllable than evaporation It IS an mefficlent way to
produce vapor Energy costs are typically 3 to 10 times that of evaporatIon

Ion platmg

Ion plating produces supenor coatmgs adhesIOn by bombardmg the
substrate With energy before and dunng deposlUon Particles accelerate
towards the substrate and amve WIth energy levels up to the hundreds of eV
range These atoms sputter off some of the substrate matenal resulting m a
cleaner, more adherent depOSit ThIS cleanmg contmues as the substrate IS
coated The film grows as over time because the sputtenng or cleanmg rate

I

I

J
,

I

I

I

I

I

I

I

I



SeCllon Thru

CHROMIUM-FREE SURFACE TREATMENTS FOR ALUMINUM AND ZINC

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Description

Page 42

Podob, M and J H RIchter 1992 CVD and PVD hardcoatmgs fOf
extendmg the hfe of tools used m the stampmg mdustry Proceedmgs
Manufactunng Solutzons, v 2 Nashville, TN (Feb 23-26) RIchmond Hts,
OH PrecIsion Metalfornung Assoclauon

Russell, T W.F , B N Baron, S C Jackson, and RE Rocheleau 1989
Physical vapor deposlUon reactors Advances zn Chenustry Senes
Washmgton, DC ACS, Books and Journals DIVISion pp 171-198

Vagle, M C and A.S Gates 1990 PVD COatIngs on carbIde cutUng tools
Hlgh Speed Machznzng SolutlOm for Productlvlty San Diego, CA (Nov
13-15) Matenals Park, OH ASM Intemauonal

Zega, B 1989 Hard decorauve coatIngs by reacuve phYSICal vapor
deposluon - 12 years of development 16th Internattonal Conference on
MetallurglCal Coallngs (ICMC), Part 2, San Diego, CA (ApnI17-21) In
Surface and CoatIngs Technol 39(40) 507-520

One of the many uses of chronuum m the metal f1Il1shmg mdustry IS for
conversIOn coaungs, wluch are used to treat nonferrous metal surfaces
(mamIy magnesIum, alummum, zmc, and cadnuum) for corrosIOn
protecuon or to Improve adhesIOn of subsequent orgarnc coatmgs
Unfortunately, chromates, the form of chronuum used for treatment, are
carcmogeruc and highly toXIC Small amounts of chronuc acid or potassIUm
dichromate WIll cause kIdney fallure, liver damage blood dIsorders and
eventually death Prolonged slan exposure can cause rashes, bhsters, and
other dermatological problems Chromate mIsts entenng the lungs may
eventually cause lung cancer

These health and safety conSideratIons and the mcreasmg cost of disposal
of chronuum-contammg fIDlShmg wastes have prompted users to look at
altemauves to treatment of alununum, zmc, and other substrates With
chromates Although a number of altematJve treatments have been
exammed, very few proVIde even close to the corrosIOn protecUon afforded
by chromate conversIon coatJngs Even fewer have been developed to the
pemt where theIr commercial VIabIhty can be assessed

Sulfunc acid anodIZIng can subsutute for some chromIUm converston
coatJngs, although the coatJngs are more bnttle and slgtllficantly thIcker
than cbromare films

One of the few commercIally proven, non-chromate surface treatments for
alununum IS an morganlc conversIOn coatJng based on ZlI'Comum OXIde
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TIus treatment usually mvolves ImmersIOn of the substrate m an aqueous
solution contammg a polymenc matenal and a ZlrCODlum salt The
Zll'CODJum deposits on the surface m the form of a ZIrcornum oXIde These
coa1mgs have been used on alummwn cans for some time. but they have not
been tested m the kmd of enVIronments m WhIch chromate conversion
coatmgs are typically used Wider application of thIS coating must aWait
thIS type of testmg

Another process showmg proInlse IS the SANCHEM-CC chroInlum-free
alurrunum pretreatment system developed by Dr John Blbber of Sanchem,
Inc TIus process can be summanzed as follows

Stage One-Vse of bOllmg delOmzed water or steam to form a
hydrated alununum oXide film

Stage Two-Treat mpropnetary alumInum salt solutIon for at least
1 mInute at 205 OF or hIgher

Stage Three-Treat m a propnetary permanganate soluuon at 135
to 145 OF for at least one mInute

A fourth stage of the process eXISts for cases where maxlmum corrosIOn
resIStance IS reqwred for certam alummum alloys he developers claim that
the film produced by thIS process closely matches the performance of a
chromate conversIOn process

A recent chrome-free post-nnse process has been developed for use on
phosphated steel, zmc. and alumInum surfaces pnor to palntmg The new
nnse, known as Gardolene VP 4683, contams neIther hexavalent or tnvalent
chrome It contaIns only morganic metallic compounds as the active
mgredlent The nnse IS applied at temperatures rangmg to 100 OF and at a
slightly acidiC pH The manufacturer descnbes tests showmg corrosion
proteeuon and pamt adhesIOn equal to that of hexavalent chrome (Fimshers'
Management. 1990)

Some of the other poSSible alternatlves to chromate conversIOn coatmgs that
have been exarruned are molybdate conversIOn coatings. rare earth metal
salts. sl1anes. Ulanates, tiuoglycollates, and alkoxldes These alternauves are
discussed In delaJl In Hmton (1991)

Ftnlshers' Management. 1990 Chrome free passlvaung post-nnse for
phosphate coatmgs reduces toxIcity May, 1990 pp 51-52

Rmton. 1991 CorrosIOn prevenuon and chromates the end of an era?
Metal FuusJung Part I. September pp 55-61 Part II. October pp 15-20
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Section Three

METAL SPRAY COATING

DescrIption
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Metal spray coaung refers to a group of related technIques m WhIch molten
metal IS atorruzed and dJ.rected toward a substrate vdth suffiCIent veloclty to
fonn a dense and adherent coatmg Metal spray coatIng has been used m a
Wlde vanety of applIcatIOns, as shown m Table 5 The technIque aVOlds use
of platIng solutIOns and associated nnses, thereby reducmg wastes
However, the parts to be sprayed stIll need to be cleaned pnor to spraymg

The mdlVldual techniques vary maInly In how the coatIng IS melted and m
the fonn of the coatmg pnor to meltIng The three basIC means for meltmg
the metal are as follows

Molten Metal-The metalls heated by some SUItable means (eIther
resistance heatIng or a burner) and then supplied to the atoIDlz1Og
source 10 molten fonn

FuellOxldant-Cxygenlacetylene flames are typIcally used The
metal melts as It IS contmuously fed to the flame 10 the fonn of a
wIre or powder The flame Itself IS not the atoIDlzmg source
Instead, the flame IS surrounded by aJet of compressed aIr or mert
gas that IS used to propel the molten metal toward the substrate

Electnc arc-In thIS method an electnc arc IS maIntaIned between
two wires that are contmuously fed as they melt at the arc
Compressed aIr atomizes the molten metal at the arc and propels It
toward the substrate DC plasma arc spraymg and vacuum plasma
spraymg are vanatlOns of thIS technique III whIch an mert gas
(usually argon) IS used to create a plasma between the electrodes

The technOlOgIes for thennal spraymg of metals are well developed, but they
tend to have their own market nIche and are not typically thought of as a
replacement for electroplatmg As the costs of hazardous waste treatment
and disposal nses, however, thIS famIly of technIques may become
cost-effecuve replacements for coatmg applIcatIOns currently performed by
electroplatmg The coatmgs can be applIed to a WIde range of substrates,
mcludIng paper, plastIc, glass metals, and ceramICS With chOice of SUitable
matenals and control of the coatIng parameter
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Table S ApphcatJons of thermal spray

Wear resistance

Dimensional
Restorauon

CorroslOn
Resistance

Thermal Bamers

AbrasIOn

Dlelectncs

Conducuon

RFIIEMI
Shleldmg

Mechcal Implants

Metals carbides CCfanuCS and plasucs are used to
resist abraslOn erOSlOn C3vltaUon fncuon and
fretuDg Coaung hardness range from < 20 to > 70 Rc
are attaInable on pracucally any substrate

Coaungs can be apphed up to 0 100 mch thick to
restore worn dimensIOns and nusmachmed surfaces

Ceranucs metals and plasucs resist aCids and
aunosphenc corrOSlOn either by the mert nature of
the coaung or by galvanic protecuon Nonporous
coaungs must be apphed

ZlrcoDla (ZrOJ coaungs are applIed to IDsulate base
metals from the high-temperature oXldauon thermal
transients and adheSion by molten metals

Softer coaungs such as alununum polyester graphite
or combmauons are used for clearance control
allowmg rotaUng parts to 'macbme 10" thelT own
tolerance dunng operauon

Alununa (A110:J IS generally used to resist electncal
conducuvlly These coaungs have a dlelectnc strength
of 250 V/nul of coaung thickness

Matenals are selected for thelt mtnnslc thermal or
electncal conducuvtty Copper alununum and suver
are frequently used for thiS appllcauon

These conducuve coaungs are designed to shield
electrOniC components agamst radio frequency or
electromagneuc mterference Alummum and Zinc are
often selected

Relatively new porous coatings of cobalt-base
utaDlum-base or ceranuc matenals are applIed to
dental or OrthOpediC deVICes to prOVide excellent
adhesive bases or surfaces for bone mgrowth

Source Kutner (1988)
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SECTION FOUR
EMERGING TECHNOLOGIES

Introduction Three emergmg clean process changes for metal fimshmg are presented m
tlus secuon

.. Nlckel-tungsten-slllcon carbide platmg to replace
chronuum coaungs

Nlckel-tungsten-boron plaung to replace chronuum
coaungs

In-mold plaung to replace electroless plaung followed by
electrolyuc plaung

NICKEL-11JNGSTEN·SILICON CARBIDE PLATING

Descnption The mckel-tungsten-slhcon carbide (NI-W-SIC) composite electroplaung
process IS a patented process (Takada, 1990) that can be used to replace
funcuonal (hard) chronuum COatIngs m some apphcauons Nickel and
tungsten Ions become absorbed on the suspended slhcon carbide partIcles
m the plaung soluuon The attached Ions are then adsorbed on the cathode
surface and discharged The slhcon carbide partIcle becomes entrapped m
the growmg metallIc matrix

The composItIon and operaung condItIons for the NI-W-SIC plaung bath are
given m Table 6

ChromIUm electroplaung processes generate tOXIC nusts and wastewater
contammg hexavalent chronuum Hexavalent chronuum has a number of
toXIC effects mcludmg lung cancer and trnta!J.on of the upper resplfatory
tract. slan trnta!J.on and ulcers These toXIC emISSions are cOmIng under
mcreasmgly stnngent regulatlons and are difficult to treat and dispose of In
addition to hazardous waste reductIon, the NI-W-SIC process has the
followmg benefits

Htgher Planng Rates-The Ni-W-SIC process exlublts much higher
plaung rates than for chronuum. Plaung rates ranged from 17 to j 3
nulslhr at 300 ASF, compared to the typical hard chronuum platIng
rate of less than 1 nulJhr

Htgher Cathode Current Efficlencr.es--Current effiCienCies are
approximately double those for chromIUm plaung Current effi-
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Table 6 ComposItIon and operatmg conditIOns for NI-W-SIC
composite platmg

Better Wear Reslstance-PreclpltatlOn-hardened and rehef-baked
NI-W-SIC composite coatmgs all showed better wear reSIstance
than a chrorruum coatmg m tests USIng a Taber Abraser

30 40 gil

55 - 75 gil

70 - 110 gil

10 - 50 gil

60 - 8 0

150 - 17SOP

100 - 300 ASF

Operaung condluons

• Susceptibility of coated parts to hydrogen embnttlement
• Fatigue life of coated parts
• CorrosIOn reSIstance of coated parts
• Maximum thickness of coatIng before crackmg or flakmg

occurs
• Effect of coaung parameters on Internal stresses m depOSIt

Nickel sulfate NISO, 6H20

SodIUm tungstate Na.WO, 2Hl O

ClenCIes range from 24 percent to 35 percent, whereas typical
chronuum platmg current efficiencies range from 12 percent to 15
percent

Better Throwmg Power-Cathode current effiCienCies for the NI
W-SIC process decrease With mcreasmg current density TIlls
results In much better thrOWIng power than for chrorruum plaung
In chrorruum plaung baths, current effiCiency Increases With current
density whIch results In poor thrOWIng power

Bath temperature

Cathode current density

CompOSIuon

SIlIcon carbide (0 8 - 15 urn parucles)

pH (adjust With ammOnIum hydrOXide
or cltnc acId)

The mam dIsadvantage of NI-W-SIC process uncovered so far IS that the
plaung bath IS more susceptible to metallic and bIOlogIcal contanunauon
As a result many questions remam to be answered before Widespread use
Will occur Some of the unknowns mclude

Page 48
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.. LubncIty of coated parts

.. MaxImum servIce temperature for coatIng

.. Stnppmg teChnIqUes for coated parts

.. Processmg technIques for promotIng adhesIOn to vanous
surfaces

.. Gnndmg charactensUcs

.. Ablhty to plate complex shapes

.. Repalr of damaged coatmgs

.. FacilIty reqUirements

Takada. 1990 Method ofruckel-tungsten-sllcon carbide composite plaung
US Patent 4,892.627 January

Takada. K 1991 AlternatIve to hard chrome platIng SAE (Soc
Automouve Engmeers) 10024-27

NICKEL-TUNGSTEN-BORON ALLOY PLATING

Description

Propertjes

follOWIng several years of development. a new chroouum alternauve based
on an alloy of nIckel. tungsten, and boron has been recently mtroduced
(Scruggs et al ,1993) A fanuly of these alloys IS patented under the trade
name AMPLATE Properties for one speCific alloy, known as AMPLATE
"U" have been reported by the developers m the lIterature ThIs alloy
COnsiSts of apprmumately 59 5 percent nIckel, 39 5 percent tungsten, and 1
percent boron

Unlike most metals WhICh exlublt a crystalline structure at ambIent
temperatures, the AMPLATE alloys are structureless Metals of tillS type are
often descnbed as "amorphous" and have I glasslike" properties that render
substrate surfaces smooth and free of the defects that are exhIbited by
lattice-structured metals Because of the smoothness and hardness of their
surfaces, amorphous metals have excellent corrosion and abrasIOn resistance
properties

The propertIes of thIs alloy and Its advantages as a coatIng are summanzed
as follows (Scruggs et al , 1993)

Appearance-The alloy IS reflecuve and has an appearance of
bnght metal sloular to chroouum, bnght sIlver, or bnght nIckel
Bemg amorphous, It adopts the surface charactensucs of the
substrate bemg coated (e g , etchmg, patternmg. or Irregulanues on
the substrate surface Will show through the coatIng)
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Operatmg Conditions

Pag~ 50

Hardness-When deposlted, the NI-W-B alloy has a hardness of
about 600 Vickers Heat treatment for 4 hours at600f' WIll rluse the
hardness to about HVlooO Other properues are unaffected

AbraslOnlWear RestStance-The alloy compares comparably to
chromIUm and electroless mckel In one test. rollers were plated
WIth chronuum and the AMPLA1E U alloy and rotated at 600 and
700 RPM With a load of 102 Newtons The chronuum coating
falled wlthm 60 to 100 nunutes while at the end of 1300 mmutes
the alloy showed httle mtldauve wear

CorrosLOn-The alloy e,uublts corrosion resistance properues far
superIor to those of chronuum In tesung, pieces coated With
chronuum were lDlffiersed m a 5 percent NaCI bnne acIdified With
aceuc acid to pH 2 and saturated WIth hydrogen sulfide Followmg
seven days of lDunerSlon. the chronuum was completely stnpped
and the substrate had been heaVily attacked A sundar coatmg of
the U alloy showed no SignS of corrosion

Ducttltty-The coatmg exhIbIts surpnsmg ducuhty In one test, a
fOIl of the coating was obtamed by dlssolvmg the substrate The
fOIl could be tied m a loose knot and ben 18 degrees on Itself
Plated Items were successfully bent 9 degrees over a quarter-mch
mandrel WIth no separation of the platIng matenal

Heat RestStance-The structure of the amorphous coattng IS
unaffected by beat to at least 12000f' The fimsh remams bnght
upon short exposure to temperatures of 400°F Treatment m 3lr can
lead to yellowmg due to oX.1dauon of the tungsten This coloratlOD
can be removed by polIshmg or aVOided by heat treating m an mert
gas environment

The platIng system IS operated at temperature range of 11SOf' to 12SOf' and
a pH of 82 to 8 6 Opumurn concentratIOns of NI, W, and B are m31ntamed
by addmg lIqwd concentrates cont31nmg dIssolved salts of the three metals

DeposItion CharacteristIcs

Two versIOns of the alloy solution are aV31lable (VA and VA-B), the
dIfference 10 the 'B formulation be10g the addition of a bnghtener and a
lower metal concentration ThIS results 10 a depOSItion rate approXImately
halfthatofUA. The UA solution IS recommended for heaVier apphca1lons
where the surface WIll be subsequently dImenSioned by gnndmg and
polIshmg The UA-B soluuon Will produce a fully bnght coattng of ten
mIls thIck or more and can be used for both decorauve and engmeenng
purposes Thmner deposIts of 1-2 nuls over bnght DIckel have the
appearance of chrorruum but With supenor corrosIOn resistance

I
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Equipment Requirements

Standard plating equipment IS SUitable for plaung With the NI-W-B alloy
Automated chenucal feed equipment IS reconunended for OptimlZmg
concentrauons of ammoma and the metals

Surface Preparation

Extra attenuon IS needed to ensure that parts to be plated are absolutely clear
of contanunants When plating WIth amorphous coaungs, even nunute
defects can become stress mducmg pomts or pore generating SIteS

Coatmg effiCiency IS around 38 percent or three times that of chronuum
This reduces energy and plating costs Savmgs are also generated due to
reduced need to ' gnnd back chronuum to obtaIn SUItable surfaces and SizeS

The plaung solution IS only shghtly alkalme and IS operated at rela1Jvely
low temperature There are Virtually no hazardous or carcmogernc
enusslOns asSOCIated With the process MIld anunoma odors can be
controlled through proper venulation

Because the UA-B depOSit remaIns bnght and smooth at thIcknesses Up to
ten nuls or more, the need for gnndmg and pohshmg IS greatly reduced In
addJuon to reducmg costs, thiS also numnuzes atmosphenc contarnmatlOn

Scruggs, D, J Croopmck, and J Donaldson 1993 An electroplated
ruckelltungstenlboron alloy replacement for chronuum 1993 AESF
SymposIUm on the Search for Environmentally Safer DepOSitIOn Processes
for ElectrOnICs

In-mold platmg IS the name given to a process developed and patented by
Battelle, Columbus, OhlO TIus process combmes high-speed plaung and
mjection moldmg to apply metal coatmgs to plastiCS m the followmg
manner First the mold IS cleaned and prepared, then a pla1Jng fixture IS
placed on top and a metal, such as copper or zmc, IS apphed by a high-speed
platIng teeluuque When the reqUired thIckness has been reached, the mold
cavIty IS empued, the depoSit IS nnsed and dned 10 sItu, and the coated mold
IS transferred to the mjectlon moldmg machme A plastic IS then Injected,
the mold cooled and a metal-eoated plasuc part ejected The plastic typically
IS a thermosetting resm, but It may be filled With partIcles or fibers to
Improve stabIlity or toughness SInularly, a foamed plasuc can be used
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because the coated mold surface defines the surface of the finIshed part, not
the plastIC matenal BesIdes mJectIon moldmg, the process can be adapted
for compresSIOn moldmg The process has several advantages

• It has fewer process steps than conventIonal techmques for
plating plastics

It does not generate any waste etchmg or sensItizIng
solutions that contam organICS, heavy metals, or precIOUS
metals

• It aVOIds the use of electroless copper to mItIally metallze
the surface

It depoSits only the amounts of metal requIred and only In

the areas that reqUIre coating, thus It conserves matenals
and energy

• It proVides a very broad range of metal coatmg and plastic
combInations that can be processed

Wlule potentJaily reducmg and nurunuzmg some waste streams, the process
Itselfonly replaces the need for etchmg and sanltIzmg the plastIC part pnor
to platmg It stili utIlizes a platmg process to plate the mold (and therefore
will generate wastewater and wastes to dispose of) Slullful fixtunng IS
requIred to depOSIt an adequate plate or sequence of plates Into the mold
Improper cleanmg and preparatIOn can cause the metal to stay on the mold,
requmng chemIcal stnppmg (generates waste) and pOSSibly a need for
poltshmg

The appearance of the final product IS directly related to the surface
conditIOn of the mold Itself smce the plating replicates the surface The
appearance therefore wlll not match the luster of bnght DIckel plated plastic
parts that are processed conventionally Also, the process IS labor Intensive
and very difficult and expensive to automate It has only specialized
apphcauons

Although m-mold platIng IS not avaIlable commercially several companIes
are explonng Its use m such applIcatIons as decorative finishes, plumbmg
and architectural hardware and EMIIRFI protectIOn for electrOniC
components

PF 1983 New way to plate on plastics Products FZnLshmg March pp
75-76

AMM 1986 Battelle adopts technology for m-mold platmg American
Metal Market December I p 8



Sectlon Flve

SECTION FIVE
POLLUTION PREVENTION STRATEGIES

Introduction

Cadmium platmg

Cyanide-based plating
solutions

Alternate technologies are presently aVailable. and others are under
development for the reductIOn or ehnunatlon of use of cadnuum cyarude,
chronuum. and copper/formaldehyde m specific metal fimshmg
apphcatlons These alternate technologies tend to fall mto two mam
categones

AlternatefinLShes-{e g, alununum, zmc or zmc alloys. and mckel
tungsten-SIlIcon carbide) replace traditional cadnuum and
chronuum fimshes

Process substltutwns--{e g, Blackhole Technology, IOn vapor
deposluon. phySical vapor deposluon, m-mold plaung. and metal
spray) use different technologies for metal finIshes

Both types of changes have the potential to reduce costs (through reducuon
In waste volumes or tOXJClty and asSOCiated savmgs m disposal costs) and
Improve envlI'Onmental health and safety Barners to acceptance of these
alternate processes often mclude lugh Capital cost, higher mamtenance costs,
hlgh levels of reqUIred skIll, difficulty m automatIon or bulk proCesSlDg of
large volumes of parts. and mfenor properties of the alternate process
coating

The vast maJonty of cadmIUm plaung IS performed usmg cyanide-based
chenustry for a number of reasons. mcludmg

.. AbIhty to cover complex shapes somewhat unIfonnIy (hIgh
throwmg power)

.. HIgh tolerance to Impunues

.. HIgh tolerance to Improperly cleaned surfaces

.. AbJ1lty to obtam a porous depOSit that allows for hydrogen
embnttlement rehef

.. AbilIty to obtain a ducule depOSit at high thicknesses

.. HIgh adheSIOn to substrates

A growmg number of platers have successfully subsututed non-cyanIde
cadmIUm platlDg soluuons based on propnetary chenustnes subsututlng
sulfate and/or chlonde salts and organic addluves for the cyanide

Alternates to cyamde processes for other plating solutions are also aVailable
and m the developmental stage For example, SignIficant progress has been
made m developmg nuldly alkalme, non-cyanide copper plating processes
for applIcation In both rack and barrel platmg on ferrous parts. on zmc die
castings, and on zmcated alununum die casungs These propnetary
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ChromIUm platmg

Nlckel-Tungsten
SIlicon Carbide and
Nickel-Tungsten
Boron Alloy Plating

Page 54

processes are aVallable from at least four commercial supphers (Lea-Renal,
Harshaw-Atoteeh Enthone-OMl, and ElectroehemJcaI Products) In addItion
to the cyanide free alkalme copper and the acId cadlIl1um processes, non
cyanide formulatIons for platmg gold and Silver have been aVaIlable for
many years Addluonal progress 10 process control and lowenng of
operaung costs IS requIred to allow these substitutes to more readily
compete With the cyanide based formulatIons

To fmd a SUItable subsutute for chrolIl1um, an alternate coaung must be
found that offers the combmatIon of benefits prOVIded wear, corrosIOn
protectIon, abJ1lty to hold OllJ1ubncants m mIcrocracks, hIgh temperature
wear reSIstance, low coeffiCient of frIctIOn, abilIty to produce very thIck
depOSIts (10 mIls and more), ease of solutIon m31ntenance, ease of
embnttlement relIef (due to mIcro-cracked structure), ease of stnppmg
rejects, and hIgh tolerance of Impunties

There IS no smgle other metallic coaung that offers the above combmauon
of benefiCIal properues and processmg advantages However, alternatIve
coatings presently m the research and pllot plant stage, show prolIllse m
provldmg some of the noted properues, and can be used as substitutes m
selected apphcatlons For example, advanced ceranuc and composite
matenals have been tested as replacements for chrolIllum plated parts m
mternal combustion engInes Hard coatIngs such as tltmuum nItnde have
been applIed USIng sophistIcated (expenSIve) equipment that produces the
coatmg by condensmg vaponzed metals mSlde a vacuum chamber

The depoSits obtamed from these alternatives are normally very thm and can
exceed ChrolIl1Uffi ill hardness, but do not match up to chromIUm elecLfOplate
ill economy, ablhty to produce thIck coatIngs, corroSIon reSIstance, ease of
stnppmg reject parts, or abIlIty to depOSIt mto deep recesses

A slgmficant effort IS bemg made 10 the aerospace mdustry to evaluate
chrOlIl1um subsututes produced from alternate aqueous electroplatmg
processes The mam focus of these efforts IS the appllcauon of an alloy of
rockel and tungsten contalnmg finely dIspersed parucles of SIlIcon carbIde,
molybdenum platIng, and an alloy of mckel-tungsten-boron The rockel
tungsten alloy electrodeposits offer better wear resistance and coeffiCient of
fnctlOn than chrorruum plate The platIng soluuon IS approXImately 50
percent to 100 percent faster m plaung speed than typICal functIOnal
chrOlruUffi plaung solutJons (although one supplier of propnetary chromIum
platmg chelIl1cals has developed a process that would be 20 percent faster
that the nIckel tungsten alloy solutIon)

A pnmary concern of the DIckel-tungsten substitutes IS that they contam
mgredlents that have sundar health/enVIronmental concerns as hexavalent
chromIUm. Additionally, these substitutes utilIze a plaung solution that
produces a wastewater that reqUIres treatment, the solutions themselves are
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subject to bIOlogIcal decomposluon and offer current effiCIenCIes that are
only margmally more efficient that functional chromIum platmg
formulations The tungsten compound used m the process (sodIUm
tungstate) IS very expensive and not readIly aV3Jlable Parts that have been
plated With nickel-tungsten alloys are typically very difficult to stnp If a
defective deposit IS placed, and the platmg solution IS more seI1~.t1ve to
Impuntles At least one of these processes (NI-W-B) uses platlOlzed UtaIllum
anodes encased ill a membrane cell TIlls IS expensive and the membrane IS
subject to fou!Jng. and expensIve to replace ConSiderable process control
problems can be encountered when attempting to deposit an alloy, especially
one With three alloymg elements (NI-W-B)

Tnvalent chromIum solutions requIre much greater care m operauon to
rrumrruze contanunatlon by metalhc Impuntles than hexavalent solutions
These metallic Impuntles can affect the color of the depOSit, and If not
controlled to a steady state, the depOSit Will vary m color (darkness) from
week to week When carefully controlled, these solutions are capable of
producmg thm chrorruum depOSits for decorative parts that are eqUIvalent
m color, corrosIOn resistance. and abrasIOn resistance to thm depOSits from
hexavalent chrorruum plaUng solutions

Smce decorauve applications of chrorruum may be opuonal for some parts,
those parts can also be engmeered/designed to be functIOnal 10 the absence
of the chronuum depoSit If the parts are molded from plastic, or formed/cast
from stamless steel. they may not need plating at all to functIOn and be
"decorative" The surface of the molded plasuc part would be much softer
than a chronuum plated part The stamless steel part would also be softer
and would be far more expensive to produce than a part made from zmc and
I1lckel chromIum plated

Most other metals commonly used for consumer Items (zmc, alurrunum,
carbon steel) require some fonn of protective coating. smce those metals
corrode to an unpleasant and pOSSibly un-functional condition upon
exposure to hurrudlty, salt, water. and household cherrucal products
Alternative fimshes need to prOVide a pleasmg appearance along With high
corrosIOn resistance and (someumes) high abrasion resistance m order to
adequately replace a mckel-chronuum electroplate

Hexavalent chronuum compounds are also utilized m conversIOn coatmgs
produced on alum1Oum, zmc, cadrruum magnesIUm, copper, copper alloy,
SIlver, and tin surfaces There are a number of other metal fimshmg
operations that utilize soluuons cont3Jmng hexavalent chromIum
compounds, mcludmg phosphating and passivation of certam stamless steel
alloys

The surface of alurrunum parts can be converted to an OXIde coatmg m a
number of solutions. by mak10g the part anodiC (positively charged, direct
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current) When faugue failure and corrosion by trapped anodlzmg soluuon
10 crevices and faymg surfaces IS of concern, the anodlZlng soluuon IS

formulated from chronuc acid, a hexavalent chronuum compound

Some anodiC coaungs are further processed through a seal10g operation
conslstmg of an aqueous soluuon of sodIUm dichromate The sealmg
operauon further enhances faugue resistance and seals' the pores 10 the
coatmg to enhance the corrosion resistance
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APPENDIX 5

US EPA GUIde to Cleaner Technologies - Orgamc Coatmg Replacements
September 1994, SectIOns 2 and 4

EP3
PollutIOn PreventIOn m Metal FlnIshmg



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CONTENTS

SectIOn Two Avadable Technologies 15

High Soltds Coatings, Soh ent Borne 15
Powdcr Coatings 25
Watcrborne Coatings 46
ElectrodcposltlOn 63
UVIEB Radlutlon Cured Coatmgs 67

SectIOn Three Emergmg Technologies 79

Vapor Injection Cure Coatmgs 80
Supercrttlcal Carbon DloAlde as Solvent 81
Radlutlon Induced Thermally-Cured Coatmgs 84

Section Four Pollution Prevention Strategy 85



I
Sect70n Two

SECTION TWO
AVAILABLE TECHNOLOGIES

HIGH SOLIDS COATINGS SOLVEl'll-BORNE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

IntroductIOn

PollutIOn PreventIOn
Benefits

How Does It Work?

TIus chapter descnbes cleaner technologIes aV:lllable for the orgaruc coatrng
Industrv that can reduce emISSIOns of VOCs In reducmg VOCs these
technologIes mav also reduce generatIon of hazardous \\ astes and decrease
.... orker exposures to hazardous aIr emISSIOns

HIgh solIds soh ent borne coatIng systems \\'ere developed to reduce
emISSions of \olattle organIc compounds (VOCs) released dunng cunng
High solIds coatmgs have been reformulated to meet regulated le\els ofVOCs
\\rule ret:lInIng the essentIal character of the low solIds coatIng formulation
HIgh sohds coatings typIcally COntam 275 to 420 g VOCIl ofhquld coatmg
(23 to 3 5Ib/gallon) (PIlcher, 1988) HIgh solIds coatmgs currently a\allable
are generallv SimIlar to low solIds coatmgs m their appltcatlOn cunng and
final film propertlcs though there are Important dIfferences The major
dIfference IS the hIgher VISCOSIty of the hIgh sohds formulatIon, \\ruch often
leads to Increased film thlcJ..nesses

A standard definItion of high solIds does not reallv e\lst In the coatmgs
mdustrv I High solIds" coatmgs are generailv consldercd to contam more than
80 percent solIds \\ htle the term "higher solIds" refers to coatmgs contammg
Icss than 80 percent sohds but more than the 30 to 40 percent contamea In low
soltds coatmgs (Murm 1991)

High sohds paInts ha\ e not made the Inroads that other S\ stems such as
pO\\der coatIngs h:l\ em repbcmg com entlOn:l1 co:ltmgs Particular problems
Include high \ ISCOSIt\ \ ISCOSltv changes due to temperature \ anatIon and
storage stablltt\ Other Issues are control of film thlcJ..ness and the dr\lng
charactenstlcs of the film

Creating a hIgh solIds formulatIOn IS not as easy as SImply reducmg the
solvent concentratIOn A reductIOn In solvent concentratIOn WIthout other
changes lead to an unacceptably high level of VISCOSltv Because polvrner
bInders (resins) used In coatings have tradltlOnallv been of moderate to high
molecular \\elght the molecular \\elght of the polymer must be 100\ered to
retaIn acceptable \ ISCOSltv Lowenng the molecular weight of the pol\wer IS
problematlc as unmodIfied low molecular weight polymers produce an
unacceptable final dry film when normal cunng times are apphed To
overcome performance hmltatlons caused bv these polymers addltl\es often
are used to Increase cross-linkIng dunng curIng However With chemical
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modificatIOn polvrners can retmn good coatmg properties and lowered
VISCOSity (Storev, 1987)

High sohds soh ent borne coatmgs fit Into three general categones

~ air/force drY
~ bakmg
~ two-component

ReSin systems generallv belong to one category, although some resms cross
over between categones

-\lrlForce-Dry Coatmgs

Air/force dry coatmgs cure by exposure to mOIsture or oXYgen Alkyd resins
are most common In w-dry coatmgs ModIfied alk')'ds are also popular, ~h!le
stHene sl1lconlzed and acryhc resms are less common Alr-drv alkYds are
termed oXldmng or auto-o\.ldlZ!ng because thev cure m air WIthout baking or
the addition ofa catalyst (Wicks, et al 1992)

These coatings cure at low temperatures below 180 0 F Low temperature
ovens can be used to speed curmg by eVLlporatmg the solvent more qUlc)..,lv
Air-dry high sohds cOLltmgs usually have longer drying, tack-free, and
hardness cunng llmes than their low sohds counterparts These properties can
alter production pOSSibilities If the L1pphcator needs to Walt longer before
handlmg parts For mstance If the coatmg remams soft for a longer time than
prevIous Iv the coatmg may become scratched or damaged durmg handling
operauons TIlls may necessitate rework which adds to the cost and Increases
the amount of pollutIOn genernted

The recent de\ elopment of new resins has resulted m n range of fast-d.r\1I1g
!ugh sohds air dry acrvhcs SUitable for general metal fimshlng These resms
are mexpensl\ e offer excellent flow and drymg properties good hardness
durnblltty and color and gloss stability and do not suffer from air entrapment
or snggmg Early nlr drv contmgs contnmed highly vointile solvents cnusmg
the surface of the contlng to dry first and trappmg solvent underneath The
result was pmhollng or sohent-poppmg In the fimshed film (Bnllwav, 1992)
These !ugh solids aCf\hcs are swtable for vanous metnl fimshmg apphcatlons
and have both mdoor and outdoor uses

Bake Coatings

Bake coatmgs predominantly use acryhc and polyester resins although some
alkvds and modified alkvds are also used These resm systems cure at lugh
temperatures to form a crosshnked film Crossllnkmg ngents such as
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melnrrune-formaJdeh\de (MF) or blocked IsOC\anates are common1\. used MF
contmgs are usunllv one pnck systems catahzed bv a strong aCid sucn as p
toluenesulfomc aCid (Storey 1987) Latent or blocked catahslS are used for
fast cure and good pot hfe w1th melarmne formaldeh\de crosshnked coat111gs

High sohds resms based on alkvds or polyesters hme 10\\ molecular \\elghts
and contam h\Ciroxvl groups that can be crosslmked WIth meIarrune
formaldehyde resms

Blocked IsoC\anate urethane resms are often used as hlgh sohds b111ders for
bnkmg systems because ofthetr outstnndmg performance properties and broad
formulation latitude Urethanes based on blocked ISOc\ anates reqwre an
elevated temperature to cure The polVlsocvanates have surpns111gl\ 10\\

\ ISCOSlUes \\hJch IS an asset 111 hJgh sohds coatmgs Ahphatlc polVlsOC\ anate
cross IInkmg agents are recommended for supenor \\eathenng properties,
espeCially their resistance to yellowmg (Storey, 1987)

Temperatures m the range of 350°F to 400°F are needed to cure bakmg
enamels requtrlng the use of high-temperature ovens

Two-Component Coatmgs

The name "t\\o-component" refers to the presence of l\\0 separate coatmg
solutiOns \\hJch are lTll.'\ed togcther Just before use "Two-component" IS nlso
knO\\11 as "t\\O pad," and "2K" (from the German \\ord Komponent)

T\\ o-component S\ stems cure bv a crosslInkmg reactIOn bet\\een the l\\0

components reactl\ e reSInS or n resm and n catalyst EpoXles and
pol\urethanes are the most common t\'vO component contmg s>stems
PO!\'1socvanates scn e as the crosslInkmg agents tor polYUrethanes (Wlcls et
al 1992)

Two pnck pol\ 01 cured urethane reSInS are often used as hlgh sohds b111ders
because of the excellent properties of the fimshed film and the low energy
needed for cunng Urethanes based on two component systems cure ntlo\\er
temperatures than bakmg polYUrethanes

Two-component pohol urethane coatmgs are SUitable for metal fUllshmg
apphcntlOns \\ here outstandmg film properties are reqUired These coatmgs
are also suitable for the automotl\ e and machme tool mdustnes because of
their excellent resistance to solvents lubrIcants cultmg ods and other
chenucals Urethane c1earcoats for automobde fimshes for example prOVide
hard wearmg films \\I1th exceptIOnal chemical and abrnslon resistance

Page 17
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Urethane cOLitIng S\ stems do pose some heLilth and sLlfetv concerns For
example, ISOC'vanates are to'(JC and can affect the resplrotorv system Damage
from low-level exposure IS usually reversible however sensitizatIOn can
occur SensItizatiOn can be temporary or permanent Followmg chrOnIC
exposure to urethane cootlng s\stcms permanent Itmg d:Irnage has been
obsened (Rees 1992) St:lbl!ltv and pot !lfe of t\\O component urethanes can
Lllso be problcmLltlc

Epo\V resin systems are the oldest form of high sohds cO:Jtmg T\\o
component tluck film. solventlcss reSill formulJuons for spec1:Jlr.. applIcotlons
have been avaIlable tor many years

In a two-component re:Jctl\ e hqUld cootIng system two 10V.,-VISCOSltv hqUlds
are mIxed pnor to entering the applIcation system One lIqUId cont:JInS
reacuve resms, \\rule the other contaInS an actl\ ator or cotal\st that promotes
polymerizatIOn of the reSinS ConventIOnal :l1rless or electrostatIc spray
equIpment can be modIfied to accommodate new coating materials such as
t\\0 component epoxlcs polvureth:lnes and po!\esters The t\\O components
Lire fed Into the spray gun through separate metering deVices Flow control
valves and cleamng \ alves are bUIlt Into the sprnv Unit to prevent the
components from coming Into contact \\Ith eoch other before release
Two-component s\stems enable coatmgs to be apphed WIthout the use of a
volatde organIc sol\ ent Some solvents mIght be used to clean up an\
unreacted liqUIds

High temperature 0\ ens are not required for cUrIng two-component coatmgs

Reactive Dtluents

A class ofcompounds known as "re:Jctlve dIluents" can replace some organic
sohents \\Ith low molecular \\elght reSInS deSIgned to react, crosslink and
form Lin Integral pm of the coatIng The most Important asset of reactl\e
illluents IS that they are VOCs when tested IndlVlduallv per EPA Method 24
but are not VOCs \\hen the mixed cO:JtIng IS Llllowed to crosslInk before
subjectIng It to EPA Method 24

As \V1th conventIon:J1 formulatIOns hIgh solids coatmgs can be applIed USIng
numerous methods Includmg

~ Brush or roller
~ Pouring or tlo\\-coatlng!curtaln coating
~ DippIng
~ Spravmg b\ low pressure equipment
~ Spraymg by hlgh-pressure/alr-asslsted equipment
~ SpraYIng b\ :mless equipment
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Spra\ mg b\ electrostntlc equIpment
Spra'r mg by hIgh ... olwne 10\" pressure (HVLP) equipment
ApplIcatIon b\ turbIne bell or rotatIng dIs\.-
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DependIng on the fonnulatlon hIgh solIds coatings mav be of slmdar or
greater \ ISCOSIt'r than low solids coatmgs TrndltlOnalh high \ ISCOSIt'r mnk.es
contIngs dIfficult to atomIze and nChle\ e a umfonn film thlc\.-ness Toda\
emergrng fonnuJnuons are tendIng to\\ards lower VISCOSJt'y and therefore ensler
spraYIng These new fonnulatlOns may be based on new resin S\ stems or
nddltlves \'whlch modlf\- VISCOSity and rheology for easIer spravmg

Lower VISCOSIt'r hIgh solids contmgs can be readdv applIed \\1th all types of
equipment such as alr spray nlrless spray alr-nsslsted alrless HVLP or
electrosUlUC spray HIgh-sohds coatings that have hIgh VISCOSltv (or that have
been exposed to cold temperatures thereby ralsmg the VISCOSltv) are more
problematiC to appl\ \\1th spr:l\ :lpparatus Spray equipment should be tested
\\1th the new CO:ltlng to see If a SUItable fimsh IS obtamed If neceSSary, flUId
tipS can be exchanged or new spray guns purchased

Spra'r appllcnuon problems stemmmg f-om hIgh VISCOSltv are often soh ed by
use of an mime pamt heater to reduce \ Iseosltv The heater raises the flUId
temperature thereb\ lo\\enng the \ ISCOSlty An altematn e IS to use a
temperature controlled spray booth and set the temper:lture for reduced
VISCOSity \\ hlle still m:llntammg operator comfort

HIgh \olume 10\\ pressure (HVLP) and electrostatic spra\ mg equipment are
approaches to lugh efficlencv npphcallon that reduce 0\ ersprn\ loss and rnlse
transfer efficlenc\ HVLP uses low ntomlzmg nlr pressures of less than 10 0
pSI nJong \\1th lugh \ olumes of atomlzmg air to nppl\ pamt \\1th less \ eloclt\
thnn standard nlr sprn\ guns redUCing losses from coatIng 0\ erspra\
Electrostatic guns charge the coatIng and then depOSIt It on parts \\ hlch are
grounded

Alr!ess nnd aIr aSSisted alr!ess spray systems are used to apply hIgh sohds
coatmgs These \stems use hydraulic pressure to atomIze the coatmg IOta
small droplets resultIng In a fine sprJ\

Other Appbcatlon EqUipment

HIgh solids COJtIng !onnulatlons with hIgher VISCOSIties can be apphed \\1th
electrostatIc turbme bell or rotatmg dIsk atomIzatIon spray equIpment DIsk
and bell turbine applIcator systems are pnmardy used m productIon lme
applicatlons With dISh. or bell apphcators the coatmg IS fed mto a rotatmg
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Insulated disk or bell Centrifugal force causes the coating to spread to the
outer edge of the bell or disk Turbine powered bells have rotatIOnal speeds
of up to 50 000 RPM v.hIle disks c:m achieve speeds of up to 40 000 RPM
The disk or bell has approxImately 100 kV of electrostatIc charge to ensure
lllllfomutv of the coatIng bv ImprOVIng atomlzatlon :md tr:msfer efficlenC\ of
the paInt droplets

Surface PreparatIOn

Surface preparation techniques need to be more thorough \~hen USing lugh
solIds coaungs Low solIds coatings contain substantIal quantIties of orgillllc
solvents \\/uch oJlo\~ a certom amount of self-cle:msIng (or greater wettIng) of
the substrate Grease:md other contamln:mts are wetted or dissolved b\ the
solvent resulting In :l cle:mer suri:lce on \~hlch the coating adheres HIgh
solIds coatings do not have as gre:lt a self cle:mslng abllItv, therefore surf:lce
preparatIOn must remove more of the grease and contaminants \~hen uSing
these coatings Cleanmg With organIC solvents would defeat the purpose of
low-VOC high solIds coatings LuckIlv other measures eXist IncludIng
aqueous clean.tng S\stems :lbraslve blastIng :md other surface prepar:ltlon Itke
phosphatmg treatments See for example U S EPA (1993) Mounts (1993)
and Wang and Merchant (1993) for alternatIves to organIc solvent cleanmg

ReqUIred Sioll Level

Although the :lpplicatlOn equIpment IS SimIlar more operator skill :md
attention IS needed when USing high solids coatmgs, mainly because of
problems of hIgher \ ISCOSlty Substantial aIr temperature changes WIll alter
coatIng" lSCOSltv and change film thlcJ...ness unless the apphcJtor can m:lJ...e
JdJustments Film thlcJ...ness control IS difficult, however, partlcularh on
comple'\-shoped parts On complex shapes thlcJ...ness vanatlOn ofbemeen
Jppro'\lll1otelv I and 7 rruls IS pOSSIble because of dlffenng budd up of cOJtmg
due to changing spray angles A hIgh sohds coating With low '.-ISCOS11\ and
good rheology IS eJSlcr to applv In a unlfonn thlcJ...ness

Products Fmlshmg

High solIds VOC-comphant coatIngs have been used to replace low solIds
formu1JtlOns m lmmg drum Intenors at Russell.Stanley Corp, of New Jersev
CO:ltmgs for steel drums need to h:l\e good chemical resIstance HlstoncJIlY
thiS rcslstance derl\cd from high molecular \~elght resins however these
fonnulJtlons rcqulred slgmficant soh ent use to lower \ ISCOSltv The VOC
complIant fonnulatlon still uses high molecular weIght reSinS for chenucal
resistance but spraynblhtv IS mnIntnmed by means of heatmg the coatmg to
reduce \ ISCOSItY HeJtIng equIpment for lo\\enng "ISCOSltv was found to be
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Cost

SectIOn Two

cheaper than alternatl\ es such as e"\otlc formulatIons or afterburners to
incinerate VOCs (MP&C 1990)

High-speed turbme bell atomizers nre being used to applY high soltd coatings
to ZInC coated steel doors In additIOn to 100\er VOC emiSSIons the ne\\ hIgh
solJds coatrng fonnulatlons use lov.er cunng temperJtures \\hICh nre requIred
bv the heat sensltl\e fOJrn lIlSubtlon cores now used m steel doors High soltd
coatmgs meet the lughest adheSIOn ratmg mASTM D 3359 and pass a 2)0 hr
salt spray test per ASTM B 117 (Nelson 1988)

High solIds pol\urethane materials that meet MIL C832858 nre a\albble for
use on illrcraft and grolU1d support eqwpment These high sohds formubtlons
\\luch nre fonnubted for elecrrostatlc applJcatlon (MP&C 1988) contam 340
g to 420 g VOCII (2 8 Ib/gal to 3 5 Ib/gal) The pot ltfe IS reported to be 6 hr

High sohds coatings are also used for alununwn extrusIOns. office funuture.
appIJanccs busmess machines contamers and many other OEM apphc:ltlOnS

Automotive ApplicatIOns

High soIJds coatmgs are also used as automotive pnmers topcoats basecoats
and clenrcoats T\\o-component polyUrethane coatings nre mcreaslngl\. bemg
used for clear topcoats on automobIles In companson to comentlOnnl acn hc
melamine nnd aJl..,d melJrntne S\ stems t\\o-component s\stems offer man\
benefits mcludtng 10\\ soh ent elTIJSSlons lugh gloss and bod) flexlbdlt\ and
\\eather chemical and stone chip resIstance In additIOn two-component
polvurethane coatIngs cure at 10\\ er temperatures than balmg S\ stems
redUCIng energ\ costs

Smce high soltds coatIngs use applJcatlon equIpment slmtlar to 10\\ soltds
solvent borne coatIngs the capItal cost for booths electrostntlc sprn\
npphcators nnd cunng o\ens are approximately the same In fact many
eXisting applJcatlon S) stems can be used WIth mmor or no modification for
lugh solIds coatmgs For low tempernture appltcatlOns or high VISCOSIt\ hIgh
solids formulatIons paint henters mny be required VOC control equipment
may be reqwred If the lugh solids coatmg elTIJts greater quantities ofVOC than
regulations allow

HIgh solids coatings are slIghtlv more e'\penslve than conventIOnal coatings
per urut of reacm e resin PreparatIOn applIcalion cleanup and disposal costs
are slmdar for high solids and low soltds coatings A detailed companson of
the costs of high soltds comentlOnal po\\der and water-based coatmgs can
be found In Hester and Nicholson (1989)
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Benefits of high solIds coatings are

Thev contam a lower concentration of solvents than conventIOnal
coatmgs reducing environmental odor safety and health problems

.. The manufacture and curmg of hIgh sohds coatmgs requIres less
energy than conventIonal contmgs, reducmg energy costs

High solIds coatmgs are easier to store than conventIonal coatlIlgs
because of lo\\er solvent concentrations reducing storage and
handling costs

.. High solids coatings produce films \\lth greater thlclilless than
conventional coatIngs allOWing mcreased lme speeds and reduced
nwnber of coats

HIgh solids coatings are compatIble With applicatIOn equIpment and
technIques used In conventIOnal coating svstems

The dIsadvantages ofhigh sohds coatIngs Include

.. High solIds coatings have a tendency toward excessive flow Coatings
With higher solids content require lower VISCOSIty resms creating a
more senous problem of e,\cesslve flow When applied to a \ ertlcal
surface high solids coatIngs also have a tendency to sag Manv
additives are avaliable that control flow and prevent saggmg ill

convenuonaJ formulations The effectiveness of these additives mth
high solids coatmgs, ho\\ever has not been demonstrated The use
of flow control additives can also result In additIOnal problems,
partlcularlv gloss reductIOn

High sohds formulations produce films with Increosed tluckness,
\\hlch can blIster durmg the bakmg process

Smce high solids coatings use low molecular-weight resms It IS
pOSSible for these reSInS to become volatlie at elevated cunng
temperatures resultmg m reduced binder content poor film
formatIOn and greater VOC emiSSion

The mersprav of hIgh solIds pamts tends to create a stlckv mass
\\hereas com-enllonal coatings have a drv po\\derv oversprav A..s a
result sprav booths become clogged creating severe collectIOn and
dIsposal problems

."
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The \ ISCOSltv of hIgh solIds fonnuJ:ltlOns IS e'\tremelv sensltl\ e to
changes m temperature Temperature .anauons In the \\orh.place can
cause problems In spra\ applIcatlon Thennostauc heating of the
coatmgs m the pot or m-Ime nught be necessary for e:lSler applIcatIOn

High solIds coatings take a longer time to cure than com entlona!
coatmgs mcre:l.Smg the opportunm for dirt plCh.Up on the film \V orh.
areas therefore must be h.ept clean some fonn of aIr filtratlOn IS
reconunended

Allhough high solIds coatings use less organlc soh ents the\ do not
compJeteh eliminate solvents

T\\o component high solIds coatings ha\ e shoner pot Il\ es than
single component coatings

Incmerators or carbon adsorber pollutIOn control equIpment mIght be
needed \\hen applvmg!ugh sohds coatmgs to meet vee regulations

High sohds coallngs use apphcatJOn systems that are slmtlar to those used
with conventional solvent-based coatings easing the transition Both
equipment operators and plant management prefcr sImple transitIons rather
than radIcal ch:mges In equipment and procedures

Although high solIds coatings offcr reductIOns In vee emiSSions these
reductions arc not 1S grcat as those gamcd \\ nh po\\der coatings manv
\\ atcrbome coatings or \ anous other coating technologIes
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POWDER COATINGS

PollutIOn Prevention
Benefits

How Does It Work?

SectIon Tv.o

WICJ..S leno W Frank N Jones and S Peter Pappas 1992 Organic
coatmgs SCIence and technolog\ (SubtItled \ olume I film form:ltlon
components and appearance) New YorJ.. NY John WIle\ &. Sons mc

PO\\der coatIngs are attract.l\ e from a pollution pre\ entlon standpomt because

~ No soh ems are used m the coatmg formulation

~ Essentlall\ all of the coatmg IS apphed to the substrate (high transfer
efficlenc\ )

~ There IS !JUle or no hazardous \\aste to dispose of

Po\\der CO:ltIng technology uses drv resm pO\~ders for coatmg substr:ltes \nth
thermoplastic or thermoset films The coating IS formed after a la\er of
powder IS app!Jed \\lth a powder coatIng spray gun or flUidized bed tank to the
substrate and heated thereby melting the po\\der Automotl\ e appliance
finIshmg outdoor furmture manufacturing architectural and bUIlding
mdustnes :111 use po\\der coatings A m:lJor dm mg force In the grO\\th of
Po\\ der coatings IS attnbuted to mcreasmgl\ strmgent em lronment:ll
regulatlons (\taJor 1992)

Po\\dcr cO:ltmgs usualh are applIed m :I smgle coat The thlcl.ness ot the coat
IS tvplcallY gre:lter than th:lt used \\1th a soh em based finIsh PO\\ der coatmgs
use resms m cln po\\dered form \\lthom \olatIle organic sohents Volatile
soh ents are not needed because clean cln compressed air acts as the soh em
or flwruzauon :lgent for the coating No VOCs are rele:lsed because soh ems
are e!Jmlnated from the enUre process Furthermore the coating equipment
can be cleaned \\lth compressed air ehmlnatmg the use of soh ent In cleanup
Lo\\er soh ent le\ els reduce \~orker e\.posure and fire and e\.ploslon hazards
Because VOCs are ehmmated expensl\e VOC destructIon equipment
(incinerators or carbon adsorbers) IS not reqUired

Hester and NIcholson (1989) present the foIlo\~mg example to show the
potentlal VOC reductIons hIe" able \\ Ith po\\der coatings A large
com entlOnal cO:ltmg faCIlity C "ers 12 mJ1llon ft-/\T of substrates \nth 1 2
mIl-thld-.. coats The plant uses a VOC treatment system WIth a 70 percent
capture effiCiency EmiSSions of VOC are approXimately 38 tonS/\T By
companson a powder coating facility uSing electrostatic applIcation of
polyester urethane resms \\111 emit only 06 tons/vr of VOCs and a\ olds the
need for emiSSion control equipment
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Operatmg Features
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Manv d1tTcrent resms are av:ulable for powder coating The two most general
categones are thermoplastic and thermoset resins Table 6 compares the
propertIes of \ anous thermoplastIc and thermoset resins

Thermoplastic resins

ThermoplastIc rcsms form a coallng but do not undergo a change In molecular
structure These resins can be rc melted after they have been apphed
Thermoplastic resins are uscd mainly In functional coatings such as thIck
protcctl\e coattngs on dIshwasher trnj s CLehr 1991)

E\.amplcs of thermoplastiC resins used In po\\der coating are

~ Pol\ eth\ lene
~ Polvprop\ lene
~ Nvlon
~ PolV\ tn\ !chlonde
~ Thermoplastic polyester

These thermoplastIc resms are deSIgned for functional and protectIve uses not
as a replacement ot thin film coatings trom soh. ent borne pamts

Thermoset resms

Thermoset resms crossh~ to form a permanent film that WIthstands heat and
cannot be remelted These resins are ground mto 'very fine powders that can
be applted \.. nh a spra\ gun tor thin film coatmgs The\ are used for
decorative, protectl\ e, coatings In archItecture on apphances, furnIture, and
else\\here Because thermoset systems can produce a surface coating that IS
comparable to liqUid coatings, most of the technologIcal advancements In

recent \ ears ha\ e been focused on these reslOs (Lehr 1991)

There are fi\ e baSIC families of thermoset resins

EpOXies
H'vbnds
Urethane pol\ esters
ACf\ ltcs
Tngl'vcld\llsoc\anurate (TGIC) po]\esters

•
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Secnon Two

T'lble 6 Summary of powder coatmg resm propertIes

Resm Tvpe

Epoxy
Urethane Urethane TGIC

Coatmg Prooem Eooxles Hvbnd~ Polvesters Pol\ esters -\cr. IICS

Hardness excellent exccllent very good cxcellent verY
good

Flel..lbl1lt', excellent e'\cellent verv good excellent faIr

Resistance to 1:11r very \ery good excellent good
overoa"mg good

Extenor poor poor very good excellent \er.
durability good

Corrosion e'\ccllcllt excellent 'very good c'l.cellent falf
protection

Ch~111ICJI excdknl e'\cellent \erv good vcr. good \cr.
resistance good

Thm coat no no yes no no

Colors JV:lllable all all all all all

Clears availabk \e~ no \CS yes \es

Te'\lurcs \ ~s \CS \CS ~cs no
available

Sourc~ L~hr (1991 )

EpOXles-Epo\.les ha\e ah\nys been the staple of the po\\der coating
mdustrY These matenals cure at temperatures belo\... 300°F m;l11\ around
260°F Mccharucal surface properties nrc e\.cellent thetr penctl h:lfdness can
rench 7H Impact resIstance IS appro\.tmately 160 Inch-pounds These resins
also can be bcnt around a 1/4 Inch mandrel wIth no loss of adheSIon
Corrosion reslst:mce :lnd chcnucal restst:mce IS excellent Wlth epo\., matenals
EpOXIes ho\\e\er h:l\e poor IN resIstance and consequentlv:lfe best swted
to Indoor applications (Lehr 1991)

Hvbnds-H\ bnd m:ltenals arc combtn:ltlons of epoxy and poh.ester reSinS
deSIgned for a good [ill\' of eh:lfaetenstles :llthough theIr IN resIstance IS sull
poor The presence of poh ester rcsUlS helps to slow down or reduce \ ellowmg
of the film that can be cnused by overbaJ-.mg
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Urethanes-Urethane polyesters are sUItable for outdoor use because of
supenor extenor durnbIlltv Urethane poh esters have \ erv good surface
propertIes (hardness fle"lbIllty, corrosIOn protection etc) although not qUIte
ns good as epoxIes Urethanes can be applied In thin coats coats of 1 mJi to
2 mds (2) mIcrons to )0 mIcrons) usual Iv are recommended Most other
po..... der cont resms need to be apphed In hea\ ler coats fonnmg thIcker films

AcrylIcs-A.CTYhcs have \erv good to [,lIT surface propertIes and are
bccorrung more common ill the US ACrYlIc's good \\eatherabdJt\ makes them
SUItable for e"tenor use

TGIC-TGIC pohesters mcorporate the cross-llllJ...mg agent tnglYcld\1
ISOC\ anurnte TGIC resms produce films \\lth excellent surface properties
such as hardness fle\JbllItv exterior durabIlltv and corrosIOn and overbakmg
protectIon Contmg thJckness ofJ mIls to 5 mIls (75 mIcrons to 125 mIcrons)
IS recorrunended

E\posure to tnmellItlc :mhydnde (TMA) a monomer used In pohester resins
has been reported to cause allergIC reactions Hybnd resms can help to reduce
these reactions TGIC resmS for example, ha\e been used alongside TMA
based po\\ders m ratio of 7030 to reduce the potential for allergIC reactIOns
(ReIch 1993) TGIC-based reSIllS, howe\er hnye been Wlder nttnck In
Europe reduced occupntlOnal c"posure lImits (GEL) \\ere recommended for
TGIC po\\clers as n result of In VIVO mutngeOlcltv tests In response se\eral
chemIcal companies have laWlched alternatIve hardeners Includmg
caprolactam blocked Isophorone dusocyanme (IPDI) adducts (Loutz et al
1993)

As an allcmatl\e to blod.ed ISOCyannte cross-lInkmg ngents melarOlne resms
mOWlted on pohmer support materials can be used for cunng solid pohester
resms I\dvantages of these resms Include lO\\er cunng temperatures lO\\er
hardener content and lower \-olatlle emISSIOns

The phYSIcal and chemical propertIes of the powder have to be carefully
controlled The effectl\eneSS of powder coating depends on obtalnmg a
smooth, nonporous film FonnatlOn of a good contmg free of VOIds pInholes
nnd orange peel dIstortIons depends on controlling the partIcle sIze
dlstnbutlOn glass tranSitIOn temperature melting pomt melt VISCOSltv, and
electrostatIc properties Well controlled size dlstnbutlOn IS unportant U1

achle\ 109 good po\\der pnckmg on the surface

ApplicatIOn Methods

Appllc:ltlon S\ stems tor powder coatings mclude •

I
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Section Two

~ Electrostatic sprn\ mg
Tnbocnarge sprn\ mg

~ FluIdIzed bed

Thes.: appltc:mon technIques offer much hIgher trmsfer efficlenc\ (TE) thm
\\ et spra\ IIquJd coating methods for mo reasons An electrostatic charge
causes an attractl\ e force between the pO\\der coatmg matenal and the
substrate resultIng In hIgher TE thm non electrostatIc sol\ent borne or
\\:lteroome spra\ Ing Second \\asted povvder cm be readlh reused Po\\der
co:ltlng systems are deSIgned to reelarm po\\der that has not formed part of the
coatIng

Electrostatic spra, 109-The most commonh used po\\der coatIng method
IS eleetrostntlc spra\ mg Dn po\\der IS applted to m lUlheated substrate md
held m place b\ electrostatiC force The substrate or pnmer coat must be
electrIcally conductl\e A transformer supphes hIgh voltage (typlcnlly 100
I,.V) lo\\-ampernge current to nn electrode mthe spray gun nozzle The current
IOnizes the surroundmg :ur transfemng a negatIve charge to the powder
partIcles as the\ pass through the corona of IOnized aIr The substrate to be
coated IS grounded, allowmg pov-der particles to follow electnc field hnes and
aIr currents from the gun to the substrate (see FIgure 1)(Lehr 1991 Loutz et
al 1993)

Compared to com enllonal air spra\ mg of wet coatmgs electrostatIc spra\ Ing
acme\ es greater CO\ erage of the substrate because the po\\der tends to \\Tap
around comers md coat surlaces that are not "hne-of-slght" \\Ith the spray
gun ThIS results In less 0\ erspra\ md consequentl\ a hIgher transfer
etfict.::nc\

The follo\\ Ing shortcommgs of electrostatlc powder coatmg led to the
de\ elopment 01 tnbochargmg

I
I
I
I
I
I
I

(1)

(2)

The thlcl,.ness of the coatmg can be reduced on areas \\here the
electrIC field IS Interrupted ThiS phenomenon IS caused bv the
Farad:!\ cage effect \\hlch occurs when a hollow or other complex
geometncal shape resemblIng a cage IS found m the substrate ThIS
sh1pe distorts the electrIC field lInes causlOg une\en powder
dlstnbutlon

Air Ions can become trapped m the coating and buIld up a strong
clcctnC:ll field resulting In surface ImperfectIOns 10 the coat109 such
as red..Jced thIckness orange peel-like dIstortIOns and crotenng
(Loutz et al 1993)
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Figure 1

Electrostatic Spray Gun for Powder Coating

Ground

inL
Powder
wrap-around

Part to be
coated

Charged powder
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Charging electrode \

Powder supply \ ---...\

HIgh-voltage
supply
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Source EJSWTI Rese:u-ch Group Inc
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Section Two

T rabochargmg-The bJS1C pnnclple of tnboch:lrgmg reltes on !nCllon
between the po\\der and the spra\ gun The actIOn of the PO\\ der flo\\ mg
through the barrel of the gun generates J fnctIonal chJrge on the PO\\ oer The
charged po\\der IS carned b\ air stream to the substrJte \\nere It deposIts and
stlcls due to electrosWllC alliJCtIon BecJuse there IS no hlgh-volwge S\ stem
generJtmg a field bet.'l\een the sprJ\ gun and the substrate the electnc field IS
subst:lntlJll\ smaller and the po\\der tends to follow :llr currents rather than
field lmes The smaller electnc field results m J much reduced FJrJoJ\ cage
effect Consequentl\ tnbo guns produce smoother finishes allO\\ deposlllOn
of thIcker films and prO\ Ide better COl, erage of mtncateh -shaped objects

The fnctlOnal charge IS generated because the powder and the gun have
different dlelectnc constants The tnbochargmg annular ch:lmoer IS
constructed of po!\,tetrafluoroeth,lene (PTFE) Because PTFE has a low
ruelectnc constant a poslll\e charge \\111 be Imparted to most powders Some
pm\ders have low dlelectnc constants (e g ml'\tures of poh ester and TGIC)
and do not plch up e1ectncal charges readl!\. Therefore attempts hal, e been
mnde to modlfv the po\\der compOSition Small quantities of addItl\ es such
ilS anunes or quatemm anunomum phosphnte salts mcrease the ablllt\ of the
po\\der to accept pOSHI\ e chnrges Addltl\ es ho\\e\ er can modlA. the
reactlVltv of the po\\der nnd nlso create a non-unIform compOSItIon L.ne\ en
composItIon can lc:ld to po\\der segregatIOn and create problems \\Ith
rCC\ clmg Steps are undcm 41\ to produce n poll, esterarnlde that has Increased
ability to accept fneuonal charge redUCing the need for addHI\ es (Loutz et
411 1993)

Tnbocharglng IS less comple'. than tradlllonal c!ectrostallc po\\der coating
systems because It docs not usc hIgh \ oltage transformers Jor Jppl\ mg the
charge on the po\\der Tnboch::lrglng guns do \\e::lr out fJster th::ln regubr
guns becJuse of the abr::lS10n of the po\\der on the PTFE surt::lces B...C::luse
of the absence of e1ectnc field lines ::lnd a reduced dependence on Ic::lh::lge to
ground of free Ions trlbo guns are more sUllable for pamtmg nonconductl\ e
surf::lces

FlUidized beds-FlUIdIzed beds proI, Ide another \\ay of coating po\\der
surular m actlOn to a clJp tarn. (sec Figure 2) PO\\der rests In ::l tank or hopper
\\ruch IS fitted \\ Ith a porous boltom plate Lol,l, pressure dr\ aIr IS circulated
through the bed caUSing the po\\der to attain a lofted flUId lIke state The
\\orkpu::ce IS preheated usu:J11\ to gre:Jter than )OO°F then dipped Into the
tarn. Powder melts on contact mth the p1rt fonTIlng the cantIng ThIS method
allows fairlY complete uniform COl, erage of comple, shaped parts

FlUIdIzed bed s\stcms are pnrnanh used to apply coatIngs of thermoplastic
powder to thlc!-Jlesses In the rnnge of 10 to 30 mIls The substrate IS heated
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FIgure 2

FluIdIzed Bed for Powder Coatmg

~~-4--- FluIdIzed



I
I
I
I
I
I
I

CUring

I
I
I
I
I
I
I
I
I
I
I

SeCflon TYro

to a higher temperature than the meltmg pomt of the resm so as partIcles
stnl-.e the hot surlace the\ melt and coalesce to fonn a thIck contmuous film
on the substrate During 11UIdized bed coatmg powder IS added to replace
matenal that has fanned a coaung on the substrate Because \ m lIttle po\\der

IS lost or degraded dunng coatmg, po\\der utIlIzation IS near 100 percent The
fluidIzed bed method IS the ongmal method used for app!\ mg pO\\Qer
coatmgs und IS stlll the method of chOice for heavy functlonal coatmgs tLehr
1991)

.;, modJfic:ltlOn of this s\stem IS the electrostatic fluidized bed (see Figure 3)

Here the po\\der recel\es a charge from au \\ruch flo\\s through a high \ oltage
chargmg S\stem \\rule the object \\hlch IS grounded IS lo\\ered or suspended
o\er the tam.. \ anatlOns on thIS prmciple allow WIre mesh or other endless
t\ pe products to be coated ElectrostatIc flUidized beds are lImited to an
effectl\ e depth of about 2 to 3 mches so that the) are best suited to coating
t\\O-dimenslOnal parts (Muhlenkamp 1988)

PO\\ der coatlOgs must be "heat cured" or melted on to the substrate For
thermoplastic resms the substrate can be heated pnor to coating so that the
resin melts direct!\- on application Thermoset resins are normallv cured 10

either heat comectl\e or mfra red o\ens or a combmatIOn of the t\\O The
substr:lte must be able to \\1thstand temperatures of 260 0 F or higher Delicate
substrJtes hke certJIO thermoplastiCS or \\ood cannot be cured In 0\ ens The
substrJte must Jlso be of a Slle Jnd shJpe to allo\\ Immersion coallng or
heatmg m J cunng o\en ThIS pre\ents generallOdoor or outdoor application
\\here heat109 options are not Jvailable

Ccrtam thcnnopl:lstlc po\\der cOJtlOgs can be applied b\ a flaD1e spra\ Ing
method ThiS tcchnolog'> de\ eloped b\ PlaStiC FlaD1ecoJt S\stems Inc In

TC'..JS uscs a propane and compressed air flame lo the spra\ gun to melt the

po\\der as It IS propelled 10\\ Jrds the substrate The molten po\\dcr hits the
substrate and flo\\s lOto J smooth pmhole free coallOg (MJJor 1992)

ThermoplastIC po\\der coatmgs are used lo milItaf) JpplIcatlons such air force
\\eapon s\stems Jnd alrcrJit The abilitY' to field repair these coatings usmg
spra\ guns IS \ Jlucd In these applIcations (EllIcks 1994)

Gas-flred 0\ ens ha\ e conSiderable economic advantages 0\ er other energ..,.
sources hO\\c\cr thc\ can produce nItrous o,{ldes \\hlch come lo cont:lct \\Jlh
the cO:ltlOg as It curcs Some grades of powder are more susceptible to
vellowmg W1dcr thesc conditIOns th:ln others Gnlesta has dc\ eloped se\ eral
powders (gr:ldes P 7307 3 and P 7309 3) that can be used In gas-fired 0\ ens
Without \ello\\lOg tRCICh 1993)
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Electrostatic Fluidized Bed for Powder Coatmg

Part to be coated Ground

Air permeable
membrane

.-
Charged

.~-,-t+--- powder cloud

7"'--.;loo,,"?,...;:a,,_~__.;loo,,_...;:a,,_~ AIr

,,

High voltage
supply

ChargIng electrodes

Sourc~ Eastern R~se:lrch Group, Inc
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Secnon Two

Other Issues

Pretreatment 01 the part to be coated needs to be qUite thorough Because
Po\\ der contaInS no organic soh ents no cleansmg action IS a\ adable as the
coatmg IS applIed to the part therefore the substrate must be \ ef\ clean free
ofgrease and other cont:urunants Before po\\der IS applied the surface must
be totalh clc:m dr\. and enhanced ThiS last term descnbes the condlllOn of
the surface \\ lllch IS attamed aftcr an aCid \\ ash or nnse Tvplcal pretreaunent
methods mcluce sophisticated soh ent cle:uung systems abraSive blastmg or
c1eanrng, and aqueous chemical cleamng They are sold as complete S\ stems
and add cost to the 0\ erall po\\der operation (sec Lehr (1991) for further
detads)

If only partial coatmg of a part IS required the part needs to be masI,.ed to
preyent po\\der from adherIng to the entIre surfnce Lnrge numbers of
manufacturers need to mas!" pnrts nnd thIS can be a mnJor problem dependIng
on the part and the degree of masJ...mg required

Because po\\der coatmgs relv on large, flUidized bed resen Olrs It IS more
difficult to make color changes than \\Ith hqwd contmgs S\\apPIng frequently
be1\\een a large \ anet\ of colors IS tlme-consummg and problems \\ Ith cross
cont:urunatlOn 01 color can occur PO\\ der IS more SUited to operations \\ here
color ch:mge IS Infrequent

Powder Coatmg EqUipment

WIth po\\der sora\lng equipment po\\der IS supplied to the spra\ gun b\ the
po\\der dell\er- s\stem ThiS s\stem consists ot Ll pO\\der storLlge contLllner
or feed hopper \\ lth a pumping de\ Ice th:ll trLlnsports Ll streJIl1 of pO\\der to
the gun through hoses or Iced tubes >'\ supph of compressed air often IS used
as Ll pump b~Juse the Lllr sepLlrates the po\\der Into mdl\ IduLlI particles for
easier transport

All SprLl\ guns Cln be classified :IS either mLlnuLlI (hand held) or autom:llic
(mounted on Ll mechamcLlI control arm) ho\\e\cr the baSIC pnnclples of
operLltlOn Llre the same Spray guns are a\ Lldable m Ll \ nrlCl\ of S1\ les SIzes
Llnd shapes The type of gun used can be selected to Llchle\ e \\ hate\ er
perform:mce characterIstics are needed for the products bemg coated

Impro\ ements h:1\ e been made to spra\ guns to ImprO\ e the coatmg transfer
effiCiency ;-... hnv of these changes 1m oh e \ anatlons In spray pLluems
Nozzles that resist cloggmg have been Introduced Spray guns \\ Ith \ wable
spray p:lltems :lfe also a\ Lldable for usmg one gun on multiple parts of
different contigur:lllons
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The po\\der dell\er. system can supplY pO\\der to one or se\eral guns often
located man\ feet from the PO\\ der supply Deli\ en systems nre a\ ad:lble In
manv different sizes dependIng on the application the munber of guns to be
suppiJed, and the \ olwne of powder to be spra\ ed dunng a gl\ en time penod
Recent unprO\ ements m po\\der dehverv S\ stems coupled \\ Ith Impro\ emems
In powder chemlstnes that can reduce clumpIng h:l\e made It posslOJe to
dell ver n verv conSIstent flow of partIcles to the spray gun A.gltatIng or
fluJdIZIng the po\\der In the feed hopper also helps to prey ent cloggmg or
clumping before the po\\der enters the transport lmes

innovations In ponder dehven systems allow the powder supplY resenOlr to
be sWltched easdv to another color pO\\der \\ hen necessarv If the 0\ erspra'v
collectIon system IS also not changed ho\\e\ er the collected PO\\ aer \\ III

melude nll 01 the colors applied between !ilter rcplacements or booth cleanIng
For collccted overspra'ved powder to have the greatest \ alue It should be Iree
of cross-contamination between colors

Numerous systems no\\ are ;.1\ adablc for segregatIng colors and that allo\\
SC\ eral colors to be apphed In the same booth Most of these systems use a
moveable drv filter panel or cartridge filter that IS dedlcnted for one color and
that can be remo'ved easily when another color IS needcd Color changes nre
accomplished by

( I) dlsconncctlng the powder dcll\ erv system :md purgmg the hnes
(2) cleaning the booth with compressed nlr or a rubber squeegee
(3) exchanging the filter used With the filter for the next color and
(4) connectIng the pO\\der delivery system for the ne\\ color

EqUipment manufacturers have made Significant Improvements In deSIgn at
sprnv booths, enablmg color changes to be made \\1lh a minimal dO\\TItlme and
reco\ ery of n hIgh percentnge of the 0\ erspray

Electrostatic Jnd tnbochMgcd spray 109 both result In 0\ erspray of po\\der
Ho\\e\er tmllke the o\erspray from most sohent coatlOgs po\\der o\ersprJ\
can be collected and reused Figure 4 shows J schematIc of a recYclmg S\ stem
for powder coatmg Rec\clmg systems coupled With the mherenth hIgh
transfer efficlcncY 01 po\\der coatmg results In reduced WJste pJInt dIsposal
!Q\\enng both costs and em Ironmental Impacts As \\ lth spray guns a [Mge
munbcr of spray booth and powder recovery deSIgns are aYnllable to choose
from depcndmg on the e'\act reqUIrements of a gl\ en fimshmg s\ stem (Hester
and NIcholson 1989)
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Required Skill Level

Po\\der coatmg eqUIpment and techmques nre easier than those used for
comentlOnal dJp coalmg or spray paintIng The operntor needs less skIll than
a comparable liqUid sprnv painter Ho\\e\ er the operator does need
expenence \\ lth pO\\dcr to dctenmne If the deposlted coating will result m a
good film before the contmg enters the oven

Developments m Powder Coatmg

PO\,der coatmgs tradJtlOnallv ha\ e had poor \\eathenng properties especlallv
the common ep0\.lcs Certam acrylic po\\ders gl',e better agemg and lJV
\\eathcnng resistance One ot the better systems for hIgh UV reslstance uses
carbo\.\ Jated poJ... esters cured with TGIC In an accelerated \\eathenng
expenmcnt !lus S\ stcm sho\\ed UV reslstancc slmlinr to an acn hc reSin cured
\\lth TGIC hardener Values for gloss retentlon are as high as 60 to 70 percent
aftcr 4 \ears c\.posure In Flonda (Loutz et nl 1993)

Cunng bv IR rndJatlOn mduces verv rapid development of the crosslmked film
enhancmg lme speed, howe\ er VISCOSity of the film mcreases qUld.lv,
hmdcnng tr:msport of \\ ater dunng the cunng process Water e\ 01\ ed as a
byproduct from the crossllllkmg reaction can be trapped m the film leadmg to
problems of SC\ ere pmhohng and gloss rcductIon (Loutz ct al 1993)

Based on epo\."\/pol\ester h\ bnds !lun la\er coatmgs arc now a\ adable 10 thc
range 1-1 2 mds (25 to 30 microns) for colors with good hldmg powcr
Currentlv thcse are only SUitable for mdoor applIc::1tJons bec:luse the ep0\.les
degr:ldc on c\.posure to outdoor \\cathcnng (Major 1992)

Thm coats mnv be deslfLlble where protectIon from corrosion and other
em Ironmental factors IS not so Il11pOnant The reduced thld.ness dlrectlv

reduces the amount of powder nceded and consequl.ntlY the cost of the contmg
For thIn coat nppltcJtlon the powder pnrtlc1e size IS Jppro\.lmatcly 25
microns and must have a nnrrow size dlStnbutlon (Loutz et al 1993)

When tlun CO:lts are Jpplted Impurities In the powder can give nse to VISible
surface defccLS such as crntenng For thiS reason the reSIn IS carefully filtered
to remo\e traces ofgel, unreJctcd monomers and other non-soluble matenals
Thm contmgs show surfnce Imperfectlons more rCJddv than thick coatmgs
Small amounLS ot thermopJasuc resm can be added to the formulation and thIS
\\111 :Jct as :J permanent pJnstlclzer and reduce the melt VISCOSity gn mg better
flow to the finished contmg (Loutz ct nl 1993)
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Section Two

Gromng concerns 0\ er soh ent and solid \\ aste emissions from soh ent-borne
cod coating operations have led to use of po\\der for coil coating Po\\der
formulatIon teclmoJogv has advanced and current pO\\ders are no\\ hlghl\
formable and staIn resIstant allowIng theIr use In coatIng call stock
manufactured for domestIc apphances such as refngerators \\ ashlng machines
and mlcrO\\ <l\ e 0\ ens (Loutz et 411 1993)

Blan].. coating b\ pO\\der offers SimIlar benefits to cod coatIng Flat metal
blanks are cut and cleaned before po\\der coatIng then fonned Into the part
One advantage IS lugh speed of operatIOn blanks are cut cleaned coated and
cured m as little as two mmutes Other benefits Include um[onn film
thIckness hIgh transfer efficlenc\ and a compact finishing operatIon (Major
1992)

Low gloss coatmgs are now 4l\ adable mth good mechamcal surface propenles
and appearance Gloss \ alues range from 1 percent or less \\ Ith epoxies to
approxlmateh :> percent for weather-reSistant polvesters (Major 1992)

Textured po\\der finishes range from fine te\.tures With low gloss to rough
textures suitable for hldmg an uneven surface on the substrate Textured
powder coatmgs ha\ e showT1 large lInpro\ ements In mechanical and
proceSSing abilItIes compared to those of se\ eral vears ago (Major 1992)

Metallic po\\der coatmgs mcorporate metal flal-.es \\ hlch are blended \\ Ith the
PO\\ der before being spra\ ed onto the substr:lte Alwmnum e\.truSIOns are
COITU1lOnlv co~lted and elTorts arc concentrated on matchIng anodized p:uts A
clear topco:1t 0\ er the metalhc base Impro\ es e,teflor durablllt\ of the coatmg
(Malor 1992)

In mold po\\der coatings allow manufactures of cenaln molded plastIc
products to coat \\1th po\\der durmg the molclmg operatIon PO\\der IS sprJ\ed
Into the mold before the moldIng compound IS Jdded the po\\der then melts
Jnd cures chemlcall\ bondmg to the moldmg compound and producmg a
fInish \\Ith e,cellent surfJce properties such as chip and Impact resistance
SUItable substrates are sheet moldIng compounds and bulk molding
compounds used to produce automot!\e bod\ panels and other Hems (Major
1992)

Pol\ester and acl'"\ lIc PO\' der coats have been de\ eloped for outstanding
weather resistance PO\\dcr coatmgs can meet all the requirements of AAMA
603 and 60) speclflc:ulOns e\.cept the FlOrIda ii\ e \ear exposure test \\hlch
IS stilI undem a\ (Major 1992)

Powder coatmgs \\Ith verv high reactlvltv have been de\eloped to cure at
250°F these allow lugher Ime speeds (Increased productIVIty) and greater use

Page 39



SeClion Two

ApplicatIOns

Page 40

of heat sensltl\ e substrates Shell Dcvelopment CompanY In Houston IS

worl-.tng on low tcmperature cure epoxIes that ha\ e adequate ph\ SIC'll and
cheIl1lcal propertIes to allow extcnor use (Major 1992) Adding a selective
catah st such as Cn Icoat 164 to a conventIOnal pol\ ester allo\\s cunng at
reduced tcmpcr:Jturcs of appro\.lm:Jtch 2GO°F to 280°F T\\o major
drLl\\bach.s are a nsh. ot premalure reactton durmg the C\truslon process and
poor surface appeJrJIlce because of partInIcrosslmkmg before complete fUSIon
of the po\\der (LOUIL ct ill 1993)

Amencan C\ an:uTIld Co produces a solid ZllTIlno cross-lInkmg resin for
powder coatings \\ lth the tradename Powderhnk 1174 (tetrametho'\\meth\ I
gl)colunl) Tlus resUl can be used \'Ith clther hvdro'\\-! functIon pohesters or
am lIcs to produce hlghly durable IJght-stable coatIngs \\ lth good mechanIcal
properties The cross lInkIng resin has low to\.JCltv low em lronmentaJ
Impact and bOlh performance nnd economIc advantages An Internally
catah zed pohester deSIgned for use \\Ith 1174 IS commerCIallY J\ aliable
The pol\ester h:ls \'Ide cure responses along with good film appeJr:mce :md
other propertIes (1\lP&C 1992)

Applications of powdcr coatmg arc grOWIng rapidly bccause of numerous
benefits including lower cost hIgher qua1Jty and Increased pollution
prc\ enllon opponunltles

Matenals sliltable for pO\\der coatmgs mclude (RobIson 1989 Bo\\den
1989)

~ Steel
Alwmnum

~ Galvanized steel
• MagneSIum

AlumInum magneSJum ZInC and brnss castIngs
Plated products

Product FIOIshmg

Pov"der coatings Jre used commercIallY for a \\Ide range of small to
medIUm-sized met11 parts includIng IIghtmg Chtures eqUIpment cabmets
outdoor furniture heat e\.changers mlcro\\a\ e antennas shel\ 109 :md h:md
carts and wagons RadJatJon S\ stems Inc based In VirgInIa coats
Il1Icro\\a\e anteMJ.S \\Ith pol\cster powder formIng a coatIng that IS resistant
to ph\slcal damage solar radiation and environmental effects (P&SF 1992)

Po\\dcr coatIngs are firmly estab!Jshed In Industnes that manufacture metal
fUI11lture b\\TI and gJrdcn equIpment store shelVing e'\erclse equIpment :md
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aJununwn e....truslOns Job shop elcctroplaters h:l\,e adopted po..... der coatings
to meet customer specIfic:ltlOns and em lronmental regulations (CMR. 1993)

Clear coatings especlalh topcoats Jre IncreasIng In Imponance The
Jutomotl\e mdusm use cle:Jrcoats on \\heels tnm Jnd other fittmgs B,C\Cl;:

manufacturers also use PO\\ der clearcoJt \\ hen performance and qualit\ count
more than small cost Increases (Reich 1993)

Automotl\ e components coated b\ PO\\ der Include \ acuwn booster hOUSings
door handles stecrmg colwnns 011 filters alwnmwn \\heels shock absorbers
and antennae Jrnong others To\ ota General Motors and Chn sler use
po\\der coatmgs for door frJmes Jnd m some Instances for lo\\er bod\ antl
clup cOJtmgs Po\\der coatmg IS used JS an effectl\e pnmer surfacer, and for
blackout fuush Current actl\ 1l\ [S focused on appliczltlons for light trucks and
sport Utlltt\ \ ans General Motors for e'\ample, apphes pnmer surfacer and
blacl...out finlshmg to CheHolet S lOs Jnd Blazers (Cole 1993)

Industnal and .\rchltectural FlIlIShmg

Powder coatmgs are used to protect many parts ofbUlldmgs, both extenor and
interior resldentlal and commercial Polyester powders are applIed m
controlled factorY settmgs to alummwn and galvanized steel profiles and sheet
products for use In \\ mdo\\ s doors curtain \\ aIls and e'\tenor cbddlng
FusIon bonded epo\.\ po\\der COJtIngs are used for protection of steel
remforcIng bar Jnd mesh In concrete structures Pohurethane or poh ester
po\\ders fimsh mam JncIIlaI"\ components In the buIlding mdusm such as
d0\\11plpeS bmpposts fencmg raIlmg street furmture and other metal pJrts
Epo\.\ and cpo\.\ Ipoh cster h\ bnd pO\\ders are not SUItable for e\.tenor use
Jnd therefore coat interior components mcludlng alr-condltlOners lIght
fittings pJnItlOnlng and radIators (P&.II 1991 P&.SF 1993)

Poh ester PO\\ der coJts can be applied to gah anlzed steel prodUCIng strong
corrosion reslstJnt Jnd \ Isuallv pleaSIng Jrchltectural components hO\\e\er
problems wIth I pmhohng I and poor acilleslon have undermined pO\\der's
reputation In thiS area PmholIng IS unique to gnh amzed steel and although
unslghtlv It does not Impair corrosion resistance Pretrenunent of the metal
surfnce IS neceSSJf\ to reduce pmholmg A \ Igorous cleaning regll11e
1m 01\ Ing a sonJ... clean an etchIng cle:mer a chromate solution :md \ mous
cold and de mIneralIzed \\ ater nnscs IS recommended (Metallurgla 1991)

Industnnl PO\\ der coatmgs can pro\ Ide a corrosion resIstant fimsh mthout
pretreatment such ns pnmmg or even sandblnstmg [accordmg to Manchester
Industnul Coatmgs Ltd] Po\\der coatmgs apphed to substrates that hJd not
been pretrented \\ere upon testmg found to be resIstant to condltlOns
encountered In the North Scn and eastcrn ASia (AMM 1991) Powder cOJtmg
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\\ Ithout anv pretreatment should be considered quite fish Proper testIng
needs to be applied to the product m questIon If this method IS to be
consIdered

The capllal cost lor booths eJcctroslJtIc spra\ applIcators and cunng 0\ ens
IS tvplcaJJ\ higher than surular eawpment used for applvmg com entiona! flUId
coatU1gs Po\\dcr cOLllmg systems however do not require control equipment
to lower VOC emiSSIOns

Powder coatIng m:lteflals are tvplcallY more e'\pensl\,e than com entIOnal
coaung matenals on n volume baSIS In many cases ho\\e\ er the cost of
producU1g a tUllshed coatIng IS Jo\~er thereby offsettmg the higher cost of the
po\~der

Because PO\\ der COltIngS can pro\ Ide a coatIng of the reqUIred thlcJ.J1ess In
one pass the economIcs lor po\\der coatmgs m1prO\eS m cases \\-here a thIck
coatIng IS needed

For pO\\dcr COaling operatIOns usmg a Single color maintenance and cleanup
costs arc low The operating costs Increase for powder coating systems that
require frequent coJor changes Solvents are not needed cleanup can be
accompltshed qUlcklv usmg only compressed ::llr No \\aste sohents are
generated and the waste coatmg matenal volume IS low redUCing disposal
costs

The benefits of po\\dcr coating S\ stems versus hqUid coatIng systems arc

~ Po\\der does not COntllI1 sol\ents therefore po\\dcr 1::. VOC
compliant Compressed::l1f rather than sol\ent can be used for
cleanup

• Thlcl-. po\\der coatings can be applIed m one pass e\en o\er sharp
edges

Po\\der coatU1gs hm, e lugher operatmg cfficlencles than com entIOnal
coatU1gs HIgh transfer effiCIency results m high m:lleflal utIlIZatIOn
rates

• PO\\ der coaLJngs reqUIre less energy to cure than bakIng systems

• BeCluse no \ olatde soh ent IS used little ::lIr flow IS needed In \\ork
areas or ncar cUflng ovens The ,:urflow used to contam the pO\\der
ill the booth can be safely recovered elunInating the need for make up
::!If Encrg... usc for hcatIng makeup air dcclmes when ::lIr flow
reqUIrements arc reduced
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Resins thJt are not soluble In organIc soh ents can be used Pov.der
cOJtmgs can COJt substrJtes uSing polvrners such JS poJ-.. ethylene
mlon or OuorocJrbons thnt nre not amennble to solutIOn conung
techniques

Po\\der COJtlngs come rC:ld\ to use :lnd thcrefore do not require
mn.lng or stllTlng

Llmlt:ltlons of po\\der CO:ltIngs may Include the folloWIng

The appiJcatlOn of pO\\der coatIngs requlrcs handlIng of heated parts
(unIIl-.e air d.r\ s\stems) because the pans must be subjected to
ele\ ated tcmperatures In processing A cool-dm'\TI zone IS nonnall\.
required

Bec:luse po\\der contlngs rely on Inrge, flUidized bed resen Olrs It IS
more dIfficult to make color changes than wtth lIqUId coatmgs
Swappmg often between a hU'ge vanety of colors IS tlme-consummg
and problems \\ Ith cross-contaminatIOn of color can occur

Color mntchlng from bntch to bntch IS difficult

Shading or tIntIng cnnnot be done by the end user

It IS difficult to Incorporate metal flal-.e pIgments that arc popular In

some automatl\ e tuushes In pO\\der coatings Alwmnurn flakes have
potentlUl for e,<ploslOn If Igmted although new developments ill

encapsulJt10g Oakes 10 reSin m:l\ sohe thiS problem

For electrostatic applIcatIOn systems the parts must be eleclncallv
conductl\ e or they must be covered \\ Ith an eleClncally conductl\ e
pnmer

For electrostauc apphcntlOn systems, parts With complex shapes
mIght be une\enly coated unless speclUl applicatIOn techniques are
used

Powder coatmg has a \\ ell-establIshed nIche m the coating Industrv Both
thermoplastIc and thermoset powdered resms are a\ all able for use \\lth
flUIdized bed electrostatic flUIdIzed bed electrostatic spray guns or
tnbochargmg spray guns Detallcd mfonnatlOn can be obtained from the
Powder Coating Institute (see SectIOn 4)
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Waterborne coatmgs substitute water for a portion of lhe solvent used as lhe
resm carner In typical organic coatings formulatIOns In addition to reducmg
VOC errusslons dunng formulatlOn and appllcatlOn, waterborne coatIngs pose
a reduced rISk of fire are more eaSily cleaned up (creatIng less hazardous
reSidues) and result In reduced \\orker e'l:posure to orgamc vapors

Waterborne coatmgs are defined as "coatings which are fonnulated to contam
a substantial amount of water m lhe volatiles" (NIcholson 1988) thIS
defimtlOn appears fairlY vague but It IS based on practical conSiderations A
coatmg's phySIcal properties are largely detenmned by the type of solvent
Carner Waterborne coatIngs contaIn water as a primary solvent allhough
substantIal quantities of org1nlC soh ents can be present

ThIS definition encompasses a \ anety of waterborne paints Includmg
emulSIOns (or late'l:es) In whIch only water IS used as a solyent as \\e11 as
water redUCible coatmgs that mcorporate a ml\. of water and orgamc soh ents
EmulsIOns are dtsperslons of reSIn pigments blocldes, and olher addl1l\,es In
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SectIon Two

\\nter Wnter rcaucible coatmgs nre solutIOns of resins dlssol\ ed In soh ents
these soh ems ffilght be \\ ater or a nux of water and organIc soh ents OrganIC
soh ents are used to aId the solublhtv ot the reSinS and other addltl\ es

Waterborne cO:llmgs h:1\ e e'\penenced much grO\'v1h and de\ elopment In
recent \ ears bec~lUse of concerns nbout solvent emISSions In the \\orhDI:1ce and
to the atmosphere \\ aterborne coatings have the potential for zero emiSSions
of VOCs nlthough many fonnu!::ltIOns sLIll use some orgaI1lc son ems
Knowledge ot ho\\ EPA or sLate regulntlons define VOC content IS \ er>
Important For soh ent borne contIngs the regulatIOns are straight fomard
VOC coment U1 pounds per gallon IS measured bv the standard test -\STM D
2369-81 ThiS test \\elghs a portion of co:ltlng matenal then e\ nDorateS off
the VOCs and re\\elghs It calculntIng the difference gl'l,es the \\elght ot VOC
per gallon With \\aterborne coatmgs, most regulatIOns reqUIre a VOC content
ofless th:m. sa\ 3) Ib/gal leH waler ThiS means thnt to mensure the VOC
content the W(lter \\ould first have to be removed, then the standard test
procedure should produce a result of 3 5 lb/gal or less 10 the rem:l1nmg
solutIOn

Many mdustnes use waterborne coatmg systems mclud10g buddmg and
arclutecture automollve metal fimshIng Industnnl corroslon-protecllon and
wood fimshIng Common perceptions eXist In Industrv that waterborne
coatings h:l\ e mferIor properties when compared \\ Ith their soh em-borne
counterp:lrts For Instance It IS common!> thought that all \\ nterbornes take
longer to em than soh ent borne contmgs ThiS IS untrue as man\ emulSIOn
coatings especial!> architectural fimshes drv faster and can be reconted
sooner than sohem bornes Cured \\nterbome 1ilms are nlso belle\ed b\ some
to be more senSItl\ e to mOisture Some \\ aterborne automot1\ e topco:ltS hnd
these problems In the 1980s but mnm other \\nterborne S\stems cure to
mOlsture-lmpef\ 10US coatings

Waterborne coatlngs pose less fish of fire and nre easier to clean up and
dJspose of than sohent based contIngs Becnuse the cost of\\nter IS less than
that of organic soh ents waterborne coatings generally present an economic
ndvantnge The costS of stornge niso are lo\\er becnuse waterborne coatings
are non hnzardous and do not reqUlre storage m flame-proof enclosures Costs
assoclnted mth rnstalltng \entilntlOn systems In the \\orJ..plnce also are 100\er

Waterborne ReSin Systems

Wnterbome coatings \\ere hlstoncal!> formulated \'vlth po!>mers of high
molccuJar \\elght and lugh glass transitIOn temperature to produce a film WIth
good chemical resistance toughness and durability Without the need for
crosslmJ...mg In the film The glnss tranSitIon temperature IS an Important
concept It IS defined as the temperature at \\hlch there IS an Increose In
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thennal expansIon coefficIent (WICh.S et al 1992) Often the coating IS
bnttle below thIs temperature and fk\.lble abo.. e It but thIS IS not ah.a\s the
case HJgh moJecuJ:u--\\elght pol\mers require 501\ ents to reduce \ ISCOSlt"\ to
acceptnble Jc\ cis nnd to enable the pohmer to soften nnd flo\\ for good film
fonnatlon

Today fonnulatlOns \\Ith lower molecular \\elght reSInS nnd lo\\er \ISCosm
are more common These fomulatlOns provIde a reactIon mechnnlsm for
cross-lInkmg bet\\een the polvmers to achle\ e deSired film propemes .i,

crosslmhed polvmcr generallY produces a 111m with enhanced phvslcal nnd
cherrucal properties compared to a non-crosslll1J...ed film Cross lmJ...mg can be
achle\ cd bj CUrIng one component s\ stems at ambIent or eJe\ ated
temperatures or b\ ml\.lng mo reactl\C components (t\\O resms or reSin plus
cntalyst) In t\\O component systems

Almost all types of resUlS arc now aVllllable m a watcrborne vcrsIon, mcludmg
vmyls, two-component acrylics, epoxies polyesters, styrene-butadiene,
amme-solubllized carboxvl·tcnnmatcd 411"" ds and urethanes Each of these
resms has dIfferent properties that challenge users to define thm neeos and
coating manutacturers to provide the optJrnwn coating to fill those needs
(Pilcher 1988)

Types of Waterborne Coatmgs

The three classes ot \\ aterbome coatIngs arc

• Water soluble or water-reducIble coatIngs
• CollOIdal or \\ater solubilIzed dIsperSIOn coatmgs
• Latex or emulSIOn coatIngs

Water-Soluble Coatings-ResIns for \\ater soluble coatIngs can be
solubIlIzed In pure \\ ater or In \\ater soh ent ml'\es These coatings are tcnned
I water soluble" or '\\ ater-reduClble" because the resm IS dissolved pnmmly
In waler and add.Jtlon of wnter reduces the VISCOSity of the coatmg Pohmers
that solubilize In coatings contammg only water must be h\drophIllc that IS
they must be attracted to and wetted by water The presence of polar groups
on the reSIn molecule produces hydrophIlIC pol'v1l1ers

Water-soluble fonnu1:ltJons mclude water-soluble Oils poh butadiene adducts
alk"cis, po!\esters and acrvltcs Water-soluble coatings tend to have SImpler
formulatIOns than emulSIOns nnd are easIer to applv but ha\e lo\\er dur:lbllltv
and lower resIstance to solvents (Paul 1986)
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CollOIdal Coatmgs-A collOIdal or water solublbzed dIspersIon coating IS an
intermedIate bet\\een water-soluble and emulsIon coatings, combInIng reSill
systems from each

The apphcatlon and physIcal charactenstlcs of collOIdal dIspersIons he ill
between \\ater-soluble and emulsIon coaungs CollOIdal dIspersIOn or coatings
are composed of \ erv fine partIallY water-soluble reSin droplets dIspersed ill
water ColloIdal dlsperslOns are used mainly to coat porous matenals such as
paper or leather

EmulSIOn or Latex Coatmgs-An emulSIon coating containS reSin dIspersed
as a sobd In water In thIS case Since the reSin IS not dIssolved It IS not
reqUIred to be h\ drophl1lc nor IS orgamc solvent reqUired The droplets are
stabilIzed In an aqueous medIUm by emulSifiers and thIckeners The most
conunon reSIn used for emulSIOn coatings are of the Vinyl tvpe, denved from
the monomer \ In\ I acetate When ml'xed WIth other monomers the coatillg
polvrnenzes Into a film WIth the deSIred propertIes

Acrv hc reSInS are an alternative bmder These resms are denved from the
monomer acrvlIc aCId, \\luch IS also the parent monomer for the methacf\lates
ACf\ IIc latexes are generally more durable than Vinyl acetate copolvrners and
they have hIgher gloss The two types of monomers, such as a VIn\ I and
acrvhc can be combmed to produce films \\Ith alternatIve surface propemes

EmulSion coatmgs are complex ml"tures Among the ingredIents that mIght
be present ill the lormulallon are polymer particles surfactants pIgments and
extenders thIckeners coalescmg solvents preservatIves and corrosIon
InhIbitors among others These ingredients compnse approxlmatelv h:l1f of
the pUlnt formul:ltIon the other half IS water Tltanlwn diOXide IS the most
common plgmenl providIng \\hlte color and opacIty Smce the pigment must
be dIspersed In the \\ater along WIth the reSIn two dlspersmg agents are
reqUlfed one for the reSin and one for the pIgment ThIckeners or protective
collOIds must be added to ralse the VISCOSltv to a level that IS acceptable for
apphcatlon Presel"\ atl\ es or blocldes are added to prevent mlcroorgarusms
from degradmg the addItives

EmulSIon coatmgs are mdel\ used m the bwldIng Industry as a decoratl\ e and
protectIve coatmg for domestIc houses and other archItectural apphcatlons
EmulSIOns dn qwclJy and addluonal coats can be apphed WIthIn a few hours
Tools and contnmcrs can be c1eancd WIth water

The phySical and mechanIcal properties of water-soluble emulSIOn and
collOidal coatmgs \ arv slgruficantly For example the handlmg conSIderations
and performance parameters for a water-soluble WIth a polymer of molecular
WClght 2 500 \\1[1 be dlITerent from those of an acrvlIc latex WIth a polvrner of
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molecular \."elght greater than I millIon Coating sHtems need to be chosen
that will best satlstv all reqUlrcments of the application

The diverSity of \.\ater based coatmg technology IS a strength but It also IS a
challenge Because \\ ater based coatmgs pro\ Ide a range of charactenstlcs
forroulallons c:m be preparcd to fit mam different applications Tne
\.\ aterborne formulations, however, reqUire more careful preparation of
substrate and applJcatlOn ofcoatmg than conventional soh ent-based coatmgs

ApplicatIOn Methods

Waterborne coatmgs can be applIed bv

~ Brush or roller
~ DIp coatmg
~ Flow coatmg
~ Air spray
~ Alrless spra\
~ Air assisted alrless spray
~ HVLP spray
~ Electrost:1tIC spray

All applIcatIon systems \....or).. With \"aterborne co:ltmgs W:lterbornes are \. ef\
\. ISCOUS and thr\otr0plc so spra\. gtUl systcms must bc able to sprn\ thc hIgher
\ ISCOSltv coatmg Thl\.otropv IS thc c\.tent of shear thmnmg (dcgree of
llquJilcatlon) as a result of shcar forces m the solution As \.\Ith high solids
coatmgs spray guns may necd to be modified (flUid tipS replaced etc) or he\"
guns purchascd E\.penmentatlOn can be reqUIred to find the best gun for the
panlcular coatmg that IS to be apphed Correct spray \. Iseosltv cnn be
achle\ ed by addmg \\ ater to reduce the \ ISCOSlty of coatmg howe\. er It IS

better to chnnge sprav guns or f1wd tIpS because too much uurmmg mth \\ater
\\ til alter the 110\> and other propenles of the coatmg potent1:Illy causmg
problems The applIcator should test the guns WIth the coatmg matenal to see
If a problem eXIsts then try different guns and different waterborne coating
systems Spray guns must have stamless steel components \\-here contact \\1th
\"ater IS an Issue

Some S\ stems such as high-pressure alrless and air assisted alrless can be
problematlc \>hen spra\1ng waterborne coatmgs Alf bubbles can be gener:lted
m the gun and get camed bv the cO:ltmg m:ltenal to the substrate beeonung
entrapped In the surface of the coatIng TestIng of different sprJV guns and
coating mJteflJls should ICJd to a solution for thiS problem
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Because waterborne coatings are \ ISCOUS and thl\.otroplc they might not be
compatible \\Ith e'<lStmg pumps and pIping deSigned for solvent borne
coatmgs, so ne\, pumpmg S\ stems may need to be considered

Isolate thc storage and suppl\ S\ stem from electrIcal grounds to
prc\ ent IC:lhage from the apphcJtlon atomlzcr

Four options e'\lst for appl\ Ing water-based coatIngs USIng an electrostatIc
svstem (Scharfenbcrger 1989)

Electrostatic Spravmg-ElectfOst:llIC :lpplIC:ltlOn can be used to r:llse the
transfer efficlenc\ (TE) thereby reducmg O\erspr:lY Specwl equipment and
techmques are needed for electrostatic :lpphcauon of water-based coatlngs
because of the electncal conductlvltv of aqueous solutions

The coating pIcks up an electrostatic charge m the spray gun nozzle and IS
attracted to the grounded substrate resultmg m raised TE Because \\ ater
becomes casll\ chJrged and conducts the charge from the spray gun back to
the source of the cOJtmg (e g contaIner )) gal drum etc ), the source must
Jlso be Isobted from ground The pressure pod or drum must be \..ept a\\ay
from the operator or a cage must be butlt to Isolate the system and protect the
operator The hose to the spray gun IS rubber and must be long enough to
reach thc dJstant cOJtmg source At C\.CCSSI\ Cdistances chargc can bleed off
through the hose to ground

Use an e\.ternal chargIng S\ stem that IS attached to but electncallv
Isolated from the ZlpplicatlOn atomIzer

Elcclncally Isolate thc coatIng lIqUid storage and supplv system from
the apphcatlOn atomizer to pre\ ent current leakage through thc
coatIng suppl\ S\ stem
Place the electrostJtlc charge on the substrate and ground the
appltc:ltlon atomlLer

..
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For large \\ aterborne spray systems a patented solution IS avaIlable
De\ eloped b\ Nordson Zlnd called the IsoOo S\ stem the S\ stem pro\ Ides
solutIOns to the problem of 1s01atmg and cagmg the coatIng source espeCIallY
If the \ olume IS large and pumps and equIpment 'Ire large or complicated
Tlus S\ stem electnc::J1ly Isolates pamt In the spray gun from the p::llnt source
allowrng coatrngs resen Olrs and pumpmg s\ stems to be grounded rather than
Isolated Therefore cages around the cO:llmg contamers and pumps :lI"e not
necess:lI"V

I
In addJtlOn to comentlonal applicatIOn methods \\ater-based coatIngs also are
amenable to electrodeposltlOn Electrodeposltlon of \\ater based coatmgs
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resembles electropl,nmg \\here a substrate IS submerged m an aqueous bath
The coatIng matenal IS deposited on the substrate b\ dIrect current flo\\
EiectrodeposltlOn IS descnbed m SectIon 2 pages)8 to 61

Other Issues

Em Ironmental factors such as hW11Idltv must be controlled \\hen apph mg
\Hlterbome coatmgs In order to <lChleVe the best film fOnTI<lt!on Too much
mOIsture C:l11 pre\ ent cunng too d.rv :l11 atmosphere C:l11 cause \ ef\ rapid
cunng resultmg In poor film formatIon Hwmdltv can be controlled m sora\
booths \\ Ith a mIcroprocessor-controlled \\ ater-spra\ s\ stem

For prOduct fl!1lshmg coatIngs need to em or cure at eIe\ ated temperatures to
assure complete cure In a reasonable penod of time O\ens are used for
bakmg \\aterbome coatmgs:l11d these have different reqUIrements from mens
used msoh ent-bome bakIng Lo\\er temperatures will be used and ovens mny
need to be relmed mth stnInless steel A stainless flue IS especially Important
to conduct mOIsture a\HIV from the 0\ en

Dry-filter spraY booths w111 need new or mod1fied filters to cope \\lth

\\nterbome systems Water-wnsh spray booths require ne\\ chemIcnls In the
\\ <lter to help d1ssoh e \\ aterborne solids

Pretre<ltrnent or cle:l11Ing of the substrate IS \ Itally Import:l11t \\ lth \\ <lterbome
coatings for similar reasons to those of po\\der coatmg and hIgh solids
Waterbornes contam IJttie or zero organIC solvents \\ hlch C:l11 \\et grease
effectl\ eh Water has a high surface tenSIOn and grease spots or other
contmllnants \\ 111 CJuse defects In the film unless the\ are remo\ ed pnor to
cO<ltmg Aqueous degreasmg S\ stems and <lbrasl\ e blastIng are pretreatment
techruques thJt C:l11 clean surfnces m preparatIon for CO<ltlng See for e'\:unple
US EPA (1993) \founts (1993) WJng and Merchant (1993) and Lehr
(1991 )

Although the applIcatIOn equIpment IS Similar greater operator s]...111 and
attentIon IS needed for applJcatlon of \\ ater based coatings

Water based coaLIngs are used pflmarlh as archItectural coatmgs and
mdusUlal fl!1lsh coatmgs because these paInts arc easy to app!\ and adhere to
dJmp surfaces df\ rapldl\ 1nd lac]... soh ent odor More than 70 percent of
archJtectural coatIngs are water based paInts Water based archItectural
coatlngs Include
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lndustnal protective coatmgs
Wall pnmers and sealunts
Intenor flat und semigloss wall paints
Intenor and extenor tnm finishes
E\.tenor house paints
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Water-based coatmgs have not been readIly accepted In the Industnal sector
Stncter regulatIOns ho\\e\ er are increasing demand for both pnmer and
topcoat Industnal finlshes

Architectural-Water based epoxy coatmgs proVIde excellent adheSion \\hen
apphed to green or damp concrete Odor levels durmg cunng of\\ater based
epoxy coatings IS 10\\ and the cured coating surface IS easy to cleun
Water-based cpo\.> coatrngs therefore are sUItable for sanltarv areas such as
hospitals or food processing plunts (RJchardson 1988)

Development of e\.tenor waterborne gloss enamels has progressed In recent
,ears although these enamels cannot match sohent borne enamels m all areas
A recent study (1989) found that waterborne extenor enamels are Infenor WIth
respect to gloss flow brushabthty, und opacIty Waterborne enamels,
however are supenor m gloss retentIon chalJ..mg und adheSion (Havward,
1990)

Products FinIshing-Wood products tradltlonall\ hal, e been coated mth
solvent borne rutrocellulose 1:Jcquers such as clear coatings used on furnIture
These lacquers are fast dn Ing and easy to applv with an excellent appearance
and hardness but thc\ ha\e lugh solvent contents A \\aterborne low sohent
rutrocellulose aCr\ hc late\. (NC-A latex) IS al,;ulable ThIS product, deSignated
CTG 0-857 und produced bv Aqualon Inc of Delaware contains no orgaruc
solvent c:uner although small quantitIes of plastIcizers, coaleSCing solvents
and other resrns are added to aid In film formatIon VOC levels are 2 3 lb/gal
or lower NC A late"l: coatmgs have better clantv resIstance to alcohol and
stnppabllltv than am he based late\.es NC A formulatIOns have lower gloss
\\ hen applied than am he based late"l:es but gloss levels Increase after rubbing
and pohshlng (Haag 1992)

Plastic products hal, c tradJtlonalh, been dJfficult to coat With latexes Since the
surface tensIOn 01 ",ater IS hIgher than the surface tensIOn of most plastICS,
\\ettmg of the surface and hence film formatIOn IS poor Reducmg the surface
tensIon of the coaung \\1th surfact.:lnts can help but does not guarantee "ettmg
or adheSion Pol\mer chemIsts have found that bv matching surface energy
profiles the coatmg poh,mer and plastiC substrate can be Improl,ed
Waterborne s\Stems are aVailable that meet appearance and resIstance
reqwrements of the automollve mdustrv The computer und bUSiness machine
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industnes In Sl1Jcon VnlJe\ Ca1JfomIa h:l\ e been uSing \\ nterbomes on
plastIcs Since the earh 1980s

Industnal ApplicatIOns-Waterborne coatmgs for cod coatmg operatIons are
commercwlh a\ ndJble These coatmgs arc bJsed on pol\- ester or ncn hc
reSinS th:lt are cross lmhed \\llh a \\ater soluble mebmIne aefl\atl\e aUrIng
bakmg The compie'\: copol\mers that result produce films that can stand up
to the rigors of the coding manufacturIng process and later fimshmg
oper:mons (NIcholson 1988) About 10 percent of U S alummum cotllmes
use ncrvlIc based \\ nterbome coatings Acn 1Jcs offer good adhesIOn good
extenor durabtlIt\ Jre resIstant to \ello\\lng and are flexIble Epo·....\ esters
also offer good adhesIon and arc reSIstant to corrosIOn and detergents but
degrJde on e'\:posure to UV Pol\eslers on the other hand are nOI reSIstant to

detergents but prO\ Ide good e\.tcnor durabtlJt\ Alhds hin e lo\\cr
performJnce but also a lower cost

A low-VOC water-based epow pnmer IS a\ al1able as a two-component
S\stem Un1J\...e most water-based formulatIons \\ Jter IS not present In either
of the t\\O components The components Jre supphed In a 3 I "olwne rJlIO
and ml'\.ed pnor to llpphcatlon Water IS added to the mIxture to reduce
VISCOSIty After ml\.mg the fonnulatlOn containS about 340 g VOCII (2 8
Ib/gal) (MP&C 1988)

.i. senes of COJtlngs dc\ eloped b\ ICI Mond DI\ ISlon laboratorIes are no\\
:l\ ad able for corrosIon protection applIcations on structural steel Called
Halofle\. the co:ltlngs Incorpor:lte copohmers of \ In\ 1Jdcne chlOride \ In\ I
chlorIde nnd JIb I :lcn IJte or methJcn bte \\Ith J small Jrnount of acn Ilc
aCid The HnJoJ1e'\ resins loml J coatmg film \\ llh 10\\ permeJbdlt\ to \\ ater
and owgen The 10m1UlatlOn also IS low m surlactnnts \\hlch reduce \\ater
senSlll\ It\ that IS mherent In com entlonnl btex coatIngs

Research hJS no\\ found that modified st\Tene free acry hc binders In latex
formulations \\ork. belter than st\'Tene acrvlIc dIsperSion paints for structural
steel protecuon Tlus technology IS not currently a\ aJlable but mIght become
a\ atlable 10 the ncar future (van clcr Kol\.. et Jl 1993)

A senes of \\ ater-soluble ep0\.lcs \\ ere de\ clopcd for corrosion protectIOn of
steeh\orJ.- 1l1ese co:ltmgs can be JpplJed by brush spray or dIp tank and can
be dried at amblcnt temperaturcs to produce In antlcorrOSI\ e glossy film
(\\iI!son et Jl eOs 1988)

Water soluble ep0\.les Jlso have been de\eloped for coatmg the mtenor of
metal food and be\ erJge cans These epoxIes hJve been cross-Imhed by
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bakIng Wlth ilffi1I10 resms such as mel:U11lne-fonnaldehyde (Wilson et al eds
1988)

Waterborne coating s'vstems for automot.\e basecoats are gammg ground
although the applicatIon technologv for these coatings IS complex Drvmg for
exarnolc ill\ 0/\ es mirared OR) healillg and high 'velocltv heated air (Modem
Paints and Coaungs 1989 79 38)

A new technolog'- tor \\ater based coatings has been developed that IS a great
benefit to the \\ood and furniture fimshlng Industn 'Core-shell" technologY
provides for a rapid dc\clopmcnt 01 coating hardness Improving the earlv and
ulumate pnnt and bloch. resistance These properties allow parts to be handled
and stach.ed sooner aftcr coating

Ecopamt a Complete System

The Ecopamt \\ atcrbome paint system \\as de\ eloped m Europe by a
consortlwn of manufacturers to mect stnct legIslatl', e controls on VOCs The
Ecopamt S\stcm compnses a tullv water soluble baking en:unel a \"ater ".. ash
spray booth (Figure) and an ultrafiltration unIt (Figure 6) The spray booth
IS a \\ater-wash deSign th:lt traps ovcrsprav and collects p:unt partIcles m the
\\ater The \\LlSte \\ atcr/partlcle mixture then passes through an ultrafiltration

umt that separates the \\ ater from the particles In pnnclple all of the
0\ erspr:l\ and the \\ aste pamt from the cleanup of spray guns can be collected
and hltered for reuse E\.cess coating matenal from cleanup of the storage
containers (cans) also can be recovered

The Eeopalnt S\ stem IS SUitable for coating a \\ Ide vanetv of products
mclucimg automotI\ c parts \\orl..shop furniture stcel shelvmg, steel pIpelines
and other parts requJrlng a sto\e enamel fimsh The coatmgs offer a range of
gloss Ie\ els tc\.turcd :md structural finishes and a \\ Ide range of color
Surface film properties gcnerallv are high enough to meet most nonnal
mdustnal reqUirements Ecopamt coatmgs are marh.eted In Europe under the
trade name Unlcolour and also are a\ allable m the Umted Kmgdom and
Japan These coatings \\111 soon be a\aIlable m the U S (JOCC-\ 1993)

Ecopamt bakmg cnan1cls arc bascd on fullv \\ater soluble resins Thev contain
less than) percent VOCs \\lth some contammg onlv 3 percent Ifrequlfed
the coatmgs can be fannulated \\Ith vlrtuallv no organic sohents onlv a small
an10lmt IS needed ta modlC\ film propertIes Ecapalnt coatings can be appiJed
mth most spra\ methods mcludmg comentlonal air spray, HVLP alrless and
electrostatic S\ stems mcludmg high speed rotm dlsh.s and bells Flash ofT
tunes are short and camentIonal bakmg temperatures are emploved so eXIsting
equipment can be used

Page 55



Semon Two

Figure 5
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Ultrafiltration Umt for Concentratmg Waterborne Enamel
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SectIOn T.~o

Cost

Benefits

Water-based Temporarv ProtectIve Coatmgs

Consumer prodL.cts p:lftlcubrh automobdes are shIpped from th~ f::ctol"\ to
the consumer through an uncontrolled and potentlalh harsh em Ironment A
protectl\ e coating hclps to mamtam the qU:JlIt\ of the factol"\ fimsh

Temporal"\ protcct!\C cO:Jtmgs t\-Plcalh h:l\e been sohent based ~rese

coatings release soh ems Into the atmosphere on cunng nnd often requIre
soh ems for remo\ <11 Temporm coatmg matcn:lls usmg a \\ ater based am lIc
copoh mer s\ stem c:m produce a tough tr:msparent film that protects the
coatmg for up to one \ e:Jr The film can be remo\ ed \\ Ith an aqueous alJ...all
\\ ash solutJOn Remo\ al of a \\ater based temporan protectl\ e coating taJ...es
10 mInutes for an automobJle compared to 20 mmutes tor a \\ a'\ co:ltIng
(Product FIOlshmg 1986)

Water based co:umgs also have been tested as masJ...mg la\ers to protect
spcclfic areas of metal substrate durmg chemIcal mIllmg and etchmg (ToepJ...e
1991)

Water-based coallngs are more e'\penslve than conventIOnal coatings per unIt
ofre:tcu\ e reSIn The costs of COaLIng flUId preparatIon, application cleanup,
and dIsposal arc simIlar for \\ ater-based and conventIOnal coatIngs -\ cost
comparIson ofcom enllonal powder hIgh solids and water-based coatmgs IS
presented In Hester and NIcholson (1989)

The capItal cost for electrostatic spray systems for \\ater based co:lt1ngs
tvplcallv \\111 be lugher unn applicallon eqUIpment for soh ent borne coatmgs
because of ule el~clrlcal cOnduClI\ ltv problem -\Ithough \\ ater-based coatmgs
t\ pIcalh contaIn some soh ents they Jre l~ss lIJ..eh to reqUIre VOC control
eqUIpment HIgh b cIs of VOC III the \\aterbome fonnulJl1on mJ\ requIre
cJrbon absorber equipment or VOC mcmeral10n equIpment both are
c'penSI\e

Bccause \\ ater b1Sed cOltmgs uses less or no organIC soh ents problems such
as envlronmentJI odor and safet\ and health concerns are rcduced The
benefits of \\ atcr bascd coatIngs are

Page 58
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Complnnce \\ Jlh VOC regulatIOns (though not automatlc
complnnce depends on actual VOC lc\ eJs and lImitations)

Lcss e'posure to harmful organIc \ Jpors In the \\orJ..pbce Less
need for \ entl1atlon systems to cnsure sJfet\ and/or meet OSHA
reqUlremcnts

Lo\\cr nsJ.. of fire from Ignltlon of organIc vapors
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Section Two

Do not cJuse sl-.1o ImtatlOn from solvent contact

Good to excellent surface properties 10cludmg excellent gloss rub
resistance mtl-sealmg effect and non-yellowing film

~ Cost SJ\ Ings depend10g on the apphcatlon

~ Clenn up nnd dlsposalls sJnlpler thnn \\1th solvents md solvent borne
CO:lllngs Water IS prImarIlv used to v"ash up

.. E'\lst1Og eqUipment (nonelectrostatlc) cm be used for apphcatlon of
most \\ ater based coat1Ogs although stamless steel mserts are
required

The dra\\ bad.s of \\ ater-based coat1Ogs are

~ Some \\aterbome coatmgs stili contam organic solvents (VOCs),
though usualh less than high solids fomulatlOns

.. The flash off time may be longer than for solvent-based coatings
TIllS depends on the [omulatlon and em lronmental conditIOns

.. The 1ilm has a tendency to be senSitive to \\ater \\Ith m IncreJsed
potentlJI for degradation though not after full cure

More energ) cm be reqUIred to force-dry or bake waterborne cO:lt1Ogs
th:ln sol\ ent [omulatlOns because of the high latent heat c:lused bv
\\Jter e\ JpOrallOn energy requirements can be as much as four times
greater tor \\ :lter based coat1Ogs

W:lterborne cO:lt1Ogs are sensltl\ e to hurmdltv requmng hunudlt\
control In the Jppllcatlon and curIng areas Low hurmdltv cm cause
those coatings to dr\ e\.tremely fast result10g 10 craters m the tinal
film High humidity can cause \e['\. slow drymg times resultIng 10
sagging

The quality of the final film IS dependent upon surface cleanliness the
high surface tension of water prevents \\ett1Og of some surf:lces
especl:llh \\ hen gre:lse or other contarmnants are present The high
surf:Jce tensIOn of water also can cause poor coatmg flow
characteristics

High gloss le\ els are often difficult to achieve
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Effiorescence or a grO\\ th of cr, stals can occur on cenam substrates
Plasterboard IS com111onl\ alfected \\ hen \\ ater soluble salts hk.e
sodlwn sulfate le:lch out of tre cO:ltmg dJsruptmg the mtegnr- of the
final film

Water m the coatmg fonnul:ltJOn c:ln cause 'fbsh rustlng of retal
substrates For this reason most mdustfl:ll \\aterboIT'e~ are
formulated \\ nh 1I1hlbltors

TO"lC blOC Ides often are added lo kdl mlcroorgamsms lhat atl:lck
addlll\ es such as f:llt\ emulsIfiers or defoamcrs

EmulsIOn coatmgs do not penetrate porous substrates such as \\ood
\er, \\ell tim assists "good holdout' but c:ln be a dlsad\:ll1wge It

lack of penetratlon pre\ ents good adhesion on old chalk., surfaces

Some types of resins degrade In \\ater redUCing shelf life
formulations containing these resins

Water based late" coatmgs are susceptible to foammg because
surfactants often arc used to stabIlize the late"

Water m the formulation also can cause corrosIOn at storage tanks
and transfer plpmg

Special equipment IS needed lor electrostatIc application

\1nn\ \\ ater based formu1:l11ons are comp:llible \\ Ith com e'111onal
nonclectrost:lllC SPf1\ equipment but requIre special pro\ ISJOns for
electrostatic applIc:lllOn As a result a ch:mge to \\ ater based coatings C:ll1 be
some\\hat less cllsrupll\e than a change to othcr technologies such as po\\der
coating

Adams Lam 1991 FInishing matenals must comphance me:ll1 an mfenor
product? Wood Q Wood Products 96(13) 89

Baracam Al 1990 A coat of mam colors coatmg technology promIses to
move mto the 1990s \\ lth \\ ater based coatmgs and new dn Ing/cunng
de\elopments 4mLrlcan Printer 20)(6) 38

Gunsel R 1993 Waler based coatmgs and the environment Surface
Coatrngs lnterna{[onal 1993(9) 364

I
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ELECTRODE POSITION

PollutIOn PreventIon
Benefits

How Does It \Vork"

Secrron Two

van der Kolk C E M R KruIJt and E A de RouvJ1le 1993 Water-based
acrvllc dJsperslon pi1lnts for thc protectIOn of structural stcel a technology In
full development JournaL o/the OIL Chemists and CoLounsts Assoczanon
1993(7) 280

Wang VIctor and A.bld N Merchant 1993 Metal-cleanIng alternatl\ es for
the 1990s MetaL nmshrng Apnl p 13

Waterbornc acr,lIc copolvmer exceeds CalIfornIa stand:J.rds 1991 Modern
Pamt and Coatzngs \larch p 34

WICI-S Zeno W Franl N Jones and S Petcr Pappas 1992 OrganIc
coatIngs sCience and technology (Subtitled \ olume 1 film foonatlon
components and appearance) New York NY John WlIey & Sons Inc

Wilson Alan D John W NIcholson and Ha"ard J Prosser 1988 Surfnce
ContIngs Volume 2 ElseVIer Apphed SCIence

Wrnchestcr, Charles Iyf 1991 Wnterborne nitrocellulose wood lacquers \\,th
lower voe Journalo/Coatlngs Technology 63(803) 47

ElectrodeposltJon uses \\ alerborne coatmgs \\lth reduced le\ els of VOCs The
reduced VOC content of thc coatll1gs, combIncd wIth the superior tr:msfer
efficlcncv of the process results 111 reduced VOC emISSIons In fnct closed
loop opcratlon (\\hlch \\ould ehmmate VOC emISSIons completch) IS
possible wIth electrodepOSltlOn In addition becnuse of the hIgher tr:msfer
effiCIency there IS less wnste gcnernted from thc contmg operation In

companson \\Ith com cnllonal coatmgs oper:1tlOnS

Electrodeposltlon of pamts also "-nown as e!ectrocoatlng (or E-coat) has
e\.lsted smce the 1920s \\ hen the first processes were patented
ElectrodeposltJOn IS a \\ aterborne coatmg technology with e'Xcelient pollution
prevention potenllal because of the \ erv low organic solvent content and \ erv
high transfcr cfficlenc\ The automotive mdustrv IS the largest user of
e1ectrocoat pnmmg car bodlcs for corrosion protectIOn and subsequent
pamtmg Electrocoattng \\as commonlv used m mdustrv m the 1960s mth
JJlodlc elcctrodepoSltlOn (. ....ED) but by the mld-1980s almost all of lI1dustrv
\~as uSll1g cathodiC clectrodcpOSltlOn (CED) because of supenor film
propcrtlcs
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Operatmg Features
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In electrodeposltlOn the substrate IS munersed In a tanh filled WIth co:ltmg
resins and pIgments dlssoh.ed or dlspersed m \\::Iter The substrate must act
as an electrode :ll1d. therefore must be metallIc 1'1 practice steel IS we most
common mntenJI coated The substrate IS connected to a po\\er supplv that
provides a voltage bet\\een the substrate and :mother electrode \\hlch IS also
lmmersed In the electrocoatlng t:mh (see Figure 7) The electnc poten'IJ!
bet\\een the electrodes CJuses a current flo\\ that results m electrodeposltJOn
of charged resUlS and pIgments onto the substr:lte When the coatIng process
IS complete, the substrate IS remm ed from the tank and nnsed ele\ :lted
temperatures then are used to cure the coatmg

EJectrodepositlon technology employs a process I-no\\11 as electroh SIS th:lt
Involves both electrophoresIs and depositIOn ElectrophoresIs descnbes the
movement of the charged coatmg panlc!es In solutIOn to\\ard the substrate
deposltlon occumng \\hen resInS and pIgments are deposited on the substrate

Aqueous systems are necessarY for electroco:ltmg bec:luse the solvent needs
to have a hIgh dlelectnc constant to charge the resin partIcles Water unhke
most organIc solvents has a hIgh dlelectnc constant

Resm Systems

Electrodeposlllon reSms must be able to pIck up :l charge m solutIOn
Therefore resUlS must contaIn CalIOI1JC or aruoruc molecular groups dependIng
on the DoJant\ of the electrodepoSItiOn system For A.ED systems reSInS
generally contaIn free or ncutrallted carbo....\ IIc aCid groups For CED
systems film formmg cations can be obtaIned as organIc substituted
ammOnIum mJcro Ions such as RNH3 or R3NH+ (R denotes the resm)
ReSIns \\lth molecubr \\elghts m the range of 2 000 to 20 000 are tvplcJlh
used for electrodeposltlon of WJter bJsed coatings

Manv dJITerent resLI1S Jre :n adablc [or eJcctrodepOSltion All resins ha\ e three
common propertIes (I) they can be rendered soluble (2) made elastomenc
(3) and crosslmJ..ed AmIno-contalnlOg reSInS Include acf"\. hc and methacrvhc
esters styrene vIm I ethers and VInyl esters \\ Ith unsnturated monomers that
contam secondary or tertiary ammo groups Epo\.v based reSinS are most
commonly used for electrocontIng because the) have excellent corrosIon
resIstance Epo\'y groups containIng copohmers (e g glYCld\ I methncf"\.late)
can re::lct with amInes to form the amInO groups nccessarv for catIOnIC
behnvlor

Electroco::lts contaIn pigments and e\.tenders along WIth reSInS These
matenals must be deposited on the substrate at a Similar rate or the
proportIons of plgment/e\.tcndcr to resin In the bath Will change over time
causmg une\en form1tlon CJreful formulatIon of the contIng prevents these
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AppltcatJOns

Benefits
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problems Pigments undergo electrophoresIs bec:mse they adsorb resm
molecules on theIr surface effectiveIv forming a CJtlOn or aIlIon out of the
uncharged pigment panicle The cathodic process (CED) IS more successtul
than AED because ofsupenor corrosion resIstance and throWlng pov..er at low
film thlcJ.J1esses Most automotl\ e coating plallts toda\. use CED

ApplicatIOn Methods

Substantial amounts of eqUipment are neceSSJf\ for apph mg electrocoats
resultmg III high installatIOn costs A dip tank IS required that contams the
anode (or cathode for AED) A power supply and rectifier also are requIred
for large automobile bodv conung tanks, power supplies of 200Y to SOOY and
up to ISOOA are necessary Other reqUired equipment Includes \\ater rmse
facillues extra-clean apphcnuon and curmg areas and ultrafiltration UIlIts and
bDlmg ovens Co:lt1ng large numbers ofslffillar pans IS the only way to Justlfv
the costs of mstalling electrodeposltlon equipment and proViding operators
With the required trnmmg

Electrodepos!tlOn systems <Ire used most commonly for applymg automotive
pruners beclluse of their high ability to proVIde very thm evenly spreud films
for corrosIOn protection regardless of the shupe of the substmte Uruform
coatmg can be achieved on substrates With recesses, tapped holes, and sharp
edges By "forCing" n dense film against a substrate electrodeposltlOn
pro\ ldes e\.cellent adheSIOn and rCSlstance to corrosIon Small metal pans can
be coated In a dJp tank Other pans such as auto bodies auto \\-heels
appliances and other Industrial products wllh hJgh \olwne runs mav be
attached to a com cvor and coaled In a lme process ElectrodeposltlOn can be
applied to galvamzed Sleel surfaces as \\ell as nlwnmwn and other metuls

The electrodeposltIon process IS successful m mdustnal apphcatlOns for a
nwnber of reasons

~ Good edge protectIOn and uniform coating thlcJ.J1ess

~ High coatmg utdlzatton (greater than 95 percent)

~ An appltcalJOn process that IS easy to automate and control

~ Low levels of orgamc soh ents and pollution because It uses
waterborne coalmgs

A closed loop process IS pOSSible reducmg the potentlJl for
pollutants to escape

-



I ULTRAVIOLET (VY) RADIATIO:'I- ANDI ELECTRON BEAM (EB)-CURED COATINGS

I

Secnon Two

ElectrodeposltlOn svstcms hnve hIgh cnpltal expense

The mewl substrate cnn dIssolve Into the contmg, cnusmg
dlscolorntIon m anodic depOSItIOn

.. To produce nlugh gloss fuush the contmg must contam n conductl\e
pigment

.. Electrodeposlted contmgs are hIghlY senSItIve to conti:lIl1mants

RadlJtlOn curIng hns been adopted by the \\ood finIshrng mdustry (e g ,
flntstoch fillers m pnrtlcle bonrds hnrd\\ood floorIng) because of the short
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Ryder Petcr C and Peter I Hope 1994 Ne\\ enYlronmentnlly ncceptnble
mctal coatmg systems In Proceedmgs PollutIOn Prevention Conference on
Low- and No-VOC Coaling Technologres US Envlronmcntal ProtectIOn
AgenC\ Atr and Encrgv Engmeenng Resenrch Labomtorv Orgnl1lc Control
Branch Rescarch TflJnglc Pnrk NC EPA-600IR-94-022 Februill"V, 1994

..

RndJauon-curcd coatmgs use radIatIOn from ultravIOlet Itght or electron beam
sources to cure solvent-free coatIng S\ stems These processes produce lugh
performance protectl"e <lJ1d decoratlve fimshes for "arlous product finishes
RndJJuon cunng can a\ Old the use of solvents entlrelv although solvent dilu
tion mIght be reqUIred for some sprJy appltcatlOns

GuptJ S C nnd M C ShuJ...ln 1992 CathodIC electrodcposltnble contmg
compOSitIOns bnsed on epo\.y resms Journal of the Oli ChemISts and
Colouf/sis ASSOClGliOn 1992(9) 369

RadlJtlon cunng rcltes on ullrJ\ lolet (UV) rndlJtlon or electron bei:lIl1 (EB)
technology to cure soh ent free contlngs formulatIOns Dependmg on the
formulJtlon and resm type some VOCs mJY be emitted from the resms
although these emissions are qUIte low Some UV· and EB-cured coatmg
systems emJt vlrtUallv no VOCs OrgJl1Jc sohents are stdl needed for cleanup
of uncured COJtlng mJtenJI unless the system IS based on waterborne finishes

LumtlltlOns
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cure times and the hlgh quaJJt\ films that are produced Without bakmg The
graptuc arts mdusm uses UV cunng of" anous pnntmg mJ...s and coatmgs on
paper cardboard and other substrates

RadJatlOn-cured coatl11gs usualh are sprJ\ ed on the object and then suolected
to radIation trom wher ultra\ tOlet (UV) lamps or an electron beam (EB)
generator (sec Figure 8 UY cunng s'rstcm, md Figure 9 EB generator) Tne
fadl:ltlon creates tree radlcals In the coatmg, mltlatmg crosslll1kmg (Of
poh, menzatlon) of the film The cunng process takes place almost
mstmtaneoush \\ hen radJ<:ltlOn IS applJed rather thJn the minutes hours or
e\ en days that com entlonal coatmgs take

UVIEB cured coatings can use 100 percent reactl\ e lIqUIds elImm:mng
soh ent use altogether HoweH:r cenam resins can volatilize and become
VOCs so zero VOC depends on the fannulatlOn UVIEB-cured co:ltmgs
consist of

.. An olIgomer or prepolymcr containing double-bond unSJturatlOn

.. A reactl\ e sohent (e g, monomers With varying degrees of
unsaturatJOn)

.. A photomltlJtor to absorb the UVIEB radHltlOn

.. Ptgments/d\ es Jnd othcr addltl\es

RadiatIOn Chemlstrv

The first t\-pc of rJdJaliOn cured cO:llmgs to become :n albble used free
radicals m thc pohmenzatlon process Free radIcals are highly reactl\ e
molcculcs contamlng an Wlpalrcd electron Thc\ are produced \\ hen
photouutlator molecules Wldcrgo photochemlCJl reactIons on exposure to UV
lIght or EB rndiatlon Free radIcals react WIth Jctl\ated double bonds from
acrdate groups actl\ atlng a cham rcactIOn that causes polyrnenzatlon

Dunng the 1980s a second t) pe of photochemIcal reactIOn known JS CJtlOnIC
poJvmenzatJon emcrged for lise With radIatIOn curmg ThIS process uses salts
of complex orgamc molecules to mltlate callome chJm polvrnenzatlon m
resms nnd monomcrs contammg expo\.ldes (oxlrane rmgs) UV radwtlOn IS

the most cfficlent method of creatmg the catIOnIC mtennedwtes EB radIatIOn
can be uscd but IS IIlci11clcnt and expensive AcrylIc JJJ...ene double bonds and
the O\.lrane nng can be aCll\ ated dIrectlY by UV radIatIon \\llhout use of a
photomltwtor but thiS method IS much less effiCIent

;P'I
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FIgure 9

Electron Beam Generator

HIgh voltage
power supplv

I

Source Eastern Research Group, Inc
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Resin Systems

Resins used In com entlOnal solvent-based coatings can be chemlcallv
modJfied for use Ul radlatlon-cured chemlstnes Resm types mclude epoXlde
poh.ester polvurethane pol\ether and others that are modified bv mtroducmg
am late functlOnalIt\, t\']Jlcallv bv reactmg aCl"\ lic aCId \Hth alcohol groups or
h\Ciroweth\ I aCr\ late \\Ith aCId groups

The general ph\ slcal and chemlcal charactenstlcs of the resins are ret::llned
'liter modIfication Crossllnklng ot the polymers In the coatings \-1elds
e\.cellent chemical and ph\ SIc'll resistance Pol\ ester aCr\ lates exhibit
excellent properties In wood and paper coatings Urethane aCr\ lates can
produce films that are tough and abraSion reSIstant or soft and fle'Uble The
adilltlOnal chel11lcal reactions that are needed to produce a functional radIatlon
curnb Ie resin ho\\ e\ er add to the cost hlndenng the acceptance of UVIEB
coatmg s) stems (Holman 1992, $a\wer 1991) CatloniC Systems that use
Vinyl ethers epoxldes and pohols reqUIre less chemical modificatIon than
acrvlates therefore these resins should be cheaper although the\ are more
hmlted In theIr applicatIOns than acrvlates

RadIatIOn-cured S\ stems uSing acrvlates m \\ aterborne formulatIOns such as
\\ ater-soluble co:mngs or aqueous emulSIOns are a\ mlable Wood and
chIpboard water-based coatmgs have successfullv used aCr\ lates although
gloss and coating resIstance IS lo\\er than \\1th sohent formulatIOns HIgh
coatmg specd"icatlon reqUirements lImIts the applIcatIon of \\aterborne
products m other industries

-\.pplrcatlOn Methods

Coatmg matenalls applIed to the substrate b\ spra\ mg, and IS subsequently
cured WIth UV- or EB radIatIon Because cunng takes place so qUld.!v It IS
adYlsable to allow a suffiCIent amount of time bet\\een apphcatlOn and cunng
tor the coatmg to flo\\-out and adue\e ma.'\lI11WTI gloss If thIS IS not pOSSIble
other precautIons and eqwpment should be conSidered for use In achieVing the
deSired gloss le\ el (Sun Chemical, 1991) Dunng thIS flow-out time
emiSSIOns of VOCs could concelvablv take place

RadiatIOn Sources

The radiatIOn source most commonly used In Industrv IS the medlWTI pressure
mercurY electrode arc lamp These 1:lmps together With high voltage po\\er
supplIes are compact and inexpensive and have hfetlmes of thousands of
hours The lamps c:m be retrofitted easily to eXisting productIOn Imes but
the\ require an e\.tractlon svstem to remo\ e e\.cess heat and ozone that IS
generated by UV action on owgen In the aIr A dIsadvantage of the lamps IS
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a prolonged \\ arm up perIod that pre\ ents owoff operntlon lamps th:n are
modified bv dopmg \\ nh metal Ions to change specrr:lJ ch:lr:lctenstlcs also
have a shorter \\orkmg IJfe

An alternatlve t\'pe of lamp produces radIatIOn through mlcro\\a\ e e,\CItadOn
of the mercurv ... npor These lamps are more e\.penSI\ e but the\ h:l\ e ,..:'e
ad\ nntnge of mstant startup/ShutClO\\7l capabIlIties Further specrr,:ll
modIfication of the lamps by metal Ions does not reduce their \\orkmg life

Electron beam generators are e\.pensl\ e complex and large These factors
mhJblt thelI more mdespread use m radIatIOn cunng In addItIon 0,\" gen n:l.S
an mJubmng effect on free radical po!\,menzatlon that IS inItiated b\ EB thus
an mert atmosphere of nItrogen with oXYgen concentratIOns ot less than 100
ppm IS reqUIred If adequate cunng IS to be achle\ed \\lth EB gener:ltors
(Holman, 1992) The lugh capItal cost ofEB cunng equipment has lImIted the
acceptance of EB-cured cO::Jtmgs (Paul 1986)

RadHltlOn-curlng technologIes have lower energy requirements for cunng
compared to conventtonal solvent or waterborne coating s\stems The heat
energy reqUIred to e\ apornte soh ents or mduce thennal reactIOns In

conventional systems IS orders of magmtude hIgher than the energy used In

UVIEB svstems Curing a thermoset acn hc resin \\ Ith conventIonal
technologv, for mstance reqUIres 24 times the energy needed for curing clear
lacquer wIth UV, and 12 tImes the energy needed for curIng a pigmented
coating \\lth EB (O'Hara 1989)

ProductIOn Issues

Radl::JtlOn curIng occurs on Ime of sIght as UV/EB r::Jdlatlon carmot tr::J\eJ
around comers of three dimensIOnal substrates Consequent!> UVIEB
S\ stems are most sUlwble for O::Jt components such as \\ood panels and
mJtenals found m the grapluc arts mdustnes RecentJ" 3 D r:ldJatlOn sources
ha\e begun to cure substratcs With more comple, surfaces

Because radl::JtlOn-curmg IS a fast and relauvely cool process Inks and
coatmgs can be cured on he::Jt-scnsltl\,e substrates such as paper and wood.
Coatmg color and opacity affect the cunng rate Darker and more opaque mks
block UY r::JdwtlOn and requIre longer exposure tImes for adequate cunng
Llke\VlSe tlucl-er films and multiple films cure more slowlv than thm or smgle
films

EB cunng IS not ::Jffccted by cO::Jtmg color or 0P::JClty, electrons penetrate
pIgmented coatmgs effectl\e1v to cure cO::Jtmgs 10 short exposure times The
lugh energy of EB curmg prOVides the highest margm of safety In nppltcatlons
\\here e\,tractnbles or low odors are essentlUl High energy also ensures J
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adequate conversIOn from oligomer to polvrner so that \-ef'- thIck films and
lnmInatmg adheSIves also can be cured

UV cunng IS used m these industrIal finIshing areas

UV curmg has been investIgated In the U S to replace thermallv cured
coatmgs for aluminum and galvanIzed steel cans UV-cured coatmgs have
hardness and salt spray resIstance that last 200 hr to 500 hr UV-cured
coatings provIde highly cross-Imked 10-mIl-thlck. films on both bare and
msulated \\lre that are strong yet flexIble

•
I
I

..

..

..

..

..

Wood finIshing
Met:l! decoratIve coatings
Automotl\ e coatmgs
WIre coatings
Packagmg coatmgs
Floor finIshmg

I
I
I
I
I
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I
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At least one company In Japan uses EB cunng for metal coIl stock EB has
also seen IImlted use mlugh-volume pnntmg operatIons UV cunng also offers
a low-cost, hIgh throughput altcmatl\e for finlshmg automotl\-e hubcaps and
\\heel rIms

LIquId acrvlJc and lIqUId polyurethane-acn IIc UV-cured coatings surpass
press \ amlsh and \\ater-based coatmgs In qualltv and film lammatlon
Llke\\ Ise UV cured coatings have found a marl"et nIche m hIgh-gloss \1m I
floor CO\ erIngs surpassmg the com entlOnJI urethane cOJtmgs m eJse of
applIcation and In abraSIOn solvent and st,lIn resistance

UV coatIngs formulated from polyester st\Tene resms have been used as filler
for cfupboJrd Although commerclallv a\ al1able the polYester-stvrene S\ stem
has not been applJed \~ Idelv becJuse of st\Tene'S \ olntllJt'v and the \ eHow
color of the coating that IS produced

Waterborne UV/EB Coatmg

Radiation-cured \\ aterbomc urethanes are 41\ illlable for the \\ood firushmg
mdustrv Waterbomes range from systems that contam small amounts of
\\ ater for" ISCOSlt\ reductIOn purposes to fullv water-soluble coallngs or
late'\.es Water bascd lntc'\.es offcr the greatest opponunIt\ for pollution
pre\ entlon because acn late dIluent monomers are usually not necessary for
VISCOSIty reduction m thIS type of coating The benefits of waterbomes
mclude
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Reduced aCl"\ lute content (\~hlCh lo\~ers sJ...m Imtancv and odor) and
reduces the le\ els ot film shnnJ...age on cure

• Increased \ ISCOSltv control

• Eas\ cleanup of eqUIpment and spdls ~ Ith \\ ater

• POSSlbllItv of \ el"\ low film thIcknesses wllh low sohds fonnul:ltIons

• Addltl\ es such as matting agents are easIly added to \Hlter based
s'vstems

• Reduced fbmmabdlt\

Waterborne radwtJon-cured systems do ha\e some dr:mbacJ...s ho\~e\er

Includmg

.. A water flash-off step before cunng that often requires ovens or other
mers hIgher energy use and longer apphcatlOn/cure times (thm
coatmgs on \\ood can result In absorpuon of the water allowmg
Jnlmedlate radIation-curing)

• Certain \\ood substrates wIll show a gram-ralsmg effect

Reduced coatIng perfonnance \~Ilh some substrates or coatIng
fom1ulatJOns

Watcrborne UV S\ stcms ha\ e bccn evaluated by several authors (Mahon and
Nason 1992 Stenson 1990) \\Ith promIsing results reported for \~ood

finIshing applIcatIOns Mahon and Nason Identified fi've outstandmg UV
cured sealcrs and topcoats that meet certam perfonnance cntena ReSIstance
to cold craclung \'vas the major potenual problem reported \nth these coatmgs
A raruauon-curable urethane polymer \~as e'valuated and tcsted on oak. panels
m accordance Wlth the National Kitchen Cabmet ASSOCiatIOn test procedures
Most of the coatmg propertIes rated e'\cellent WIth only flow appearance and
staIn resIstance to mustard ratmg average

UV- and EB cured coatmgs have a number of benefits

• Ellmmates or reduces solvent use VIrtuallY no VOC emISSIOns

High reactl'vltv 'very rapid curmg -
I
I

'lO~ I
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High productlvltv from rapid cunng and Instant startup and
shutdown

• Low-temperature processing, whIch allows for the use of heat
sensltl\ e substrates such as plastiC

• Long shelf ltfe of coatmg matenals

• Stable pot hfe because most coatmgs are smgle-component systems

• Relatl\ elv low capItal Investments In equipment

• Good film propertIes and performance such as hardness and
Impro\ ed soh ent stain and abraSIOn resistance

Higher non-volatile content that results m hlghcr gloss better bUIld.
and lower shnnkage

• Lower energy use because of high effiCiency UVfEB systems when
compared to thermal ovens

EquIpment requires less space than cunng ovens

UVfEB tcchnolog) has se\ eral drawbacks

• Higher cost coatmg formulations because of expensive raw matenals
and smaller \ olwne

Lme-of Sight curmg IS limltcd to flat or cylindncal matenals that can
be directly exposed to the radiation Radiation systems for 3-D
substrates are bemg developed to overcome thIS IU11Jtatlon

• The presence of pigments reduces penetratIOn by UV light, ltffiltmg
use m high-budd applications

Polymers for radiatIOn cunng are hIghly reactive and can cause sJ.Jn
Imt1tlon and sensitizatIOn

• UVIEB cunng IS not always SUitable for porous matenals

• EB S\ stems generally require an mert envlrorunent because
atmosphenc oXYgen prevents cunng of reslOS

• EB cunng reqUires equipment WIth high cnpltal costs
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.. Manv S'r stems ha\ e relaU\ el\ high \ ISCOSIt'\ \\ hlCh causes processmg
and appearance problems

No FDA Jppro\aJ for rJdwtlOn cured cOJtmgs In direct contact \\1th
food

Generall\ more e'Xpenslve on a per pound basIs than soh ent borne
products

Future use at UVIEB coatings depends on de" elopmcnt of the fo!lowmg

.. Marc highlY dc\ eloped UV equipment

.. Ne\\ products/mJrkets for radwtlOn proceSSIng tcchnologles

New 100 perccnt rcaclJve monomers and ollgomcrs that are nonto\.lc
and low in VISCOSIty

Ne\\ monomcrs olIgomers and pohmcrs that better ndl1ere to metal
substrates

.. Lower cost mntennls
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SECTION THREE
EMERGING TECHNOLOGIES

Introduction

CoatIngs LIterature

ThIS sectIOn on emergIng technologIes descnbes coatIngs S\ stems that are
ne\\lv nvadnble "EmergIng' In thIS context refers to Inno\ am e technologIes
that h:l\ e lust recenth become commerclallv a\ adable and accepted for use In

the mnrketplnce These technologIes are less well J..n0\\n than comentlonal
alternatIves

Emergmg technologIes should not be confused WIth technologIes presenth. m
rese:lrch 1:lboratones or those being reported m sClentlfic p:lpers such
technologIes are not \ et avaIlable for mdustrv consumptIOn These
technologIes could be termed 'de\ elopmg technologIes Knowledge ot
de\ elopmg technologIes IS Important for contmgs applIcators concerned WIth
Impro\ Ing cost or qualIty competltl\ eness technIcal performance
envlrorunental ImprO\ ements etc when these technologIes become
corrunercHlllv a\ adable

De\ elopmg and emerging technologIes are not confined to Innovative
technologies alone Waterborne coatmgs Me 1U1 example of a well established
orgamc coatlng \\ hlch IS, however one of today's most dvnnnucally
de\elopmg technolOgies HIgh performance \\aterbome coatings that are under
de\ cIopment or emerging m the market arc now able to perform the functIons
of traditIOnal sol\ ent borne coatIngs (such ns automotl\ e tOpCO:lts) HIgh
solIds coatmgs :lIso are under de\ eJopment th:lt will gre:ltlv reduce VOC le\ els
\\hIle mamtaInIng good performance The coatmgs user should not Ignore
coatIng types (c g \\aterbome) based on past expenences \\Ith earher
\ crslOns of the technolog\ The hIgh rate of technologlc:l1 change results m
products th:lt can fill a ne\\ perlormance niche In a .. en short space ot time

To monl tor de\ elopments In technologIes for organIc coatmgs apphcators
need to read current Iltcr:lture Ie tr:lde magazmes or sCientific Journals Good
reference JournJls and mJgazmes mclude

~ Journal ofCoanngs Technology
~ Surface Coatrngs International
~ Amerrcan Parnt and Coanngs Journal

Modern Parm and Coatrngs
~ Metal FInlShrng

In addItIon proceedmgs from sClcntdlc conferences can pro\ Ide access to
informatIon about the btest In rese:lrch An e\.arnple IS the proceedmgs of the
PolilltlOn PreventIOn Conference on Low- and No-VOC Coatmgs
Technologies (EPA 600/R 94 022 February 1994) that \\ as sponsored bv
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the US EnvIronmental ProtectIOn Agenc.

Recently pubiJshed booJ"s can provIde insIght Into the direction of new
COlltmgs research Other sources Include trade assocIatIOns that can dIrect the
apphcator to both hterature and companies that are researchmg or de\ elopmg
new coatings technologIes A iJst of trade aSSociatIOns appears m section £1\ e
of thiS gUide

VAPOR INJECfION CURE COATINGS

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Emergmg TechnologIes

DescrIptIon

Page 80

This sectIon descnbes three emerging cleaner technologIes for pamts and
cO:Jtmgs applicatIOn

Vapor penneatlOn or mJcctlOn-cured coatmgs
Supercntlcal carbon dlo\.lde as sohent
RadIation Induced thennally-cured cOJtmgs

Vapor mJectlOn curing (VIC) IS a newly conunerclUlized process that uses an
llmme vapor catal.st for rapId coating polvrnenz:JtlOn (Bllllway 1993
Blundell and Bryan 1991 CussI! 1994) T\'vo component urethane coatmgs
contmn II blocked accelerator that IS activated durIng co:ltmg appiJcatlOn mth
an amme vapor catah st The amme vapor IS made bv an amme generator In
a predetennIned concentratIOn and dispersed m an Jlr stream charmel In the
spray gun The coating matena1 and catalyst are ml\.ed as they lea\ e the spra.
gun ThiS technolog'> IS a 'hIgh soiJds" coating s~stem bec:lUse the coating
stili uses solvent In the fonnulatlOn Howe\er e:Jse of use and production
effiCiency :lJ1Slng from the rapid cure tImes prOVide reasons to use thiS t,~o

component technology rather than low solids or hIgh solids aIr or bake coatmg
systems

VIC can produce a \ arlCt'\ of finJshes \Hth outstanding urethane perfonnance
char:Jctenstlcs mcludmg e\.cellent cherrucai soh ent, and stam resIstance lugh
hurrudJtv and ~ater resistance hlgh mar and abraSIOn resistance and excellent
color and gloss retentJOn PcncIl hardness can be achlevcd In 15 mInutes to 45
mmutes \~Ith no baking Drv times can be slashed from 8 hours to 1 hour
Wlthout affecting pot llfe

The coatIngs can be used on a broad range of substrates Including plastiC
steel alwmnwn, \\ ood and castings Heat senSitIve pans such as
thennoplastlcs and thennosets are Ideallv SUited to the low temperature cure
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of used \\ Ith VIC Other ad\ antages at VIC Include Increased productl\ m
(resultmg from faster handlmg) decreased operatIng costs (cnused b\ lo\\ered
energ) consumptIon) dccre:lsed spnce for p~llnt CUrIng JrC:l reduced rCIects
(caused by uncured paint) nnC reduced reeontmg and tape tIme for multiple
cants and COlors

VIC IS compatIble \\ Ith most com entIonal aIr assisted ~urless electrostatic
and HVLP sprJ\ eqUJpment Electrostatic equipment mIght need to be
modified to accornmodate the amine generator Some types of spra\ guns
mIght ha\ e rubber or plastiC seals that degrade \\ hen e'\posed to the amine
(dlmeth\ lethanolamme) Alr assisted alrless spra\ guns have been used for
some tIme and prO\ Ide e'\ccllent results The amlnc C:lwh st gener:ltor IS m:lde
of alununum lor light \\elght and mobllm and uses drIed :md filtercd :l1r :It 90
pSI to 120 pSI C:lP:lClt,\ IS limited to t\\O spr:l\ guns Some sohent might be
required to clean up unre:lcted resin (PIlcher 1988)

Ballwav, Bill 1993 Vapor InJcctlon technologv for no-bake cunng of
ureth:mes Metal Tim:;hmg J:muaf\ p 62

Blundcll D and H H Bf\an 1991 Vapor injectIOn cure of t\\O pack
polYUrethane Journal oj the Oil Chemr:;rs and CoLour/sts ASsoclOllon
1991(3)98

CassIl LIndJ 1994 Nc\\ tcchnolog\ spCCdS cUrIng of urethJnes \fua/
rmwlinf5 i\ln\ pp 33 3)

SL'PERCRITIC -\L C-\RBO\ DIO\IDE -\S SOL \ ENT

DescriptIOn SupcrcntlC:l] CO flUld can bc used to repl:lce organic soh ents In com entIona]
coatIng formubtIons UnIon CJfblde has de\ eloped a s\ stem mnrJ..eted under
the tnde namc UNICARB \\ hlch rep!Jces orgJnlC soh ents for m:m\ lIqUId
cO:ltmgs Supercntlc:ll cJrbon dlo'\lde IS CO glS that h:ls been heated :lbo\e
ItS CritIcal temperature of 88 0 F :lnd then compressed to appro\.lmateh 1100
pSI untIl ItS denslt\ appro:lches that of a liqUId ThiS !lUJd IS slmJiar In

ch:lractcr to organic soh ents :lnd can bc used to repbcc soh ents m pamt
formulations reducmg VOC Ic\ cIs b\ up to 80 percent The CO soh ent IS
compJtlble \\ Ilh high molccular \\elght rcslns and e'\lstlng painting faCIlities
:lnd procedures enabling finishers to usc soh ent borne resin formulatIons
\\hIle Subst:lJ111alh reducmg VOC emlS~lons

ApphcatlOn of Supercrlllc:l1 CO, soh el1t coatmgs reqUIres m\ estment m new
eqUIpment for pamt ml'\mg handlmg lnd spra\ mg Supercntlcal CO,
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Secnon fllree

REFERENCES

Page b]

proponlonlng and supply units are a\ ~111able from at least one commercial
supplier The unit mixes coating concentrates :md CO. to produce a coating
with the requIred VISCOSity (see Figure 10) The coating then IS supplIed to a
speCiallY designed spray gun Coating/solvent mixes are applIed In the same
way as com entlOnaI paint (Nordson 1991)

In 1991 fh e coating formulators were hcensed to de\. elop manufacture and
market UNICARB s\stems These formulators are AJ..zo (automotl\e
components furniture) BASF (automotl\e) Guardsman (furniture), Ltlh
(furruture plastics heavy eqwpment) and PPG Industnes (automotIve heavv
equIpment) (MP&C 1991)

Busby D C C W Glancv K L Hov C Lee and K A Nielsen 199 I
Supercntlcal flUId spray application technology a pollutIOn preventlon
technologY for the future Journal of the Oil Chemists and Colourrsts
iJsoclGlion 1991(10) 362

Miller Wavne Paul and Tom Mornson 1994 Supercntlcal flUId spray
apphcatlOn of low pollution coatings for plastlc substrates In Proceedrngs
Pollullon Prevention Conference on Low- and No-VOC Coating
Technologies US EnVironmental ProtectIOn Agenev AIr and Energv
Engmeenng Research Laboratorv Organics Control Branch Research
Tnangle Park NC EP <\·600/R-94·022 Februarv, 1994

MP&C 1991 Supercntlcal C02 as a soh-em update on Umon CarbIde's
process Alodern Parnt and Coatrngs June p 56

Nordson 1991 UNICARB System Supply Units Amherst OhIO Product
Information



FIgure 10

Supercrltlcal Carbon DIoxIde Spray -\pparatus

CoatIng
Material

Sec(]on Three

MIxing
Valve

Spray Gun

Source Eastern Research Group Inc
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RADIATION-INDUCED THERMALLV-CURED COATINGS
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Infrared nucrov,ave laser or radIO-frequency radIatIOn can be used to heat a
flUId coating and Induce cunng by thennal mechamsms The cunng reaction
IS essentlallv similar to conventIOnal cUrIng m a convectIOn oven e'l.cept that
heat IS supplIed b\ radIatIOn (Pnul 1986 Poullos 1991)

Laser hentlng npplIed by a robotIc system produces accurnte heat mput for
rapldlv cunng thermoplJStlc or water-based coatmgs The Inser fusIOn S\ stem
ongmallv \\ns desIgned to cure fluorocarbon thennoplastlcs such as
polvtetrafluoroeth\ lene Cunng of other powder and "ater based coatings IS

currentlv bemg tested

Paul SwaraJ 1986 SurJace Coatrngs Science and Technology John Vliley
&. Sons New Yorl-. New York

Poullos, Mark 1991 Lnser Cunng of Fmlshmg Systems Pigment and ReSin
Technology 20(3) 6 March



SLCllon Four

SECTION FOUR
POLLUTION PREVENTIO'i STRATEG\

IntroductIOn The orgamc coatmgs mdustr\ IS affected pnmanjy b\ guidelines or regulatIons
goverrung \ obtIle orgamc compOlmd (VOC) content In liqUId coatings 'OC
regulatIons are bemg d;;\ eloped at the federal lc\ el b\ the L S ;:::D"\ 12 J

nwnoer of categones ot sources under the 1990 C-\ -\ '\ In aOJJtIon
regulatol"\ authontles In se\ eral states ha\ e dey eloped or are dey eloping t'lW
o\m VOC standJras CalrfomlJ has long been a leader In regulatIons to lImit
soh ent or VOC content In organic contlngs and other states ha\ e sInce
dey eloped or are dey elopmg regulations

Current VOC standards for coatmgs "al"\ depending on the partIcular mdust.r'
m questIon Pnorto 1970 the VOC content of most pamt \\as \\ell abO\ e baa
g VOC/I (5 lb/gal) Current major mdustrIal pamts nO\\ are limited to
appro~Imately 420 g VOC/I (3 ) Ib/gaJ) of VOC Stricter legIslatIOn m the
future \\111 reduce these levels further

VOC reduction strategIes can be pursued b\ eIther the coatings manu1acturer
or the coatmg user Manufacturer strategies differ from user strategies
Manufacturers can \,ork on refonnulatmg e~lstmg coatmgs to reduce VOCs
tlus IS commonlv done \\1th lugh solids coatmgs Coatings manufacturers also
can research or develop new coatmgs technologies WhICh are mherenth 10\\cr
VOC or zero VOC Po\\dcr coating technologv IS an e~ample of a zero \ OC
coatmgs system VarIOUS \\aterbome systems mJ\ also approach zero \ OC
or near-lero 'vOC content Manutacturers arc Imestlgntmg the posslOJlltleS
for 10\\ or zero VOC technologIes to replace present solvent based coatIng
S\ stems Their tecMlcal and commercia] potential IS assessed and deCISIOns
arc made on \\ nether to produce th:lt coatmg S\ stem for sale and \\ here I s;;e
for example R:md:dl 199'+)

Orgamc coatmg users are able to lni1uence pollutIOn prey entlon through their
chOIce of coatmg technology and m house prJetlces IndustrIes that currentl\
use coatmgs \\ lth hIgh le\ els of soh ents should investIgate the possibIlIties
that eXIst \\1th low soh ent low VOC coatmgs because of current and future
envlIonmental regulatIOns lIability Issues sales potentIal (conswner demand)
advertlsmg posslbdltleS and environmental frIendlmess ThiS Ckaner
Technologies GUIde IS dIrected to\\ ard coating users rather than
manufacturers

Because VOC luruts \:m from lOdusm to lOdusm and Since the regulatIons
are often ma state at flll\. Strict complIance methodologies cannOl be pro\ Idcd
for each mdustl"\ Instead a general strategy IS outlmed which allo\\ s the
mdustrv to e"4l111me the Issues and fonnulate a plan to move to\\ ards cleaner
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APPENDIX 6

InformatIOn Resources on the Metal FlnIshmg Industry

EP3
PollutIOn Prevention In Metal Finishing



To Request InformatIOn

•

I
I
I
I
I
I
I
I
I
I

What Is EP3?

The obJectl\ e of the Em lronmental PollutIon Prey entlon
Project (EP3) IS to establIsh sustainable pollution pre\entIon
program:> In developing countrIes The project pro\ Ides In
plant diagnostIc assessments and technIcal a:>Sbtance for
Industry and instItutIOnal support for governments It a!:'o
otter:, comprehensive mfom1allon and training service:> that
:>upport country specIfic programs to mItIgate en \ Ironmental
problems resulting from urban and mdu:>trIal pollutIon

What Is the EP3 Cleannghouse?

The EP3 Cleannghouse I~ an mfom1atlOn sen Ice that
collecb, compIles and acce:,:>e:> techlllcal reports booh.s
Journal artIcles, conference proceedmgs, and other matena!:,
on pollutIOn preventIon and dl~senllnates them to busmes~es

and gOY ernments m developing countnes The InfOnnallon
pro\ lded by the cleannghou:>e supports ancl complements
'::P3 s other techmcal assl:>tance actlVllle~

Cle,lrInghou:>e staff access materIa!:, and chla frol11lhe U S
Ern Ironl11ental ProtectIon Agency, the United NatIons
E11\ Ironment Progral11me the World Blnh. other U S
.:. gene) for Intemltlonal De\elopmenl (US-\ID) proJect:> 1:>
\ ell a;, other U Sand IIlternatlonll sources to pro\ Ide
Infomlatlon on all aspects of pollutlon prey entlon wJ{h
empnasls on Industnal applications of cleaner production
lecllnologles WhIle It:> focus IS pollutIon pre\ entlOn the
EP3 C1eannghouse also prOVides InfOmlatlOn on a broad
range of environmental Issues that may be of concern to
developing countnes and \"orh.s with INFOTERRA/USA to
obtam current worldWIde em Ironmenlal InfomlntIon

\Vho AI e Its ClIents?

The EP3 ClearInghouse \\as e:>tablI:>hed prInl1rI!\ to re;,polld
to reque:>ts from em Ironmentll profe:>slonl1s - both In the
prIvate sector and In govemment - In developIng countne:>
AdditIOnal audIences 1I1clude USAID MI~Slons throughout
the world other USAID programs, USAlD staff In Washll1g
ton, and U S \ endors of clean technologIes

Scope of EP3's InformatIOn Resources

The EP3 Cleannghouse maIntalIl:, an In house collectIon ot
pollution preventIOn materIa!:, that are a\ aIlable upon
request These matenals Include

• Industry specIfic case studle:> and repons th3,
de:>cnbe the processes, raw materia!:>, wa:,te:>,
flows, producllon costs and effects of
applyll1g pollutIOn preventIOn techniques and
cleaner productIon technologle:>

• Il1l0nnallon on the use and effectiveness of
pollution prey entlon method:> to address
urban pollullon problems,

• policy ~tudle~ and gUidance documents to
support the development of Institutions and
govenm1ent programs that encourage
pollutIon prevention,

• lc:chnlcal gUide:> that outlll1e how to establtsh
In plant pollutIon pre\ entlon prognnb lnd
ho\\ 10 conduct dlagno:>tlc 1:>:>e:>:>menl:> at
dltterent type:> ot Indu:>trnl tlcdltle:> lnd

• tnlntng nntenal:> \ Ideos and sltdes de:>tgnc:d
to Il1Crel:>e aWlreness or the em Ironment11
benefIts 1nd Improved production eftIclency
that can result from (he appltcallon of
pollution prey entlon techl1lques

Cleannghouse staff also mallltlIn a number of electronic
databases that enable them 10 acce:>s additIonll re:>ources to
supplemenl III hou:>e matern]s

\Vhere po;,:>lble mlterl'1b are 1 \ l1hble In French and
Spanl:>h a:, well as Engltsh Many document:> are a\aJlable
free of charge, bu( lhe cleannghouse re::.en es the nght 10

charge lor reproclucllons of VIdeo:> ~llde shows large
documents or other specrnltzed matenals

I
I

10 request mfomlatlon from the cleannghouse or to obtam a list of EP3 Clelrll1ghouse holdll1g:> complete the fonn on tl1\.. back
and fax It to Audrey Pendergast Clearll1ghouse Manager at 703/351 6166 To acces:> the cle1nnghouse \ la Internet u:>e
apenderg@habacocom In Egypt contact t-bstafa EJ.ssa at tel (20-2)341-7595 or fax (20-2)340-93 1



ActIOn taken

To be LOmpleted h} the EP3 Clearuzghome

Address to WhIch Matenals Are to Be Sent (If dIfferent from above)

DIstrIct/State
Country _

Date Needed

Dlstnct/State
Country _

Fax no

I~ Egypt Mostafa Elssa, Sr ProJe~ Englneer
"Dr Sarrur El t-'a.vc.::_, Sr P2 Enca"'ee
20A El Mansour Mona:7lec St
Zamalek, Calro 11211
ffiYPT
Tel (20-2) 341-7595
Fax (20-2) 340-9343

EnVironmEntal Pollution
PrEvEntion PrOjEct

ClEaringhousE

- -

CIty _
Postal Code _

)ate of Request

Ho\' do you plan to use the mformatlOn') _

Who \'1'111 be the ultImate user of the mformatlOn') _

IVlatcllals/lnformatlOn Requested

To Audrey Pendergast, EP3 C1eannghouse
1530 \Vl1son Boule\ard, SUIte 900
ArlIngton, VA 22209-2406, US l\.
Fax 703/351-6166
Tel 703/351-4004

Name -----------------------------------OrganIZatIOn _

Street Address
CIty _
Po~tal Code _
Tel no _
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Trade aSSOcIatIOns pertaInIng to Waste MInImIzatIOn m Metal Parts Cleanmg
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AbrasIve Engmeenng Soaety (AES)
1700 Pamters Run Rd
Plttsourg PA 15243
(412) 22]-0900

Aerospace lndustnes Assooahon
of Arnenca (AlA)
1725 DeSales St NW
Washmgton DC 20036
(202) 347-2315

AIr Polluhon Control AssocIatIon
(APCA)
POBox 2B61
Plttsburgh, PA 15230
(417) 621-1090

Amencan Chenucal Soaety
1155 16th St , NW
Waslungton, DC 20036
(202) 872-4600

Amencan Electronics Assoaahon
(AEA)
2600 El Canuno Real
Palo Alto CA 9430{,
(415) 327-9300

Amencan Electroplaters Soaety
(AES)
120] loUISIana Ave
Wmter Park, FL 32789
(305) 647 1197

Amencan Soaety for Metals (ASM)

Metal Parks OH 44D73
(216) 338-5151

Amencan SOCIety for T €Stmg
and Matenals (ASfM)

1916 Race St
Pluladelphla PA 19103
(215) 299 5400

AssOCIahon for Fmlshmg Processes
(AFP)

POBox 930
One SME Dr
Dearborn MI 48128
(313) 271 1500

ChemIcal Coaters AssocIatIon
(CCA)
Box 241
Wheaton IL 60187
(312) 668-0949

Chenucal Manufacturers
Assooahon (CMA)
1825 Conneencut Ave NW
Waslungton, DC 20009
(202) 328-4200

Chenucal Speoalhes
Manufacturers Assoo.ahon
(CSMA)
1001 Conneencut Ave NW
Waslungton DC 20036
(202) 872 8110

Electrocherrucal Soaety (ECS)
POBox 2071
Pnnceton NJ 0854D
(609) 924-19D2

Electroruc IndustrIes Assoo.atlOn
(ELA)

2001 Eye St , NW
Waslungton, IX 20006
(:202) 457-4900

Fabncatmg Manufacturers
As5OClilhon (FMA)

7811 N Alpme
Rockford,IL 61111
(818) 654-19D2



Federabon of Soaebes for
Cootmgs Technology (FSC1j

1315 Walnut
Pluladelplua, PA 19107
(215) 545-1506

Halogenated Oeanmg Solvents
Assoc1.abon (HCSA)
A..ffihate of SynthebC Orgaruc
Chenuca1 Manuiacturers

Assoa.a bon Inc
1075 Central Park Ave
Scarsdale NY 10583

lnsbtute for Interconnectrng and
Packagmg
Electroruc ClrCtllts (IPC)

3451 Church St
Evanston, IL 60203
(312) 677-2850

Metal Fabncabng lnsbtute (1v1FI)

710 S Mam St
Rockford, IL 61105
(815) %5-4D31

Metal FlnlSlung Suppllers
Assoaabon (?v1FSA)
1025 E Maple Rd
Bunungham M1 48011
(313) 646-2728

Nabonal Assoaabon of
Corrosion Engmeers (NACE)
1440 S Creek Dr
Houston TX 77084
(713) 492-D535

Nabonal Assoa.ahon of
Manufacturers (NA1vf)

1776 F St NYY
Washmgton OC 20006
(202) 331-3700

Nabonal Assoaahon of Metal
Fuushe:rs (NAM:F)

111 E Wacker Dr
Oucago, IL 60601

Nahonal SolJd Wastes
:l'vfanagement Assoaabon
(NSWMA)

1120 Connecbcut Ave NW
Washmgton, IX 20036
(202) 659-4613

Senuconductor Eqwpment
and Matenals InstItute (SEMJ)
625 Ellis St , Swte 212
Mountam View, CA. 94D43
(415) 964-5111

Seuuconductor Industry
A.ssoo.abon (SlA)

20380 Town Center Lane Swte 155
Cupertmo, CA 95014
(400) 255-3522

Soaety of Automohve Engmeers
(SAE)

400 Commonwealth Dr
Warrendale PA 15096
(412) 77~1

Water Polluhon Control
Federabon (WPCF)
2626 Pennsylvama Ave
Washmgton, ex: 20037
(202) 337-2500
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..... lSt of Penodlcals

Amencan PiUIlt and
Coatmgs Journ.li
Amencan Pamt Journal Co ,
2911 Washmgton Ave,
St Lows, MO 63103

Assembly Engmeenng
HItchcock Pubhshmg Co,
Geneva Rd.,
Wheaton,. IL 60187

Oeanmg - Fmlshmg - Coatmg
Digest
Amencan Soaety for Metals,
Metals Park, OH 44073

Electroruc Packagmg
and Produroon
Milton 5 KJ.ver PublIcabons, Inc ,
222 W Adams St ,
Crucago, n.. 60606

IndustrIal Flnlshmg
HJtchcock Pub!J.shmg Co
HJtchcock Bwldmg,
\Vheaton IL 60187

Iron Age
Clulton Co Inc
Radnor PA 19089

Journal of CoatIngs Technology
Federabon of Soaebes for Coatmg
Technology,
1315 S Walnut St, Swte 830
Pluladelplua PA 19107

LISt of Abstract Pubhcahons
Amenc.an Soaety for Metals
Annual ReVIew of Metals uterature
Clearung and Fuusrunr, Secbon L

Amencan Soaety for Tesbng
and Matenals
Speo.al Techruc.al PublIcabon 90
Metal Oearung Abstracts

Metal Fuushmg
Metals and Plashes
Pubbcabons Inc
One UruveTSlty Plaza
Hackensack NJ 07601

Metal FmlShmg GUidebook
and DIrectory
Metals and Plasbes
PublIcabons Inc
One Uruverslty Plaza
Hackensack, NJ 07601

Metal Fmlshmg Journal
Fuel and Metallurglcal
Journals Ltd ,
John Adam House,
John Adam St,
London WC 2N 6]H, England

Metal Fmlshmg Plants
and Processes
Fuushmg Pub1.Ic.abons Ltd
28 HJgh St,
Teddmgton Middlesex England

Metal Pro~s
Arnenc.an Soaety for Metals
Metals Park OH 44073

Plahng and Surface Fmlshmg
Arnencan Electroplaters Soaety,
Inc
1201 Lowslana Ave,
Wmter Park, FL 32789

Metal FlillShmg Abstracts
FlillShmg Pub1.Icabons Ltd ,
28 HIgh St,
Teddmgton Middlesex, England



Trade aSSOciatIOns pertammg to Alternative Metal Fmlshmg

AbrasIve Engmeenng SocIety Alumultun AnodlZers Council Alurrunwn AssOCiatIOn
108 Elhot Dr 1000N RandRd Ste 214 900 19th St N W
Butler PA 16001 Wauconda IL 60084 Washmgton DC 20005
412/282-6210 708/526-2010 202/862 5100

708/526 3993 FAX 202 862-5164 FAX

Amencan Cherrucal Society Amencan Electroplaters' and Amencan Galvaruzers
(ACS) Surface Fuushcrs' SocIety AssocIatIOn
II 55 16th St N W (AESF) 12200 E Ihff Ave Ste 204
Washmgton, DC 20036 12644 Research Pkwy Aurora CO 80014-1252
202/872-4600 Orlando, FL 32826 303n50-2900
202/872 6067 FAX 407/281 6441 303n50 2909 FAX

407/281·6446 FAX.

Amencan Institute of Chenucal Amencan National Standards Amencan SOCIety for
Engmeers (AlChE) Instltule (ANSI) Nondestrucuve Testmg (ASNT)
345 E 47th St 11 West 42nd St 13th Floor 171 1 Arlmgton Lane
New York NY 10017 New York NY 10036 POBox 28518
212n057338 212/6424900 Colwnbus, OH 43228 0518
212n52-3297 FAX. 212/398-0023 FAX 614/274 6003

800/222 2768
614/2746899 FAX

Amencan SOCIety for QUalIty Amencan Soclely for Testrng Amencan SOCIety of
Control (ASQC) Matenals (ASTM) Electroplated Plastics (ASEP)
3 lOW Wisconsrn Ave 1916 Race St 1101 14th St N W Ste 1100
MJlwaukee W1 53203 Phtladelprua PA 19103 1187 Washmgton DC 20005
414/272 8575 215/299-5400 202/371 1323
414/272 1734 Ft....X 215/977 9679 FAX 202/37l 1090 FAX

Amencan Zrnc AssoclatlOn ASM InternatIOnal ASSOCtaClO Brastlelra De
1112 16th St N W Ste 240 Matenals Park OH 44073 Tratmcntos De Superficlc
Vv aS1l1I'gton DC 20036 216/338-5151 (ABTS)
202/8350164 216/3384634 FAX Av Pauhsta 1313 9° Andar
202/8350155 FAX Con) 913 Cep 01311

Sao Paulo SP BrazIl
5511289750]
55112512588FAX



I
AssocIatIOn Francalse Des AustralasIan InstItute of Metal Bu;nDer Rec, chng ASSOClallon

• Ingerueurs Et Tecluuclens De FlillshIng of North Amenca (BRANA)
L'Electrolyse Et Des Clurnes Ross House 1730 N Lynn St Ste 502
Traltements De Swface 191 Rm al Parade Arlrngto'1 VA. :::09

I
5 rue Le Bua Parkvllle Vlctona 3052 703/525 1191
Pans 75020 France Austraha 703/2768196 FAX
140300680 613 3472299

6133479162 FAX

I Cadnuurn Councll Inc Canadian AssociatIOn of Metal Cherrucal Coaters AssocIatIOn
12110 Sunset Hills Rd • Ste 110 Flillshers InternatIOnal (CCAl)

I
Reston VA 22090 14 Vrntage Ln POBox 54316
703n09-1400 Thomlull Ontano Crncrnnall OH 45254
703n09-1402 FAX L3 T I X6 Canada 513/624 6767

4l6n31·4458 513/624-0601 FAX

I 416n31-5884 FAX

Coated AbraSives Copper Development Deutsche Gesellschaft fur

I
Manufacturers' InstItute AssociatIon Inc Galvano und Oberflach-
1300 Swnner Ave 260 Madison Ave 16th Fl entechruk e V (DGO)
Cleveland OH 44115 2851 New York NY 10016 Hononplalz 6 D-4000
216/241 7333 2121251·7200 Dusseldorf Gennany

I 216/241 0105 FAX 212/251 7234 FAX 211 13 23 81

Electrocherrucal Society (ECS) Gas Researcn Institute Gold Institute

I lOS MaInSt 8600 W Bryn Mawr Ave 1112 16th St N W Ste 240
Penrungton NJ 08534 Clucago IL 6063 1 WashIngton DC 20036
609n37-1902 313/399 8100 202/8350185

I
609n37 2743 FAX 312/3998170FAX 202/8350155 FAX

Halogenated Solvents Industry Institute for InterconnectIng & Institute of Metal FInlshmg
Alhance Pad.agmg Electroruc ClfCUlts (Il\1F)

I 2001 L St N W Ste 506 (!PC) Exeter House
WashIngton DC 20036 7380 N LIncoln Ave 48 Hollowa) Head Bummgham
202n752790 Lmcolnwood IL 60646 Bl Q,'lQ England

I
202/223 7225 FAX 708/677 2850 44216227387

708/677 9570 FAX 442166663 FAX

InternatIOnal Copper Inte'11atlOnal Hard AnodlZ.JI1g InternatIOnal Lead ZInC

I ASSOCiatIOn Ltd ASSOCiatIOn Research (ILZR)
260 Madison Ave 14300 Meyers Rd 2525 Mendlan Parkway
New York NY 10016 Detroll MJ 48227 Research Tnangle Park NC

I
212/251 7240 313/834 5000 27709
212/251-7245 FAX 313/834 5422 rAX 919/361-4647

919/361 1957 FAX

I
I
I ')1"-;..,



International MagnesIUm InternatIonal PreclOus Metals InternatIonal SocIety for Hybnd
AssocIatIon InStltute (IP:NfI) MJcroelectrorucs (ISH:M)
1303 Vmcent PI Ste 4905 TIlghman St POBox 2698
McLean VA 22101 AJlentown PA 18104 Reston VA 22090 2698
703/442-8888 215/395 9700 703/471 0066
703/821 1824 FAX 215/395-5855 FAX 800/2324746

703/471 1937 FAX

InternatIonal Thennal Spray Lead Industnes AssocIatIon Inc Manufacturers Jewelers &.
AssocIatIOn 295 MadIson Ave SIlversmIths of Arnenca
12 Thompson Rd New York NY 10017 100 IndIa Street
East WlIldsor, CT 06088 212/578 4750 ProVIdence Rl 02903
203/623 990 I 212/684-7714 FAX 40112743840
203/623-4657 FAX 401/274-0265 FAX

Mass F1Illshmg Job Shops Metal F1Illshmg AssocIatIOn Metal F1Illshmg SupplIers
ASSOCI alton FederatIon House ASSOCIatIon (1vfFS 6,.)
1859 Oruon Cneek Rd 10VyseSt 801 N Cass Ave
ColvIlle, WA 99114-9623 Bunungham BI8 6LT England Westmont, IT.. 60559
509n32-6191 44 21 236 26 57 708/887-0797
509n32 6191 FAX 44212363921 FAX 708/887-0799 FAX

NatIOnal AssocIatIOn of NatIOnal AssocIation of NatIonal AssocIatIon of Metal
Arclutectural Metal Manu CorrOSIon EngIneers (NACE) Fuushers (NAMF)
facturers (NAA.M1'vf) 1440 5 Creek Dr 40 I N MIchIgan Ave
600 5 Federal5t Ste 400 Houston TX 77084-4906 ChIcago IL 606114267
Crucago IL 60605 713/492 0535 312/644 6610
312/922 6222 713/492 8254 FAX 312/321-6869 FAX
312/922-2734 FAX

NIckel Development InstItute PorcelalIl Enamel InstItute SocIety for the Advancement of
214 Kmg 5t W Ste 510 1101 ConnectIcut Ave N W Malenal and Process
Toronto Onlano Ste 700 EnglIleenng (SAMPE)
M5H 356 Canada WashIngton DC 20036 1611 Park.ms Dr
416/591 7999 202/857-1134 CovlIla CA 91724
416/591 7987 FAX 202/223 4579 FAX 818/331 0616

818/3328929 FAX

SocIety of AutomotIve SocIety of Manufactunng SOCIety of PlastiCS EngIneers
EnglIleers (SAE) EngIneers (SME) (SPE)
400 Commonweallh Dr One 5ME Dr POBox 930 14 FaIrfield Dr
Warrendale PA 15096 Dearborn MI 48121 Brookfield CT 06804 0403
412nn 7129 313/271 1500 203n75 0471
412n76 2103 FAX 313/271-2861 FAX 203n75 8490 FAX
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Society of Vacuum Coaters
(SVC)
440 LIve Oak. Loop
Albuquerque NM 87122
5051298 7624
505/298 7942 FAX

Tm WormatlOn Center
1353 Perry St
Columbus OH 43201
614/~24/0200
614/4246924 FAX

Tltaruum De\ elopment
A:,soclatlOn
4141 -\.r3D3I'0e -\ \ e S e 1(;0
Boulde- CO S0303
303/443 7515
303/443 4406 F...0.



Trade aSSOcIatIOns pertammg to OrganIC Coatmg Remov11

ASSOcIatIOn for FInIshmg Processes
of the SocIety of Manufactunng
Engmeers
PO BO"l( 930, One SME Dnve
Dearborn, MI 48121

tel (313)271-1500

Federal SocIeties for
Coatmg Technology
492 Nornstown Road
Bluebell, PA 19422
tel (215) 940-0777

InternatIOnal Orgamzatlon
for StandardIzatIOn
1, rue de Varembe
Case Postale 56
CH-1121 Geneva 20
SWITZERLAND
tel 227490111

NatIonal Pamt & Coatmgs Assoc
1500 Rhode Island Avenue, N W
WashIngton, D C 20005
tel (202)462-6272

Powder CoatIng Institute
1800 DIagonal Rd , Ste 370
Ale'\andna, VA 22314
tel (703 )684-1770

Radtech InternatIOnal
60 Revere Dnve, Ste 500
Northbrook IL 60062
tel (708)480-9576

SAE
400 Commonwealth DrIve
Warrendale, PA 15096-0001
tel (412)776-4841

•
I



Trade aSSOcIatIOns pertaInIng to OrganIc CoatIng Replacements
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lunencall Irstl[u'e 01 Cnem cal
EngIneers (AlOE)
3'l:;,E 47thSt
Ne\~ York NV 10017
21W05733S
2 12n ) 2 3297 - .......x

Amcncan Natlo'ul Standards
Institute (ANSI)
II Wcst 42nd St 13th floor
New York NY 10036
212/6424QOO
212/3980023 fAX

I'JchllectUIal Spra; Coa[crs
ASSOCiatIOn (ASCA)
230 W Wells Ste 311
Mlh~aukee WI 53203
414/273 3430

ASSOCiation of Industnal
Metalhzers Coaters and
LamInators (AIMCAL)
211 N Union St Ste 100
AJexandna VA 22314
703/684 4868
703/634 4873 f r.J.

European Coil Coating
ASSOCiation
47 rue Montoye
B 1040 Brussels Belgium
(2) 5136052

Halogenated Solvents Industry
Polliance (11S1 A)
2001 L St N V' Ste 506
Washlng'or DC 20036
202n7) 2790
202/223 7225 FAX

NatIOnal Col! Coaters
ASSOCIatIOn (NCCA)
40 I N MichIgan Ave Chicago
IL 60611 4267
312/644 6610
312/321 6869 f A.A

Me can Socle!, 10

Nondeslfuctl\e Teslmg (ASNT)
1711 I'Jllngton Lane
POBox 285 I 8
COlurrlbUS OJ.-l43228 0) 1S
61412746003
800/222 2768
D14/274 6899 FAA

Amc lcan Chemical Socle1'"\
(ACS)
II :;,~ IGthSl NW
Wasnlngton DC 20030
202/872 4600
202/872 60D7 f!0..

Assocla Ion of Mctal Spra) crs
(AMS)
5 "cats Rd
Stratford upon Avon
Warwickshire CV37 7JL
England
(789) 20 966 J

european ConfederatIOn of
PaInt PrInting Ink and ArtiSts
Colours Manufacturers
ASSOCiations (CEPE)
4 ayc [ Van Nlcu\\enhuysc
B I 160 Brussels Belgium
(2) 67b7480

Federatlor of Soclelles for
COwl ngs Technology (FSCT)
492 NomstowTl Rd
Blue Bell PA 19422
215/940 0777
21 )'9..\0 0202 Fp.J.-

Inlernatlonal Committee to
Coordlnale Actlvilies of
Technlc11 Groups In the Coallng~

Indus!!) (I CCATCI)
34 cnernln du Halage
F 9».10 ic!) sur 015::: Fr:lIlce
(I) 4867)224

Nallonal Paints & Coatings
ASSOCiatIOn (NPCA)
1500 Rhode Island Ave NW
WashIngton DC 2000
202/462 6272

AmerIcan Soc etv for Test ng
Male lalS (..... ST\1)
1916 T<.ace S
Phll3cie l Dnlw p A. 191 OJ 1187
21:;, ~Q9 ~.,~~

21 :;,/977 90791A.A

!uncrIcan SO,-IC[\ for QLallt'
Control (I\SQC)
J 10 W WISCO'1SIn /\ C

Mil\-au\.c,- \VI )3203
414/272 8)7)
414/272 173., FAX

ASSOCIation of flnls'lIng
Proccsses of the Society of
ManufactUrIng Englnecrs
PO 80'( 930
One SME Dr
Dearborn MI48121
313/271 1500

european TechnIcal ASSOClallOn
for Protecll\ e Coatings
(ETAPC)
RIJenlanddreef 19 bus 5
B 2170 Mcrkscm Belgium
(3) 610J373

federation of the ASSOCla[IO'1S Of

TechnICians of the PaIn! \ ::L'TL'

Enamel <lIld Pnntmg 1nk
Indusmes of Contlnenlal Europe
(FATIPEC)
28 rue St Dominique
F 75007 Pans France
(I) 48675224

NatIonal ASSOCiatIOn of Metal
Finishers (NNv1F)
401 N Mlchlg:lIl Aye
ChIcago IL 6061 14267
312/6446610
312/321 6869 FAX

National Paint DIstributors
(NPD)
701 Lee St Ste ]020
Des Plames 1L 60016
708/297 6400



Nolllon:ll Assocl:ltlon of Pipe
CO:ltlOg Applzc:ltors (NAPCA)
Commerctol Natl Bank Bldg
8th FI 333 Texas SI
Shreveport LA 71101 3673
318/227 2769
318/222 0482 FAX

PO\~der CoallOg Instltule (PCI)
1800 Diagonal Rd Ste 370
Alexandna VA 22314
701/'~8J 177C>

S")L.l~ty of At- ,roil L. En gl1let.r~

(SAE)
400 Commonwealth Dr
Wmendale PA 15096
412nn 7129
412n76 2103 FAX

Steel Structures PaInllng Cot-net!
(SSPC)
4400 5th Ave
Pittsburgh PA 15213 2683
412/268 3327
412/2687048 FAX

National Spr:lY EqUIpment
Manufaclurers ASSOClallon
(NSEl\1A)
550 Randall Rd
Clym OH 44035
216/366 6808
216/8922018 FAX

Radl<:ch InternallOn:ll
60 Revere Dnve
SUI Ie 500
No-thhrool IL 60062
70811 SO 9576

SOCiety of Ma."'l ...f.1c[u Ing
f:.nglneers (SlvlE)
One S1vfE Dr POBox 930
Dearborn MI48121
3 13/271 1500
313/2712861 FAX

Transocean Marine PaInt
Assoclallon (TMPA)
Prins Hendnl...hde 14
NL 3071 I<B Rotterd:lm
Netherlands
(10) 4134477

Paint Bodv :l"'d E1l.lprre'1t
AssociatIon (PBEA)
c/o Martm fromm and Assoc
9140 Ward Pky
Kansas City MO 64 I 14
816/444 3500
816/444 0330 FAX

Roof Coatmgs Manufaclurers
ASSOCI:lIIOn (RCl\1A)
6000 Execullve Blvd Sle 20 I
Rod..v lie ~ID 20852 3803
3011230 ~501

10 IISS I 6572 F-\.X

SOCIt.') 0' PIJS ICS E Igme'"J
(SPE)
14 r:urlield Dr
BroolJield CT 06804 0.103
203n75 0471
203n75 8490 FAX

I
I
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APPENDIX 7

EP3 Metal Fmlshmg and Electroplatmg Case Studies

EP3
f'olwlIon Pre~el1l1on 111 Aletal FIIl/y,hmg
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EP ~ CAse STUDY
~
Environl1lElltal Pollution
Pl"EVEIltion ProjEct

Pollution Prevention Assessment
for an Electroplating Facility
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What IS EP3;:>

The amount of pollutants and waste generated b, mdustrlal
faCIlIties has become an mcreasmglv costly problem for
manufacturers and a Significant stress on the enVironment
Compames, therefore, are lookmg for ways to reduce
pollutIOn at the source as a way of aVOJdmg costly treat
ment and reducmg environmental habIllt) and complIance
costs

The Umted States Agency for InternatIonal Development
(USAID) IS sponsonng the EnVironmental PollutIOn
Prevention Project (EP3) to establIsh sustamable programs
m de, elopmg countrlcs transfer urban and mdustrlal
pollutIOn preventIOn expertise and mformatlOn, and support
efforts to Improve environmental quality 111ese objectIves
arc achlc\ ed through tcclmlcal assIstance to IIldustn and
urban IIlstltutlOns, dc\ clopmcnt and dell' cn of trammg
and outrcach programs and opcratlon of an mformatlon
c1cannghousc

EP3's ASSESSmEnt PrOCESS

EP3 pollution preventIon diagnostIc assessments consist of
three phascs pre-aS'ieHment aHel ~men( and po,(
(II It:. "/Inn! Dunng p,e-a~,e~,men( EP3 In countn.
rcprcscntall'cs dctcrmlnc a faclht) s sUltablht, for a
pollution preventIOn asscssment sign mcmoranda of
abreemcnt \\ lth cach facJlIl) selected and collcct prclllnl
nary data Dunng asseHment a team compnscd of U S
and m-country experts In both pollution prevention and the
facllIt} 's mdustnal processes gathers more detaIled
mformatlon on the sources of pollutIOn and Identifies and
anah zes opportunIties for rcducmg tillS pollutIOn Fmally,
the team prepares a report for the facdlt) s management

detailIng Its findmgs and recommendations (mcllldmg cost
savmgs, Implementation costs and payb1cJ... tllncs) Dunng
pos!-as,essment, the EP3 m-countT} rcprescntatlve ,\orJ...s
With the faCIlity to Implement the actions recommended m
the report

Summary

TIus assessment evaluated an electroplatmg faclhty TIle
objectIve of the assessment was to propose a program of
pollution preventIOn that would (I) reduce the quantIty of
tOXICS, raw matenals, and energy used In the manufactur
Ing process, thereby reduclllg pollution and worJ...cr
exposure, (2) demonstrate the environmental and econOllllC
value of pollution prevenLJon methods to thc electrophtlllg
mduslT) and lInprm c opcralmg cfTiclenc\ and product
qualIt'

TIle assessmcnt "a~ performcd b\ an EPl te1m cOl1lpn~cd

of an e,"pcrt III elcctroplatmg and a pollution prevent lOll

specialIst

0, erall the assessment Identified 18 pollution prevcntlon
opportumtIes at thiS facJ1lt) RecommendatIOns for pollu
tIOn preventIOn lIlclude replaCIng the solvent degrcascr
\\ Ith an alJ...aIlIle c1cancr lInprovlllg process solution
mOnItonng and captunng 1nd retunllllg 100 percent of
chrOllllum dragout to the process solution

FaCIlity Background

This faCIlIty IS an eleetroplater that perfomls ZlIle, nlckcl,
brass and chrome platmg Seventy percent of production IS
eompnsed of brass artlclcs The faedlty operates With 23

I
I

~P3 is sponsored by the U.S. Agency for International Development .



Figure I Overview of Facility's Electroplating Process

Caustics cyanide

Racking

Cyanide
contaminated
waste water

Nickel plating

worl-..er<; \,ho \Vorl-.. 111 a SIngle R hour slllft ,00 d1\ s a
\ ear ApPW\11ll1teh 15 m of metal surfaee IS fintshed per
day

Manufacturing Process

Facillt\ operations can be dIvIded Into five mam steps (1)
poltshmg (2) c1eantng (3) rackmg (4) elcctroplatlllg and
("l) gtldmg as shown 111 FIgure 1

Parts are first polished Pohshmg paste IS applied to
statIOnary belt sanders to provide the necessary abraSIon
The parts are then pohshed WIth the sanders Dust gener
ated bv the pohshmg process IS collected by vacuums
connected to each machme

Pnor to electroplatmg man\ parts are cleaned m a vapor
degreaser that uses tnchloroethylene (feE) to remove

grease and other lI11puntles Parts remo\ ed from the
degreaser are dned \\Ith paper to\\c1s

The facIlity electroplates many different kmds of parts
Several parts are hung on speelal racks that arc constructed
specifically to handle the part Other pieces arc plated m
basl-..ets that are placcd direct!> m the solutIOns

The electroplatIng hne consists of washmg tanks TlnSIng
tanks, and ntcl-..el and chrome platmg and recuperatIOn
baths A copper C) antde bath IS located across from the
hne and IS used to plate zamak before It IS plated to nickel
and chrome An platmg IS manual Times are not exact,
and there IS considerable vanatlon m soakmg times among
different parts and different workers

Before glldmg parts are nn"ed m speCIal nnse baths TIley
are then Immersed m glldmg solutIOn for less than a
mmute

•

I
I
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EXEcutiVE Summarhj

Tim lS~eS~ll1el1tdet<lils the e\alulttol1 of the nlc~ellnd

ZII1C platll1g hiles It a motorc\ cle compol1ent suppher
The objectives of this assessment \\erc to 1) Identify
pollution prevention options that would reduce the
quantity of to\.ICS, raw materials, and energy used III
the manufacturing process and thereby reduce II1dus
trnl poliUtlOI1 al1d \\or~cr e"posure to to"IC chemicals
2) demonstrate the elwlronmental and economic value
of a comprehensive pollution prevention assessment,
and 3) linprove manufacturll1g competitiveness and
product quality for thIS facJ1lty

The ISSeS~lllel1t Idel1tlfied 20 pollution ple\el1tlOI1
opportUl1ltles 10 \\ere clas~lfied as a #1 (high) pllOIlty
R15 1 W2 (lllec!l\lln) prIorlt\ and 2 " 1 -13 (10\\)
rrlorlt\ TI e~e OptlOI1~ \\ III gc le"~tL :II ll1Cl1, bel1efit,
lQlllllteci It US';;G3 ':;00 al1l1ull" lp1u, 111 ldditl0l111
ol1e tlille S1\ II1f-S of $1 000) If lllthe reOllirelllel1ts ll1d
1<;~Ulllrtlo 1~ ~re lle The totl1 111\ e<; me 1 :0" tile
proposed cl'll1ge~ 11ll0l I1tS to 1 ol1e tll,lC CO~l C
$10060 ll1d 111 al1l1ual cost Of$b40 (the figule~ for
both cost<; and benefits do not lIlclude ~evcral opportu
11ltleS which were dIfficult to quantlf\ due to lac~ of
lIlfOrlllatlOI1 but are assuilled to PIO\ Ide eo,t 51\ 111gS)
Qlnnttfied p1Vbac~ periods are all rehtl\ eh ,hort
rll1gll1g frolll one \\ eel-- to three 1ll011th~

B IIllDlellll-l1tll1t, thc rCeOIllIllCl1d~t1ol1<; tllC C0I1,!J111
Cll1 e"pect ~lgnlflelnt benefits 111 lllal1" areas These
lIlclude reduced volume of wastewater, reduced
chemlcallcqlllrcments, reduced reject lates and a
lower e"posure of\\orkers al1d the surrounding envi
ronment to hazardous chell11cals

Faclilthj Background

ThIS facillt\ IS lIlvolved In the 1l11l1Uhl.tUIl 01
motorcycle component~ <;uch 1~ bl<;kct\ lIld l. 1I11Ll
rac\....s houschold mctal warc<; and olhu mL.l d
products The company has two plalll1g plants, Im...lluJ
500 meters apart, one for IlIckcl and chromc UCpo'\lllon
and one for ZIl1C platll1g Both plant,> have heen open
Sll1Ce 1976 Thc) emplo) 110tl1 of221 \VOl J..u, lIld
operate one sluft per day, 5 days a wec'"

Manufacturing PrOCESS

Thc nl1l1ufacturIl1g ploce~~ U1I!l/l~ 1110\11 (JOO ROO 101l~

of metal al1l1uall) l\1L.ll1111lIU 111111PU1~ 1.01l~1~1 01

mctal ~hect rods 'l1d tubc<; Rod~ tubl.\ 1 IIII ~OIlll

~hcct llletl! go to Ihl- cllIIIll!.!, IlllChll1L~ \\ lull. llll IL~1 01

the ~hect !l1ul1 Loe~ dlllLth ll) thL Pll"II1U~t lI11pll1_
l111chllle~ (IPpIO\llllltel) 10% 01 thl. II1PUlllld\ up l~

,Clip) Sub~eqllcl1th thlll- 1\ llllt 11 \\cldll1~ InllO\\ul
b\ grlllLJll1g of llllfil1l~hlll p 11 to \\ l~ll- 110m till
gl I 11C1 JI1g process 1I1Lluc!l-, lllelll C1ll,[ ll1c! IIIlL\

After grlllding Pllt~ arc ~clll to elthel lhL III1C 01 thc
I1lckel/ehrome platc Ill1cs [,ch lllll.ln, 11'.0\\11
pretrel1ment cqulpll1el1l but both Ill. h,<;IC dly IhL
~1111e 1 he fir~t nrctrelt!l1l11t ~Ilp l.OI1~I,t\ Of 11l110\ IllS
grC1Sc ll1c! Pl1tll-llhtc" flOIll the "llllICl- of \ll1fil1l\hul
rnJ1~ llSlI1g dlC~l-1 oIl " 1 ~oh Cilt Othll l-0ll111H1l1
rlctrcllmCl1t 0rclltI0I1<; \,-uch 1S (kt-ILl~II1S pld,lll1l:
ll1c! rInsll1g) follo\\

The Zll1C plating 0PClltlOIl 1<; dIVIded Il1tO two \)',lum
b,rrel and lac~ phtll1g /\ scml autolll1[lC 1111chll1L 1\

used 111 thc blrtel wstCI1l alld 1111 III11 I cqulplllent I~

uscd In thc rac~ sy<;ICI1l Pl1t~ lIe phled WIth lllll. ,IHI



FIgure f OvervIew of FaCIlity's Electroplating Process
ZINC PLATING LINE NICKEL PLATING LINE
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Dr"lgoul ..~ I (rack SIYSlem) _I l_ (~e~lsys~e~ ~~ _9 _/ f--__-.;l Overflow Rinsing ~ Dragoul .......
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'-. ----- Dlpp ng D pp ng

- L~ /:n:hed:a:: - ..J

,. ----- --....,.

\I LLOIOr cel thIOllgh thc u<;c of chromntc pnsslvntlon
~()11l1101l~ fill cc ell ffcrellt so Jutlons arc uscd whltc
\Lllll\\ 11)(1 bhci-.

III thL Illdcl/chromc IJI1C both automatIc and manual
raci-. plntll1g arc used Parts are plated first With nIckel
1nd then With hc\.nvalcnt chrome for Illcrcascd wnter
lL,,\<;tlncL lnd Inrclncss

EnVIronmEntal ProblEms

JIll<; f lclllt) hns ,cvcral watcr and air pollution
pI oblcms, and uses both matenals and energy lIleffi
clcntly The wastcwater treatment system does not
ncutralIzc all of thc harmful contamlllants before they
.lrC dIscharged Into a nearby stream Contammated
flUid, cntcr thc wastcwater stream Via dragout drop
ping onto thc floor and bus pancl chromatll1g which IS

donc ducctly on thc floor fumcs and stcam are
cmlttcd from a number of baths, especially the heated
<;oak clcanll1g c1cgreasll1g electrocleanlllg, and platlllg

baths Thcrc IS a trcmendous amount of \\ astcd
chcll1lcal, along both 1ll1cs as \\ cll 1<; 1 11Igh numbcr of
rCJccts and scrap 1111tcrl1! Encrg) IS uscd lllCfficlCllth
becausc of low production ratcs

Pollution PrEvention OpportUnitiES

Of the 20 pollution prcventlon opportunltlcs Idcntlficd
II Involvc the zmc platmg 1ll1c 5 Il1volve the nlch.cl
platll1g lll1c and 4 Illvolve the \\aste mnnagcmcnt
svstem for nlch.cl platlllg Tcn OpportllllltlCS havc bccll
classIfied as hIgh prIOrity Bccause of space consldcr
atlons, only these tOP-PrIonty opportUl1ltles are out
lIned here and 111 Table I, whIch detarls the environ
mental benefits aSSOCiated With these opportllllltlcs,
and the projected Implementation costs and savIngs

Zmc P/ar/l1l: L/I1c
Dr'lgollt MUllrtllzatlOn Currcntly, parts housed on
racks and 111 barrels are not properly drall1ed before
bell1g moved from one tark to another Chemlenls



It hl-'} • O..! I II I Puh III.U/(}'i

EP ~ CASE STUDY
~
Envh..nmmlill Pellullan
PrEvm1I8n PrejEct

Pollution Pre\lention J-L\ssessIllcllt
f01· a Metal Finishing Plallt

I
I
I
I
I
I
I
I
I

EXEcutiVE 5ummarkj

A. pollullon prc\ cntlon dlagno<;tlc lSSCSSll1cn' \\as

condUClcdl11 I11clal finlshlllg planl Thc obJectl\ cs of

tim lSSCSSl11cnt \\crc to I) Idcntlf, pollution

prevention options that would reduce the quantity of

to\.ICS, raw matenals and energy used III the

mlnuf1cturlng proccss and thercb\ rcduce IIldu<;lr 111

POllUtIOn and worl,er e\.posure 10 to'\IC chemicals, 2)
demonstrate the environmental and economic value of

a cOl11prehCnslve pollution prevention assessment and

3) I111 plOve manufactunng competitiveness and product

qll1l1l) fOt Ihl<; f1CllJt) The l<;scssmcnl lClm con<;lsted

of 1 U C; elcclrophllllg e\.pen 1 U S IO\.lcoIO);I<;1 1

10Cli con<;ullanl lnd 1 10Cli en);lIlccr

Gl<;~(' on Ol'<;el\ llion<; a! Ope"111C1lh ltlC1lcll\ IlIC<; In

lhL nil 11111 dl<;cus<;lon<; \\ III ln~ rl~nl <; tel-lllllcli

dlleelor 11ldlhe Illll11gel of the rllilt <; eiLclrC1phtln!:

0f'L11lI011<; the rem Idelltlfied CI!:-ht pollllllOIl PI~\CI1

tlO, C1PI'(1 11111 C \ lC11 ~ tl'll ,"~ Il'L'le I'

0IIlIOll e\.lq<; 10 SC\ e.ll 01 thl. 0PI)C" dJllltle, 10 I

aile lime 111\ eSll11Cnl of bCI\\ccn US£6 000 $16 000
(clcpcncllllg upon Ihc option 01 optlon<; cho<;cn) thc

f lCIIII' could Sl\ e bct\\ ccn $29 700 ltlC! $38 600
lnnul1lj In many cascs <;<lYlngs arc contlllgcntupon

Il11plcl11cntltlon of other optlon<;

[3CC~lI<;C 11ll. 0\CllII11Cllll\ 0lll. 11101' llC
C1\ 11011111C111111\ 'iOlll1d 11111CI1 OI~IIK 'il\ 111::-'i :111 ,_

leer lied IhlOugh simple 1tlC! Il1e\.penSI\ e eillnges such

as Increased monitoring and trall1lng (only two of the

options requite 1 capilli outla\ of oyer SI00) III

reluln the<;e IccommClldatlolls \\I11Icduce rCleclrale<;

lncl proccs'i solution los<; lnd CI1\ Irollmentll problcm'i

lssoelated \\ Ith solvcnt usc

Facilrtkj Background

The f1cIllt\ produce<; Ch1C1IllL plltLd elnol ~Ilob'". Illd

other zamak-c'l<;t 111r cI\\ are fell U<;L III ilomL<; Ind

autoIllobiles Plant 0pclatlolls IllLludL '".IllLlllllg.

pohslung c1canll1g elcctrophtll1g and nc;c;Lmbly IhL
plant employs 105 pcrmanent \Vorl-cre; and 35
(eIllp0rll\ \\OlhLl<; 1 h.. filll1 lI<;l.'". lhll.l '".11111'-. t\)

operate Its dlc castlllg and platlllg 0PCI III 011.. 24-hmll"
a day 5 days per weeJ.. The plnnt IS c'\lrcmdy ell III

\\ell vcntIlnted, lnd efficlcnth Ilid Ollt In h IIldlL IhL

numbcr ofdllfell..nt OpCl.lllOll'i th It ta~L pi ILL III ,

fa II h LOlll P1CI <;1' ILL

Manufacturing PrOCESS

Tile I1cIL(\ '-.0 1'" 111011'-. 11l~lllilc II\l. 11 l'-.Il pl'lll.'-.'-.l

dlc Cl'illllg poll'".hlll_ LIL 111111::- ekell np\ !tlIlL 11111

l'i'iLl11bh (Il.fll to r l!:-lIlL I)

IhLlIIC'-hllll_PI\ll.l.'-.'llllllll. III illlI\ Lillu'

71mlh. eOIl'".t'ilI Il!:- 01 /111L (()(1%) 1I1IIllII1l111l ( l"n)

alld trlce amoullt<; of coppu Illd nllg11L'-.Iulll I ill.

71lll1~ 1<; llldted mel thcll L 1'".( Illln p 111'". 1I'".1I1!:- OIlL (II

fOUl die Cl'i{lllg 1111Lh1llL'-. C 1\1 P 111'". lIL prndllLul nil

I fr'lllle The'iL fl II11C'". 1"'0111 Ick flOI11 / 1111 I~ Ill.

'iCpll1led f 0111 tl1l. plll'-. 11ld IlL\Llcd InL~ Illlnthl.
Cl'ilII1S 1l11ch1l1C'i I'll\<, ILI110\Ld IIOl11 IllL If lllll.'-. Ill.
IIl'iPCCtuJ 11ld tlll11I11UI 11](1 (kiLl.II\ l. P III IlL fllllillUI
10 Ihe. ea'iIIl1S nl1ChlllL

Manual pollshlllg of 11111dle<; phle<; doni kllob<; 1IIe1

other fi\.tul e<; tl~e<, phce III 1 <;Lp 1I11L 100111 I hL

\\OI~er'i U'iC electriC poll'illln); l11acl11llL\ lIHI pnll\h

1111lc1lcs .Inc! U'iC 1 tLcI pOII\llIllg pl'".IL In If/ph

I
I

. EP3 i~ sponsored by the U.S. Agency for 'ntemational Dcvelopm~n, .' ,\:. '
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Zamak --~ Ole Casting

--_/ L..l.-__~_-.l-'

nhl <I'llVes to the wheel The paste comes In bI ICI-. forlll
mel con'lI'lte; of ,IiUIllJI1UIll nnd silica o\.ldcs and fatt)
1CIc!'l to hillel thesc Illatennls The plnnt also operatcs
111 11itonl1tlc poilc;hJI1g Illachllle whIch IS uscd for door
~Il()l)'l rill<; Ill<lCh,lle lIsce; a dlffercnt type of polisbing
p1<,le thnn that uscd for manual pollshll1g Dust from
both the manual and automatic pollshlllg processes IS

collectLellIslng vacuums connected to each machllle
[ he vnCUlIlll systcm IS vcry effective and there IS no

c1l1'lt eVldcnt 111 thc polishing room Workers In tIllS
nl e1 IIlC;PCCt pal tc; and send any defective parts back to
thL e1IL Cl<,tJI1g operation whcre they are mixed With
rlW zlmak and fed Illto the castlllg machIlles

Pnor to electroplatlllg, many parts are cleaned 111 a
vapor degreaser that uses tnchloroethvlene (TeE) to
remove grease and other Ilnpuntles The tanl-. IS

pO'lltJOned ncross the malI1 work room flom the plltlng
IlI1c III a wcll ventilated area Parts arc dipped and
dned there, placed on racks, and transported over to the
Ime for further cleanlllg and platmg

The electroplating Ime consists of) 7 tanks 3 washlllg
tanks, 9 nnsmg tanks, a copper cyal1lde bath, a nIckel
bath, and a chrome bath The Ime IS fully automated
With two hOists that move part racks along the Ime
accordlllg to programmed II1structlons All platll1g
baths are III good condItIOn There IS no eVidence of

•
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Table I Summary of Recommended Pollution Prevention Opportuntltles

Pollution Pre, entlon
FJn,ncl,llkl1elit~ (l1<;S)

I' n hICk
Implement,lIon Cost (USS)

1'1.'111141Oper'!Ion Option

Reduce lime bel\\ een buffing NonL
LJnkno\\n (~lvlng~ II1lo,t' 01

N/APollshmg OpliOIl Ii 1
lnd c1clnmg Ikgrll~lIlg)

RLphcc roli<;hmg comround II
l\ 11 I\,. rill ,nt! hhor CO~1 ~hollltl h\,. lIn\..nol\ 11 (\ 1\ IIlL \ III lo\l\ 01I \\ Ith one lhlt IS comp'1lbk NI/\rOIl~hmg Opuon #2 \\ Ilh aqueou~ alkalme cqul110 pre~lIll co\t dq,.rl 1\lI1e)

cleanLr
I

Iroli<;hll1g Option #3
ImprO\ e op<.ralor practice Unkno\\ n (d\,.p\,.nt!s on dLslgn lntl

~:: 'i20 ~\ () 10 IKr \Llr
I \,." III 1I1 (.

u~lI1g ne\\ fi\llJreS and J1g~ appllClblill) ) 1110III 11\
and mcrel'\,.d trammg

$) 000 '\ 1\ 000 $\ 267 pu \ I,. Ir ll\ \,.r III I, 1\
Soh enl DLgrL1<;lng

Rephce thl~ proce~s \\ Itn
(fir~t tIm\,. pllrc!la~L ofn\,.l\ Il).,.,lmL

qUlllt\ Il11pn1\ \,.l11ull nHlnl!l\aqueous all.. lIme c!\,.lner
c!c1ner)

1\ 1\..1l1nc ClLlnlng
$3 271 rlr H.lr lnt! rldllcldIAcid Dip C, anlde Improve process balh Less th,n 5400 lOlaI 1111111\,.\11 III

Copper Nlc\..el monttonng rlJlcl nl\,.<;
Eleclroplall ng

Nld..el Reduce frequency of
Alrcad) Incurred an other optIOns

$5 875·$12.244 (value ofJam
immediate

ClLclroplatmg punfieauon proee~~ 0;(11111011)

Chrome - - - --- - --.:; =-. -..,Capture and return 100% of
None

-
Reduced need for trc,tmcnt 'NIAI:1ectroplatmg

dragoutlo proccss solUlIon
OpllOn #1

Chromc ImprO\c process solutIOn
I 2 \ llr\Clcctropll1ll1g montlonng and control use 5500 SI 000 for the porous pot Rcducl..d rqlcl nll..\

Ortlon #2 porous pOl

$9 720 (vlhlL of \\ "ILlI Il" Ihl11 '\
Rm~mg Add l[!ltlaliOn and ~rn\ s Les~ th,n $ 100

\\ ll"r) rulll,,\"d r'-l\,.l.! r II\,., 111<111111\

ITot11 -
I

S6 000 $16000 529 700 S3'! 600

I ,

I
I
I
I
I
I
I

corrosion and the area around the tanh.s IS dry and
reasonably clean Several tanh.s have stripS bet\\ een
them to ma\.Jn1lze the amount of dragout that IS

returned to the baths The hOist generalh stays In
phce for se\ eral seconds after lJftJl1g a rach. from a
bat l ) before movll1g to the ne\.t tanh. to 1110\\ time for
the dngollt to drip blC\-. Into the tlnh. Loss from
dral:,.out appears to be 1llll111llal

followlIlg platltlg parts are Itlspected once more and
dekctlve parts are categorized accordlllg to the type of
defect they e\.hlblt Certall1 parts are returned to the
smelter and mclted do\\n whIle other parts arc polished
to ralsc thclr quallt\ to acceptable levels

EnVironmental Problems

The plant IS very modcrn and precautlonc; hnve becn
tah.en to address the problems typlcallv 1Sc;ocl1ted With
the met11 finlslllngs Indll<;tl) Thc ollly 11r pollutIon
e\ Ident IS soh cnt CVlp0r1tlon lftCI dcgrL1slng, W1lLl
1<; wastcd durlI1l:,. the Iln<;ln6 procc<;s [llcr6) 1<; W1<;lcd
dUring somc II1cfficlCIH proccsscs

Pollution PreventIon Opportunltres

Table I lists thc pollution prevcntlOn 0ppOltunltlec;
Identified by tillS assessment the envlronl1lLntal
benefits associated With these 0PPOI tUIllIIL~ lnel
projected 1I11plementation costs and SlVIIlgS



....b uuUUlg I ne SlanClanl poilshlOg and
buffing opcrntlOn II1volves rcmovlI1g e'l:cess zamak
by glllldlllg or cuttll1g and then smoothing the surface
hy POII'ihlllg <lncJ buffing As the prcvalcnce and SJ7C
of 1l1lll.ll1C1VLd dcpo<;lt<; <IUC'it'i Ihc Clll I cnt prncllcc
\dm,vc<, ,;ub-optll11al results Reduclllg these
poll<,llJl1g/bllffing rcslclues can reducc matefJaluse
,md Ilbol Improve surfacc fil1lsh e!llnll1ate the necd
lor dq!JL 1<,lng 111 orgll1lC 'ioIVCI1I'i llnd cllmIl1atc thc
Ill-ullnr C\ 1Illdl 111 IIk11111L dCglC1<;lnb 1l1e1 clc1111ng
"nllllmll" I hiLL OpIIOI1'; ,1IL av lll,lbic rhe lolll CO,;!

of IfllplullLl1tlll1:- IhL"C optlon'i l'i IJ1 In IIII II ';1\ Ing<;
l III De '1>2 S20 '1,) () 10

OplUJII ill RLpllcc POII'ihll1g compound With one

th.lll'i compatible WIth aqueous al~allJ1c cleancrs

OpllOl1 tl2 Rcduce tllnc between buffing and
ele 1l1lng If left too long the pollshll1g compound's
COll'illt lIcnl 'i l11lly Lvapor ale, leavIng beh md a hard
LIlCd mct<llllc <;oap that IS (lIffieult to remove

OpluJII #3 Improve operator practice by usmg new
lh..lures and JigS, and mcreased trammg Current
hllrting tcchnlquc,; llC dlfficull to conlro! \\ Ilhm
LUI H_nt bu rring pI essures and motor capacitIes New
Jigs and fhtures Will simplify the process Combmed
wflh 1n opcJnlor tr<1l11lng program, thIS can reduce
LOlllpollnd (Inc! whed usc, a" optllnal c;c!tll1gs can bc
dLlullllnLd rOl 11111111111(1/ co,;t up to 10-20% of
thL<'L mltcll1/, c In bc <;1\ cd annuall)

'loh enl Dcgl C1'img About 20% of the production
volumc 1~ pl,;<;cd through thc dcgrel<;el aftcr poil<;h
IIlL; l1uffing IJlll l1cfole It 1<; nekccl for phllllg Thesc
p III lie <;ublLclcd 10 organic solvcnt, \\hleh 1l1ve
IKlIJ km)\\ Il to cl1n11gc thc 070nc l.lVCI alld C1U<;C
L Illeu I (l leLllh lh" problem the fillll 'illOUIJ
IlpllCC thL <; __ <;oh cnt, \\ Ilh ,111 nqucous alkallllc

LIL Int.! IhuLbv cl IIII lIl.l I IIlg thcse hazards The one
IIIllC co')l of dOlllg so IS betwcen $5,000 $15 000
\\ Itll an annu<l! S<lVlIlgs of $8,267 and an overall

(jUlIllY ImplOvcment

IllIp/cncd B l!h Procc'l'i Control The fillll should
lillie 1<,e b lIh 1l10nllollng <lnd COlltlol of thc 11k dlll __

,-,k lllU Iud dip coppcr c\ wldc b<lth <lllJ lllCl-cl

electroplating baths Currently, all are IIIlJ..ed \\ nh \\1sle
generatIon and rejects WIth IInproved process Solullon
and mOllltonng all three processes cnn be more effi
clellt at <I cost of less than $100 for e1ch for ellher
tI!l<1110n lest kns Savlllgs Illcludc reduced reJect'i 1nd
$3 27 1 per yea! III 1eduecd bnth change frcqucnc\

J"ockcl I:!cctrophtlllg Tah.en togethc" 111 of tile
options mcntroned II thr'i 1,'iCS<;llCI' 1\ ~' _ n" C , 11
of IccluClllg the nccd for full-b<ltll pur IIle,lllon of [llC
lllch.el eleetl oplatll1g ploec')') flO 11 , once C\L 1\ ::: ~

monlh<; 10 once I1U ve11 At 110 CO'l (C-" , I ~

cl<,c\\herc) 11111111ual sa\ Illg~ of$) S-, $,: 2-+ .. ",,111 DC

achieved

Chrome The prImary release to the cnvlronll1erll from

thIS process solutIon IS through the nnSll1g of plated

parts Two non-flowlllg rinses are already used after thl<;
process solution and that pracllce IS alread} c1p1ble of

capturing 80-90% of the dragout

OptlOll #1 All of the dragout can be captured byaddmg
another non-flowmg nnse with a spray to the productlon
Ime ThIS can be done at no cost nnd \\!l1 rcduce the

lleed for chrome treatment

Opl/Oll #2 Improved process solutIon monltorrng nnd
control can alc;o I/nprove the process by rcduclIlg rClect
mlcs ThIS could pos';lbly IIlclude the pur ch<1'1c of 1
'porous pot' pUrrfiC<1tlon system fOI usc III thl- contlllLJ
ous [cmoval of metallic IOn contaminatIon The one
tl/llC cost of tIllS pot IS $500-1000

Rm'llllg CUllcnt!\ the flcIlI!} LJses e\ce<;<;I\e 11l10unt<;
of \\ater bCC1l/'iC opentols 1rc Ilcver cer11111 \\ hell a f1n'iC
t111k \\I11 bc needed 1nd Ihelcfore do not \\lllt to rl<;~

r Ill<;lllg III dirt} \\ 11el SOIllL flu h sllllple 11l1llgc<; c 111

bCl11ade tll1t \\ illleduLc the ,l1l0Ul1t Of\\1tCI uscd b)

67 % thcreby sa\ Ing $9,720 annually Agluatlllg thc
solution clcatmg <1 "rolllllg bo!l" of water can be

cspeclally effective at rlllSlllg pac!,ed parts III add ILIon
sprny rinses cnn be Installed, which are vcr\' effeellvc at
fln')lI1g rackcd 111rt'i WIth ver) 10\\ pre)<;urc~ Tne totll

cost of rmplell1entlllg thesL mcasurcs 1<; ulldcr $100

I'\',

For FurthEr Information
10/ fwther Illformatlon all tillS assessment or other acllvltles sponsOIed by EPJ, call the EPJ Clearll1ghouse at
(703) 35 1-4004 send a fa" to (703) 351-6166, or 011 Internet ep3clear@habaco com
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Table I Summary of Recommended Pollution Prevention Opportuntltles

Pollution Prevention Action and Environmental! Cost

Umt Operation Product Quality Benefit fUSS) Financial Benefit Payback Penod

Polishing Option Reduce time between buffing and cleaning $0 Savings In costs N!A

#1 of degreaslng

Polishing - Option Replace polishing compound wltn one compatible With $0 Savings In costs N/!">

#2 aqueous alkaline cleaners of degreaslng

Polishing OptIon Improve operator pertormance by purcnaslng fixtures Undetermined Savings In costs N/A

#3 and Jigs prOVide training of degreaslng

PolishIng Option Reduce compound and wheel use through proper $0 $150 $300 per Immediate

#4 operator practice year

Solvent Replace thiS process step With aqueous alkaline $5000 $11 134 per year < 6 months

degreaslng cleaner

Alkaline cleaning Eliminate cyanIde use In cleaning $0 $895 per year Immediate

Option #1

Alkaline cleanrng Improved process control and solution monltonng < $100 $930 Immediate

- Opllon#2 -

ACid DIp 10% Isolate aCids for steel and brass $0 Quality N!A

sulfunc Improvement

ACid Dip - 10% Improved process control and solution monltonng $0 $144 Immediate

sulfunc

ACid Dlp- Eliminate thiS process step cleaner IS adequate $0 $672 Immediate

DepasslVatlon of
nickel

ACid Dip MIxed Replace With solutions In smaller tanks pracllce Undetermined Reduced N/A
aCId stnpper segregation and recovery treatment

Copper cvanlde Improved process control and solution monltonng < $100 Quality N/A
Improvement

Cyanide brass Improved process control and solution mOnltonng < $100 Quality NIA
electroplating Improvement

r"lc~el Improved process control and solution monJtorrng < $100 Quality NIA
electroplating Improvement
Option #1 reduced solution

loss

Nickel Less frequent punficatlOn Already Incurred In $4130 to $5 675 Immediate
electroplating other options per year
Option #2

Chrome Capture and return 100°", of dragout to the process $0 Reduced need for N/A
electroplating solution treatment
Option #1

Chrome Improved process control and solution mOnitoring $500 to $1 000 Could eliminate 1 2 years
electroplating porous pot need to Invest In
Option #2 treatment

RinSing - Add agltallon and sprays control water use reduce < $100 $1 726 per year < 3 months
Effectiveness water use

TOTALS $5 500 to $6 500 At least $19 763
per year



EXisting Pollution Problems

At the tllne of the assessment, there were a number of
pollutlOll problems including (1) pohshlng debns, (2) the
usc of orgamc solvents for degreaslng, (3) aCid dip
contamlllatlOn, (4) inefficient eyamde eleetroplatmg, (5)
unnecessary chrome and nIckel waste, and (6) excessive
v. atcr use

Pollution Prevention Opportunities

The assessment Identified 1g pollutIOn preventIOn
opportumtles that could address the problems Identified
above, \\lth slgmficant environmental and economic
benefits to the faCIlity Tdble 1 hsts the recommended
opportumtles for the faCIlity, and presents the environ·
mental benefits and ImplementatIOn costs for each

Polt<;hmJ: Dehrl<; As currently performed the polishing
process leaves conSiderable debns (conslstmg of a
mixture of pohshmg compound and sohds from the
pollshmg wheel) InsJde the pIeces These depOSits cannot
be remo\ cd by scraping or Wiping

To allevJate thJS problem, the facJllty can take several
steps RedUCing the amount ofpollshmg compounds used
Will reduce the amount of debns Removmg VISIble
reSidue wd! nllow less debns to harden on the pieces
ReduclJlg the tIme between buffing and cleaning \\111 also
allow less debns to harden on the pieces Lastly, employ
I11g a pollshlllg compound that IS compatible With
all-allJlc c1eallsers wdlllllprQ'l,e the efIiclenc\ of the
c1canll1g proccss (along \\ Ith reeommcndatlOns outlIned
111 the ne, t scctlOn)

Ihgno\llll{ The faedltv eurrenth emplo\ s the chlon
nated soh cnt TCE to degrease parts TCE IS lllghh tOXIC
and chcmlcallv reactlvc, and has bcen linked to lIver
cancer and ozone depletIOn Parls can be cleaned equally
\,>ell or beller through the use of aqueous al"allne
cleancrs Thus the faCIlity can greatly reduce Its envlron
mcntal Impact and Improve product quality by Imple
mentlllg all all-alll1c c1eanmg system Furthcr the alkalInc
svstcm IS more cost effective than the TCE svstcm A
US$'i 000 lIlvcstmcnt Will yield savmgs (from clIm1I1ated
solvent purchascs) of US$ I2,000 per vear

ACid Dips In thiS faCIlIty's platmg process, an aCId dIp
(usually 10 pcreent sulfune aCid) IS used to remove any

OXides that may have developed on the brass or steel surface
With time, copper and organIc contammatlon accumulates tn

the aCid bath If more than 300 mg/l of copper IS prcsent m
the aCid dip, the bath can cause adheSIOn problems for thc
steel substrate Further, copper contammatlon also Impacts
thc IlIckel electroplatmg solutIOn WIllie the faclllt) ulllI.lCS
nIckel depasslvatlon to remove the copper contammatlon It

IS not effiCIent wastmg IlIckel bnghtener and energ\

Separate aCId dips for steel and brass substrates \, III
Improve the qualItv of both the steel substrate dC1nmg and
the IlIckel electToplatmg solutIOn and hCll~c rcdu;;c the
number of rejects the [acllny produces AdditIOnal h b\
employmg tIghter process control over the aCid dIpS thc
faCIlity WIll save US$816 a year m reduced solutIOn cost

IneffiCient Cvamde Electroplatmg Cyalllde clectroplallng
cannot be ehmmated at dus faclhty becausc the \..nown non
cvalllde alkaline alternatives do not [unctIOn \\ ell III tillS
applicatIOn However, Improved process control and solution
mOllltonng could enhance product quahty, and hence reduce
the number of rejects the facJhty produces

Unnecessary Nu:kel and Chrome Waste. Currently, the -
faCIlIty punfies the nIckel bath SIX times per vear B)
lmprovmg process control and pUrlfymg the nIckel bath only
once per year, the faedlty should save between USS4,100 
and USS5,900 a year from recovered mckel solutlon

I

TIle lost chrome solutIon IS only valued at US$180 per year
However, If 100 percent of tIllS chrome could be captured
the faclhty would not have to mstall expensive chrome waste
treatment reqUIred by the facility's government A porous
pot punfieatlon system (pnced betwecn US$'iOO and
US$I ,(JOO) IS capable of removmg the chromIum from the
~aste watcr WIllie the e....peeted costs of mcetlllg chromlUllI
dIscharge IIll11tS have not bccn detcn1l1ned thc\ arc surc to
be greater than the cost of thc punficatlon S\ stem

Excenlve ~at" U<;e. Waste watcr IS generated III slglllfi
cant volumes from the faCIlIty's nnse steps Some f.urly
Simple changes can bc made that Will rcducc watcr usc b)
25 percent The usc of atr or solutIOn agItatIon "Quid
mcrease the efficlcnc) of the nnses and reduce the fre
quene) of changes Spra\ nnses would also be more em
elent than thc current practIce Lasth \\ ater 1I1puls should be
mstalled \\lth S\\ Itchcs that tum off thc mputs after a set
penod of maetlVIl) For an 1I1vestment of less than US$l DO
thc facIlity should save U5$1,728 a )car from reduced wat~r
usage

I
I
I
I

For Further Information
For ruther mfonnatlOn on tlus assessment or other actlYltles sponsored by EP3, call the EP3 Clcar111ghousc at (703)
'1 'i 1-4004, send a fax to (703) 351-6166, or on Internet ep3clear@habaco com I
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Spr'l) RinSing Inst'llhtlOll In lddltlan to 11lcrclslng
dll1I111,.C tlmc f11l<;Jng thc p1rts \\11l1 \\ltcr \\1111111S(.
cont111l1I111lts offthc parts before thc) proceed to the
nc\.t bath Tbls can be directly abovc the process bath
or If this causes too much dilution, above an empty
tanh. Thc total one-tlmc cost of InstallJl1g spra\ rInses
(nozzles reels and bases) for the 10 baths IS $770 If
thiS proccss \\crc to cut chemical requIrelllcnts b) ~%
1nnU11 bcncfits \\ould 1maunt to $5200

Chcnllcll Bath An'lhSIS Frcquenc) Currentl),
completc process bath analySIS IS done only oncc per

DCl1l1nCI l)IFCr In"t 11) 111011 ) hL ItlctllllL'; III 111111)

prrCLS,) blths lrL shorter til 111 tilL\ IlLLd [(1 IlL (Jill
rClson IS tint Ihc phnt S t1P \\ ltlr h I~ 1 IlI1,.il COlltellt 01
Iron and other m Incrals as wLlI as suspl.lllkd solids,
willch results In thc buildup of II11PUlltICS flK U\l. of
dcmll1cralJzed watcr will rcducc lin pur IIILS found 111 thl.
process sludgc and Icngthcn plOCCSS b1til IIIct ImLS
Thc onc-tllnc cost of Instllll11g dcmll1111111'1ng Lqlllp
mcnt IS cstJm11Ld to bc 'j; I JOn c;; 1\ In!:-~ dUIVLd 110111

IInprovcd chcmlc1l compoilion 1nd rulucl.d ILILLllon
rates can amount to $4550 nnnu111y



For FurthEr Information
r 01 further mfOlmatlon on th I e; lse;cssmcllt 01 other actiVIties sponsored b) EP3, cll1 thc CP3 Clcalmghousc at
(703) 151 -4004, send a fa'\ to (703) 351-6 J66 or on Intcrnet ep3c1ear@habaco com

Hl<.o\ u 1;)01llhol1 flOI11 Bue; P mcl Chrom ... tmg
Lkc lU'-l. thl.re arc no tlnks hrge enough bus panels
all. currently chromated on the Ooor Solution runs
on thc "ur flCC of the bue; plncl onto thc Ooar and
LVLI1IU Illy IIltn lilL wastewater cOl1ve"al1ec systcm
10 ,ldc.1I c"e; 111I'; plOblcl11, a tank needs to bc specially
modified fOI bm panel chlomatmg Such a tank
\\ould h,IVC 1 dll1n that wdl kccp runoff from entcr
11l~ IhL \\ I<,IL\\ IILl conyc\ lnCl. "ye;lcll1 but \\ 11Ich
\\ ill tho collLL.1 thc lunorl fOl rellse 1 he onc-tune
co<,t of 11111-. 1ll0ClJfiCltl011 Ie; lppro'\lInatcl) $110
1\llnU iI <, 1VlnV C Ul I1C up LO $90 crcltll1f:, 1 Pl\ blCr
pCllod nf I') 1l10nths

1\1odUIIIJ'l ZJJll PIlling A, e I ClIncnl!) flCllIt\
111 11l1g.LIl1Ult 1<; pl1nnlng to lephce thc e'\lstll1g
1111l1U II b IIlcl /Inc pl1tlllg equipment "'lth an auto-
111 nul "ye;telll rillS prescnts an c'\cellent opportunltY
tu <,lnlltll<lncou<;!y lIndertake au\.tllar) operallons
111odellll/atlon In oldcr to emphasIze dragout VOllllllC
IlllnlmlLtltlon, dragout recovery, water use m1l111ll1Za
lion, bath quallty/mtegnty maintenance, and process
eonlrol automatIOn Such actions would create
11I1pI0\ cll1ulI<, to the CICl11lllg chiomatlll!:, SUI flce
pi epar,ltlOn, stnppll1g, and r1l1smg actIvIties Whlie
thc one-tllllc Implementation costs will not be trivial,
they 11 e hrgely dLpendent on the secnarlo chosen
Anllll II "wlng'- will eorrcspond 10 the program
1111 plcll1cntcd and wil I Include reduced reJection
I IlL<' ehLllllc 11 plll Clll"C rcductlons through Illcrclscd
In p,occe;e; rccovcry and reusc ofvaillabic chemicals,
111<1 I c(!llccd \\ 1<;tc\\ atcl lncl sl udgc manlgclllcnt
,\' I

/\ /( I. d Pia/III/; LIIIL

)), Igout I\11lIJ1l117 ItlOll fhc problcl1l'i ls<;oclatcd
\ Itl1 1111 plocee;'i llC tile SlJl1C lS 111 tlle 7l1k plating
IIIlC rl) Illclcasll1g elI 1111age tlllle by 7 seconds
c111g0Ut Cln be dramalically reduccd, Without affect
Illg plOducllon flIes ThIS can be achlcved b)
1I1<;llllJ11g hOll/onl1l bars above the baths on whIch
[he I Ide; can bc hung to dram At 1 co<;t of$ ..!) over
() h 1111<, the tOll I onc tllllC co<;t IS $270 ChCl1lICll
<, 1\ Ing'i 110111 tim prlctlcc lmount to $1: 200 anllLJ
t1h (OJ 1 jil\blck IlIllC ofonc "cd

ChemiC II n lth Au'}lysls FI cquenc) The problems
le;e;ocntcd With tlll'; process, and thc recommended

pollution prcvcntlon proccdures arc the 'il1llC as III the
ZIllC platIng (IllC Total cost of IIlcre1scd ChClllICll
analyses IS $320 per year By cllhancmg blth IJfclIInCe;
and rccluclllg: rCJect rates th" proccdure can Sl\ c thc
phnt up to $11200 annualh

A\old Dumping of StilI RIIl'ic'i Sull rlnse'i 1rc ortc,'
dle;cardcd e\cn thougl' tllC\ contlll \11l1hk chc '1lle''!';

It IS rccOl1lnl(.. nClcr till \\ Ilcne\ l t1"S'i,,'k "I I h~
arc used 1S palt ofthc proccs<; bath 1',0 slgndiclnl C0<;t,
are assoclatcd \\ Ith tillS aptlol' 1m' d l c l'i ~ 1.11 <11
CllC1111Cal S(l\ IPgs \\ort!1 1P~IO,iIl 1'21\ s=.- (\'

11 ([file lIfn/lflgemel11 5, 'IIUll

Although \\ lStC tlcatmcnt Ie; no, thc focue; of tllC
asscssmellt process SOIllC crlucal conccrns lrc prc<;cntc(1
that \\ dl help reduce waste gcneratlon from the tl cltl11Cnt
area Smce the companY IS no\\ plannll1g to construct
such a facdIt), there IS an 1I11medwte necd to thorough I)
quantIfy the volume and constltucnts of the hcdlt\ e;
wastewater

Recover Metals from Waste Treatment System
Sludges 'It the l'lIckel Phnt It IS neCCSSlr) to rClllO\ C
sludge that has accumulated III the wastewater treatment
tanks It IS recommended that, prior to landfill, the
faCIlity attempts to e'\tract mctals from thc sludge WIth
a 10% reeovcry ratc, carnlllgs of lip to $960 can be
acllleved LandfiII IIlg ratcs are appro'\Jmately $260 and
\\ Ith I CCOVCI) It IS possIble to rCl117C 1 profit on tllle;
process

LOII!(r Pr/Onll' ReCOI11I11CI1r!a/lOl1\

r 01 thc 7111C phtlllg Ill1c Iccommcncl1t lOllS IIlC ludc
CICl11l11g clcctflcal COlltlCt<; dll!) filtcrll1g thc e;oal-.
c IC111CI replac Il1g plastIc bllcl-.cts IIlSt 11111lg e;cplfltc
filC"llIlg tllll-.e; tor e;cplllte 0PCf1tIOllS 11lCl U<'lllg £lOlt
bllls on process baths to reducc cvapofltlvc losscs ror
the l1lckel platlllg lllle, these lIlclude cleanlllg clcctrlc11
contacts datly and convcrtmg he'\avalcllt chromc phtmg
to a tflvllent plocess For the \\ aste managcment systcm
ofthc nlchclfchromc faclhty recommcndatlons Illcludc
rccO\ clIng mctl! from SpCIlt C) l111dc StllppmS Solullon
ImprO\ mg wa'itc\\ atcI Ilcutrahzauoll cfficlcnc\ alld
j'llprO\ Ill!,. thc CffiCICIlC\ ofhc'\l\-alcnt chromIum
rcductloll 111 wastcwaters Total onc-tJllle coe;t" from
these optIons IS $6 470 Cumulatlvc annual financIal
benefit IS estimated at $46,000
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