
RECYCLING OF SOLVENT WASTES

Proper management of sol\"enl wastes is
essential as £her Gm cause frres, explosion.<o;.
contamination of water. soil and air. and em
be harmful [0 health. Solvent \\"35les em resuh
from cleaning or degreasing soh-ent =etion
manufacture of soh"enr-based products.

Recydbrg ofSoIveIrts:
I) R"".ding reduces h:1zard'; (0 healrh and !he

environment.

2) Recycling is good bustnes..<; practice as it
reduces waste and minimizes costs.

3) Solvent wastes canno< be lega1lr disposed
a[ \'\asle disposal sites. into Se"\'\"eTS. dr.J.in.'i.
groundwater and surface waIer -whether
streams. n\'ers or sea - or ima the air.
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Hydrocartx.lnS
• Hexane

• Toluent:

• Ben=1e

• Buune

• Xylene

.Olefm...

• Unlre :"pinl
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Chlorinated and other halogenated

hydrocarbons

• Trichloroethylene (Triklonc, Trineu)

• Tetrachloroethylene (Perchloroethylene, Perclean)

• 1,1,1-Trichlofoethylene (Chlofothene, Genklene)

Ketones

Alcohols and ethers

Solvent mixtures

CFC's and halons

• Methylene chloride

• Tetrahromoethane (1'8E)

• Chloroform

• Perfluorocarhons

• Ethylene dichloride

• Acetaldehyde

• Di-isobutyl ketone

• Methyl ethyl ketone Cyclohexaoooe

• Methyl alcohol

• Ethyl alcohol

• Iso-propyl alcohol

• Propylene oxide

• Paint thinner,,,

• Solvent degreasers

• Refrigerants (CFC12, R42)

• Methyl bromide

• Methyl chloride

• Carbon tetrachloride

• Vinyl chloride

• Acetone

• Methyl isobutyl ketone

• Glycol ethers

• Tetrahydrofuran

• Ethylene oxide

• Parts washer solvent

• Printing roller solvents

• Drycleaning and degreasing agents (Freon, Arklone, CFC1l3, Frigen)

• Fire-fighting agents (Halon 1211, Halon 1301, Halon 2402)



Metbods ofSpent Solvent IkcyclIng

n-Pentane
• • •n-Hexane
• • •n-Heplane
• • •Benzene
• • •Toluene
• • •Xylenes
• • •Cyclohexane
• • • •~lethanol •

Ethanol • • • • •n-Propanol • • • •Isopropanol • • • •n-Butanol • • • •Isobutanol • • • •sec-Buranol •
• •MEG •
• •~IDC

• • •Chloroform
• • •fDC
• • •Trichloroethylene
• • •PercWoromethylene • • •Acetone •

• • •MEK • • • • •MIBK
• • • •Diethyl ether

• • •Dioxane • • • •THF • • • • • •Elhyl acetate
• • • •Butyl acel<ue
• • •DMF • • • •Pyridine • • • •Acetonitrile •

• •Furfural •
• ••

~ Ani:ine

• •
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RECYCLING SERVICE

When in-house recycling is not cost effective

or consistent with exi.o:;;ting facilities and labor

skills, or it fails to prcx:luce solvents that can

be reused by the facility, a commercial solvent

recycling service may be preferred. Generally,

companies pursue one of three arrangements

for recycling spent solvent off-site:

1) Toll recycling: Toll recycling offers

companies an opportunity to have their

spent solvents recycled and then returned

to them.

2) Speculative recycling, Disposing of spent

solvent without receiving recycled solvent

in retum.

3) Using waste brokers: This is not a true

recycling arrangement because even

though they sometimes sell spent solvent

to solvent recyclers, they usually sell it

as a waste-derived fuel for cement kilns

and industrial furnaces.

Considemtions When Sele ling a Re<ycler:

1. ~potentialservices: Evaluation

ofrecycling as a waste management option

tends to center on logi."tics and eC'Dnomic

feasibility as well as availability of

transportation of the spent solvents.

2. Qualltyofrecyckdsolvenb The tighter

the sp=ctfication for the recycled solvent,

the higher the processing costs.

3. Quality of spent solvent: Segregate

solvent'; and keep water out to improve

recyclability of the spent solvent and

reduce the processing costs.

4. Quantities: Increasing the batch size of

spent solvent lowers unit processing costs

The set-up costs for proce.<;sing 400 liters

of spent solvent are the same as for

processing 4000 liters. Larger batch sizes

also reduce unit transportation cost,;.

5. Disposal costs of the still bottoms or

unrecovered portion of the waste

stream..

6. Transportation costs.

7. Typeofsolvent: Mostchlotinated solvent';

have higher resale value.

Final Considerations:

Before selecting a recycler, conduct an

inspection of the facility to ensure Ihal

compliance with regulations is being taKL'n

seriously. In particular, pay attention to tIlt'

follmving:

• manifesting and reporting requin-:·1l1cm.-,:

• permits held by recycling facilities:

• record-keeping practices;

• liability insurance;

• disposal procedures used by recvding

facilities for still bottoms;

• proof of regulatory compliance;

• environmental monitoring practices of

recyclers.

{<it8r'rE} SOLVI!NT

RECYCliNG

Before a company purchases any i'Ol\'enl

recycling equipment it need" to consider the

following possible limitations.

• The cO,-<;t of purchasing and maim<lining

recycling equipment

• The cost of trdining and ~tatfmg equiprnent

operators

• Will the amount of spent solvent recycled

justify the costs of recycling>

• Potential fire and/or explosion hazard.

• Is the fmal pnxluct of the recycling pr' :>cess

usable in the original process?

=

Safety Consideration:

Explosion or fire hazard conditions can be

created when some materials are distilled.

Some printing and painting process wastes [or

example, contain nitrocellulose which can

pose a Hre or explosion hazard if not distilled

under strict conditions. Safety features which

are available include explosion prcx)[ electrical

compartments and automatic shutdown

features. Safety regulations must also he met

when irL<italling a new solvent re<.ycling t.ystem.

OSHA requirements for ventilation and

employee safety should be considered. Local

tire regulations need al<;o to be considered.

Finally, notify your insurance earner to Li1SUre

that the installation of the eqUipment does

not affect your coverage.

RecycUng Costs:

Several factors should he considered when

revieWing the cost efficiency of a still. These

faC10fS include the amount of solvent used by

the business, the cost of new solvent, the cost

of still bottom or other waste disposaL

usefulness of recycled solvent, the operating

cost of the still, and the payback period.

Electricity, labor requirements, and still liners

should also be included in the operJ.ting co...,t.<;.



USING DISTILlATION
There are three genefJ.1 ~oln...nr still tyfX:"""
simple dislilbtion unil". fr:l ...-,ion:.ll di~iIbri()n
unils. and rhin film e\'~lp()r;:ilo~ TIle mo"t
common method i..o;. simple di""illation. During
simple distillation. :"Oln:''flr W;L<;Ie<; an." he-.J.led.
dri\-ing off rhe :<-01\"(::"0[ in \-;jpor foml. TIle
,"arXX je;; reyenN hack fO liquid (oml in rhe
l.undemer and colle<ltXl. 10e still hottom.... or
'waste remaining in the honom of rht.' ~i11 b
then colJe'tled and di"pn"Cd. ~impk di.wlttion
unil.s are run in n:.lKhe'

The second type of unit. fractional "till:,.
pro<luce :1 higher purify of rt"\.:~;ckd proJUl..l
A fr.!Ctional still m~IY separ-,lfe ~m industrial
soh-enr hiend inro its pure (ooSriWenr5
Fr.lctional di<;tillation unil'- ;Ire generally mort"
expen"i\"e 10 operJIt' 3nd art' generJ.Uy t"ll:ttt.'T
suired to larger \-nluffiCS. Fr.J<.1:ion.t1 diqi}btion
ur.it... :.Ife aJ:"o usually balch units

••1 n:illL'\ dnlln I() '1l*'.1 dll.·ll~"\1 ':lP:~lf
fn)fl1 (/1\: [( lfl {ll- dk.· L-t }(umn .... ) dl:.lf IKlliid
I reflux I LIn Ix' rt'<.·~-ded h;l<."k h) Ihe
L"{)lumn

TIlt: n'1lk.:l1 ..h,,>1J hou<it."S [he: nJiunm intc:rnab
fogethe.·r with rhe.: e.."nndc:nx'r ~md re.:I~Jilt:r.
lon-.r:ilU(e ~l dL""IillJlilln <.ulumn_ :\ ,..... hc.-n1.lIi<.
OLI f:-pit.":'11 dl<;lilbtion unir \\ irh.1 "ingle: fe.'\."\.l
;Jnd tWe} pnxJu<.l 'l.n~Jm'" i......hlmn in tl~ II j

helow

TIlt" Glpifal <.'1>:-4: pf J h;lh.'h Ji."lillalion "~.""I"'1ll
,,,ill Jc.-pc.."I1c..1 t)(l the equipulc._'f1h nunut;It.1UR'f
rhe.: uni!'... t.:-;'Ip-;.ic.;IY. ~lf}d Il' ttpt..TJrln~ ft.r..lrun....
For ~x~lmpk·. the: co<;.{ Ii 'flll~ L·llmnWrl-i~III~
3\";Jibhle r.IO~c..· from ~Ihout S:\ oOfl for.1 20
lirc.:"f':' l';.Ip-;.ic..in· ":·~e."fll [0 SI'::'!!lJI for 2.!l'llller.;.
s:-~em. TIlt":'oe ~In' n"kJl.lul.u w<;lem... Jnd tmh'
frtlUlft' w~ltt"r. ek'\.tric..-il}· .lOd, in "llfl1c.:'" CI"C......
compre ......ed ~Iir tw!(lr.... rhc..·~- .He..'" fulh'
orerJlitm~i1

The third ~.pt:". thin film e'·;Jrxlr.Hors, di:"lill
by running J thin film of dirty ~)h-ent down
a heated c:iindric:u ,~..;d \\-here it i;;; ':IporiZetl
The "apors :l.f\> nllletlt..'t! and cnn(!t.>n."ed ruck
into liquid form for reust". Thin film
evaporalors~ gener.illy suired for u.;;;e in high
,·olume. continuous. processes. TIlin film
e"aporation requires the dirty .so!,-ent to lu"e
a low su...pended solid... coruent to w<:lf'k well.

Condenser

Enriching {(Rectificaion)
Section

Feed •

Rellwc Drum

DIsbIIaIe

A typical disrillarion conrains St",·er.ll major
components:

• a "enical shell where rhe :"epar.uion of
liquid componenb is camet.! our

Stripping {Section
-----~...,

Reboiler

..-In

Bonoms

• column internals slKh 3S fr.lp pIares
;lnd or packjngs which Me lIsed 10
enhance componemsepar.ltions

• a rehoiler w prm'ide fhe nec'es:,>;Jry
Y3fXlrisation for the distillation PflX:es..;;

• a conden~r 10 cool and conden't'" the
npour le3"ing the fOp of Ihe column

...>----I~fo.>---- '----------- o
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EVAPORATION

A thin film evaporator mainly consists of a

single tube heated from the outside with an

internal wiper system. The feed product enters

the evaporator continuously at the top of the

heated area. The concentrated product flows

to the bottom of the evaporator. Co-current

and counter current vap::mr flow designs may

be used.

Wiped film evaporation with externally located

condenser (A), short path evaporation with

internal condenser (B) are available.

Fig. (2) shows a wiped film evaporation system

usING·~·ON

ACI1VATED CARBON (Ae)
Fig. (2): Wiped film evaporation

Fig. (3): Flow sheet of a solvent recovery system by AC.

Exhaust to

atmosphere -, -'" Low pressure, I .. I steam

Adsorbers >< ><
1 1 Condenser

Decanter

-r
Pretreatment

Filtration, cooling or y
dehumidification

--- r
vapour.lade~

Activated carbon has been used successfully

for more than 50 years in plants for solvent

recovery. Thousands of solvent recovery

plants are operating worldwide with very

good results both in regard to technical a.s

well as economic aspects.

Solvent recovery by adsorption is usually a

batch operation involving multiple beds. At

least one activated carbon bed remains on-line

while the other is being regenerated. The

adsorber inlet gas stream is pre-treated to

remove solids (dust), liquids (droplets or

aerosols) or high-boiling components since

they can hamper perfonnance. Most of the

systems pass the solvent-laden air stream

upward through a fixed carbon bed. Spent

carbon is usually regenerated with downward

flowing low-pressure steam. This removes the

adsorbed solvent, which is recovered by

condensing the vapours and separating the

solvent from water by either decantation or

distillation. The counter-current pattern of

adsorption and desorption favours high

removal efficiencies. The degree of desorption

using hot gas is not as complete as when using

steam (98%).

After system regeneration, the hot and wet

carbon bed will not remove organics from

air effectively, because high temperature

and humidity do not favour complete

adsorption.

This is therefore dried by a hot air stream.

Before starting the next adsorption cycle the

activated carbon bed is cooled by an air stream

down to ambient temperature. Fig. (3) shows

a solvent recovery system by AC.
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USING MEMIIIIANES

A memhr:me "'(''f);,Ir.uion ...~"""em .;.epar.HI..~ ;.In
influent slream info two effluenr ...tre;lllb
known ~IS rhe permeare ;md lhe CO(k-",:'1Hr.UI..'

'nle penne-.lle j<, the ponion of the flUid du[
has passed rhrough rhe ~emi-pc-rme~lhle

memhrane. \\-here.as the concenrr.ue 5tn>;,IOl

conlains rhe con...riruenb tfut h3\"t;' heen
rejected by the mt.·mhrane

3r:d fine hollow fihre.... for ;It-'l''OffilllodaTing
such sh:..lre' and -"trllI.1ufeS. differem ~~ of
membrane modules Glpahle of opetdting ;..II
pressures in exce,;;, of 8(10 psig (~':;.2 h;J( l.

.\Iernbr.me lechnolo~y i... lL"ftl for sep;:tr.J.lmg
":ater mi ...cihle liquids and low hoi ling
Jzeolropic 5Olnonb. Hcre the ahsorptjon of
ont' of the com[Xlnenl5 of rhe liquid hy !he
memhr.I.1lt:". diffusion ci thi.... cornponenl3I.Ttl<;,<,
rhe memhrane and enp0l:uion. a... pt'Tflle3.[t'

\'apouf. irun me partial \-;InJUOl applk'd [0 tht:'
underside of the membr"me.

:\.0;~ \(x: tn;,ft'1T1:'\..l tl) ;l' the ptnne_Ut" ~~
m."JI'll hj~l prt':"'tUt" rn kJ\'- prt':''l.lft> it ih4'k",

pn"-'.t":'i..... lfypi(:JlIv u ....ln~ llulkd W.llt"P :0;.
u'Cd In lonlkn~.· Iht' \"eX:

n:"tt"Tl[arel exil';' rhe high prt.";,>;.ure .;.ide Iii
rhe memhr.tne

"\k111br..U1t.> "C..Tt-lr.l[K"IfI pn __,-,,,, tTl;:"", numel1.u....

jndu_....lri~1 J.ppIICJ[lOn.;, \\-Ith Ihe ;Illlowmg
;ld'"Jnl.lges

• A lonrinll()ll~ pr(loLt"~ .... unhkt' ;Kborpuon

• Rt"plh t .... Ii'-;(.* ..:~)fjn:n~l'\.l(U1 pn"'-"t:"'i."ic.."" ttKt.'
t"lJn"JI nn_ dl'-Jl:i~"m,'n t<'n:-t"'''I.:h..m~ ..lnd

11'_'_"'. ,-.. ppm I

• em !"t" v,<"\.! k' "'C"f'Ur.ut" ;,:k~·b.. H:ltn~ ,)r
.17(."(1(1"':'" k" (¥_"mpo(ltiioJ.....

fl~ l.~' .;,f}"'\\~.l x"henUE": t"t~.lt[on l)t
.J P'·n..Jpo.'f".l(J:m pn,:~" r",~-r \-()(: .lquc.... x.:">

'''' '~:,i"'; "";~i ifF ... ;
PROCI!SS POKVOC
AQUEOUS WASTES

Process DescriptkJw:

• Pen:Jpor.!tion la fet:fUlology lhar COfllhine;,
permealion and e\"apor~Hion) is .:l

rrembr.lI1e..m"tXI fl'Dl--es.... lh1r uper.llt."S on
me prindple of "t"lnlin> pemlt:",J[jon of
a \"OC through th<: memhr..me.

• For \ 'OC remo\"JI from wa.steW;J[er, a
hydrophobiC (organophilicl memhr.me
(typically .a ru~" polymer) is required"

• Feed SU'e".m1.~ to JX'f\"3Jx)r.ujon mefll~
art" typically preheated. The warm
W3:-.lewafer feed emel"'" the memhr..lne

voc Aqueous,..W~asl_.........~..l--Q ,.
Heal'"Feed Pu"",

r----...~_.-

Pervaporation Module

Re<~VOC

Re<ydeO '" Sent '"~
Wal",E_
0..: ""'900 '" Sent '"A# (.~ Sfea!!rl~

hOllsing at a hi.¢J pr6Sure ~lOd the \"OC
(anJ some ""3ler) preferentially pt'TTlX:'3te-;

to the low pre5.."UI"t' side of me I1lemhrIDe

fig. (4): Schrnratk Iqn C5ciiladoil ofa ",,",",j()jlllloo
process for VOC aqueous wastes



Disadvantages:

• Restricted to smaller flow rates

« 60 liter / min).

• Membrane fouling may occur.

• Although a proven technology, no large

scale industrial uses currently exist.

The ability of the membrane to concentrate

solvents in the permeate varies. Sparingly

soluble, volatile solvents such as chlorinated

hydrocarbons benzene and heptane are

concentrated up to 100 fold and can be made

fit for reuse without any additional treatment

other than phase separation.

Diffusion dialysis is a relatively new

membrane process for the purification and

recovery of acids contaminated with metals.

The technology is applicable to a number

of acids including hydrochloric, nitric,

hydrofluoric, phosphoric, sulfuric, mixed

acids, and ferric chloride.

The most common applications are the

recovery of :

• MLxed acids from stainles~ pickling haths.

• H 2SO,/HCI or H2SO/HNO:, picking

solutions for non-ferrous metals

• H2S04 and HCI pickling baths for sted

and non-k>frous metal,

• HCl and HN03
rack striping solutions

• H2S0'j anodizing solutions, and

• Regeneration of battery acid...

The process is not 100% efficient. Practical

acid recovery efficiency is 80-9QO,,'1I with 60

90% metal ion removal. Diffusion dial~'sis

works by having metal-contaminated acid

solution passed over one side of an anion

exchange membrane and a deionized (DO

water stream counterflows on the other side.

Anions in the contaminated solution are

transp::>Ited across the membrane to the water

side by the concentrati(ID differential and metal

ions are blocked due to their charge and the

membranes selectivity. Hydrogen ions pass

through the membrane with the anions due

to their small size and their passage satisfies

the law of electroneutrality, preventing an

imbalance of ionic charge. No electrical

potential or pressure is applied across the

membrane as in other membrane proces.se.s.

Recovered acid is returned to the process bath

while the metal enriched stream is directed to

treatment or to another recovery process.

Diffusion dialysis equipment units consist of

a stack of membranes, a configuration of

several membrane compartment" cTeated by

alternating layers of thin membranes and

spacers. The spacers allow contaminated acid

and DI water to flow between the layers.

Membrane construction material is normally

co-polymers of polystyrene and dimethyl

benzene. Units are usually custom-made for

batch or continuous operation. Fig. (5) shows

the principle of diffusion dialysis.

Fresh water

Deoleted solution.. A A .. A
,

ACid "~id ~
• •

"'ci~":~"..

M? . .'
'. H: :
... -- .. *. ........ ....

. .
.. ..

Feed solution
--.

Recovered aCid

Fig. (5): Principle ofdl1fuslon dialysis
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