Hazardous Waste
Management System
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INTRODUCTION |

Proper management of solvent wastes is
essential as they can cause fires, explosions.
contamination of water. soif and air. and can
be harmful 1o health. Solvent wastes can resuht
from dleaning or degreasing solvent extraction

manufacture of solvent-based products.

Recycling of Solvemts:

I)Req*dingreduceshazardsmheahhandt!w
environment,

2) Recycling is good business practice as it
reduces waste and minimizes COSTS.

3 Solvent wastes cannot be fegally dispased
at waste disposal sites. into sewers, drains,
groundwater and surface water -whether

streams. rivers or sea - or into the air.
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Chlorinated and other halogenated « Trichloroethylene (Triklone, Trineu?}
hydrocarbons

« Tetrachloroethylene (Perchioroethylene, Perclean}

. l,l,l-Trichloroethylene (Chlorothene, Genklene)

o Methylene chloride e Methyl bromide

« Tetrabromoethane (TBE) » Methyl chloride

o Chloroform « Carbon tetrachloride
o Perfluorocarbons « Vinyl chloride

« Ethylene dichloride

Ketones « Acetaldehyde s Acetone
» Di-isobutyl ketone  Methyl isobutyl ketone
« Methyl ethyl ketone Cyclohexanone
Alcohols and ethers » Methyl alcohol » Glycol ethers
« Ethyl alcohol e Tetrahydrofuran
« Iso-propyl alcohol « Fthylene oxide

Propylene oxide

Solvent mixtures « Paint thinners » Paris washer solvent

Solvent degreasers « Printing roller solvents

CFC's and halons

Refrigerants (CFC1 2, R42)
» Drycleaning and degreasing agents (Freon, Arklone, CFC113, Frigen)

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



n-Pentane

n-Hexane
n-Heptane
Benzene
Toluene
Xvlenes
Cyclohexane
Methanol
Ethanol
n-Propanol
Isopropanol
n-Butanol
Isobutanol
sec-Butanol
MEG

MDC
Chloroform
EDC
Trichloroethvlene
Perchloromethylene
Acetone
MEK

MIBK
Diethvi ether
Dioxane
THF

Ethyl acetate
Butyi acetate
DMF
Pyridine
Acetonitrite
Furfurai

Antine




RECYCLING SERVICE

When in-house recycling is not Cost effective
or consistent with existing facilitics and labor
skills, or it fails to produce solvents that can
be reused by the facility, 2 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
1o them.

2) Speculative recycling : Disposing of spent
solvent without receiving recycled sotvent
in return.

3) Using waste brokers: This is not a rue
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.

Gonsiderations When Selecting a Recycler:
1. Screening potential services: Fvaluation
of recycling as a waste management option
tends to center on logistics and €Conomic
feasibility as well as availability of

transporation of the spent solvents.

2. Quality of recycled solvent: The tighter
the specification for the recycled solvent,
the higher the processing COSS.

3. Quality of spent solvent: Segregate
solvenits and keep water out Lo improve
recyclability of the spent solvent and

seduce the processing costs.

4. Quantities: Increasing the hatch size of
spent solvent lowers unik processing Costs.
The set-up costs for processing 400 liters
of spent solvent are the same as for
processing 4000 liters. Larger batch sizes

also reduce unit transportation Costs.

5. Disposal costs of the still bottoms or
anrecovered portion of the waste
stream,

6. Transportation costs.

7. Type of solvent: Most chlorinated solverits
have higher resale value.

Final Considerations:

Refore selecting a recycler, conduct an
inspection of the facility to ensure tha
compliance with regulations is being taken
seriously. In particular, pay attention to the:

following:
. manifesting and reporting requirements:
« permits held by recycling facilities:
« record-keeping practices;
« liability insurance;

« disposal procedures used by recyaling

facilities for still botroms:
« proof of regulatory compliance:

+ environmental monitoring practices of

recyclers.

Before a company purchases any solvent
recycling equipment it needs to consider the
following possible limitations.
« The cost of purchasing and maintaining
recycling equipment
. The cost of training and staffing equipment
operators
« Will the amount of spent solvent recveled
justify the cosis of recycling?
« Potential fire and/or explosion hazard.

« Is the final product of the recycling provess

usable in the original process?

Safety Consideration:

rxplosion or fire hazard conditions can he
created when some materials are distilled.
Some printing and painiing process wastes for
example, contain nitrocellulose which can
pose a fire of explosion hazard if not distilled
under strict conditions. Safety features which
are available include explosion proof electrical
compartments and automatic shutdown
features. Safety regulations must also be met
when installing a new solvent recycling system.
OSHA requirements for ventilation and
employee safety should be considered. Local
fire regulations need also to be considered,
Finally, notify your insurance earner to ensure
that the installation of the equipment does

not affect your coverage.

Recycling Costs:

Several factors should he considered when
reviewing the cost efficiency of a still. These
factors 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 requisements, and stll liners

should also be included in the operating Costs.




USING DISTILLATION

There are three general solvenr silf tvpes:
simple distillation units, fractional distillation
umits. and thin film eviporitors. The maost
common method s simple distillation. During
simple distillation. solvent wasies are heated,
driving off the solvent in vapor form. The
vapor is revented hack to liquid form in the
condenser and collected. The sl bottoms. or
Waste remaining in the bottom of the sill is
then collecred and disposed. Simple distillation
units are run in batches.

The second tvpe of unit. fractional stills,
produce a higher purin: of revycled product
A fractional stll may separate an industria)
solvent blend into s pure constituents.
Fractional distillation unis ane generally mone
expensive to operate and are genenalh beqer
suited o larger volumes. Fractional distillation
urits are also usually batch units,

The third rvpe. thin film evaporators, disiil]
by running a thin film of dirty solvent down
a heated avlindrical vessed where it is vaporized,
The vapors are colected and condensed back
into liquid form for reuse. Thin film
Svaporators are generalh suited for use in high
volume, continuous processes. Thin film
€Vaporation requires the diry solvent to have
a low suspended solids content 1o work well,

A typical distillation contains several major
components:
s @ venical shell where the separation of
liquid components is carried out

e column internals such as trays plates
and or packings which are used to
enhance componemt Separations

*» a reboiler to provide the necessary
vaporisation for the distillation process

= A condenser to cool and condense the
vapour leaving the top of the column

o dreflux drim o bokd the o miderred vapour
from the: top of tie column o that hquid
trefluxy can he recveled hack 1o the

column

The vertical shell houses the column infernals
together with the condenser and reboiler,
vonstitute a distillation column. A ~hematic
of 2 tvpical distillation unit w it 4 single feed
and twer product streams is shown in fig 114
below.

The capital cost of 3 harch distiflation svsem
will depend on the CYUIPTeTIs e facturer
the umit's capacity, and s ORI fearune
For example, the cost of wills commercialiy
available ringe from about S3 00 for g 26
liters capaciny SVSem o 15000 for 2210 e
sytent. These are modular sWlems and onhv
Fequire water. electricin and. in ~ome s,

compressed air hefore they are fuliy

operational.
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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 vapour flow designs may
be used.

Wiped film evaporation with externally located
condenser (A), short péth evaporation with
internal condenser (B) are available.

Fig. (2) shows a wiped film evaporation sysiem

KPTION
(AC)

ACTIVATED CARBO

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 0 technical as
well as economic aspects.

Solvent recovery by adsorption is usually a
batch operation involving multiple beds. At
Jeast one activated carbon bed remains on-tine
while the other is being regenerated. The
adsorber inlet gas stream is pre-treated (o
remove solids (dust), liquids (droplets or
aerosols) or high-boiling components since
they can hamper performance. Most of the
systems pass the solvent-laden air stream
upward through 2 fixed carbon bed. Spent
carbon is usually regenerated with downward
flowing low-pressure stear. This removes the
adsorbed solvent, which is recovered by
condensing the vapours and separating the
solvent from water by either decantation of
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%).

Feed

i

Heating
Jacket

(a)

«~ Vapors

Condenser

Residue Distillate

Fig. (2): Wiped film evaporation

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

This is therefore dried by 2 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

adsorption. a solvent recovery system by AC.

Exhaust o

atmosphere Low pressure
I | steam
Adsorbers
Condenser
Decanter
Pretreatment
Filtration, cooling or
dehumidification Y
=\
Vapout-laden air

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



A membrane «panuion SVREm separites an

influent siream ingo ™o effluent streams
known as the permete and the concentrae
The permeate is the portion of the fluid that
has passed through the semi-permehle
membrane, Whereas the CONCentrite stream
contains the constituents har have heen

rejected by the membrane.

Membrane Modules:

The membranes can be cast as flat shevts. mbes
ard fine hollow: fibres. For Accommodating
such shapes and structures, different nvpex of
membrane modules capable of operating at
pressures m excess of 8 Psig (532 han,
Membrane technology is used for sepanting
water miscible liquids and low hoiling
azeotropic solvents. Here the absomption of
one of the components of (he liquid by the
membrane, diffusion of this COMPONeNt across
the membrane and EVIPORIoN, a5 permeate
vapour. into the pantial vacuum applied to the

underside of the membrane,

PROCESS FOR VOC
AQUEOUS WASTES
Process Description:

» Penaporation ta technology that combines
permeation and evaporation) js a
membwane-hased Process thar operates on
the principle of selective permesition of
a VOC through the membrane.

e For VOC removal from wastewater, 4
hvdrophobic « organophilicy membrane
(tvpically a nubbeny polymen) is required,

» Feed streams 1o Pemvaporation membranes
are typically preheated. The wirm
wastewater feed enters the membrane
housing at a high pressure and the VOC
{and some waten) preferentiath: permeares
to the low pressure side of the membrane.

As the VOC treferned 1o as
trom high prosare ©o k- Presame 8 faches

the prrmcite | goes

O the vapor state and a conden<ation
prosess ivpically using chulked waters 5=

uwsed to condense the VOKC

o VOC-free wastewater treferned to s the
ftentate) exits the high pressure sie of

the membrane.

Advantages:
Membrane <epxariton PROCERS enpas numen s

industrial applications with the following

advantages
= A continuous process unhke ads PO
o Notaffected by Lrevtropes unlike digilbanon
s Appreciable CACTRY avings
« Environmentaliv benign

s Clean techinology with opcrational ease

¢ Replaces the comventonal Processes ke
il on. disgidharson Err-exchiange and

chem ca! trestmens BT
» Provduces hegh Qe prosbucts
e Greate- fexihdm n designmng s wems

* Onzanx < wan e gonentrted bty S0 timens
higher thar i the ornal wostew grer

qream
® MOeToare maochibir s vomput design

Efficient ar kv VX Wt ORI

W Siw o ppm
o Loss ey v inkeren e thun FEV TS ONITI W,
o Can be eed 1o wpurite Close-botling or
AT W COmPoRarngs
» Effecine ind evonomic
Fig creshoms s schemane fepreseniation of
A PR apOnIion provess for VOO dgueTHs

Wi

VOC Aqueous Waste

Heater
Feed Pump

Vacuum Pump

“VOC-free” Water
Memb-ane
r 4

Pervaporation Module

Condenser

Vent i Atmosphere
or Cart on Adsorber

Recovered VOC
RecydeoorSenan-sm

Watzr Efiuert
Descharged or Sert ag

Fig.(é):SChenmicprmﬁonofa pervaporation
process for VOC aqueous wastes



Disadvantages:
« Restricted to smaller flow rates

(< 60 liter / min).
» Membrane fouling may ocCut.

« Although a proven technology, no large

scale industrial uses currently exist.

The ability of the membrane t0 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.

FOR ACID

Diffusion dialysis is 2 relatively new
membrane process for the purification and
recovery of acids contaminated with metals.
The technology is applicable to 2 number
of acids including hydrochloric, nitric,
hydrofluoric, phosphoric, sulfuric, mixed

acids, and ferric chloride.

The most cominon applications are the side by the concentraton differential and metal
recovery of : ions are blocked due to their charge and the
membranes selectivity. Hydrogen ions pass

. Mixed acids from stainless pickling haths.
through the membrane with the anions due

« H,50,/HCL or H,80,/HNO, picking 1o their small size and their passage satisfies

solutions for non-ferrous metals the law of electroneutrality, preventing an

« H,80, and HCI pickling baths for stecl imbalance of ionic charge. No electrical

and non-ferrous meal, potential of pressure is applied across the

) membrane as in other membrane processes.
» JC1 and HNO, rack striping soluiions o
Recovered acid is returned to the process bath

« H,50, anodizing solutions, and while the metal enriched stream is directed 10

« Regeneration of battery acids. treatment or to another reCoVery pProcess.

Diffusion dialysis equipment units consist of

4 stack of membranes, a configuration of

The process is not 100% efficient. Practical
several membrane compartments created by

acid recovery efficiency is 80-90% with 68- . .

aar ry efiiciency 3 9% with alternating tayers of thin membranes and

90%, metal ion removal. Diffusion dialvsis . .
| spacers. The spacers allow contaminated acid

works by havin metal-contaminated acid
¥ & and DI water to flow between the layers.

solution passed over one side of an anion . o
Membrane construction material is normally

exchange membrane and a deionized (DD co-polymers of polystyrene an 4 dimethy!

water stream counterflows on the other side. .
benzene. Units are usually custom-made for

Anions in the contaminated soluiion are . . .
batch or continuous operation. Fig. (5) shows

transported across the membrane to the water the principte of diffusion dialysis.

Fresh water

A ¥ A A

=
\Val l

) ¥ |

Feed solution

Recovered acid

Fig. (5): Principle of diffusion dialysis

USATD/IRG/PSU/ GreenCom/AED
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