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’kis Guide presents the results of IcF‘s study of solvent waste reduction 
alternatives. 
alternatives to land disposal that have potential for reaUcing the armxlnt 
&/or toxicity of solvent waste generaw. severdl tasks were perfomd for 
this study, including: (1) identifying major solvent-usm industries in 
California; (2) reviewing current waste mnagement methcds and technolcgies; 
(3) characterizing source reduction alternatives for minimizing solvent waste; 
(4) characterizing cm-site and off-site solvent recycling alternatives; and 
(5) characterizing treatment alternatives. 

The analysis of solvent waste “ization primarily focuses on in-plant 
changes (source reduction) that could be implemented to reduce or eliminate the 
generation of solvent waste. 
cleaning, equipment cleaning, coating application and solvent air emission 
colltrol operations. 
of paramount importance in aiscrete operations and is descrjkd separately. 

background is described separately. 

The focus of the study is on practical waste management 

Source reduction options are described for parts 

As a source reduction measure, gccd operating practice is 

--?he sea&cy  focus is on recycling and treatment options. Related regulatory 
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?he statenent and conclusions of this reprt are th- of the contrador 
ard not necessarily those of the state of California. The "tion of 
carnnercial proauds, their source or their use in 
reported herein is not to be "e3 as either an actual or inplied 
erdo?x"t of such pmaucts. 
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-AND- 

?he California Departmerrt of H e a l t h  Services (CCIS) contracted w i t h  IcF 
consulting Associates, Incorprated, and its subcontra&= Jawbs Rqineering 
Graup Incozporated and Versar Incorporated, to conduct a study of solvent waste 
reduction al-tives. me objective of this Guide is to provide inaustry 
w i t h  information regardvlg ' alternatives to land disposal for solvent waste. 
specifically, this Guide presents solvent waste mag-t techniques for 
SaurcelwkCtl *on, recycling, and treatment. Replatory incentives for solvent 
waste redudion are also discussed. As a Ccanpl-t to this Guide, the 
hpceedings for the 1986 DIIS Solvent Waste Reduction symposium have also been 
published. 

lkis study focuses on solvent wastes primarily because solvents are widely 

Solvents used in W t r y  are essentially organic campounds such 
used in hlustry and because of their effect on human health and the 
envi.n"lt . 
as aliphatic or -tic hydrocarbons, esters, ethers, ketones, alcohols, 
amines, and halogenated hydrocarbons. N o t  only are m y  of these solvents 
toxic to living organisns, but the very same properties that make them useful 
are respcolsible for their potential threat to the environment and human 
health. 
can cause aix pollution and f l d i l i t y  problem a t  aisposal sites. me 
hazardous a"b of solvents persist in the envkmment. 
aisposal of solvent wastes is a pmblem because of the solvents' ability to 
dissolve or penetrate polymeric liners and to dewater d a y  liners. 

me scope of this study incluaes the following ccrmponerrts: 

o 

o 

In particular, their high volatility results in  air emissions which 

Finally, land 

Identification of major solvent-using industr ies i n  California; 

Literature and data base review of current solvent waste management 
methods; and 

Identification of existing solvent waste reduction alternatives 
including salrce reduction, recycling, and treatment. 

o 

me Guide addresses solvent waste reduction according to the following 

o SarrCeRxluction: source redudion fowes on in-plant changes 

hierarchy of exploration: 

that can be made to either reduce or 
eliminate the generation of the solvent 
waste. 'Ibis alternative is the most 
preferable waste magement option, and 
should be explore3 first.  

0 Recycling: Recycling refers to the reuse of a 
-substance as an i q r d i e n t  or 
feedstock in a pxduction process, or 
redamation of a waste material, involving 
recrxrery of reusable constituent fractions. 
Recycling is less preferable than salrce 
reduction, and should be explored second. 

s-1 



Treatment refers to destruction of wastes 
thmugh the use of technologies such as 
biodegradation, fixation, and incineration. 
Treatment is the least preferable option of 
the three cclmponents of waste reduction, and 
should be explored after source reduction and 
recycling alternatives are addressed. 

SaUrce redudion, recycling, and treatment practices 611 serve to either 
reduce the volume or the toxicity of wastes that are generate3 and ultimately 
land aisposed. 'Ihe Guide provides information on source reduction, recyclhg 
and treatmerrt with the lwel of detail reflecting the priority ranking given 
above. 

S.1 SurmEury of Majar Finaings 

waste-intensive aperations. CcDlSeguently, source reduction is aplnoached in 
the Guide fran an operation-spezific (as opposed to an inaustry-specific) 
standpoint. Recycling and treatment technologies are addressed fran the 
standpint of available technologies. 
are, for the nwst part, hkpa%nt of the industr i a l ~ t h a t p r o d u c e  
the waste. 

___ 

Many solvent waste generating industr ies rely on relatively few solvent 

We application of such technologies 

s.1.1 saxme" 

Based on fresuency of -, three major -ti- appear to be 
respansible for "t solvent waste generation in the state. 
1) parts cleaning, 2) process cleaning, and 3) surface coating 
application. In ac?dition to these three processes, two other topics are 
reviewed - good operating practice and air emission mntrol. 

For parts cleaning, solvent waste generation can be 
*zed by: 1) eliminating use of solvents; 2) reducing the use of solvents; 
and 3) iMeasilKJ the recyclability of solvents. EliminatFng the use of 
solvents can be d e v e d  by employing non-solvent cleaning agents or by 
eliminating the need for cleaning altogether. solvent elimination applications 
include the use of: 

These are: 

parts cleaninq. 

o Water-soluble arttirg fluids; 

0 prnteclive peel coatirqs; 

0 AquecxlSc1eaners;and 

0 

Methads that reduce the use of solvents are ways in which the number of 
parts c l e a n e d  per unit of unrecycled solvent can be increased . 
2) use of nailti-stage - cleaning; and 3) ma- of solvent 
quality. 

quality of the solvent, - 'zing the solvents used, and consolidating the 
Mechanicdl cleaning or paint stripping m. 

aveegeneral 
1) amsexvation of solvent via prevention of mpratiw losses; methDds are: 

~ncreasing the -ability of solvents can k? achiwed by mintaining the 
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use of solvent inside a facility. mintaining solvent quality can be achieved 
by aading chanical s t a b i l i z e r s  to the solvent to keep it from Itgoing acid"; 
pmperly maintilining equip?nt to ensure that mter cant" ' tion does not 
m; allowing only dty parts to enter the cleaning operation; and "izing 
process solution ~ g - o u t  f n  parts. sbr&rdl 'zing the solvents used i n  a 
facility often kxeases the potential for recycling. By reducing the number 
of different solvents used in cleaning operations, there is a corxespomiirig 
*onof poterrtial c r o s s - c o ~  ' tion, generation of a single wastestream 
w i t h  reclamation value, s iq l i f i ed  safety and operational p " s ,  and 

& purhasing leverage. 

Precess equipnent cleaning is a pericdic process Eau i"t cleaninq . 
mairrteMnce function often performea w i t h  the use of solvents. Solvent waste 
genexation fran process equipmt cleaning can be " i z e d  by: 
the use of solvent; 2) m c i n g  the amount of solvent used; and 3)  jncreasing 
direct reuse of solvent waste. Eliminating the use of solvent can be achieved 
~~LTUC& prcaud refondation and the use of other cleaning agents. ~&~c ing  
the armunt of solvent used can be achieved -@I measures including: 

1) eliminatirq 

o 

o Avoiding cleaning; 

Maximizing dedication of process ec&"t; 

0 Pmperlyschedulingproducticn; 

o Reduction of clingage; 

o Eff ic ient  clean-up pmaedures; and 

0 Betteroperatjnqpractices. 

Feuse of solvent wastes can reduce or eliminate wastes and result in mst 
sav- asscciated w i t h  a decrease in raw material  QxIsu(Ip3ti on. ?he solvent 
fmocleaningcanbereusedinthenextbatchfonnulation, o r t o m a k e a l m  
sraae-. 

functim or decorative puposes. 
solvent waste - 'on can be achieved by thres methods: 1) eliminatiq the 
use of solvents altogether i n  the coating formlations; 2) reducing 

3) direct reuse of the tjolvent wastes. 'Ihe various options for each of these 
categories is presented belm. 

surface ccatins -1 ication. coatings are applied t o  various surfaces for 
In the coating application opxation, 

solvent-teiring waste by technology charges and better operating practice; and 

0 ELiminate the use of solvents: 

- u s e p o w a e r c o a t ~ ;  

- use wate14~1n-e fondations; 

- use two-canponent catalyzed coatings; and 

- useradiation-amblecoatings. 

0 rceducesolventusage: 
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- Replace 'd spray uni t s  w i t h  eledrostatic units; 

- Replace airspray guns with pressure atmized spray guns; 

- use high-solia formulations in place of wnventiomd 
solvent-based fodat ions;  

- paoptgwdsprayingtechniques; 

- AvddaddingexcesSthinner ; 

- 
- MaintaineqUipEentpmperly; 

- pmperequipmtlayout; 

 mid excessive air pmssure for atcanization; 

- Isolate solvent-based spray units from water-based spray units; 
and 

purchase bulk quantities of coating fodat ions .  - 
0 Reuse/reCycling of solvent wastes: 

- Standardize solvent usage; 

- segregatewastes;and 

- Recycle cNerspay/sludge. 

Good ODeratina pra ctice. operating practice refers to a set of ~ x v c e  

'on practices which can be hpiemented thmugh an organizationdl 
moaification of a pruciuch 'on operation. me major elements of gwd operating 
practice discussed intheGuideare: 

0 ~ p r a c t i c e s :  

- Managelmtinitiatives; 

- hpllcryeetmining:~ 

- Qmersuperisicm. 

0 procecbvdlmeasures: 

- waste auaits and revievis; 

- Aaaitialaldoarmentation; 
- Materidl/waste tracking and inventory -1: and 

- Sdle3uling. 

0 LDssprwerrtion-: 
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- Spill/l& prevention prcgram; and 

- Preventive/worrective maintenance. 

o Wastestream -tion 

o Material hancuing and storage 

Good operating practice is of specidl significance to waste minimization 
efforts. TIE principles are generally w e l l  understood and changes can be 
insti tute3 readily a t  low cost. Ihe cost-to-benefit aspect is very high. 

efforts to  reduce a i r  emissions a t  the source cannot obviate the need for 
&-of-pipe controls mquired t o  meet the regulatory a i r  emissions 
limitations. 
emissions control tschnolcgies includhg: 

Solvent A i r  Mssions c0nt.m 1. In som cases, even the most intensive 

Ihe Guide prwides a brief overview of canmercially available a i r  

0 Incineration; 

o  adsorption: 

0 Liquidabs0rption;and 

0 " a t i o n .  

The methods which allm for mcyding of recovered solvent are preferable 
to the methods w h i c h  destroy solvents (e.g., incineration), unless the cost and 
waste aisposal aspeds offset the advantages of recovery. 

5.1.2 Idecydlins 

The goal of recycling is to recover solvent of a purity similar t o  the 
viqin solvent for reuse i n  the same precess, or a t  least of sufficient purity 
t o  be used in another process application. 
site or off site. 

Onsite Recvc ling. 
recycling are as follcws: 

0 -  

Solvents can be recavered either on 

In general, the advantages and disadvantages of on-site 

- 
- 
- 

less waste leaves the facility: 

~ w n e r  has mre wnt.1~~1 wer reclaimed solvent's purity; 

reducd l iabi l i ty  of transporting waste off site; 

- redLcedreporting(manifesting):and 

- possible lower unit cost of reclaimed solvent. 

- capital m a y  for recycling equipnent; 
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- liabilities and risks as a result of improper equipnent operation 
or solvent quality mairrteMnce ; 

possible need for operator training; and - 
- additionaloperatingcosts. 

O f f - s i t e  Recv cllng * . Off-site cananercial recyc1i.x~ generally is best sui- 
for generators that lack the “ces to prccure and operate an on-site 
recycling unit, or whc6e solvent waste generation rates and patterns do not 
justify the capital and operating costs for an on-site recycling system. 
Off-site recycling has the disadvantage of potentially high transportation and 
liability cwsta as a result of potentilal * clean-up pmblents associated w i t h  the 
recycler. 

techniques used to purify or oxcentrate solvents is presented belm. 

~ 

. A brief werview of the 

0 

0 

0 

0 

0 

0 

0 

Distillation. Relies upm the difference h volatility between the 
solvent and the illpurities present i n  the mixture . 
evapomtion of the solvent with sirmiltanecrus wi- and 
condensatian of e vapor. 
(batch or l l p o t l l  distillation), or nailtistage distillation (fractional 
distillation). 

nmpomtion. often processes solvent bearing sludges or battaans frcnu 
distillation units; best suited for lcrw-boiling solvents w i t h o u t  
abrasive solids. waste is spread agajnst heatd w a l l s  of cylinclrical 
vessels to obtain solvent vapors for collection. 

-tion. Proteas in  which gravity causes particles suspended in 
a l iquid to settle. Applicable for m i n g  solids SLlSpended in 
oqanic solvents, genemlly as a preliminary purification or 
pre-filtmtion &@p. 

-tion. 
liquids of differant densities. 
f” spent solvents in thew dlemhg and petroleum refining 
Mustries. 

centrifugation. -que used to separate phases w i t h  a similar 
density using centripetal force. Generally used as a preliminary 
purification step before other recycling opeations. 

Filtration. 
by using a poraus filter medium. Generally used as a preliminary 
treatment step More distillation. 

ultrafiltratian. process in a& solute molecules with malecular 

microns can be separated fm a wastestream us* sani-permeable 
“branss as the filtering media. currerrt aamxcial applications 

Involves 

May use single equilibrim stage 

Gravity separation technique used to separate inmiscible 
Often used to n ” e  insoluble oils 

process that separates SUspMded particles frcnu a l i d d  - * 500 or particles w i t h  diameter not excedmg ’ 0.5 

ixllxle paint recycling fran the el-ition paintins process. 
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o Solvent extraction. 
achieved by placing the wastestream in contact w i t h  a liquid that acts 
as a solvent to one ccanpco7ent but is relatively inuniscible w i t h  the 
other canpcolent. 

process in  which the separation of ccmponents is 

Guide includes a brief discussion of technicdl m n s i w t i o n s  in 
selecting ccamnercial packaged systems for on-site solvent m a y .  ~ecause 
there are many factors and options to consider when specifyins solvent -cry 
distillation equips&, the Guide provides this infomation in & m b ,  
in- t o  guide the buyer throqh the major available options and choices. 

S.1.3 “ea- 2nd -0ent 

Treatment technologies involve the lpmoval of solvents fm WaStaJater 
streanrs by physical means, the destruction of solvents in wastewater by 
chemical or biological means, and the destruction of solvent waste by thermdL 
mears. Srief descriptions of the various technologies foi im Mm: 

chemical Treatmnt 

o Wetaircoridation. processinwhichanaquecruswastestremncontaining 
organicsisplacedinccortactwithheatedairunderpressure, thus 
causing the organics to oxidize. used mainly for treatirig WaStaJaters 
that contam * easily oxidized nonhalogeMted solvents. 

o chemical oxidation. process in which coddants (such as potassium 
PenOanganate, ozone, or hydrogen peroxide) are used to break dawn or 
oxidize organic materials amtained in  wastewater. Effective on 
aqueous wastes containing less than one percent oxidizable materid. 

o -itical water treatment. Similar to the wet air oxidation 
pnxess; wen is mived into the wastewater and then heated to a 
t e n p e x a t ~ ~  and pres” above the suprmitical point of water. 
W a t e r  then aids i n  the aecanpoSition of these wastes. 

Biolarical ”mabent. 

0 Activated sludge. “-6tqJ procsss cans- of digesticm of O I y a n i C  
waste by slufqe in an aeration basin for two to 24 hcurs, foll-by 
clarification of the wastewater. used to treat dilute solvent-bearing 
waste st hat^ ’ less than one percent suspended solids. 

o Aerated lagoons. shdllm biological tr&zmnt b a s h  that are 
*ined in  an aerabic state by m x h m  ’cal agitation. Lagoons 
a m t a i n  a wide variety of naturally occurring bacteria and algae used 
to digest the organicwaste. 

o Trickling filters. similar to activated sludge systems except that 
their design exhibits increased biological aegradaticol rates. 
 erat ti on basin filled w i t h  mcks or artificial media increases the 
surface area for lnimial cpx l th .  

o Anaerdsic treatment. ccoduded in a closed vessel with& agibtion, 
a n a d i c  bacteria digest simple organic and nitxcg- 

=K@= apcMen. 

- 

by a series of oxidation-rahction reactions that do mt 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

Boilers. 
supplement to fossil fuel. 

r(0tarY kiln incineratom. Incinerator aonsisting of a cylindrical, 
" y - l i n e d  chamber tilted several dqres off the horizontal.. 
Efficiently burns vismuS still bottams, waste solvents, and solid 
material such as coni" t e a w i p e r s .  

Uquid injection incineratom. Incinerator consisting of a 
refractory-lined ccdmstl 'on chamber and a series of nozzles which 
atanize the waste and fuel as they are injected into the chamber. 
Incinerates a wide variety of liquid wastes including phenols, FCB's, 
still and reactor bottcmrs, solvents and polymer wastes. 

Fluidized bed incinerators. consist of refmdory-lined vessel 

Used to destroy solvent waste by uskg  the waste as a 

' an inert gnmlar  material which ccpnbustion a i r  is e- separating the particles and imparting mixing in the 
form of bubbles. waste enters the reactor and urxkyoes thennal 
oxidation wxhr the high turfulence and uniform temperature d t i o n s  
of the fluidized bed. Used in the petroleum, paper, and sewage 
aiaposal- ies. 

Fixed hearth hineration. Consists of a single steel shell lined 
w i t h  refradory material. Incineration of the waste takes place in  
stages inthe primary and s e u x b ~ ~  a"&ionChmnbers. Used for 
inchem- mixed wastes, including waste solvents and ccaatustible 
Solids. 

Multiple hearth incineration. consists of a steel shell lined w i t h  
ref"y material, several refractory hearths situated one above the 
other,acentralshaftthatrotates, AEelknnners,anashremwdl 
system, an3 a waste feeding m. used to dispose of swage, 
inchLstriaf. sluageS, tars, solids, gases, and liquid mnbust̂ lb * le 
wastes. 

Infrared kineration. Relatively new technology for wrolysis and 
gubsequent &dation of lw"s wastes. wastss am3 conveyed under 
infraredheamelemerrts. 

i n c h t i o n .  uses oxygen instead of air to achiwe a higher 
destruction remwal efficiency. 

Plasma arc. Plaslrvl geneme pymlizes hazardous waste. "al 
plawra w i t h  tenpxaturEs ranging f m  10,000 to 20,000 dqres 
centigrade mted by passing an intense electrical current through 
a i r a t l c r w p " .  Onceinjectedintotheplasma,thewaste 
m ~ i e c u l e s  are bmken into Mvidua l  atans. 
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reduction regulations; 3) a i r  quality regulations; 4)  federal and California 
water quality guidelines; and 5) federal and California occupational safety and 
health regulations. 

5.2 onp&dxm * 0ftheC.xlide 

provides a profile of solvent waste generation. 
elaents of and stxatqies for waste "ization. 
techniques for source reduction, recycling, and treatment are present& in 
Chapters 4, 5 ,  and 6, respectively. 
relevant regulatory Prograns. 

5.3 ~ l l s i c n s  

existing techniques and practices i n  applications involving parts cleaning, 
process equipwnt cleaning, coating applications, air emission control and 
Omeroperations. 
recycling options are considered. Treatment of residuals, although ultimately 
necessary, should be addressed last, after source reducticn and recycling 
options are fully explored. sauce reduction techniques are extremely process- 
or application-spezific. while very effective, - - redudion 
techniques should be applid w i t h  caution because of cast bplications. Good 
o p e r a t i d  ccartrol of human factors in prcduction is of paramount bportance 
to discrete or batch operations, such as those analyzed. 
operating pmctices i n  such areas as employee training, closer sllpervision and 
enploye motivation can acmnplish a lot w i t h  a 

p r k i l y  through distillation and burning w i t h  en- rewvezy. 
technologies mostly rely on wnventional, proven techniques. 
alternatives rely mahly on thermal, chanical or biological oxidation of 
solvent wastes. 
types and cancentrations. 

Sapter 1 v i d e s  an overview of the objectives of the Guide. Chapter 2 
chapter 3 preserrts the basic 

Solvent waste reduction 

Finally, Chapter 7 provides an overview of 

Redudion of solvent waste can be acamplished through a w i d e  variety of 

saurcer&uctl 'on measures should be addressed before 

Improvement of 

cost. 

solvent waste e i r q  options include on site or off site reclamation, 
Recycling 

Treatment 

" i q u e s  are available to deal with a w i d e  range of waste 
Ihe current regulatory climate pmvides incentives 

for "zing waste. 
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The State of California Department of H e a l t h  Services (EXIS) is responsible 
for coordinating research and devel- to pramte the reduction and 
recycling of hazardous waste. As part of the process of fonuulathq a broad 
hazardous waste reduction p", D%ts contract& w i t h  IcF consulting 
Associates, Incorporated, and its subccoltractors Jacobs Rqinefxirq Group 
Irmrporatel and V w x a r  Incorporated, to condud a study of solvent waste 
re&xtion alternatives. Ihe study identifies waste mnagemnt alternatives for 
inaustry that can reduce the amount of solvent waste generated or increase the 
recyclability of the solvent waste that is generaw. 

1.1 abjectives of the Guide 

other than land aisposal. 
!Ibis Guide pruvides infomation for managing solvent wastes through options 

o 

'Ihe primary objectives of this Guide are: 

identify solvent waste r d u c h  'on practices currently used in 
California for each major itxiustrial pmxss; and 

rerxlmnend management techniques for source reduction, recycling and 
treatmnt that wide alternatives to land disposal. 

o 

llle Guide analyzes solvent waste management in tvm ways. l l le  first  
approach, 8c1cvce reduction, fmuses on in-plant changes for reducing or 
eliminating the generation of solvent waste. 
option. The second approach focuses on solvent waste management after the 
waste has bem generatel. T h i s  waste should be recycled or treated. "e 
primary em&asis of the seccad approach is on recycling practices. Recycling 
referstothereuseofawastestreamsubstauceasanhgedmn * to r feeds tockin  
a proauction process, or reclamation of a waste mate r i a l ,  involving remvery of 
reusable constituent fractions. 
treatmerrt. Treatmntreferstodestrudr 'on or dqradation of wastes through 
the use of technolcgies such as bicdegradation and incineration. Source 
redudion, recycling, and treatmnt practices a l l  serve to either reduce the 
volume or the toxicity of wastes that are ultimately land aisposea and as such 
are a l l  considered waste r&uction efforts. The depth of aiscuss ion devote3 
here to the waste management options reflects the priority given to each. 

It is the ideal waste managemnt 

Iess preferable to recycling solvent waste is 

The Guise dLS0 i.nclW a discuss ion of envirmrmental and regulatory 
illcmtivffi for reducing solvent waste. Rising aisposal costs and other 
ecolwLic consideratians make waste reduction options incseasingly attractive to 
industry. RLis Guide was pqaxed to p"te alternatives to land aisposal for 
solvent waste. 

1.2 solvent &solventuse 

liquid form, capable of dissolving or w i n g  other substances called 
solutes. 1' on the applications for which a solvent is used, certain 
pmperties =le, for -le, hi* volatility for solvents used as 
carriers for deposition coatings, or chemical inertness for solvents used as a 
reaction d u m .  other properties incluae l aw viscosity, law surface tension, 

- mcyclopeaia Brittanica defines solvent as "a substance, especially in 
' 
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andanartstandurg ’ ability to  dissolve other substanoes. Marry organic liquids 
exhibit these pmperties. 
anmatic hyamcaaxns, esters, ethers, -, alcohols, .?mines, and 
halqemted hydrocarbons are widely used as industridl solvents. 

follawing use categories are c“n for solvents: 

classes of organic ccanpounds such as aliphatic or 

- aissolving d u m  for cleaning applications: 

- vaparizable carrier for coatings, adhesives, and man-- fibers; 

- ae”1 propellant; 

- refrigerant: 

- foam blawing agent; 

- aisinfecting agent; 

- extraction medium: 

- eatdner for azecrtmpic dis t i l la t imi  

- inert ?=eaction medium in organic synthesis; a d  

-chwica lh ta ”  * te. 

The  principal end-use markets for solvents are listed belw in 
based on their F”izlge of the U.S. market share. 

’ order 

-,coatings,inks 44 
Pnxessuse 23 
Metal cleaning 17 

5 
4 

lTny deaning 
Adhesives 

7 ouler - 
Total 100 

sall32e: Face acmpany conniltants & Engineers, Inc. “solvent Recovery in 
the United Statas 1980-1990”, Ilaustcol, TX, 1983. 

A study by Science psplications I n t e r M t i d  Co?qoxatiOn for the 
California Air ~esourcas Board estimates industridl solvent use in California 
by Mustry. 
aliphatic hydroca2fxns, amamtic hyamcarlxns, chlorinate3 hydrocarbons, 

hta are SUnaMlrizad for selected solvent species including: 

alcahols, glycols, ketones, glycol ethers, esters, flue-, and paint and 
lacsuer - ~ 4 1 .  
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pmperties for 36 papular organic solvents [1,2]. 
i n  Table 1.1 and Table 1.2. 

Selezted data are pmvided 

'Ihe very same properties that make organic solvents so usefd ,  create a 
threat to human health and the envi"t when solvents OCRI~: i n  industrial 
wastes. Solvent volatility can result in emissions f r m  the waste. 
waste is land aisposea, the emissions can cause a i r  pollution and fire hazards 
at the aisposal site. Because a solvent is chemically inert, it resists 
MU degradation in a lard aisposal site. 'Ibis persistence allm the 
solvent to retain its hazardcm pmperties long after aisposal. Solvents have 
low viscosity and low surface tension, that aid in penetration and destruction 
of the liner that is inter&d to €eal the battcm of a land aisposal site. A 
solvent can dissolve a polymer plastic liner, or extract water frcnn a clay 
liner, resulting in liner leakage. by the ability of 
solvents to dissolve and transport other hazardous materials in  the aisposal 
site. 

when the 

'Ihe threat is 

In program activities, Ixts staff includes the following partial list of 
solvent wastes: 

1. spent solvents fran dry cleaning, parts d€greasing, and electrolu 'cs 
"facture. 

Solvent wastes fmn pharmaceutical, food, or chemical separation; 
extraction refining prification; or reaction processes. 

Liquids and sludges fmn manufacture and u5e of paints, inks, and 
other wlvent-bearb%J p?m3u&3. 

clean, unwd solvent or solvent-Wing proaucts in leftover batches 
too small to sell econcmically. 

Solvent that has deteriorated in storage or has crthernse *beccnne 
" h a t e d  during handling. 

Semi-~~lid solvent residues such as tank battcm sludge, still bottoms, 
remvery sludgs, and pre-treatment wastes. 

solvent- ' tedixlustr ial refuse such as rags and filter 
W i d g e s .  

contmainated soils or water fnan solvent spills. 

~ilb aqueous wastestrearns containing solvents a t  very low 
~ t i m ,  resulting fran washing parts, eqUiIm?nt, tanks, and 
pmcess lines. 

2. 

3. 

4. 

5. 

6.  

7 .  

8 .  

9. 

A 1981 California study on land dispwal alternatives [3] identified 
solvent waste as a %igh-priority" waste. agh-priority wastes are those 

-having the following charaberistics: 

o toxicity; 

0 persistenceintheenvironment; 

o ability to b i o a d a t e ;  and 
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Solvent 

(a) 

..... 

L c e t m  
n-Butyl Alcohol 
Carbon TetrachLoride 
Chlorobenzene 
Cyclohexanme 
Oiethyl Ether 
Ethyl Acetate 
Hexane 
lrotutanol 
Methanol 
Methyl Ethyl Yetme 
Methyl IsDbutyl Ketone 
Methylene Chloride 
Perchloroethylene 
Toluene 
1 ,1.1. Trichlaroethane 
n-Xylene 
0-Yylene 
p - x y l m  . 

TABLE 1.1 
SELECTED PHISIUL PRWERTIES OF CW~OHLI USED mvms 

....................................................................................................................................... 

Molecular Y o m l  Vapor Pressure O e n s i  Cy Viscosity Surface Tension So lub i l i t y  Heat of 
Weight Boi l ing Lntoine's C m t a n t s  ( Ib lcu f t )  (CP) (dynelcm) in Water Vaporization 

Point (b) (azo deg c) (a20 deg c) (C) (ppn) (Btullb) 
.............................................. ...................... (deg f )  (azo deg c) 
Range (deg C) A B C a b 

58.08 
74.12 

153.84 
112.56 
98.15 
74.12 
80.10 
86.00 
74.12 
32.04 
72.12 

1W.16 
84.93 

165.83 
92.15 

133.42 
106.17 
106.17 
106.17 

133.0 l i q  
243.0 15-131 
170.2 
269.6 62-131 
312.1 94-161 
94.1 -61 to 20 

156.0 -25 to 92 
226.6 20-115 
148.5 -14 to  65 
175.3 43-08 
242.2 22-116 
104.0 -40 to 40 
249.8 37-120 
231.1 6-137 
165.4 -6 to 17 
282.4 28-166 
291.9 32-172 
280.9 27-166 

170.7 15-76 

7.11714 1210.5% 229.664 
7.47680 1362.390 178.770 
6.87926 1212.021 226.410 
6.97808 1431.050 217.550 
6.25530 912.870 109.130 
6.92032 io64.070 228.800 

6.87601 1171.170 ~24.410 
7.10179 1244.950 217.880 

7.32705 1248.480 1R.920 
7.89750 1474.080 229.130 
7.06356 1261.340 221.970 
6.6R70 1168.400 191.WO 
7.40920 1325.WO 252.640 
6.97683 1386.920 217.530 
6.95464 1344.800 219.480 
8.64540 2136.600 302.800 
7.0owB 1462.266 215.110 
6.99891 1474.679 213.690 
6.99052 1453.430 215.310 

48.94 
50.11 
98.03 
68.46 
58.55 

(d) 44.51 
(e) 55.36 

40.81 
(e) 49.37 
(e) 48.68 

49.80 
49.54 

(d) 82.60 
(d)lW.94 
(e) 53.36 

83.49 
53.48 
54.47 
53.29 

0.337 
3.379 
0.965 
0.799 
2.453 

(d) 0.247 
(e) 0.426 

0.313 
(e) 3.910 
(e) 0.544 

0.423 
0.542 

(d) 0.449 
(d) 1.932 
(e) 0.552 

0.903 
0.617 
0.809 
0.644 

26.26 0.1120 
27.18 0.0898 
29.49 0.1224 
35.97 0.1191 
37.67 0.1242 
18.92 0.0908 
26.29 0.1161 
20.44 0.1022 
24.53 0.0795 
24.00 0.0773 
26.77 0.1122 
23.64 19.6200 
30.41 0.1284 
32.86 31.2700 
30.W 0.1189 

31.23 0.1104 
32.51 0.1101 
30.69 0.1074 

28.28 0.1242 

miscible 215.45 
(f) 70,800 250.38 
(e) 880 83.78 

1000 139.61 
( f )  50,000 165.05 

154.94 (e) 60.050 
85,300 ' 173.48 

140 144.33 
87,000 237.W 

miscible 462.92 
270,000 186.56 

19,000 144.21 
13,200 250.38 

150 90.09 
500 154.90 
700 107.39 

(e) 146 147.33 
(e) 170 149.19 
(e) 156 145.80 

................................................................................................................................................................................ 
(a) Wolecular weight a d  normal bo i l ing point p r o p r t i e s  Yere taken frca nuahes et at.'. "4 Descriptive Survey of Selected Organic Solvents" (1985). with the except im of hexane 

(b) Log 10 P (nn Hg) 
(c) (dyneIcm) = a . bt(oC). 
(d) Property i s  at 15 OC 

(e) Property i s  at 25 OE. 

( f )  PrDperty i s  a t  30 oC. 

f o r  uhich these p rwer t i es  Yere taken froD the WlOSHlOSHL Paket  Guide to Chemical Hazards (1976). Other properties were taken frm Lange's Hardbook of chemistry (1979). - 
A . BI[T(OC) + C1. 



TABLE 1.2 
SELECTED HAZARDWS PROPERTIES OF COMMONLY USED SOLVENTS 

Solvent 
(a) ............................................................................................... 

LO50 IDLH Threshold Limit  Values l g n i t a b i l i  ty  React iv i ty 
(ppn) .............................. (0ral.rat) 

(91Kg) TUA tppn) STEL ( p p )  

Acetone 
n-Butyl Alcohol 
Carbon Tetrachloride 
Chlorobenzene 
Cyclohexanone 
Diethyl  Ether 
Ethyl  Acetate 
Hexane 
lsobutanol 
Methanol 
Methyl Ethyl  Ketone 
Methyl Isobutyl Ketone 
Methylene Ch lo r ide  
Perchloroethylene 
Toluene 
1.1,l. Trichloroethane 
m. Xy l ene 
0-  Xylene 
p-Xylene 

(b) 10.70 
1.36 
2.80 
2.90 

(b) 1.62 
1.70 

11.30 

2.46 
13.00 

(b) 6.86 
2.08 

(b) 1.60 
8.85 

(b) 7.53 
10.30 
5.00 
5.00 
5.00 

20,000 
8,000 

300 
2,400 
5,000 

19,000 
10,000 
5,000 
8,000 

25,000 
3,000 
3,000 
5,000 

500 
2,000 
1,000 

10,000 
10.000 
10,000 

750 
50 

5 
75 
25 

400 
500 
50 

200 
0.2 

50 
100 
50 

100 
350 
100 
100 
100 

1000 

20 

100 

75 
250 
300 
75 

500 

150 
450 
150 
150 
150 

High 
High 
None 
LOU 

Medium 
High 
High 

Medium 
High 
High 
High 
High 
None 
None 
High 
None 
High 
High 
High 

None 
None 
None 
None 
None 
LOU 

None 
High 
NO"= 

None 
None 
None 

LOW 
NO"= 

None 
Medium 
None 
None 
None 

............................................................................................................................. 
(a) Toxicological propert ies Yere taken fran Hughes e t  a1.'S "A Descript ive Survey of Selected Organic Solventsu (1985). 

(b) Uni t  of  property i s  i n  ml/Kg. 

the exception o f  hexane for uhich these propert ies Yere taken frm the NIOSH/OSHA Pocket Guide t o  Chemical Hazards ((978). 



o 

In the study, EHS noted that solvent waste (halogenate3 and non-halcgenatd 
organics) ccarqrrises abart 10 percent of all hazardous waste generaw in 
California and nearly 30 percent of all high-priority waste. DIts also reported 
that technically and econmically feasible source reduction, recycling, and 
treatment methods for solvent waste exist. Based on these obsenmtions, the 
state gaw"t enacted a ban on the land disposdl of liquid solvent waste. 
Ihe State of California now 
whenewr it is econmically feasible to do so. 

1.4 S d l v e n t W a s k a n d A i r Q U d L i t y ~  

mbility in a laxrlfill envirunnmt. 

that all recyclable waste be recycled 

solvent Wastes have impacts that extend far beyona hazardous waste 
~mmagensent. 
quality. 
escaping fnmn that facility. 
means no solvent emissions when the pmauct is used. 

and storage risks, and canservation of reemrcs. 

1.5 ~ T r e n d s h s o l v e n t w s S t e ~  

One major impact is on facility air emissions and ambient air 
Less solvent use by a facility means 1- probability of solvent 

substituting for solvents in prcduct fodations 

ouler impacts involve worker health and safety, reduced material handling 

l'be 1984 to the 1976 R e s a m e  conservatian and Recovery Act 
(RCRA) impose a national ban on the land aisposal of halcgemtd and 

apening clauses of n, Corqre~ declared that %ertain classes of land 
aisposal facilities are not capable of assuring lq-tenn omtainwrt of 
certain hazardous wastes.. .and land aispwal, partiailarly laxrlfill ard surface 
b q m " t ,  shcruld be the least favored methods for managing hazardous wastes" 
(n ~ e c  1002(a) (7) ) . ~ o r q r e ~  further stated that "alternatives to evisting 
methods of land diqxsal nust be (RCRA Sec. 1002(a) (8)). 

1.6 S c q e  ardAppxd& of the Stn3y 

 he scape of this study is to characterize solvent waste generation, 
methods for reductl *on wiulin processes, and methods for manag- of waste 
that is genera-. 

nan-halogenated solvent waste (FCRA waste m. Fool-FOO5). 
scheduled to 90 hto effect in Naranber 1986 (FCRA Sec. 3004(e) ) . In the 'Ibis ban 

Specifically, the scope includes the following cconponents: 

0 

o 

Identifiation of major solvent-user inaustries in California; 

Literature and data base rwiew of current solvent waste -gement 
methods; 

Identification of existing solvent waste reduction alternatives; and o 

o Identification of m i t e  and off-site solvent recycling alternatives. 

l'be primary a m &  to the study was first to a review of existing 

Industries 
data and literature pertaining to solvent waste genelation and waste " a g € m - I t  

genexating the greatest volulnes of solvent waste were exmhined further to 

methods. 
in laxye part, by examining the California d f e s t  data. 

deterdm if they omld be categorized as major solvent users in the state. 

solvent waste generation was chamcterized by industrial categories, 
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Also identified were solvent using operations that generate solvent waste 
ani that m ca" to a l l  or mDst irdustr ies. 
generating * ies M y  on relatively few solvent-waste-intensive 
operations, this stcdy was able to approach source "ctI 'on fmm an 
operaticolspecific (as opposed to an industry-specific) stardpoint. 

Each of the operaticns identified was then evaluatd in terns of three 
basic srxlrce 'on objectives: 

1) eliminatesolventuse; 

2 )  reduce solvent use or loss; and 

3) increase solvent recyclability. 

!he degree to d c h  any waste reduction alternative met these three 

Since many solvent-waste- 

abjectives was evaluated for each of the following source reduction ccmponents: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

hpduct reformlation; 

process modification; 

sutxtitution; 

segresaticn; 

-2ation; 

reduction; 

li"y -1; 

spill/leak control; and 

pxuc&xe alteration. 

On-site and o f f a i t e  recycling alternatives w e e  ewrmned ' a n i c a t q o r i z e d  
i n  tenns of dFrect 
Each technology or methcd was further characterized based on the prevalence of 
such techniques w i t h  resped to mite and o f f s i t e  applications. To 
characterize the use of off-site recycling alternatives, various 
recycling/treabrent firms in California were contacted by We@". 
Information was collected on expect& costs, design capacity, ani actual 
capacity. 

1.7 C - tccnofthemide 

(chapter 2). Specifically, Chapter 2 provides a basic of hcw, 

solvent waste generated in California is also given for specific industries. 

waste genexation ard the basic elements of an3 strategies for waste 
minimization. cllaFlter3alsodiscusses the typical mst canponents that are 
omsidexed in  the analysis of the ecQMRic feasibility of waste minimization 
m-. 

and reclamation processes (or recovery pmcesses). 

'Ihe first part of the Wde pmvides a profile of solvent waste generation 

w h y ,  and Whae solvents are used. Information on the types and a " t s  of 

chapter 3 of the Guide provides a genexal discuss ion of the c a w  of solvent 
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chapter 4 describes the various source 'on techniques that can be 
used in amjurr=tion w i t h  major solvent waste intensive operations, such as 
parts cleaning, equipnent cleaning, surface coating and solvent a i r  emissions 
ccartrol operations. 
rduction as appl id  to major inhstr ia l  crperations and practices common to 
solvent waste generating h3ustr ies. where possible, each method or approach 
has been illustrate3 w i t h  actual application examples and supplemented w i t h  
cost data. 

chapter 4 aiscussion fccuses on the specifics of sowre 

chapter 5 prwides a discuss ion of basic principles and technologies used 
?he 

___ 

i n  solvent recycling for both on-site and off-site e i n g  operations. 
discussion of recycling contains a description of a"n ly  used separation 
techniques, such as distillation and evaporation. Additionally, the chapter 
includesadiscuss ion of waste exchange operations i n  California. 

primarily focused on destruction technologies for solvent waste (e.g., 
incineration, b i d d a t i o n  and chemical coridation of solvent wastes). 

term of Wir e f fw t  on generatom' decisions to ewlcry  solvent waste 
reduction pxactices. The regulations that are exarmned ' 
land aisposal ban and California's hazardous waste maMgement requirements, 
whi& indude specific recycling pruvisions. Recently a c t e d  California 
legidation p"ting waste reduction and recycling alternatives are also 

chapter 6 pmvides a discussion of on-site treatamt options and is 

Finally, chapter 7 pmvides an ovenriew of specific regulatory p m g "  i n  

include Em's scheduled 

as mll as applicable a i r  and water regulations. 

It shcruld be noted that because of the size, diversity, and ocpllplexity of 
the subject matter, this a d e  is best viewed as an inpormational tool allwing 
one to scan through the identified alternatives and obtain references for 
further information. 
data or rigid operational p a n & e r s .  
-y addressed in a general way. 

Guide is not inteded to provide definitive design 
lhese are -ific and cannot be 
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(IpLpIw2 

sommrm-m 

'Ibis chapter pmides an wexview of solvent use and waste genexation in 
California. secticol2.1 describes hiustries that or use solvents, 
as w e l l  as the solvent types, properties, and applicatim used by these 
industries; the numtex of establishw-~ts by ,%"d Industrial classification 
(SIC) code; and their geographical distrihtion. SBOtion 2.2 prwides a 
s~nrmary of solvent-useintensive operations by industry. 

2.1 S o l v e n t U s e ~ i v e ~  'es 

that ln?tnuf- or use organic solvents. SOlVerr tS  are ccnmnonly used in dry 
cleaning, cold cleaning, solvent extraction, and vapor &greasing. solvents 
are also * to the px-caIction of coatings, stains, wood-treatment 
chwicals, printing inks, pesticides, and agridturzd chemicals. solvents are 
used as inert reaction media in chemical and phamaceutical formulation [I]. 

solverrts are incorporatea into a manufachved proauct for several of the 
applications, such as printing ink. The volatility of solvents imparts 
fast-drying praperties in the ink. In other applications, such as vapor 
desreasitq of metdL parts, the use of the solvent is ccarfined to the cleaning 
pmcess, and the solvent k e x m s  t8spent" as it picks up oil ard grease fm the - parts. 

MO& applicaticms result in  generaticn of solvent waste and, therefore, 
ies are also generators of solvent waste. Solvent wastes 

solverrts, and 
mostuserindustr 
include off-specification batches of Fapaucts o"g 
contaminated or spent solvents fmn process applications. one methcd to 
identify solvent-user industries is to identify solvent waste generators and 
assume that high-volum solvent waste generators are high-volume solvent users. 

solvent waste generators by industry were iaentifiea in 1- part frclm 
California manifest data. &cause the manifest. data base currently does not 
categorize hiustry infomation by stanlard Industrial Classification ccdes, it 
is difficult to obtain a precise of waste generation by imhstry. 
'Ihe results preserrted here, therefore, should be omsidered exploratory 
eStink3te-s ratbr thgn precise CClLmts. 

The prpcse of this section is to identify the inaustr ies i n  California 

. .  

The 1984 California manifest data for hazardous wastes disposed off site 
were ewmined to identify high-volume generatos of solvent wastes. 
8W.gh-volune generatortt was defined as a facility that generated 50 tons or 
mre of solvent waste during a specified repOrting perioa (01-01-84 to 
12-31-84). staxkd Industridl classification codes were assigned to 
individual facilities identified frcm the manifest I.ecoTds, and reported waste 
vulumes were ampned for a l l  facilities within an SIC category. ?hose SICS w i t h  
the hi* total volume of solvent waste generate3 (all greater than 1,000,000 

-gallons in 1984) were selected as -le high-volum solvent-user ixiustr ies. 

The list of SICS axlipilea fmn the manifest data does not necessarily 
aaxunt for high-volum solvent-user inaustries that consume or treat most of 
thsir solvents an site, or for d l  quantity users. "-efore, the list of 
SICS identified fran the manifest "k were checked against other data 
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~ i ~ x v c e s  [1,2] to verify that all prabable high volume users of organic solvents 
a r e i n c l a .  
solvents as part of their manufacturing, fabrication, or main- 
pxesses. 
ccanpounds (VOC) emissions were also connilted [16]. smdll quantity 
solvent-user/generator industries were identified fmn a study of d l  
quantity generators i n  scruthern California [3]. Finally, the nrrmber and 
distribution of establistrments for each solvent-user industry was estimate3 by 
collsulting the U.S. Bureau of the r2ensuSI county Business patterns datahse 
(- ’ A).  

lhesesourceslistindustr ies o “ n l y  la” t o  use organic 

Information sounxs for point source category volatile organic 

____ 

’Ihe following industr ies were identified as pmbable high-vob” users of 
organic solvents based on the methodology described above: 

~3~~iness r. semi 
is m SIC ccde that amlies solelv to solvent reclamation facilities. 

SIC 7399, Business S=rvices:-Not El& Classified, consists of 
a p p ” t e l y  120 services (e.g., bcadsmen, drafting services, and interior 
decorabrs) including solvent mc0vex-y services on a contract basis. Although 
this SIC ccde is appmpaiate for inclusion in this study, the “sw of 
facilities listed in It is not passible for the 
~ureau of census data base to differentiate anmq the services w i t h i n  SIC 
7399. 
firms. 

in the California waste manifest data. 
wastes my be double axmted, once by the user jdustry and once by the 
recycling finas. wastes of concern for this industr ial group are halqenat03 
organic still bottaans, which are residues fnm distillation of halogenated 
solvent wastes. A listing of California cannnercial rezyding facil i t ies is 
pruvickl in chapter 5 ,  Table 5.2. 

-1. solvents are used in the p a i n t - f d a t i n g  inaustry as carriers 
for resins. solvents are elso used to  dean the f d a t i n g  equim betweM 
batches. ~lthough cleaning solvents are often distilled and recycled, a paint 
sludge residue is formed. ‘This residue is contaminated with solvents and, for 
84ne pkirrts, with toxic metals, such as “xy, chrr“ and lead. T h e  spent 
cleaning solvents and so1Vent-taminate3 paint sludgas nwst be aisposea of as 
hazardous wastes. 

in LCS m e s  caurrty. orange, Alameda, san and Santa 
axmties have an estimated 22, 20, 10, and 10 facilities, respedively. 

paint mactu r ing  biustry WCLS the highest-volume generator of a l l  
California irdustr ies xqmrthg manifested solvent wastes in 1984. ?he indu%try 
aisposea of 21,000 tons of solvent waste off site. l’he wastes reported were 
either unspecified mixtures of solvents, paint sludges, or halqenated 
organics. __ 

A may be arerstated. 

Itnrs, this SIC code includes facil i t ies other than solvent recylcing 

’This inlustry was identified by the large volume of solvent waste reported 
sane quantity of recydled solvent 

m 3 0 Fa’ ers s and ‘ed 

of the estimates 219 paint “ufacturing facilities i n  California, 101 are 
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Cvclic fcodL Tar) crudes and cv clic Intermediates mes and or~an ic Piaments 
JSIC 2865) and Wood preserv incr (SIC 24911. Facilities in S I C  2865 typically 
manufacture a w i d e  variety of coal tar proauds and intennd.~ 'ates, including 
protective enamels, paints and varnishes, polyester resins, Q-eosote oil ,  mof 
felt, and presfllre-treated wood. Wood-preserving oils are one of the principal 
bUlkammKfll 'ties derived fran mal tar [4], and, therefore, the wmfi-preswing 
inaustry is included in this gmup. mere are only seven coal tar produd 
"facturixq facil i t ies in California distrw am~ng Mamedal colrrtra costa, 

' wunties. ?he solventwastes 
of 

los Angeles, Orange, and san Bern" 
manifested by these irdustr ieS in 1984 include unspecified mivtures 
So1Vents. There are an estimated 27 wood-preserving facilities in California, 
but these are ncrt high-volunE solvent waste generators. 

Industrial Oman ic Chemicals Manufacture (SIC 28691. produds manufactured 
by this category include halcgenatd and nonhdlcgenated solvents, plasticizers, 
synthetic perfume and flavoring chemicals, synthetic tannirq agents, and esters 
ard amines of polyhyaric almhols and fatty acids. Off-specification prducts 
and esuipnerrt cleaning wastes may be amcolg the solvent wastes disposed of by 
this inaustry category. In California there are approximately 57 manufacturing 
facil i t ies in this category, one-third of which are located in LCS -des 
county. 

code "facture and formulate ready-to-- pesticides and a g r i d t u n l  
chmials. 
emlsifiers to allw dilution w i t h  water for field application. Kerosene, 
xylenes, related petroleum fractions, methyl isobutyl ketone, and amyl acetate 
are the most c a " l y  used solvents for these applicaticm [5]. 

lhere are approximately 40 pesticide and agricultural chemical f o d a t i o n  

pesticides and Aqr icvltural chemicals (SIC 28791. Facilities in this S I C  

Insecticides or herbicides are dissolved in  solvents omtaining 

conpmies i n  California, distributed amcolg 16 counties. Tnirteen of the 
C m n p n i S  are located in IDS q e l e s  county. 

Manufadure of FTintina Ink. Gravure Ink. screen pmcess Ink. and 
L i V l m ~  ic Ink (SIC 28931. 
ink lapaucts de- on the printing pmces and surface to which the ink w i l l  
he applied. 
i n  the formlation of letterpress and litho newsprint inks 161. 
point alabols, esters, aliphatic ard amMtic h y d r " ,  or ketones, are 
used for their fast-dryitq pmperties in f o d a t i n g  flexqraphic and 

solvents are required for duplicator and business fonn inks [SI. D i e t h y l e n e ,  
diprqylene, or triethylene glycols are used to make arrugated and Kraft-liner 
container inks [6]. Manufachrrers of printing ink gemrate and dispose of 
l q e  VO~LIUES of sludges and unspecified mivtures of solvents . 

?he type of solvent used in the manufacture of 

Aliphatic hy&" solvents are used t o  dissolve various resins 
Iaw boiling- 

rotogravure inks. In m, high-kdling p o h t  (280-370O C) h- 

There are 54 facilities designated in S I C  2893 in California. Thirty-three 
of the facilities, over 50 -t, are located in Ice Angels County. 

~ e m i a l S  and €ilenll 'cal h-eaara tiom, Not El&ere C1 assified (SIC 28991. 
ccmpanies in this category include nnnufacturers of pigment dispersicms for 
plastics, paint, and urethane fomn; o i l  field dsion-breaking canpounds; 
corrosion inhibitors; anti-f-; water+~~.tdq canpaunds; and laboratory 
chemicals. 

in this category. "e, used for extraction of oil,  is 

- 

cmpanies that produce vegetable oi ls  (e.g., soybean oil) are also 
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CaRlDnly remverd for reuse by evaporation ani drying [7]. Wastes manifested 
i n  1984 are classified as unspecified mixtwes of solvents. mere are an 
estimated 173 establishwlts that f o d a t e  chemicals in this inaustry i n  
California. 
orange, Alameda, sari D i e g o ,  and contra costa counties (21, 17, 10, and 8 
facilities, respectively). 

PFStroleum disti l late solvents such as paint 
thinner and stocldard solvent used in dry cleaning are end proauds of petroleum 
refining [a]. 
refining for plrification. solvent extraction is used to remove axnnatic 
constituents frcm ~ M t h a  fractions and i n  preparatim of high-quality 
lubricating oils. In  a pmcess called solvent deasphating, ~opane, phenol, 
or f”l are used to separate asphalt fmm o i l  that is then fed to catalytic 
cracking pmcesses. Solvents such as toluene are also used as additives in  
unleaded gaSo lh  [a]. 

variety of solvent wastes, including h-, deqnasing sludges, and 
paint sludges. centers for petroleum refining by rnrmber of establishwnts 
indluae bx &qeles, Kern, and contra costa counties. 
estimate3 22, 3.2, and 6 establishments, respectively. 

semicancb*ctors ani other closely relate3 manufacturing proaesses generate latye 
vollrmes of unspecified mivhups of solvent waste, halogenates, cocygenated, 
h y d ” ,  and paint sluageS. Solvents are used during the etching of 
silicon wafers. Between processing steps, wafers are rinsed in several solvent 
or solvent mixture baths of high purity. Since the rinse waters nust be 
changed frequently, high volumes of waste solvents are generaw. 
Mcs by adsorption of the gaseous wastestream fmm these processes results i n  
an &tional volume of solvent waste for mod facilities. 

lhere are a w t e l y  3.27 establhhmts manufacturing d c i s r d w b r s  in 
Santa clam ccunty. Ios Atqeles county (42 facilities) and orange and San 
Diego ccunties (25 and 21 facilities, respedively) are minor Centers for this 
industry in California. !&ere are a Mal of 237 such establishm=nts in 
California. 

manufachrrers of receiving antennas, printed circuits, switches, magnetic 

mnponents. m a m  1,033 establishments that “.factum electronic 
ampnyks in California. 
eStabll&IWltS are b z  Angeles (279) , santa Clara (251), and orange (182), w i t h  
minor centen; i n  San Diego, San Mateo, Alameda, and Ventura counties (72, 37, 
32, and 31 facilities, respectively). In 1984, halogenated and unspecified 
“s of solvents were aisposea of by this industry. 

Centers of activity are i n  Lcs Ang-eles Qunty (66 facil i t ies);  and 

.Bt.mleum R e f h h  fSIC 29102. 

In addition, large quantities of solvents are used in petroleum __ 

Fifty-two establishwlts including several major o i l  refineries generate a 

mese counties have an 

saniconductors and Re1 atedDevices I SIC 36741. Manufact” of 

control of 

Flectronic and Acces sories (SIC 36791. lhis inaustry includes 

recording tape, “ w a v e  -, d c  capacitoxs, and other e lec t”  ’ C  

!&e counties with the -test rnrmber of 

pmufachu-e of Motor Veh icles and ercar ies fSIC 371’JJ. MAor 
& l i d i n  
California. 
soivent-use-jlrtensive oprations in  motor vehicle “facturing. VM: emissions 
fmm these processes e air pollution control devices at most facilities. 

lVelve of 

Surface Coating operations and d-ing of metal parts are 

31 motor vehicle “facturing facilities in Califomia. 
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the facil i t ies are in Los Ange l s  ccunty and seven in orange ccnmty. solvent 
wades reported by this inaustry group incluae halcgenated and oxygenated 
solvents, &greasing residudls and pint sludges. 

assenhly of cxmplete aircraft are high-volume solvent users as indicated by 
waste manifests for 1984. !the types of waste generated are similar to those 
for the automtive “factwring bdustry, suggesting similar uses such as 
degreasing and surface coating applications. !there are 37 aircraft 
“ufacturing facilities in California, distributed amang 14 aamties; 17 of 
the facil i t ies are lozated i n   as AI-@- county. 

patioral Securitv (SIC 97111. united states Department of Defense (KJD) 
installations in California are high-volum solvent-user faci.l.ities as 

six us. Air Force and 
Naval Air Station installations accounted for 2,350 tons of solvent waste in 
1984. 
of the solvents used. 

identified as high-volume waste generators are laawn to use solvents in their 
normal operations. 
state either because they repl.esent a large numbsr of mall quantity 
users/generatxm or becauss their reavery of solvents minthzes waste 
genexation. 
that generate large v o l w  of solvent waste. ’hese Wiustx ies and their use 
of solvents are briefly aisarsSea belm: 

f% Manufacture ISIC 37211. Facilities engaged in the manufacture or 

inaicated by the volumes of solvent waste generated. 

Euilding, equiPnent, and vehicle maintenance accaLlllt for a large volume 

other S 0 l V e n t - u ~  Industr ies. A n u u k e r  of industr iesotherthanthose 

are impoaant to the profile of solvent use in the 

pmvide a mdel that may be transferrable to other industr ies 

DrY Cleanins /SICS 7215, 7216. 3582). 
coirrcrperated dw cl-, dry cl--iiFl wcept rugs, and rug 
cleanixq, respctively. perchlomethylene (tetrachloroeulylene) is 
used in  apprmiuoatey 70 percent of dry cleaning operations ard 
stoddarrl solvent, a pstaml8um distillate, k used in a p p ” t e 1 y  28 
percent of operations [9]. 
for use in coin-aperated dry cleaning machines. solvents are 
“ l y  recycled to the cleaning process by evapration and 
omlensation 173. 
recycling by cgmnercial recyclers, such as Reclamar Inc., a ccnnnercial 

?his category includes 

EMroleum distillates are to0 flananable 

Solvents not recydled on site are accepted for 

recycling canp2ury established in 1984 [lo]. 

Motor V e h i c l e  Dealers and -era1 Automot ive Rem ir S h m  I SICS 5511 
and7538). Solvents are used bv these industries for parts cleanirq 
in vehicie mainte~nce act ivi t ik .  Establi- in ibis category- 
are small quantity generatoT3 (sxs) of nmstly nanhalqenam 
solvents. 
Hollywooa and the 

ccanpared w i u l  an average of 24 percent nationwide 131. 
2,530 auto dealerships (it i s  not h” hcrw many of these have 
autaaotive repair shaps) and 4,888 general autoiustive repair shop in 
California, 1,736 of which - in Iw Angeles County. 

A 1982 survey of mall quantity generators in North 

There are 
~ 
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). solverrtreccnrezyby 
liquid-liquid extraction is carnrrmly perform3 by this industry [7]. 
Ethyl alcohol and triethylamine are recarered in closed-loop processes 
i n  antibiotic manufactare [7]. 'Ihere are 75 pharmaceutical 
manufacturing facil i t ies in California. Manufacturing centers are in 
lrJs Angelffi, w e ,  and santa Clara ccunties (35, 17, and io 
facilities, respedively). 

m a  e 0 H i SIC 2514 and Metal 0 f i e  ~ 

Funi ture  (SIC 2522). 
furniture and cleaning of parts and equipment are op33tions that 
E&ES organic solvents. 
manufacturing facil i t ies in  California, 54 of which are located in LOS 
Angels County. 
manufacturing facil i t ies in California are also located in ks Angels  
County. 

P 1 * l a  ers and& ted 
s c s  5 7 3  78 ). a 

Solvents used in black-and-white film ciweloping or after-treatment 
(e.%, ret-huv * ) inclucae acetone, methanol, polyether dlcahol, 
toluene, xylene, trichloroethylene, ethylene glycol, an3 mineral 
spirits. In color film developing, benzyl alcahol, ethylene glycol, 
or cellosolve solvents are used in dareloping solutions and 2,5 
-ydmfutan is used aa a solvent for hardener/preharener 
treatments [ll]. 
CQmnerCial photcsraphers, and 924 motion picture service inaustry 
establishmerrts in California that are pmbable users of the solvents 
listed above. 

Surface coating (spray painting) of metal 

'mere are 74 metal household furniture 

nyerrty-two of the 34 metal office furniture 

Finish' 

There are 678 photofMshing lalmratories, 1,066 

Ihaanriranmantdl- ' identified the following blusix ies as 
small quantity generators of spent solvenb or still bottams [12]: 

0 Frintingandprblishing; 
0 ~ a n d m i s c e l l a n e c r u s p l a s t i c ~ ;  
o Fabricateametal-; 
0 Machinery, except electrical; 
0 ~ a n d w a r e h c r u s i n g ;  
o Hedlthsexvices;and 
0 Lumberandwwdprcdwts. 

Adaitional j n " a t i c m  regarding solvent u88 and waste generatim by inaustry 
may be f& in references 13, 14, and 15. 

2.2 s o l v e n t a a e ~ ~ q m r a t i a n s  

ccmparea to the nunbr of industries that use solvents and generate solvent 
waste, the nmber of specific types of opexaticms in w h i c h  solvents are used is 
relatively -1. FXX -e, one of the solvent-use intensive -tionst 
parts deaning, is manned in  eledrcnic canponents manufacturing, vehicle 
d a c t u r i q i ,  aircraft manufacturing, metdl fhishing industries, and in 
esuipaent mahtemnce shop of almast any industrial facility. Similarly, 
&- cleianing is performed in  pint  manufacturing, pesticide f o d a t i o n ,  
d- manufacturing and other manufacturing processes. Table 2.1 
lists these camacn solvent-use intensive along w i t h  the inaustries 
inwhichtheyoccur. 
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I TlwR 2.1 SammHEE 

Parts Esuipnerrt Surface Reaction Extraction 
SIC cleaning cleaning axitilq Medium Azeotmpic Wdim 

&plication 
Distillation 

~~ ~ 

solvent: Reclamation 7399 
coatings Manufacturing 2851 
c y d l i c c a o p a n d s & ~  'ates 2865 
In%&nal m c  Qlemicals 2869 

Fezticides & Agriailb.mil chemicals 2879 

I n k  Manufacturing 2893 
chemicalspreparations 2899 
Fe..leum Refining 2910 
semiconductors Manufacturh 3674 
El- 'c cmpmekz Manufacturing 3679 
Motor Vehic les  Manufacturing 3711 
Aircraft Manufacturing 3721 
National sgurity 9711 
Dry cleaning 7215,7216,3582 
Autgnobile service 55ll,7538 
Eharmaceuticdls Manufacturing 2834 
Metal Furnitxre Manufacturing 2514,2522 
€mq3z@ic€73xessing 7395,7333,7819 

Manufadaxring 

Rmtulation 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

Sounz: Jacobs Engineering - project staff estimates. 

http://Agriailb.mil


souKce.I.&uctl 'on techniques specific to parts cleaning, &pent cleaning, 
and surface coating applicaticm are discussed in chapter 4. 
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a " 3  

w w l E B a 3 m " a - c ; E N E R A I . -  

l h i s  chapter provides a brief general discussion of solvent waste 
generation, basic elmmts ard strategies for conducting waste minimization 
p-, and an werview of incentives for and barriers to waste "ization. 

3.1 Waste @neraticn 

Solvent waste generation varies deprdmg * on the type of operation in which 
solvents are used. 
is generated because solverrts are used to clean parts that have, ttmug~~ 
repeated use, hecare laden w i t h  grease or other deposits. If the cleaning 
method is inefficient, more waste than necessary will be generaw. AII example 
of an inefficient cleaning practice is the we of a shgle cold wash in an 
application where a more efficient approach based on two (or mre) washes 
stases counter-currently can be used. 

Quipcent cleaning generates solvent waste because solvent solutions are 
used to m e  residuals that remain inside the quipxerk. The frequency of 
cleaning can be reduced by dedicating the 4-t to a single process medium 
or by max.lnu * 'z ing ccmpatible batch qencing.  Also, waste reauction can be 
acmmplished by reducing the a"t of residual (e.g., by additional draining 
OT pissing of lines) prior to cleaning or by aphying stag& c0un-t 
rinsing techniques. 

to wa-spmy, cleaning of application 4-t and transfer lines, and 
dispxal of residuals in storage or transfer ccortainers. 

often caused by operators not adhering to gcod operating practices or by 
neglecting the hausekeeping aspect of P- on. 
lMintained solvent transfer p m p s  have frequent seal failures, which in turn 
lead to leaks. 
details) will reduce the waste attributable to human error, poor organizational 
mntrols, faulty mainteMnce , or the lack of effective loss p m  'on 
progranrs. 

For parts cleaning operations, for example, solvent waste 

In surface mating operaticols, generation of solvent waste is attributable 

In additim to inherent process-related causes, solvent waste generation is 

For example, poorly 

Adherence to goOa operating pradice (see Section 4.4 for 

Agood- * of the origins of solvent waste generation is central 
to successful inplemntation of waste reduction efforts via source control. 

3.2 Elements of Waste W' * * %t&m 

'Ihe ge"l concept of waste "ization is not new. In the past it has 
been referred to as better utilizaticm of raw material or as yield 
imprwenwt. Because less than 100 percent Of all materials that are input 
into a manufacturing prczess are converted into the final product, hiustrial  
wastes are generated. Ihe greater the product yield, the 1- waste is 
geneIat€d. In years, however, as the - g h  and dkpOSd Of 
haz- i.&ustr ialwasteshasbemaean- natid issue, the tenn 
1- minimization11 has became more w t .  
solid Waste Amendments (€Ism) established as a national policy that hazardaus 

practicable. 

- 

The 1984 federal H a m -  and 

generaticn be reduced or e~jminated as exp3itiausly as possible whenever 
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Formdl definitims of waste minimization and source reduction have not as 
yet been issued by EPA, rxx has any other definition been universally 
accepted. EPA has recerrtly ample- its Report to Congress on waste 
"ization which contams * working definitiuns used for pypsef of developkg 
the m. The definitions are based on infomtion amtame3 mthe 
legislative history of the Hazardms and Solid Waste Amenchnents of 1984 (IISWL) , 
on discussions w i t h  EPA persannel, and on the language of EWA. These 
definitions follow below: 

' 

o Wasteminimization: 

0 RR2uctionoftotal 
volume or quantity: 

0 %duction of toxicity: 

0 savceredwcti on: 

0 savcecontrol: 

0 productsuk5t.itution: 

?he reduction, to the extent feasible, of 
hazardous waste that is generate3 or 
subsequerrtly txeated, stored, or disposed 
of. It includes any source reduction or 
recycling activity by a generator 
that results in  either (1) the reduction of 
total volume or quantity of hazardous waste, 
or (2) the reduction of toxicity of hazardous 
waste, or both, so long as such reduction is 
CQllSistent w i t h  the goal of "izing 
present and future thmats to human health 
and the emk"v3lt. 

?heZealctl *on in the total amcRlnt of 
hazardous waste generated, treated, stored, 
or aispoSea of as defined by volume, weight, 
nnass, or some other appmpriate measure. 

me reduction or elimination of the toxicity 
of ahazardcruswasteby (1) altering-the 
toxic conStituent(S) of the waste to less 
tOXiCOrncntcrm 'c form@) or (2) lowering the 
concentratian of toxic c o n s t i M ( s )  in the 
waste by means other than dilution. 

Ariy activity or tmatmnt that reduces or 
eliminates the generation of a hazardaus 
wastewithhaprocess. 

~ n y  activity or treatment classifiable under 
scurce- 'on w i t h  the notable exception 
of pmduct substitution. 

Ihe replacemnt of any proaud in- for 
an- te or findl use w i t h  another 
proauct- and suitable for the same 
intermeaiate or final use. 

m the broadest sense, the bquage of XiSWA inplies that waste minimization 
~ u d e s  any action taken t o  reduce the volume or toxicity of wastes. 
Wasteminimiza tion i rd lxks  the concept of waste treatment, whichenccanpasses 
such technalogies as -tion, chemical detoxification, biolqical  
oxidation and others (section 1003 (a) (6) ) . 
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W minimization incluaes three types of activities that reduce the 
volume and/or toxicity of any hazardous waste. In order of preferenoe these - (1) - - on, (2) recycling, and (3) treatmnt. 
this hierarchy is presented as Figure 3.1. 

It is inportant to note that waste “izat ion does not 
reduction in volume of waste generated. 
ldLlction in waste volume may result in hcresed toxicity. 
toxicity by dilution also does not constitute waste minimization. 
hard, waste mncenkation m y  be a useful waste “izat ion technique (e.g., 
in preparing materials for recycling). 
hmevel-, is that waste “ iza t ion  raust be protective of hunw~ health and the 
envixwmmtt. 

can be viewed as any activity that reduces or eliminates the generation of 
hazardous waste a t  the source 
reuse and reclamation, can be viewed as any activity that reduces hazardous 
waste volume and/or toxicity & the a t t e n h k  generaton of a valuable 
material or energy stream that is subsequenfly utilized. 

activities, can be viewed as any activity that reduces hazardous waste velum 
ana/or toxicity w i t h o u t  attendarrt gemration of a reusable material or energy 
Stream. 

~n illustration of 

mean a 
For -le, in scare cases, a 

Likewise lawering 
011 the other 

me key concept of the definition, 

raiuction, the single nrd preferable waste “izat ion approach, 

a process. Recycling, which includes both 

m t m e n t ,  the last option to explore in the context of waste ” iza t ion  

3.2.1 Sauroe R & u c t h ~  

Elements of source reduction are depicted in Figure 3.2. These enocnnpass 
control (in-plant changes) and prcduct changes. Source control appears 

to be ~ v e  easily inplanentable. 
elements: 
3) prcedwd or organizational changes, incluaing gccd operating practices. 

i n  vnxrt materials. Solvent waste generation may be rducd by 
substituting other materials for solvents. For exanple, aqueous, biodegradable 
detergerrts cauld be substituted for solvents used in parts cleaning. A 
separate approach relies on plrification of raw mterials to l i m i t  the 
impurities intruiu ced to a process. 'Ibis approach may be inportant in solvent 
extraction applications. 

%mxe control, in turn, has three major 
1) changes in input materials, 2) technolcqy changes, and 

Techmlocrv chanses. Technology cklanges indlude: 

o shifting to a less waste-intensive process, such as use of pcrwaet 
coating in  place of solvent-hsed praiuct finishes. 

Equipmt changes, such as use of seal-less pmps  to avoid 
leakage. 

A d d i t i d  a u t ”  to l i m i t  human error (e.g., autcmatic batch 
=W==iw) - 
QLanging esuipnent settings withcut changing the equiplent, such as 
lcrwering a i r  back 7 in spray guns to reduce overspray. 

o 

- o 

0 
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o hezgy conservation to reduce wastes associated w i t h  uti l i t ies 
generation. 

Water consemation which can reduce carryover of organics into 
txeatmat and thus l i m i t  generation of treatment residuals. 

Energy and water consemation are viewed. as being less relevant to solvent 
waste " i z a t i o n  canpared to the preceding four categories and were included 
for the sake of coupleteness. 

procedural or Oruaru 'zational olans es. Hmlan aspects of industr ial activity 
can be extremely important in waste redudion. 
practices" or "geed housekeeping", this aspect includes imp?mVd employee 
training, mnagemnt initiatives to incxease enployee awareness of the need for 
and benefits of waste "izat ion,  and requiring in- use of preventive 

in an effort to reduce the "bx of leaks and spills. 

segregation of wastes increases the recyclability and treatability of 

o 

Often termed I8gccd operating 

materials such as solvents. 
practice. 
fresuency and the associated waste load. 
changes to prcmDte geed operating practices can be fairly readily imp1- 
and are generally cost effective. 

It is another example of a god operating 
pmper scheauling of batch operations can reduce @pent cleaning 

It is noteworthy that organizational 

3.2.2 l & t q c l b g  

Recycling can be characterized by three primary practices: 1) the direct 
reuse of a waste material (for -le, spent solvent from cleaning e lez t"  'C  
aqxmenk is relatively plre and can be used as a paint thinner); 2) 
reclamation by recovering seccndary materials for a separate end use (for 
-le, recavering metals from sludge); and 3) rexmving implrities from a 
waste to obtain a relatively plre and reusable substance (for -le, 
regemration of spent solvents). 
and reclaimed as f o l l m :  

EPA has defined recycling, used or reus&, 

0 Recycle 

o Used or reuse& 

A m a t e r i a l  is 08recycl&11 i f  it is used, reused, or 
redlaimed (40 CFR 261.l(b) (7)). 

A material is Ifused or reusedtf i f  it is either 
(1) eITployea as an ixqxdient (incluaing use as an 
intermediate) inanindustrialprocesstomakea 
prcduct (for -le, distillation bottonrs froan OE 
pmcess used as fee%tock in another process). 
m e r ,  a m a t e r i a l  w i l l  not satisfy this conaition i f  
dlshnct czmponents of the m a t e r i a l  are recovered as 
Separateendpmduds (aswhenmetalSarereCcnrered 
fmn metal-containing secondary materials) or 
(2) mbyed in a particular function or application as 
an effective substitute for a CQllPnercial product (for 
-le, spent pickle liquor used as phosphonxls 
precipitant and sludge conditioner in  wastewater 

. .  

treatment) (40 CFR 261.l(b) (5)). 
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o Redla-: A m a t e r i a l  is %edaimed" i f  it is processed to recover 
a usable prcduct or i f  it is regenerated. "pies are 
~ e c c ~ e z y  of lead valuffi from spent batteries and 
regenerath Of Spent Solvents (40 CFR 261.l(b) ( 4 ) ) .  

3.2.3 !keatment 

"ent refers to destructicm or degadation of wastes to yield less 
toxic residuals, which when d k b r g e d  to the envirorrment pose a mch iawer 
risk to plblic health or the emi"=r,t than would a aischarge of the original 
waste. Treatment, i n w n t r a s t t o ~ l i n g a n d a s t h e t e n n i s u s e d i n t h i s  
report, does not gemrate reusable material or energy. 

3.3 "tl 'ves for and BarEEYx . mryasteMidmi&x "-I 

mite its inplicit cost-effediveness, waste minimization as an explicit 
operating practice is a relatively new cmcept  for industry. Habits  and 
attitudes developed through long experience w i t h  existing -ion prooesses 
and land disposal can be barriers to inplanenting waste minimization. 
a natLnal tendency to preserve pmctices and designs that work w e l l ,  even 
though uley may generate relatively larye waste volmes (the I t i f  it ain' t  
broke, don't fix it'' atti-). Fmniliarity w i t h  existing ways of doing 
business and unfamiliarity w i t h  innovative technolcgies or approaches can lead 
to r e j d o n  of new concepts. 

lMMgement and n i d d l m g e r s  can be a mjor inhibiting factor. 
the way business is corducted require leadership fmm the top. 
action w i t h i n  a firm, waste "izat ion initiatives should originate from the 
corporate decision makers and be mandated as a clear corporate policy. 

Technicdl and often 
financial regources lnust be hvested inordertoprcduceafutureretun. 
many cases, resaurces are unavailable or are invested i n  areas that are 
considered a higher priority. A c"n reason for rejecting the use of 
reqcled or reused feedstocks is the fear of reduced proauct quality and lwer 
cvstomer satisfaction. 

mere is 

Lack of awareneas of waste "izaticm alternatives amng the corprate 
changes i n  

To stimulate 

Other factors can inhibit waste "ization. 
In 

For a waste "izat ion effort to be successful, it must be systematically 
lb initial step, a waste "izat ion audit, involves a approached. 

systematic review of existing process operations and practices to identify a 
ccmprehensive set of waste "izat ion options 113. 
be screened to select those that deseme mre in-dep# evaluation. 

lkchnical viability, ease of inplementation, cost-effectiveness, and 
environmental inplications should be evaluated and canpared. 
practical and profitable option(s) is chosen and inplemented, performance must 

maintained. 

minimization prqj-. MaMganent must make waste "ization a high-priority 
endeavor. 
milable for the waste mduch 'on effort. Finally, a systematic and coherent 
methodology or approach is requhed. 

lhese options then must 

Ihe mast pranking options must be subjected to a feasibility analysis. 

Once the most 

-bemCnitored so that l?&inementS can be made andperfonuanoe quality 

lhere are a nunbar of key mnponents for success in inpl-waste 

Both the Mal (human) and financial "res must be made 
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3.4waste- - l?”i.c- ‘ve 

”?= have been frequent claim that waste minimization efforts reduce 
operating costs by minimizing aisposal or treatment costs. A review of a 
recerrt “pilation of waste minimization cases reveals that for more than 80 
percent, the payback pexicd was less than three years. Such a short time span 
is h5iicative of high profitability. The “nary of these results is pmided 
h Table 3.1. 

1 
1-2 
2-3 
3 4  

4 

Tbtal 

15 54 
6 21 
2 7 
3 11 

7 2 

28 100 

- - 

Soutu=: aanpilaticm of Waste Minimization C!as=s, Jamb hgineering, 1986 
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% profitability of waste minimization options my be e v a l u a ~  by 
standard techniques such as PaytMCk perid, internal rate of return, or net 
present value methcds. Usually, the alternatives are to a do-nothing 
base option. What makes the analysis unique are the avoided mst elements one 
nust consider. 'Ihese cost ccnp.ronerrts include: 

0 Generatorsfeesandtaxes; 

0 Transportation; 

o On-site storage and hanlling; 

0 treatment; 

0 permitting, rqxrts, andrecordkeeping; 

o 

o Fullution l iabi l i ty  insurance; 

0 R a w m t e r i a l s ;  

0 OlWatingandmainteMnce costs; and 

0 Digposalfees. 

Of all the listed avoidable cost ccpnponents, the most important are the 

E"y preparedness and disp3sal site clean-up contingency; 

last t2u-ee, especially the aispasal fees which have increased considerably in  
recent years. 

aanponents that are not easily quantifiable. 
aqxmnts that favor waste "ization projects must also enter the emmnic 
analysis: 

In addition to cost that can be quantified, there are also 
'&e following intangible 

o Rrtureliabilities; 

o mblicrelations; 

o 

0 

Future land aisposal restrictions; and 

protation of enployee health and public health. 

?here are also intangible factors that work against waste "izat ion 
projects, specifically thwe involving source reduction and rayding. mese 
include: 

o 

o 

Risk of 1- prduct quality; and 

Risk of incurring unf- research and developen+-, and CorreCtiVe 
action expemes. 

?he intangibles usually enter the analysis t-houqh adjustment of the hurdle 

~ 

rate (theminimal Iehlrn myired forthe investment) P I .  
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Many solvent waste generating industries rely on relatively few solvent 
waste-intensive Operations. 
redudion froin an operation-specific (as opposed to industry-specific) 
StE&pint. 

solvent waste genemtion in California. lhey are matched with wasteintensive 
operations or solvent use categories. Based on frequency of occurrence, three 
major operations were dem& responsible for m t  of the solvent waste 
generation in the sbte and, thus, selected for analysis in this chapter: 

Consequently, this Guide approaches source 

Table 2.1 preserhs the eighteen industries responsible for most of the 

0 partscleaning; 
0 pxraY=sequi~tcleaning;and 
o surface coating application. 

In addition to these three precesses, two other topics are reviewed - air 
emissions control and god operating practice. 
results in g-tion of solvent-bearing waste that, in turn, nquires handling 
and aisposal. 
special significance to waste minimization. 

Each of the five areas reviewed in this chapter is strudured to provide 
approaches, techniques, equipnent, and examples relating to solvent waste 
reduction at the source. 'Ihe material presented here is offered as a guide, 
and not as a definitive technical infonration ~yu1~3e.  ks ~ ~ u r c e  reduction is 
highly applicaticm-specific, detailed technical coverage of all possible 
applications exceeds the soope of this Guide. "he reader is encouraged to use 
the infomation ~~urces  prwided to cxnstzuct an adequate basis for a detailed 
engineering evaluatim of his- particular application. 

4.1 mrts cleaning 
Solvents are used by a variety of industries for removing grease, fats, 

oils, wax, arrl/or soil fmmvarious metal, glass, or plastic parts. sane of 
the major solvents used are petroleum distillates, oxygenated solverrts (esters, 
ethers, ketones, and alcohols) I and halogenated solvents. me type(s) of 
solvent used in the paaS c l e  process usually depenaS on the nature of the 
contamination, the type and ccqosition of the part being cleaned, and the 
properties of the solvent itself (stability, toxicity, fldility, cast, 
etc.). cOlddleaningorsoaktankoperati~canemploybothhalogenatedand 
nonhalcgmated solvents. &at vapor dqreasing operations enploy halogenated 
Solvents. 

Air emissions control often 

Good aperating practice is relevant to d l  industries and has a 

- 4.1.1 3. * m and B+ * _  m use Patterns - 

parts cleaning is an irrtegral process operation used by industries involved 
in the repair, maintenance, or mufacture of parts and @pent. over one 
million cold cleaner soak tanks and 47,000 vapor 
in the united states in 1977 [l]. Repair and lrainteMnce users include 
autcnoDbfie repair, repair, and transportation maintenme (trucks, 

were in operation 
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trains, ship, andaircraft) i"kr ies. Major n!anufacturi.rq user groups of 
solvent cleaning operations [2] are: Furniture and ~ixtures (SIC 25); h-imary 
Mew Industries (SIC 33): Fabricated Metal p1pchcts (SIC 34) ; Machinery, 
Broept Electrical (SIC 35); Electric And 'c EquiInwlt (SIC 36); 
Transportation Equipmsnt (SIC 37) : Instruments And Related hnducts (SIC 38) ; 
and Miscellaneous Manufacturing Industries (SIC 39). 

Of the Mal nrrmber of cold cleaner soak tanks in use, seventy peroent are 
used for mairrtenance operations [2]. Typically, most tanks hold thirty or more 
gallaris of solvent and have about four square feet of open area. The types of 
cold tanks used in manufacturing operations vary widely fram desktap sized 
units used for cleaning midl parts to units designed t o  dean 1-e sections 
ofaircraf t .  ~nindustr ies that perfom a large amount of cleaning, vapor 
w i n g  systems are con". open-top units, as opposed to ccnveyorized 
s y s t e ~ ,  accmrbd for eighty-nine peraMt of the 
Available sizes for open-top units range frum one foot by two feet, up t o  six 
feet by one hudnxl feet. The typical unit s ize  is approximately three feet by 
six feet [2]. Cpen-top units are canonly enployed in the electroplating and 
electronl 'cs inaustr ies where easily handled parts are cleaned. 
(or fully autcnnate3) units are mre cam~xl in  the aemspace and large appliance 
p"t coating irdustries. 

__ 

in use [I]. 

Conveyorized 

4.1.2 Solvent selecticn 

Choosing a particular solvent for a given cleaning application can involve 
a ccnsiderable anwrit of work. There are many questions that rmust be answered 
before any one particular solvent can be sdected. sane of these questions 
are: 

0 

0 

W i l l  the solvent clean the part adquately? 
Is the solvent captible w i t h  the part's material of c " c t i o n ?  
W i l l  the solvent M e r e  w i t h  or contaminate subsequerrt process* 
qxat ions? 
What  is the solvent's cost and replacement frequency? 

o 

o 
o Is the solvent volatile, flammable or toxic? 
0 Isthesolvent@" 'cally reactive? 
o What are the rules and regulations a thesolvent'suseand 

aisposal? 

All of the nonhalqenated solvents and a third of the halogenated solvents 
plrchased for cleaning are used in cold cleaning applications 131. The types 
of rnmhalogenated solvents used are aliphatic h-, aromatic 
-, ketones, and alcohols. 
spirits (petroleum distillates or stoddard solvents) are exclusively used due 
to their lcrw cost and suitability for the job. A wider  selecticol of solvents 
is used in manufacturing -ti- because a higher degree of cleaning is 

' tion are mre varied. 
te, solvent 

 often^ a n d t h e t y p s s o f ~  
muse it is &dcan practical to andlyze every potential candzda 
&e=tion is usually based on past experience. M o r e ,  it is not unamon 
to fina many different solvents being enplqed in similar cold cleaning 
qxxations an hiustry or even a single facility. __ 

&lition to paas cleaning, many nonhalogamted solvents are used for 
paint &riming. Sane of these solvents include acetone, methyl ethyl ketone, 
toluene, or xylene. Shellacs and laoquers can be stripped w i t h  almhols and 

In ma- operations, mineral 
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w i t h  blenls of alcahols and acetates (e.g., butyl acetate) respectively. 
solvents that can be used on shellacs and lacquers are 2-nitropmpme, 
tetrahydrofuran, dimethyl f o d d e ,  and 1 ,1 ,2 - t r i r~e thoxye~ .  
can be strippea from wwd by using diacetone alcohol and arcmatic naphtha or 
xylene [4].  
been developed and is carmnercially available 15). 

widely used stripping agents are based on ”xs of methylene chloride and 
chmnates, phenols, and strong acids. 
of stripp- waste, several non-phenolic/non-acidic stripprs have recently 
been developed. 
BASF), “-5873 (made by l”), and 766 (made by Magnus) , show that they are 
just as effective in removing epoxy primer and polyurethane topooat from 

and steel panels 161. H o w e v a ,  based on inpcdmg * California 

permissible expare  level of methylene d o r i d e  in the wo=71, and the 
irmeasing cost for solvent waste aisposal, the use of methylene chloride based 
strippers is likely to decrease. 

Solvent selection for vapor d m ,  which employ halogenated solvents, 
tendstObelrpre&an%rdl ‘ zed.  Halogenated solvents are employed due to their 
characteristics of non-flanrmability (reduced risk of fire) and high vapor 
density (ease of emission control). %e most ccDIpIy3nly used solvents are 
l,l,l-trichlOmethane (1,1,1-), trichlomethylene (m), perchlomethy1ene 
(FCE) , wthylene chloride, or trichlorotrifluomthane. Prior to 1970, 
trichloroethylene was the acnrinarrt vapr degreasing solvent. 
mre stringent air quality m a t i o n s  “g * the use of reactive solvents 
(solvents which undergo a chain of phatocherm ’cal readions in  the atmosphere 
and lead to ozone formation) and safety considerations, 1,1,1- has replaced 
TCE in  many applications. Selection of a particular vapor degreasing solvent 
usually aepMas on a part’s sensitivity t o  heat (FCE boils a t  250 degrees 
Fahrenheit while methylene chloride boils at 104 deg-mes Fahrenheit) and the 
availability of appmpriate utilities. 

Gther 

Alkyl enamels 

A low toxicity organic s t r i p  (n-methyl-2-pyrmlidhone) has 

Chlorinated solvents are also used for cold tank p i n t  stripping. ?he most 

In order to reduce the h a z a r d . ~  nature 

Tests perfonnea with these stripp=rs, su& as Sparzee (mde by 

Safety and H e a l t h  Administration regulations ’ the 

Today, due to 

. .  4.1.3 hTxzss wE” 

The three- a”nn solvent cleaning systems are cold tankcleaning, 

Usually, remmal of several 

di- cleaning, d open-top vapor degresing. W e  minteMnce operations 
tend t o  be singular i n  their use of solvent, manufacturing operations often 
involve a -lex sequence of cleaning steps. 
different con taminants is required to assure a clean part. l h i s  my require 
the use of one particular solvent for each c o n t a ” t  present. 
contamination is present, then aqu- cleaners (alkalis or acids) may be 
used. 
solvent cleming and is almost always followed by one or two stages of water 
rinsing. 
cleaning aperation. 

Ifwater-based 

cleaning operation might be perform3 either before or after 

Therefore, solvent cleaning is often only a part of an overall 

- 4.1.3.1 cold cleaning cpxat’iculs 

cold cleaning operations can be divided into four distinct methods or 
w. lhese are: wipe cleaning, soak or dip tank cleaning, dim 
cleaning, and steam gun stripping. ~ach methcd is di-sed in the paragraphs 
that follow. 
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w i r e  cleaning consists of soaking a clean rag w i t h  solvent or cleaning 
solution and then wiping the part clean. Usually, wipe cleaning is associated 
w i t h  maFnteMnce operati- or proaesses that fabricate pKts on a sN1e i t e m  
basis (parts "factured in a machine shop, for example). since the operation 
is s t r ic t ly  1Mnudl, there is l i t t l e  control over the a"t of solvent used for 
cleaning. Solvent use tends to be high because the only way to assure 
cleanliness is to use a liberal amount of solvent. other disadvantages of wipe 
cleaning are that rags nust be replaced frequently, the probability of 1eavit-q 
lint on the part is high (unless lint-less w i p e s  are used) , incre~& a i r  
missions and fire hazards can result fm rag drying, and dirty rags can 
present a serims waste disposal prcblem. 

cleaning solution. 
basket while larger parts are placed on racks. 
tanks, and rmzch d l e r  spray sinks are widely used in maintenance and 
" f a c h r i n g  operations. Maintenance cleaning usually employs mineral spirits 
(petroleum disti l lates and stoddard solvents) while manufacturing operations 
enploy a wider  variety of solvents. when both water-based and oil-based 

are preserrt on the parts, anilsion cleaners may be used. hnilsion 
cleaners consist of a of solvent and aquems cleaner and hence, result 
in fewerp tenba l  air emissions. 
film of oil on parts, additional cleaning might be "fi. 

Soak cleaning mists of soaking parts h a tank of cold solvent or  
small parts are usually handled i n  a barrel or wire-mesh 

cold cleaning dip or soak 

&ca- emulsion cleaners tend to leave a 

Heating units may be to heat the solvent when a higher degree of 
cleaning efficiency is "fi. pdditional gains in efficiency can be 
a d w e d  by means of agitation. ~ c " n  methcds to inrrease the level of 
agitation in the tank are installation of a prrmp and spray unit, use of a i r  
sparsing, or installation of an ultrasolll 'c unit. While spraying and a i r  
sparsing al?s useful on many parts, 
effective in  cleaning parts w i t h  many d l  crevices or hidd.en areas. 

pmcluce cavitation in a solvent or cleaning solution. cavitation results in 
the formation of wall vacuum bubbles whidl- * tely collapse a- 
fonoation. rapid inplcs icm of these bubbles cxeates a vigorcxls cleaning 
and scrubbing actim thmughout the liquid. Because cavitation ocavs 
thm@mutthetank,andnotjustinonelocalizedarea,~ surface i n  contact 
w i t h  the liquid is effectively cl-. 'Ibis is extrendy important when 
dealing with parts that have many crevices or hidden surfaces. ultrasonic 
units can be used in conjunction w i t h  a pmp, and spray unit kut  not w i t h  a i r  
sparging. 
m h q u e n t  cleaning action. 

after the solvent cleaning step. Hdlogenatd solvents and water are relatively 
insoluble so that when they are placed wether in a tank, they w i l l  separate. 
The water, being less dense than the solvent, w i l l  flat on top. 

solvent below. vpcn removing the parts, they are again rinsed by the same 
water. 
and water rinse following the initial cleaning step. W solvent used in the 
spray portion drop; into the water and sinks to the bottcm of the tank. 

me spray operaticol is totally enclosed to reduce air  emissions arrd fully 
autanated (parts pass frcm the water bath, up into the spray unit, and back 

li" 'c units are particularly 

Ultrasonic cleaning relies on the use of high freqmxy b waves to 

Air spargirg disrupts the formation of the vacuum bubbles and their 

DiDhase clean ing ccaabines into one operation a water rinse both before and 

merefore, 

~n mre amplex units, the parts can be subjectea to a solvent spray 

the parts to be c l d  nust pass thmugh the water bath before reaching the 

___ 

A 
6maI.l pmp r€ciIwhtes solvent frcm the solvent bath up to the spray unit. 

4 4  



down into the water). 
because the solvent bath is blanketed by water. 
dirty wate r  dixharge, can be sizable (amount dem on water discharge rat,=, 
solvent's solubility in water, and degree of physical entrainrent). 

s teamm striming is mnst often used for the removal of paint fmm a 
metal surface. 
storage tank into a steam gun. 
either solvent and steam or just  steam can be passed to the gun. 
be stripped is first sprayed w i t h  the mixture of solvent and steam and then 
cleaned using pure steam. This operation is strictly 
solvent used per part cleaned is very high. 
generate large quantities of rinsewater that must be collected and properly 
treated before being disposed. 

Very little evaporation of the solvent bath occurs 
Solvent loss, by way of the 

A mivture of solvents, usually m-halogenated, is fed fmm a 
By way of a special valve and hose arrangement, 

The object to 

and the amount of 
In addition, this mthd can 

4.1.3.2 Vapor phase Cleankg 

Vapor phase cleaning relies on hot solvent v a p r  condensing directl Yon 
cold parts that are inserted into the v a p r  space of a dqnaser .  when solvent 
Mpors - on dirty parts, the - ' tion is dissolved and then rinsed 
away. lhe dirty solvent liquid falls back into the tank, is reheated and 
vaporized, leaving the contamvla ' tionbehind. ksoppsedtocleaningpartsina 
soak tank w i t h  previously used solvent, v a p r  phase systems maintain their 
cleaning efficiency over time, because the parts are always .SXFOS& to d m  
solvent vapors. 

Vawr dearea s i q ,  as Shawn in Figure 4.1, usually consists of a tank of 
halogenated solvent that is heated to the solvent's boiling pint. 
cleaned are placed in a basket or on a rack and lawered into the vapr  zone. 
As the solverrt co&rS€s! the contamination is dissolved and the parts are 
rinsed and c l d .  TO llmease cleaning efficiency, the parts may be irmnersed 
into the solvent bath or a solvent spray unit may be q b y e d .  when the 
tenperam of the parts finally reaches the terqx" of the solvent vapr,  
condensation of the vapor onto the parts ceases. l'he parts can then be removed 
f" the unit cleaned and wed. system designs include batch-0prat.d 
open-topunitsandccoltvlu ausly lcaded hocded or enclosed conveyorized units. 

than w i t h  cold cleaning operaticas. Because of this, emission ccoltrol is one 
of the major fcases of conern to &pw.nt designers. 
unit, a cooling jacket, is usually plaCea around the tank and located. a t  the 
vapr/air interface. By cooling the air above the solvent vapor, a blanket is 
formed which helps to prevent the escape of solvent vapr. 'Ihe second control 
unit, a finned coil condenser, is placed in the tank close t o  the v a p r  zone. 
vapors that reach this unit are condensed, along w i t h  any water removed fmm 
the parts or ccndensed fmm the air blanket (frost formed CUI the coil is 
remcned during the coil's defrost cycle). Located below the condenser, a 
solvent/water separator decants the water fm the solvent. %e water is 

the tank or into a sump for use by the spray unit. 

Parts to be 

The patential for air emissicas is greater w i t h  vapor degnasing operations 

lhe f i r s t  wntz-01 

~ aischarged to the facilities' wastewater system and the solvent flows back into 

4.1.4 Vhsb- - --- 
are three distinct approaches to s(xvce reduction - eliminate the use 

of solvents, reduce the w of solvents, and the recyclability of 
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solvents. 
disalssed below. 

These three approaches, along with specific applications, are 

4.1.4.1 ELimina tin3theuseofsol~ 

Eliminating the use of solvents avoids the generation of wastes associated 
with spent solvent. Elimination can be achieved by employing non-mlvent 
cleaning agents or by eliminating the need for chaning altcgether. since the 
degree of cleaning rqui red  and the methods used to achieve that degree are 
highly process and product specific, application of solvent diminaticm 
measures can only be made on a case by case basis. Solvent elimination 
applications include use of water-soluble cutting fluids, protective peel 
coatings, aqueous cleaners, and mecharu 'cal cleanirsg or paint stripping 
systems. These meth& are describe3 briefly belaw. 

fluids. When metal parts are machined, friction between the cutting tool and 
the metal generates a substantial amount of heat. This heat can redhrce tool 
life and degnde the part's finish or hadness. TO prevent the build-up of 
heat, special oil-based cutting fluids have been formulated to reduce friction 
and dissipate heat. 'Ihese fluids usually wnsist of an oil-h-water dsion. 
If the oil  intexferes with subsequent processing operations, then vapor 
aegreashis=w==d * to remwe the oil fmm the parts. 

In an effort to elbinate the need for vapor degreasing, special 
watm-soluble artting fluids have k e n  develope3 [ 8 ] .  Systems are available 
that can clean the Cutting fluid and recycle the material back to the cutting 
w t i o n .  lbe only major organic wastes prduced are those oils that enter 
the system on the parts or hydraulic fluids that enter by way of equipment 
leaks. solvent waste, due to vapor degreasing, is reduced or eljminated. 
obstacles to implementing this methcd are cost (water-soluble cutting fluids 
are more m i v e  than their oil-based counterparts), procuremerrt (there are 
only a few suppliers of water-soluble cutting fluids), and the inability to 
quickly switch between fluid types without having to tho-y clean the 

Water-soluble cuttim fluids can often be used in place of oil-based 

esuipnent ~91. 

psl coatinas can be used in place of protedive oils and thereby eliminate 
the need for cleaning with solvent. 
parts that require the involvement of several manufachzrers (for example, metal 
parts may be machined by one facility, electroplated at another, and assembled 
at a third), then the parts may be coated with a p- 've oil by the previous 
facility. 
rust fm forming during transit and subsequerrt storage. 
measure is to coat the parts with a protedive organic coating which is peeled 
off when the part is ready for assembly. 
mois tu re  f m  reaching the part and forming rust. At the reoeiving facility, 
the r e d  for vapor degreasiq is reduced or eliminated. In considering 
possible differential benefits, one must weigh the hancuing of solvent waste 
loads aswciated w i t h  applicatian of certain peel coatings against waste loads 

where the cost of labor to remwe the coating is not significant. 
indlude polyeulylene shrhk-wrapp- of sheetwork and high value added 
proauds. 

SubStiMes for solvents. 

If a facility or manufacturer handles 

Metal parts are often coated with oil before shipment to prevent 
An alternative 

Such a coating prevents air and 

-fm oil I'anaral using solvents. F e e l  coatings are limited to applications 
Examples 

m- cleaners. including alkali and caustic, are often viable 
'Ihere are a wide variety of fonmlations available 
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that can deal w i t h  many different cleaning requiremerrts . Sanemanufacturersof 
a- cleaners claim that their prrxiucts are just as effective a t  cleaning as 
several of the halcgemted solvents Wrmmnly employed by irdustry. 
people have iniicatea that several cleaners have shifted frmn solvent to 
aqueous cleaning and foresee further grawth in this area [10,11,12]. 

The advantages of substituting aqueous cleaners for solvents include 
minimzing worker's expsure to solvent vapors, reduced l iabil i ty and disposal 
problems associated w i t h  solvent use, and cost. ~queous cleaners do not emit 
fums or vapors and are usually biodegradable. Therefore, except for the 
organic and inorganic corrtaminants remvd during cleaning, mast of the spent 
cleaning solutions should not represent a long term l iabil i ty mlem w i t h  
respecttodisposdl. 

'Ihe use of aqueous cl- can resu l t  in cost savings. ?he cleaning 
efficiency ("her of parts cleaned per gallon of cleaner) and cost per gallon 
(an aqueous cleaning formulation marketed by J. H a l l  Marketing, sells for $300 
per 55 gallon drum versus $275 to $375 per &mu for lllll+m) of aqueous 
cleaner and solvent are roLqhly equivalent. 'Ihe Costs of waste treatment and 
aisposal, however, favor aqueous cleaners. Case studies have reported such 
savings, lmt. detailed eammic ccmparixns can only be made on a per facility 
basis. 

Thedisadvanta ges of using aqueous cleaners in  place of solvents may 
inclwle: possible inability of aqueous claruxs to provide the degree of 
cleaning reqdred, ixcmptibi l i ty  ketwen the part's material of construction 
and the cleaning solution, need t o  modify or replace existby equipment, and 
presence of misture on parts leaving the cleaning operation (to obtain dry 
parts, an air b l m  or heatd dryhg Unit is mquired). 
clminess or ampatibility arise, then the use of aqueous cleaners is 
definitely ruled out (prwided that no suitable formlatiom can be foun3). 
problems related t o  equipnmt mdification or the UMmeptability of w e t  parts 
require the expemliture of capital. 

Cold cleaning soak or dip tanks can usually be modified to use a q u a  
cleaners. ~queous cleaners can be corrosive to a tank's material of 
amstmction. Modification, therefore, my involve h"g * apmtective 
liner into the tank. w tanks w i t h  internal baffles and heating coils (this 
also includes -top vapor deqwexs) I instauins a protective liner m y  
present a problem. 
that is n " s i v e .  ~ f t e r  na"ing dwn the choice of cleaners, a single 
cleaner that satisfies all of the key 
be available. For facilitie6 plrchasing new cold c l e  m-t, several 
mnufacturers design equipnent that can use either solvents or aqueous cleaners 
[=I. 

-ess of the type of unit to be modified, w w  cleaners d l y  
require a f& of agitation to asmre effective cleaning. Modifications 
to provide for agitation of the liquid include adding a liquid recirculating 
punp or conpress& a i r  blomr. 

These same 

~ 

If problems cc"hg 

~n easier solution might be to choose an aqueous cleaner 

of cleaning in fact may not 

__ 
oils frpn the parts during cleaning may float on the suface of the 

oil - are 
Usuallyz-eqahd. !rheyamsistof internal floatable lxrmps or external 
cyclcnic units. cyclonic units consist of a small punp and hydrocyclone. Ihe 

aqueous cleaner and interferewith s&=qumt cleaning. 
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aqueous cleaner is wntinumly pump& into the cyclone and the cleaned 
overflew is rei"& to the tank. underflow, consisting mainly of rerraxred 
oils, is stored in a fifty-five gallon drum. Users of th is  system have 
reported sav- in chemical cleaner costs and the mufa- reports that 
systems are available for use w i t h  solvent cleaners 1141. 

facility i n  ~olden, colorado to compare the effectiveness of aqu- versus 
Solvent Cleane r s .  ?he results of the study indicated # a t  alkaline d m i n g  
(aided by u l t r a "  'c agitation) w a s  mre effective #an ultrasonic vapor 
aesreaSing enploying TcE or I,I,~-TCE. ?he metals tested were stainless steal, 
berylium, uanium-niobium alloy, and unalloyed uranium. Based on the findings 
of the stlxly, u l t "  'c vapor d m i n g  was replaced by u l t "  'c aqueous 
Cleaning [13]. A similar study cowctd a t  the General E l e c t r i c  ampany in 
Waynesboro, Virginia concluded that aqueous cleaning of print& circuit boards 
was mre effective #an solvent based cleaning [13]. 

Ihe Torrington ccanpanv i n  Walhalla, South carolina replaced their vapor 
c%reasing units w i t h  an alkaline cleaning system. ?he vapor d m ,  using 
1,1,1-TCE, were used to clean metal bearings for the autcsnobile imiustxy. 
m i n g  pricss for 1,1,1* and c"s about worker hedlth hazards 
pnmpted the mnpany to look for a viable alternative. ?he new unit  (an 
alkaline degreaser) is a twostage washer w i t h  hot a i r  drier. ?he alkaline 
cleaner used is considered to be m-hazardous so that wastewater fmsn the 
washercanbedischargeddizectl Y t o t h e S S W e r S y S t e m  [15]. 

Rxkwel1 Intmxational conducted a study a t  the Ftccky Flats nuclear weapons  

Even though the above exanples Mate successful application of aqueous 
or alkaline cleaners in place of solvents, there have been i m t a x s  where 
aqu- cleaners were found t o  be ineffective. wing Military Airplane co. i n  
W i c h i t a ,  ~ansas f m  #at aqueous cleaning was hadequate for cleaning printed 
wiring assemblies. TO assure #at the military specifications &ling for 
superaiticdl cleaning m d  be met, Boeing switched t o  a chlomflwroarimn 
solvent [13]. Another ccanpany, Swvill, Inc. in Clinton, North Carolina, found 
#at water-soluble syn#etic cleaners could replace l,l,l-TCE only in scrme of 
their cleaning operations [16]. ?he water-soluble cleaner was found to corrode 
galvanized metdl and, therefore, d d  not be used for cleaning thcse parts. 
However, Swvill did use the aqueous cleaner in several other applications and 
reduced 1,1,1- ummq$Lon by 30 percent. 

pon-solvent based mint striming methods are viable substitutes for 
solvent cleaning (especially methylene chloride). In marry instances , paint 
nust be striw frrm parts in order to exanhe the surface of the substate or 
to a substanlard coating (see section on coating application). paint 
stripping is " a l l y  perform3 by soaking, spraying, or brushing the parts 
w i t h  a stripping agent (most often a mixture of methylene chloride and 
dxmates, phenols, or strong acids). A f t e r  the agent is all- to rennin on 
the parts for a specific p i c d  of time, the parts are rinsed w i t h  water and 
the loosened paint is spray4  or brushed off. 

-mall jabs or for item #at cannot be h n n e r s d  . 
whenever it is mre cost effective and practical to install the required 
stripping equipmt. 

stripping agents. 

Brushing or spraying is used for 
Irranersionorsoakingiswd 

lhere are severdl alternatives that can be used i n  place of solvent based 
lhe~e opticns include the use of aqueous stripping agents, 
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cryogenic stripping, use of abrasives, molten salt s t r ippig,  and thenral 
stripping. 

Aqueous s t r ipp ig  agents, such as caustic soda (NaOH), are very often 
anplayea by hiustrial operations in place of methylene chloride based 
striw. 
clperations because the use of caustic elimjnates the need t o  contmi solvent 
vapor emissions. A typical caustic bath consists of 40 percent caustic 
solution heat& to abcrut 200 degrees Fahrenheit. caustic strippexxi are 
generally effective in dealing with alkyl resins, oil paints, celluhsics, and 

Surface coatings on metal objects can be Lemoved by the use of liquid 
nitrogen and non-abrasive plastic particles or llshotll. 'Ihe. methd, knm as 
"Crycgenic Stripping", relies on the freezing effect of liquid nitzcgen and the 
impact force of the plastic shot. subjecting the object to exhardy low 
temperatures creates stress between the coating and the substrate and causes 
the coating t o  became brittle. When the plastic shot hits the bri t t le  coating, 
debandcng occu~s. Ihe m e 3  coating and plastic shot are then separated and 
the shat "e3 to the process. The process is non-abrasive and does not 
damge the metal surface although attention must be paid to "u 'cal effects 
of metal  shrinkage. T h i s  technique has been tested and inplemnted by a major 
damestic auto mamfactmex [17]. 

Ihe use of abmsives, such as plastic beads propelled by high pressure air 
jets (bead blasting), has been fovnd to be an effective substitute for solvent 
stri&ng. c"eKCial portable equipent is available for hanclling a wide 
variety of item both in the shop or in  the field 118,191. Advantages of using 
plastic bead blasting over solvent stripping i n c l ~ ~ % ~  elhination of solvent 
fume gemmition, reduced liability and diqmsal pmblems, control mer the 
amdnn of coating removed, reduced r a w  material costs, anfi faster stripping 
times. Themaindisadvanta ge of using bead blasting is that it is 
iMppmpriate for easily & f o n d  objeds or objects w i t h  intricate shapes. 

are actively introduc ing the use of plastic bead blasting in place of solvent 
stripping agents to remwe paint fmm aircrafts. H i l l  Air Force Base in Ogden, 
utah has successfully used bead blasting to str ip  paint fran aircraft exteriors 
[20,21,22]. The conventional paint stripping mehod used about 8000 gallons of 
solvents per aircraft, such as acidic methylene chloride or hot caustic. 
advantages of bead blasting, as realized by Hill Air Force Base, includd: 
impmvea working anditions for persol.mel involved in the stripping operation; 
easier operation of the new equiprent as ccanpared to the conventional 
equiprent; redtuced r a w  material and stripping costs; and virtually no 
generation of hazardous liquid wastes. Based on this favorable exprience, it 
was 
blasting Systems PI. 

IDD estimates inaicate that solvent stripping generam about 7 million 
gallons of solvent/paint waste and 100 million gallons of wash wate r  each 
year. 
am"ate.ly 500,000 pnds of diy waste (paint plus spent plastic Was). 

Tne follawing paragraphs discuss each of these options. 

caustic is usually preferred for immersion type s t r ipp ig  

~ 

PhenOliWgum ~41. 

Both theunit&istatesAir Force and several co"2ia l  airline c " i e s  

"he 

that all kparbmt of Defense (DOD) facilities install bead 

U s h g  bead blasting, the total annual amount of waste generated would be __ 

&"l savings of $100 million would be expcted due to the e *on incosts 
for rawmterials and aisposal. 
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Molten salts such as sodium metasi l icate ,  d u m  phosphate, d m  
bicarbonate, and d u m  hydroxide can be used effectively to remove heavy films 
Of epcocy and SiliCOn coatings [4]. While the methcd is very effective, it does 
have several disadvanta ges that prohibit its w i d e r  use. some of these 
disadvarrtages are cost Mated  (it can be expensive to maintain temperatures 
that are typically between 480 and 540 degrees Centigrade) and s ~ m e  operational 
- namely, the limited applicability to items that can be immersed andthatare  
not heat sensitive. 

For 0bjezt.s that cannot be irmnersea due t o  their large s ize ,  hot stripping 
(or -) methods are useful. In this process, superheated a i r  is directed 
against the surface of the 0bjezt. w i t h  scnne paints, the high temperatures 
cause the paint to flake off. Re“l results fmm the drying effect of the 
air and the uneven expmsion of the paint and the substrate. w i t h  other 
pairrts, the hot a i r  melts the paint and &laws for effective scraping of the 
paint fnnu the substrate. Hand-held uni t s  are available that produoe a jet of 
hot air (nu& like a hair dryex) to effect removal. In addition to electric 
units, open flame or tomb units are Scnnetimes used. 
to inplement, its use is limited to items that are not heat sensitive or where 
rigomus cleaning standazrls are not required. 

4.1.4.2 €&uaq theuseof solvents 

Reaucing the use of solvents, in the ccoltext of this study, is defined as 

while this method is easy 

CUllY incluaing the ways in which the rarmber of parts cleaned per unit of 
unrecycled solvent can be bxxeas& . I t i s~r tan t tos t ress in th iscontext  
that recycling is not viewed as away to reduce solvent use (though it does - the amwlt of solvent plrchased and waste Proauced). solvent use may 
haease after a facility installs a recycling system. 
-1 ’ for air emissions (and the wastes associated w i t h  a i r  
pollution control equiplent such as scrubbers) also increases. merefore, 
reducing the use of solvent is viewed as taking priority over the option to 
recycle. 

Ways to reduce solvent use can be divide3 into three broad categories: 
sarrce control of air emissions, use of mlti-stage cow- cleaning, 
and- of solvent quality. 
ways in whi& rmre of the solvent can be kept inside the cleaning unit where it 
kelmgs. once the solvent is confined, use of multi-stage cowtemxrent 
rinsing can reduce the amount of solvent requird for cleaning. MainteMnce of 
solvent quality covers the ways i n  w h i c h  the lifetime or effectiveness of the 
solvent inside the uni t  can be extended. 
also crucial ’ to w i n g  a solvent’s recyclability (solvent that dqrades 
excessively cannot be recycled) , disaLss ion of this measure is deferred to 
subsequent sections of this study. 

.source cantrol of a i r  erm ‘ssions can be achieved thmugh equipmnt 
wdification and proper opemtion of the equipmt. Applicable contml 

~ measures include installation and use of l ids ,  an increase of freeboard height 
(the - fran the top of the liquid to the top of the tank), i n s t a l l a t h  
of freebard chillers, and reducing solvent drag-out fmm tanks. The available 
litera- has f0c;Used on ways to reduce emissions fran vapor degreasing 
-ti- (if w ” l l e d ,  vapor depasem have a mch greater potential for 
emissicas). mere is no mason to believe, however, that the measures just  
listed muld not reduce emissions frcm cold cleaning operations as w e l l .  

w i t h  increased solvent 

Source control of air emissions addresses 

Since maintaining solvent tyali ty is 
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A l l  units, including cold cleaning soak or dip tanks, s h d d  have l ids  
installed. 

me inccnnrenience of ushg these ewers led to g e " l  disuse [ 2 ] .  
m y ,  most units are -lied w i t h  " a l l y  operated roll-type plastic covers 
or hbqd metal covers. when viewed fm the standpoint of reauCing a i r  
anissions, the roll-type cover is preferable to the hinged type. Lids that 
swing down can create a piston effect and force the escape of solvent vapr. 
By using lids on vapor -, solvent loss can be reduced by twenty-four 
to  f i f ty  percent. 
desi@ that allow for work pieces to enter and leave the tank while the lid 
remains Closed [23]. Knum as % M t e  entries", these covers have Openings 
that dlasely match the shape of the item being cleaned [24]. A %ilhouette 
entry" reduces the open area of the tank so that less of the solvent vapor 
leaves the confines of the aegreaSer. Ixle to the reduce3 area, care should be 
taken when raising and lowering item into the tank since the ljkelihccd of 
piston or drag-out effects can incmase. 

In an open-top vapor deqeaser, freeboard is defined as the distance 
ix&ween the top of the tank and the t c p  of the vapor zone. For tanks 
w"&& before the 1970ts, the sbrdaxd design required a freeboarcl 
&Valent to f i f ty  parcent of the tank's width. Later, in the mid-1970ts, the 
U.S. Env- Protection Agency recammended a freeboazd equivalent to 
seventy-five percent. Based on experimentation, the increase in freekanl 
reduced solvent emissions twenty-seven to forty-six peroent. Other sources 
[23] re"xl that. facil i t ies w i t h  a i r  turtxllence problems kcreas= the 
f ~ t o o n e h u n d r e d p e r c e n t .  n E a d d i t i m f ~ w a s r e p o r t e d t o  
reduce emissions an additional t.hb9q-ni.m perwnt. 

In the past, units were -lied w i t h  metal single-piece unhinged 
covers. 

For tanks that are used Oont~uowly, covers have been 
~ 

om33 the fredmaml sp?lce has been hueased on a vapor aegreaSer, a 
chiller can be installed. A fre&card chiller is a refrigeLate3 coil 

installed atme the primary wn&mxr coil. W refrigerate3 coil, much like 
the cooling jacket, chills the air W e  the vapor zone and creates a secondary 
barrier to vapor lass. 
a " p t i o n  of up to sixty parcent has keen achieved. me major drawback w i t h  
a 
a " a t i o n  fran the air) into the tank. usually, special water collection 
equipwnt lrmst also be installed. If the solvent being used is sensitive to 
wa* CantarmM * tion or is water soluble (such as dlcahols), then chillers are 
impractical 1231. 

modification, it is also possible to reduce emissions by way of proper 
equipwnt layart, aperation, and mburtenanc. 
in areaswhere ambient air turtxi~ence and temperature do not pmnotevapor 
loss. It has been mported [25] that a facility lccated a soak tank of 
halogenated solvent near their paint Wirq oven. me vapors fran the tank 

altered the cure rate of the paintkeing dried in the oven and as a result, all  
of the finishes wer8 ruined. In additicn to the solvent vapor losses incurred 
by the facility, paint stripping and paint application wastes b"3e3 because 
all of ~e parts being painted had to be strim and repainted. 

mpor &p-eser, midame of spraying parts above the vapor zone or coolins 
jacket, and avoidance of drag-out of solvent (bath li@d and mpr). 

As "re3 in practice, reduction in solvent 

chiller is that it htmdues a large a"t of water (due to 

~n addition to measures that reduce air emissions by way of equipnent 

C l e  tanks should be located 

the men a d  decanpased into hydro&loric acid. ?he acid vapors 

__ 

~ o o d  aperational m~asures include prup=r wnix-01 of heat supplied to a 
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of liquids can be reduced through pmper handling of the parts being cleand 
and by allowing parts to drain adequately. 

item fram a tank. Generally, the speed of the workpiece into and out of the 
tank should not exceed elwen feet per minute [26]. 
gem&ry of the piece being handled. 
and the object is too narraw, a piston effect can be created. m i s  is 
especially important when dealing w i t h  small tanks, l q e  objects, or 
"silhouette ewers". AS a general rule of thumb, the cr~~s-sectiond area of 
itenrs t o  be c l d  should not exceed fif ty percent of the tank's ope? area 

Drag- of vapor is caused by the rapid inserh 'on W o r  removal of an 

Also of importance is the 
I f  the space between the wall of the tank 

1271. 

t clean' reduces the amaurrt of solvent used by 

Parts enter a f i rs t  cleaning stage where 
a l lowing  the solvent to reach a much higher lwd of " h a t i o n  before 
requiring replacemerrt or treatmnt. 
the bulk of the c0nta"tion is removed using d i r t y  solvent. Next, the parts 
enter a seccad stage where clean solvent is used t o  remove any reinaining 
amtambation. whenthelevelofcontarmna ' tion in the clean solvent bath 
exceds the level specified for assuring that the part is adequately cleaned, 
dirty solvent is removed fran the f i r s t  stage and the solvent fran the second 
stage is used as dirty solvent make-up. milwing this stepl v i q i n  solvent is 
added to the seam3 stage as fresh solvent make-up. 

on the final cleaning stage and by allwing the solvent in the f i r s t  stage t o  
becane very dirty before being aisposea or treated. Very often, solvent is 
replaced when the level of " i n a t i o n  prwents ackqate cleaning of the 
part. 
OCRVG. With a mdti-stage opration, only ~ 3 8 n e  of the solvent is replaced and 
at  a nu& higher lwel of contamination as amrpared to waste solvent fm a 
cold tank. Wti-stage -t cleaning syskem a n  be design& using 
in3ividua.l cold cleaning tanks or by wel- diviaing walls inside an existing 
tank. 

Multi-stage cleaning reduces solvent use by reducing the waste load placed 

In a cold tank op=ration, all of the solvent is replace3 when this 

4.1.4.3 

Increasing the recydlability of solvents can be achieved by maintaining the 
quality of the solvent, shrdanb 'zing the solvents used, and consolidating the 
use of solvent inside a facility. while maintainhg solvent quality can be 
viewed as a measure that reduces the awnmt of solvent used, solvent quality is 
nolch more critical when solvents are recycled. R5 aspect is hiqhlighted in 
the following paragraphs along w i t h  the two other major areas of cor": 
standanlization and consolidation. 

Maaintainincr solvent aual ity relies on the ability of the operator t o  
P--- ' tion of the solvent. contamintim of solvent usually 
c c a w  from addition of other solvents to the tank, drag-in of water or aqueous 
- cleaning solutions from other processes, or failure to " v e  slwlge fm the 

tank. 

Increasing the Recyclabilty of sol- 

when m t i b l e  solvent or water is added to  a tank of chlorinated 
solvent, the foxmation of hydmchloric acid can cecur. Metal d d -  and 
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oqanic-based sludges can act as catalysts and accelerate the formation of 
acid. When a tank of solvent beconnes acidic or llgoes acid", the solvent can no 
langer be recycled and extensive mintenance proaedures are mired to restore 
the tank to a usable condition. 'Ihe solvent is removed fnan the tank and 
several caustic washes and water rinses are 
"hh-g inside the tank. To help prevent solvent fm %ping acid", chemical 
s t a b i l i z e r s  are usually added to the solvent before it is sold. As solvent is 
used and recycled, the ability of the s t ab i l i ze r s  to prevent acid formation 
lessens. -fore, maintaining the quality of the solvent is essential to 

the recyclability of the solvent. maintauung 

veryoften, - I tion of solvent w i t h  other solvents ooxrs. 
solvents have very similar names, such as 1,1,i-trichloroethane and 
tricblorw=thylene, the prabability of cross-contarmna ' tionincreases. Ithas 
been reported that as little as one-tenth of one percent l , l , l -EE,  mixed into 
a tank of TCE, can cause an acid condition [ 2 7 ] .  

Corrtaminaton of sane chlorinated solvents w i t h  water can also lead to 
formation of undesirable chemical capour&. 
water and solvent can fom 
w i t h  a lmer boiling point than that of water or solvent alone). 
distillation or recycling, these azeotropes get carrid over w i t h  the pure 
solvent and can intafexe with the cleaning operation. 

to neutrdlize any acid 

. .  
When 

In addition to acid formation, 
boiling azeotropes (an inseparab le mixture 

wing 

To avoid or reiuce the possibility of water * tion, equipnent 
mahtemnce is essential. on vapr -, the water separator should be 
check63 freqently to ensure that it is clean and free of debris. 
tanperature of the water exiting the condenser coils and c0olb-g jacket should 
be maintained between ninety to one hun3r-d degrees Farenheit. 
temperature falls too low, an excessive amount of water can be c o n d e n s a d  out of 
the air. Rs a final measure, parts should not be alluded to enter the clednhg 
operation while wet. 

water to re"e any prucess solutions that adhere to the surface. When solvent 
cleaning foll- an aqueaus cleanirq/surface finishing operation or water 
rinse, drag-cut fma these Operaticas can lead to water mntamination of the 
solvent. !the degree of drag- should be "ized so that the need for rinse 
water is lessened, less depletion of the ckanhg/finishing pmxss solution 
OQUIF, and the activity or efficiency of both the pmcess solutions and the 
solvents is maintained. Methods that reduce the degree of drag& rely mainly 
on the proper design and operation of the +pent. 

dzag-out. 
per thousand square feet of surface) for parts racked i n  various 
amfigurations. 

Next, the 

If the 

Parts fmm a cleanirq/surface finishing operation are often rinsea w i t h  

The design and operation of a rack system can have a significant on 
Table 4.1 presents average amxlnts of drag-out (gallons of solution 

It is important to follcw scam m i z e d  w i n e s  * s y s t e m  
design and opetation to ensure the pmper draining of parts. 
always be racked so that the surfaces are as vertical as possible and the 
longest dimehsion should be horizontal. Ihe lower edge of the part shauld be 
tilted hom the horizontal to a l l o w  for run-off during re"l fma the tank. 
Solutions should dtain fmma corner rather than the entire edge of the part. 

Parts should 
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For parts with cup-shapd recesses, measures such as tilting the parts during 
withdrawal or drilling d l  holes in the part to provide for drainage of 
accaumlated cleaner solution have pmen effective. Pioneer Metal Finishing 
Ire. , in FranklinVille, New Jersey, reported that inpruved rack design (proper 
tilting of long horizontal bars) reduced the amount of drag-out experienced in 
an electroplating aperation [ 2 8 ] .  

”33 4.1 

m u G - a ” ~ a J s ~ ~ ~ ~  

Item Drag-out, gal/lOOO f t 2  

Vertical parts,well drained 0.4 

Vertical parts,very poorly drained 4.0 
0.8 
10.0 
8.0 to > 24.0 

Vertical parts,poorly drained 2.0 

Horizontal parts,well drained 
Horizontal -,very poorly drained 
mpd partstvery poorly drained 

Source: Electmplating mineering Handbook [23]. 

OUlernEchanl ’cal measures to reduce cleaning solution drag-out and 
subsequerrt solvent bath contamvla tion Wude installing air jets to blow parts 
dry and the use of fog nozzles on rinse tanks. U s e  of air jets is limited to 
cases where dria cleaning solution on the part does not interfere with 
subsequent operatiam. This shdd not be a pmblem after or follming a water 
rinse aperaticn. 

?hey provide 
a high dqme of rinsing while using a d l  amxnrt of water. Fcg nozzles are 
especially useful over heated p?xc€?ssing baths where the snall amount of water 
introduced into the bath ampmates for losses due to evaporation 1231. 

pranpt remwal of s l a  frcan solvent tanlcs is also vital to the 
“me of cleaning efficiency ard the prevention of acid formation. 
strippea paint ard other organic corrtaminarrts can aissolve in the solvent and 
reduce cl- efficiency. 
allowed to exceed ten percent by weight in a cold cleaning operation or 
twenty-five percMt in a vapor w i n g  opration. 
m, acid formation can ocarr. Metal fines, such as zinc and aluminum, 
are very reactive in chlorinated solvents ard should always be lpmwed 

-Y * 

Fog nozzles are specially aeSignzd high pressure spray units. 

Contamination by oZganic materials should never be 

If these levels are 

AS previausly mentioned, stabilizers are added to dilorinated solvent to 
help prevent the fonration of acid. zhese stabilizers break dawn with use and 
over time. AS a cowequence, their ability to neutrdize acid lessens. Also, 

reclamaticn. 
usually, when an acid acaeptEulce test indicates that the solvent is close 

to the point of becaning acidic, fresh solvent is added to krost the level of 
stabilizers. 'Ibis is a poor solution because the addition of fresh solvent, as 
apposed to aaaing a stabilizer fonwlatiun alone, cannot restore the level to 

their pmpr txlncentration level is not always maintained following 
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full strength. A better solution is to analyze the solvent and add specific 
CanpaLlndS as mquird. 
point is for solvent batches of five hundred gallons or more 1251. One 
obstacle to hplenwtation of this measure is that s t ab i l i ze r  formulations are 
not always readily available as separate pmducts and that these f o d a t i o n s  
are viewed as proprietary by the solvent suppliers. 

p o t m t h l  for recycling. 
prson's past exp=rience and does not necessarily reflect the actual needs of 
the operation. It is not uric" to f h d  many differat solvents being used 
in the same facil i ty for similar -'dons. muse many different types of 

operation is small, 

Based on the cost analysis, the ecolwnic break-even 

used in  a facility can often increase the 
times, the type of solvent used is based on a 

. .  
__ 

solvent are being used, and the al"t of waste solvent generated f" any one 
the potential for recycling is d d a n  considered. 

An dectrmu 'cs ccnnparry in  Massachusettes replace3 the use of three solvenb 

Originally, mineral spirits 
spirits, perchlomthylene, and a fluorocarbonmethanol blend) w i t h  a 

muctuns of l,l,l-tri.chlomthane and alcohol [ Z S ] .  
were used to 
dqmaser for cleaning axputex housings, and the blend was used to  clean flux 
€ran printd cirarit boazds. W i t h  the new solvent mixture, fresh solvent is 
now used to clean the printed circuit hoards. The same solvent is then used t o  

the canprter hcmings and then the machine parts. Reusing the solvent 
seqlmtmly in less ciemrbq ' cleaning operations has reduced the cxrerall 
a"t of solvent a"3 (and waste pmcfuced) by the facility. Additional 
benefits i n c l a  eliminatian Of potential cross a"lM ' tion, generation of a 
single wastestream w i t h  redamation value, s-lified safety and operational 
proceclures, - w i n g  leverage. 

machine parts, perchloroethylene was used in a vapor 

4.1.5 Si".rj 

The sowce reiuction methods for minimizing solvent wastes associated w i t h  
parts cleaning are sunanarized in Table 4.2. 
these "res is highly plant- and product-speciric. 'herefore, detailed 
analysis of the methods is 

4.2 Prazss cl-niw 
process equipnsnt cleaning is a peridc mainteMnae function often 

performea w i t h  the use of solvents. w e  cleaning waste may, in - 
i"es, be a small fraction of the total waste generated by a facility. 

d l y  quite significant. ~n sme cases, such as paint formlation and 
applicatim, and agridtural chemcals formlation, equiFment cleaning is 
respcnsible for the majority of solverrt waste generaticol. 

such as surface coating or agricultural chemicals f o d a t i o n .  Batch pmaesses 

The potential for application of 

before inplemntation can be undertaken. 

N ~ n d A d e ,  the tatal amount Of Solvent Wastes generated by thiS Operation iS 

process quiprent  cleaning is of particular importance i n  batch processes 

the cleaning is per fond using solvent or an aqueous cleaner depenas 
requireamchhighercleaning frequencyascQnparedto- ouspmcesses. 

on the Mture of the operation, the p m ,  and the Prefer== of the 
0Pera.tor. 

plis 
fmm @pent cleaning. A d.iscussion of the masons for process 

___ 

?x.vi- sclurce reduction measures to decrease solvent waste 

esuipaentcleaning and themethods used is alsopresented. 
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TABLE 4 . 2  
SUMMARY OF SOURCE REDUCTION METHODS FOR PARTS CLEANING 

+-------------------------------+------------------------------------------ + 
+-------------------------------+------------------------------------------ + I Eliminate the use of solvents 1 -Replace oil-based cutting fluids with I 

I I -Use aqueous cleaners instead of solvent.[ 
I I -Use non-solvent based paint stripping I 

I Source Reduction Technique 1 Options I 

I I water-soluble cutting fluids. I 
I I -Use peel coatings in place of oils. I 

I I methods such as: I 
caustic strippers, I 
Cryogenic stripping, I 

I I 
plastic bead blasting, I 

I I 
molten salt, I 

I I 
thermal or hot air. I 

I I 
I I 

I 
I I cold tanks and vapor degreasers by: I 

installing and using lids, I 
increasing freeboard height, I 

I I 
installing freeboard chillers, I 

I I 
reducing solvent drag-out. I 

I I 
I I 
I I countercurrent cleaning. I 
I Improve solvent recyclability I -Maintain solvent quality by: I 

preventing cross-contamination, I 
reducing drag-in of water, I 

I I 
I I 

I I -Standardizing the solvents used. I 

+-------------------------------+------------------------------------------+ 
I Reduce solvent usage I -Source control of air emissions from 

I I -Replace single stage with multi-stage I 

+ +-------------------------------+------------------------------------------ 

I I removing sludge promptly from tank, I 
I I monitoring stabilizer concentration.1 

+ +-------------------------------+----------------------------------- 



Ihediscuss ion is primarily oriented towards three processes: paint 
manufacture, paint application, and agricultmal chemicals formulation. 
processes are of cananercidl importance in California an3 genexate large 
quantities of solvent wastes. 

These 

4.2.1 for F@pfent cleantg 

Ihe reasons for cleaning process equipment are related to the process 
function of the equipment. For -le, in precesses such as paint or 
agricultural chemicals formulation, the prcciuction of many different prcducts 
in  the same equipment requin3 the mixing equipment to be clean& between 
batches in order to avoid Qpss-containination of the proaucts. Table 4.3 lists 
the reasons for cleaning process equipment. 
per€orn& to maintain or restore the operating efficency of the equipmt, to 
p-product- * tion and t o  maintain prcduct quality, to extend the 
lifetime of the equipmt by minimizing erosion or corrosion, to allm for 
inspecticn and repair of equiptent, and to inprove the apIJBarance of equipment 
P I  - 
inoxganic acivalkali cleaning agents. 

~ 

In general, equipmt cleaning is 

process equipent cleaning can be accmplished by using organic solvents or 
Solvents are used for the following 

reasons: 

0 

0 

0 

0 

0 

0 

0 

Solvents have a gentle cleaning action and are not as corrosive as 
acid/alkali cleaning agents. 

solvents are non-reactin3 and can be used to clean many materials that 
may react with alkali/acid cleaners. 
with concentrated caustic solution. 
recDprmended for cleaning heavily fouled a l u ”  surfaces. 

prssible damage to surfaces fmn mecharu ‘ C a l  cleaning methods is 
avoided by solvent c l e .  

solvent cleaning is preferred for pmcesses w h i c h  use solvent as a raw 
material because conb” * tion of the subsequent batches can be 
avoided by cleaning the equipent with a solvent that is a part of the 
prcduct fonnilation. 

Deposits may be soluble only i n  the solvent. 

Aqueous cleaners take longer to dry than solvents; ccmsquently, 
cleaning times are longer for aqueous cleaning. 
acid/aIkali/water rinse sequence is follmed by solvent rinse to speed 
up azyins. 

EcaMnics may favor w of solvent. 

For -le, aluminum reacts 
Solvent cleaning may be 

O f t e n  the 
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I TABLE 4.3 
REASONS FOR CLEANING VARIOUS TYPES OF PROCESS EQUIPMENT +-----------------------------------+---------------------------------------------+ 

I Process Equipment I Reasons for Cleaning I 
+- ---------------------------+-----------------------------------------------+ 
I Raw material storage containers - require cleaning before reuse to prevent I 

1 contamination of the subsequent batches 1 
I - require cleaning before disposal I I 
1 - require cleaning before equipment I I 
I inspection I I 

I 
I process lines I 

I 
I +---------------------------'-------+---+--------------------------------------------- 
I Mixing tanks I - require cleaning between subsequent I 
I 

I process lines I I 
1 - require cleaning before equipment I I 
I inspection I 

I 
1 - require cleaning when the heavy build-up 1 I 
I of residue interferes with the process I 

I 
+ I +-----------------------------------+--------------------------------------------- 

I Filling/packaging equipment I - requires cleaning between batches of I 
I different product I 
I - requires cleaning when the residues I 

I 
I decrease operational efficiency I I 

+ I +-----------------------------------+--------------------------------------------- 
I Application equipment I - requires cleaning to maintain the I 

I operational efficiency I I 
+-----------------------------------+"------------------------------------------ 

I - to prevent settled solids from clogging I 

+ 
I batches to prevent product contamination I 
I - to prevent settled solids from clogging 1 

+ 



technique, and onstream cleaning techniques [1,2]. 
aepends on the type of &pnm-it being cleaned, the ~ t u r e  of the deposits 
being removed, the type of cleaning solution being employefi, the ease and 
safety of the operation, and the overall e c o n d c s  of the mthcd.  he 
following paragraphs briefly discuss the cleaning mthcds mention& above. 

-+ involves physically breaking deposits fram the 
esuipnerrt w a l l s .  
of process vessels, pigging of process pipelines, and use of him velocity 
water jets (hydroblasting). Manual wipers are widely used for cleaning sndll 
portable tanks in  the paint industry. 

followed by hat ing  and agitation of the ccnrtents. After a period of time, the 
solution is drained and sent for aisposal. The cleaning agent is water, 
alkali, oqanic/hrganic acid, or an organic solvent. miS method typically 
requbes a larye quantity of cleaning solution and requkes substantial 
equipnent dawn time. 
heat exchangers and is widely used in the paint and agricultural chemicals 
fonnilation imlustr ies. 

81fill-and-11 method discussed previously. The process vessel is filled 
with the cleaning solution and allowed to st.rud for a short period of time. 
Solution is then circulated with an auxiliary punp. Fresh make-up solution m y  
be p m p d  i n  i f  the used solution is withdrawn. 
cleaning small process vessels. 

Method selection usually 

Exanples of this mthcd include manudl wiping or squeegeeing 

~ 

"Fill-and-awhr involves fi l l ing the process vessel w i t h  cleaning agent 

It is generally used for cleaning d l  vessels, tanks or 

a l ~ ,  knum as flcrw-through cleaning, is a rodification of the 

This methcd can be used for 

VIFlow-overV1 is used for cleaning large storage tanks or process vessels. 
The &pmk is cleaned by spraying cleaning liquid via high velocity jets and 
allowing it to flow off. 
a ixqhe re  such as carbon dioxide or nitra~en is provide& This method can be 
applied for cleaning snaller process vessels. 
laqe pesticide fonmlation tanks are generally cleaned using this method. 

fluids to accmplish cleaning. Qlelants such as ethylene diamine tetra 
acetate, when added to the process stream, can dissolve deposits. T h e  
advantage of on-stream cleaning is that equipment need not be taken CRlt of 
sexvice for deaning. on-stream cleaning is used for cleaning reactor jackets, 
and laqe gas-tion engines. Another way to accaplish on-&" 
cleanin3istouse" 'cdl devices, such as moveable tube inserts pmpelled 
by p m c e ~ ~  fluids, to xenuve tube-side -its in heat exchangexs. 

I f  the cleaning agent is flananable, an inert 

Paint application booths and 

pn-stremn cleaning generally involves the use of additives i n  the process 

4.2.3 Waste Mhhuzd * t im l3 ra .qhsauu=~  'an 

when pmcess &e is washed with a solvent, a solvent-laden 
is generated. Tkis stream is typically handled by one of the 

following methods: 

o It is collected and used in  the next canpatible batch as a part of the 
proauct fonnulation. 

It is collected and distilled to recover and reuse the solvent: the 
m a t i o n  beirq dum on-site or off-site. 

__ 

0 
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o It is colleded and used w i t h  or w i t h o u t  treatment for subsequent 
equipment cleaning; when it m o t  be reused any further, it is 
drwsrred for aisposal. 

It is used to make a low grade prakct. 

It is drum& for disposdl. 

0 

o 

me solvent wastes generated by process equiFment cleaning can be minimized 
t h r ~ ~ g h  the following waste minimization approaches: 

o eliminating the use of solvent; 

reducing the a"t of solvent used; and 

increasing the use of the solvent waste. 

0 

o 

Ihe feasibility of thw options as they pertain to the paint and 
agricultural chemicals formulation industries and surface coating application 
processesisdiscussed belm. 

* theuseof solvent . .  4.2.3.1 

Elinhating the use of solvent can be achieved through prcduct 
refonnulation and the use of other cleaning agents. 

hoduct reformulation involves a major change in the manufacturing 
ProceSS. I f  the process for which the equipwit is used enploys a solvent, 
then a solvent-based cleaning agent is often picked to clean the equiptent. 
changing the pmcess to a non-solvent based process, the need t o  use a solvent 
cleaner is eliminated. 

Manufacture of wa te r -w  paint as opposed to a s o l v e n t - W  paint is an 
example of prcduct reformlation. Ihe substitution of solvent-lxsed paints by 
water-based latexes has already talcM place to a large extent w i t h  
architectural paints. ~~lvent -hzed  paints carmot be eliminated altcgether, 
hcmver, as effective waWW substitutes cannot always be found. 
addition, pmauct formlation is not usually in the hands of the manufacturer - 
it is detetmir& b y m k e t  or custcaner demands. 

Ihe use of non-solvent-based coating formulaticms in place of solvent-based 
formlaticms is discussed in detail in  Section 4.3 (Surface Coating 
Application) of this Guide. Ihe possible substitutions include pmder 
coatings, alternate water-based formulations, two-ccPnponent catalyzed coatings, 
or mdiation-curable coatings. 
equipdz cleaning is eliminated, since the werspray of the pclwaer is 
collected and reused by "nl 'cd. means. Water-lxsed coating applicatiom in 
mwtinstances involve an a q u a  cleaning agent for process equipment 

for heavy-duty aepoSit "val [4]. 

~y 

In 

In the case of F e r  coatings, solvent-based 

-cleaning. solvent wash is Mmetimes used with water-- coating pxca=x= 
Preventing the build-up of the deposits 

ellsues that wlvent-lxls€d cleaning is not required. 

enployjng solvent-base5 cleaning. Usually, the same d%ln= of cleaning can be 
muse of 0th- clean ina a a m  nee.% t o  be considered by a l l  facilities 

Ihe use of a hi@ pressure alkali achieved by usjng aqueous cleaning agents. 
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Cleaning system for d l  paint plants is described by Morris [5]. The caustic 
cleaning solution is 
rutathg nozzle. When the cleaning operation is cmplete, the dirty caustic is 
filter&. and sent to the storage tank to be reused. The system can be modified 
to wash 5-gallon pails and 55-gallOn drums by inveaing them over a spray 
nozzle. organic/inorganic acids can scnnetimes be used for equipwit cleaning 
C61- 

under pressure and sprayed into the tank using a 

4.2.3.2 R&u&q the Amanrt of solvent Used ___ 

Reduchq the auuunt of solvent used can be achieved thmugb "res such 
as: 

o 
o avoidingunnecessarycleaning; 
o pmperlyschedulingpmduction; 
o 
0 choosingthePmperequinnent; 
o efficient clean-up procedures; and 
o betteroperatingpradices. 

maximizing the dedication of process equi-; 

inhibiting deposit build-up rate@) ; 

generally reduces the need 
for frequent cleaning. 
fonmlation, the need to clean equim between batches is eliminated. The 
utilization of qui-, however, is deterrmned * byfactorsotherthanwaste 
minimization, including: 
prcdwtdon demands, arrd drying or deterioration of residual clingage. Often, 
installation of additional equipmt is severely constrained by lack of flmr 
space. 

fi-q C ' also offers potential for waste reduction. 
For -le, paint mix tanks are s"a cleaned between different batches of 
t h e ~ ~ , e v e n ~ ~ ~  ' tion is not a problem. Ihe effect 
of cross- ' tAonbetweenbatchesshouldbeewrmned * frcanaprcduct 
quality control viewpint t o  see i f  a cleaning step is in fact necessary. 

paint prcdwtdon fman light to dark color& paints, s ~ n e  equipmnt clean-up 
steps can be eliminated. SU& a proaudion schedule, however, may conflict 
with the timing of orders for specific paints [lo]. 

toa- 'on i n  clean-up wastes. ~n paint manufacture and application, 
exp=sme of the p i n t  to atmcephere can cause the formation of dry paint films, 
which -it on tank intermls. W s  exposme can be avoided by using clcsed 
paint storage and transfer systems. 'his p"e was inplemented by The Ford 
=canpany. It resulted in less fresuMt and easier cleanups and an 
i m p r u v h  in paint quality [13]. PFG -ies, Inc., reported that the use 
of closed prcce~~ epipmnt with an inert 
reduced clm-up Wastes [141. 

By using a mix tank amsistently for the same 

equipmnt &, availability, equipent dawnthe, 

D l d I l  ction scheduling canreducecleaningfrequemy. Ryschedulins 

peaUcti.cn of cljnaaq d- Clean-up and thus corrtributes 

to prevent paint drying 

When liquid is rlrainea frum a mix tank a t  the end of a batch, sufficient 
drain time should be pmvided in order to  minimize the a"t left wer i n  the 
tank. 
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Ihlbber wipers can be used mually to scrape the sides of paint mixing 
tanks to "re deposits. 
use of mixers equipped with nezhanl 'cal wall scrapers can m c e  or eliminate 
clingage on tank walls. 
walls a d  the bottcnn of nkiq tanks are cx"n  in applications involving 
viscous liquids [i',U]. 
inpruves drainage and thus &ces deposit clingage. 
mre applicable to Qnall tanks amenable to cleanim~, choosing 

The efficiency of cleaning aepenaS on the operator. 

Ixlal shaft mixers with slow scraper blades wiping the 

use of Teflon-lind tanks reduces adhesion, 
W method is pmbably 

cylindrical tanks with low height- ratio6 (preferably equal to 
ze the wet surface area also results in lower clean-up 

A cleaning method that is of use in the paint application process involves 
coating the inner surfaces of the spray booths. when a layer of waste paint 
has a m a t &  on the coating, the coating is peeled off along with the waste 
paint and replaced with a new coating. Ihe disadvantage of t h i s  method is that 
werspray collected in this manner is not recyclable. 
solvent-based cleaning is avoided [6]. 

the pipe walls. 
fcam 99pigs91 (slugs). 
pmpellant to m e  -its [8,9]. 
pipelines do not have too many bends or sharp turns. 
should be designd so as to facilitate such cleanfng methods [io]. 

However, the 

Precess pipelines are generally flushed with solvent to remne deposits on 
cleaning of the pipelines can be achieved by using plastic or 

llpigll is forced through the pipe using an inert gas 
This method can only be used if the 

possible, pipelines 

'on for a given Efficient clean-ut~ methods can minimize the solvent 
cleaning crperation and thus decrease the waste qllantity.~lvent-- 
cleaning is employed, preference should be given to olflw-ovePf methods which  

spray nozzles for tank rinsing contributed to a reductzl 'on of 80 to 90 percerrt 
in aqueous wastes in the paint industry [Ill. 
when employed with solvent could have a similar impad on waste reduction. 
Coqmrationls plant in Hilden, West Germany developd a fully-autcmted 
cleaning system that uses a rotating spray head to clean tanks c"mg 
coating fonrmlatiuns. Ihe portable spray head reduced the clean-up time from 3 
hours to 15-25 and resulted in an annual savings of $61,500 in solvent 
and labor costs [13]. mrtable or -y installed clean-in-place spray 
system for cleaning tanks are c0p"ercially available - for -le, fmn 
sprayins systens m., in -ton, Illinois [14], or f m  ydro-servioes, Inc., 
inMiswur  i City, !kxas [E]. 

?=quire less solvent than "fill-and-empty" methods. ?he use of high pressure 

Ihe same spray nozzle system 
3M 

. .  

For facilities that have additional storage space available, a 

rinsing and can be utilized with clean-in-place syshns. 

-tins procedures can minimize equipment clean-up wastes. 

rinsing scheme may be practical. ODUnteraurent rinsing 
Enlaller almunts of cleaning solvent canpared with mentioral 

S~nre 
of the points already aiscussea in this section - such as efficient cleaning - qualify as better aperating practices. other operating P- 
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that muld be effective are discusSea belaw. 
mthq practices is provide3 in Section 4.4. 

inspedion and mairrtenance ,and- use of autrnration are extremely 
effective in  waste minimization. 
declines further, their use is expect& to increase. 
generation of spoiled batches or off-specification proaucts i n  addition t o  
routine clean-up mquk"ts. 
applicable to formula-based "facturing processes such as paint or  
agrialtuxal chemicals formlation is described by Kenndy [16]. 

mx avoiding the conmytion of larger quantities of solvent. -= 
dirty esuipaent is serrt to a central cleaning facilitywhere it is stored, 
unt i l  a given shift (usually night), to be cleaned.. 
eliininate such situations. 

Detailed W s i o n  of g o d  

Better operator training, education, closer supervision, tighter equipment 

As the cost of digital electronic cont r~ ls  
Autcmation reduces 

Computerized process control methcdolcgy 

cleaning equipnent innnediately after use prevents deposits frum I 

hpper planning can 

4.2.3.3 Of solvent Wastes 

Reuse of solvent wastes can mime or eliminate wastes and result in cost 
savings associated w i t h  a decrease in r a w  mat~~ial a"@ on. 
frcna the cl- can be reused in the next bat& fondation, or to make a low 
sraaeproduct. 

The use of cleaning wastes in the formlation of subsequent batches is 
practiced to scum extent in the paint and agricultural chemicals fondat ion 
idustries [ll,U]. 
batch formulations, the cleaning solutions must be segregated in separate tanks 
in order to  Leu6e solvent-laden cleaning wastes. This may prove to be 
expensive.. 

solvent-based paint batch is separately collected and stored. 
type of paint is pmduce3, waste solvent from the previous cleaning operation 
is used in place of virgin solvent. ~y inplenmthq ulis measure, waste 
solvent was reduced f h n  25,000 gallons to 400 gallons. The same technique is 
follum3 far watex-based latex paint pmductian pmcesses [12]. 

similar measures were reported by Rexhim Corporation, in  Mathews, North 
~roljna. 
m f f  toluene is collected as waste. 
waste by -a cleanup toluene according to the color and type of ink 
dleaned and then nwsing the collected wastes to thin future batches of the 
same jnk.  he procedure has no effect on proauct quality and has resulted in 
almost loo percent reuse of the toluene solvent [17]. 

segregating spent c~orinated and non-chlorinated solvents wd in the 
formlatien of agricultural chemicals. 
of solvent and mntributd to a decrease in  r a w  material 

Thesolvent 

If a facility earploys a me variety of solvents in the 

A t  Desato, IIIC., i n  CXe", North Carolina, the wash solvent fmn each 
when the Mme 

c~npany uses toluene to clean ink from the printing press, and 
F&xham has nearly eliminated its toluene 

ICI Americas, Inc., in  Goldsboro, North Carolina initiated the practioe of 

'onandwaste 
This practice acilitated their reuse 

- disposal 1171. 

4-24 



A t  Tniele-Engdahl, Inc., in Winston-Salem, North Carolina, similar solvent 
waste segregatian and reuse was attempted w i t h o u t  mch success. 
w i d e  variety of products made and solvents employed, segregation proved 
CQnPlicated and expensive. 
batch was significant enough that this solvent reuse methcd was discontinued 
[=I 

The use of solvent-laden wastes to make a lm grade proauct has some 
p%enthl applications. 
Paint Co., i n  Torrance, California, the wash waters from cleaning water-basd 
latex paint miu tanks were  mixed to prcduce a beige-mlorei proauct that has 
sold successfully as a m a i n m a  paint. Similar use of the w a s t e  from the 
solvent-based fonrmlations is under investigation [lo]. 

rue to the 

In addition, the risk of contaminating the entire 

A t  the Major Paint Co., a division of Standard Brands 

4.2.4 surmruy 

Source reduction measures for minimizing solvent-laden wastes frum pnxess 
?he potential for application equipnent cleaning are summarized in Table 4.4. 

of these measures is hiqhly plant specific. 
before implementhg any of the measures. 
fran trade associations and journals are prwidd i n  nppMaix C. 

4.3 surface coating -1iCatim 

flameproofing, abrasion resistance, rust prwfing, magnetizing, reflecting, 
insulating, or adhesion), or for decorative purposes. Coating formulations 
often involve the use of solvents as carriers for film-forming binders, 
pigments, powkrs, and adhesives. 
include acetone, n-butanol, o-didftorobenzene, diethyl ether, ethyl acetate, 
i-butanol, methyl ethyl ketone, methyl isobutyl ketone, methylene chloride, 
l,l,l-triChlomethane, trichlomflw-thane, tetrahydrofuran, cyclahexanone, 
and petroleum derivatives such as naphtha, xylene, toluene, or hexane [I]. 
choice of solvent de- on the type of coating that is required, drying 
speed, the nature of the substrate mate r i a l ,  and the properties of the 
solvent. 'Be coating methcd aepends on the coating fornulation. 
content in  the fonmilation can vary frcan 85 percent (acrylic lacquers) to 0 
(mer or water-brne coatings). 

Detailed analysis is necessary 
Additional ~ 3 u ~ c e s  of information 

Coatings are applied to surfaces for functional purposes (wa-prwfing, 

Same of the major solvents used for coatings 

?he 

'Ihe solvent 

The advantages of using a solvent-based coating are: 

o durability; 

0 fastdryingtjme; 

o 

0 highglossfinish. 

The aisadvan tagffi include: 

o h i o n  control pmblems; 

o workerexpsurehazards; 

law m m i v i t y  to substrate; and 

~ 
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0 firehazards;and 

o 

Source reduction techniques for “ iz ing solvent--ing wastes 

problens associated w i t h  waste mnageinent, aispmal, and liability. 

associated w i t h  surface coating applications are discussed in  this section. 
revim of coating usages, types and processes is also discussed. 

A 

4.3.1 CcaI5.q Use profile 

Coatings are routinely applied t o  a wide spedrum of pruiucts, including 
autcmobiles and book bindiqs. 
be classified irrto three broad categories: 

Based on their ?kction, surface coatings can 

0 architecturdl; 

o original equip”t mufacture (Om); and 

0 specialpurpose. 

Architectaal coatings are used in building construction, painting, and 

Tables 4.5 thru 4.8 list the 

repair. O m  coatings are used by inaustries engaged i n  the manufacture of 
autcmabiles, appliances, arid furniture. special purpose coatings are used for 
hdustYial, military, or highway maintenance. 
1985 mnsmption patterns of industrial coatings, use patterns of various 
archi- coating formulations, use patterns of coat- by Om, and the 
use patterns of special purpose coatings, respectively. 

4.3.2 Coating Types 

A coating formulation generally consists of a carrier fluid (such as 
solvent or water) and various additives. 
or dispersion Wum for film-forming binders, pigments, and fillers. 
additives impart desired rfieology, ciurability, texture, adhesion, and other 
attributes. 
into thme categories: 

The carrier fluid serves as a solvent 
?he 

Based on their ccqxsition, coathq fonmilations can be grouped 

o solvent-bo- formulations; 

o water-borne formulations; and 

o 

Solvent-bme coatins fonnulations usually d i n  60 t o  80 peroent solvent 

formlations without water or solvents. 

depenains on the application. .%ec i a l  hiah-solids Coaths contain tw ice  the 
amourrt of pi- for the same quantity of solvent, “pared t o  conventional 
wlvent-l”e formulations. The main advantage of high-solids fonmilations is 
that they contain smaller quantities of solvents. 
formulations makes their application difficult. 

opposed t o  solutions) of resins i n  the solvent. 

?he high viscosity of 
lb reduce visccsity, 

-high-solids coatings are formlated as emulsions or non-aqueous dispersions (as 
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l" 4.5 

PATlpw OF IMUSUUX 
IN 1985 

coating Type consumption Vdlue 
(million lbs) (billion $) 

Architecwdl coatings 540 
OEM Finishes 385 
special Fvrpse Coatirigs 165 

3.5 
3.5 
2.0 

Totdl 1,090 9.0 

source: Reference [2] 

Fonmlation Type percerrt Usage 

Interior wate~hrne 
Exterior wate.r-hme 
Exterior solvent-hrne 
Interior solvent-hrne 
?mhiteAural lacquers 

37 
24 
20 
17 
2 

source: Reference [2] 
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Application percent Usage  

Autamative 
M e t a l  
Wood 
Coil coat+ 
Inlustrial lacquers 
Miscellaneous ma- 
Marine coatings 
Appliances 
others 

20 
15 
10 
9 
8 
6 
4 
4 

24 

source: Reference [2] 

Application percent Usage  

Autcgmtive 
Industrial maintemmce 
Aerosols 
Traffic paints 

Netallic paints 
others 

Marjne shelf goods 

44 
18 
12 
8 
4 
2 
12 
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Water-brne coatinq formulations contain up to 80 percent water in  which 
polymeric film-forming binders such as alkyl, polyester, vinyl acetate, 
acrylic, or  epoxy resins can be dissolved, disperses , or emulsified along w i t h  
color-bearing pigents and various additives. Water-bme coatings are 
available as air-drying formulations as well as bakd finishes. 

coatings, radiation-cwable coatings and mer coatings. 

reactive resin formulations, neither of them containing a solvent, which react 
on the surface of the substrate to pruiuce a coating. 
process is the reaction between isocyanates and hydroxyl conpunds to prcduce a 
polyurethane coating. 
percent or mre solids. 

i n  the presence of ultraviolet, eledron-beam or infrared radiation. 
formulations contain no solvent. Pigents are dispersed directl y i n t h e  
mixture of a " z r i c  resin and a cross-linking agent i n  which a 
photoinitiator and various other additives are dissolved. 

pcwdexs of polymerized thennoset plastics containing polymerized resin, f i l ler ,  
pi- and various additives design& to impart stability (e.g., W 
s t ab i l i ze r s ) .  l" basic types of resins include epoxies, acrylics and 
polyesters. In  recent years, hybrid-type resins have expxienoed growth in 
application - for -le, epoxy-polyester, polyester-glycidyl ester, or 
polyesterureulane hybrids. 

Formulations without water or solvent include t " p o n e n t  catalyzed 

! n " o n e n t  catalyzed coatinus consist of two separately packaged 

An example of this 

The catalyzed polyurethane coatings contain up to 80 

padiation-cuable coatinqs contain liquid reactive "ers that polymerize 
These 

pmder coatinus are 100 percent solids. They are based on finely divided 

More Wonnation on poWaer coatings can be 
obtained frum zhe Mer coating Institute in Washingtcn , D.C. 
(Tel. 202-429-1779). 

4.3.3 Coating Application haoesses 

The basic steps involved in  a coating application are: 

o substrate surface preparation by stripping off the old coating and/or 
surface finishing; 

o application of the coating; and 

0 curing. 

Paint stripping is achieved by a brush, spray or dip methcd. l" objective 
of the surface preparation step is to clean the surface and make it mre 
anenable to adhesion of the coating to be applied. 
achieved by using abrasives, dlkalies, acids, or solvents. 
stripping usually involves the use of a methylene chloride based formulation. 
Many cleaning operations may be necessary, dependins on the d q m e  of 
co- ' tion. 
be necessary to *rove adhesion of the coating. 

methcd depenaS on the size, shape, amplexity, and quantity of iterns to be 

Surface prepration is 
Solvent-based 

After cleaning, surface treatments - such as phosphating - may 

The choice of coating After the surface is ready ,the coating is applied. 
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coated. 
such as annbling, barreling, or centrifuging can be used. 

solvent and to make the coating mre uniform. 
evaprated solvent can be recovered and recycled. A brief review of cormnonly 
used coating application methcds is pmvided below. 

coating formulation is held i n  a tank and the object to be coated is lavered 
into the tank and withdrawn after a period of time. 
refrigemtons, washing machines, and automabile kcdies have been dip painted. 
A variaticn of dip coating is eledmccdting, where a wate?-hrne coating is 
applied to metdls by electrically coamating paint solids on the m e t a l  
surface. The coated objects from the dip tank are rinsed to remwe excess 
coating and then cured in a drying wen. Another variatim of a dip coating 
technique is the use of fluidized beds for application of pmiier coatings. 
H e r e ,  the object to be coated is heated b e  the fusion temperature of the 
coating and then inserted for 2 to 3 seconds into an air-fluidized bed of the 
finely divided mer coating. 

Flaw coat- is often used for items that m o t  be dipped in tanks due to  
their s i z e  or weimt, or when installation of dip tanks is not mst-effective. 
!Be itens are flwded w i t h  a coarse (matmized) shawer of coating 
formlation. ’Ihe excess paint is drained off to be recirculated. The i t e m s  
are then wen dried. 

For example, when a large number of d 1  items need coating, wthcds 

Once coated, objects are usually sent to a curing wen to remove excess 
In  the coating and curing steps, 

D i p  coating is often used for objects that pmvide gccd drainage. Here  the 

~tems as large as 

poll coating, also la” as coil coating, is used for coating f la t  surfaces 
or continuous flexible sheets. 
transferred to the object by contact. 
and p a F  -. 
chocolate) and by the furniture and e l e c t ”  ‘cirdustxies. A c x r t a m  . of 
coating formulation is allowed to fa l l  fm a pressurized container, 
PerpMdiailar to the direction of work flow. 
curtain are coated. The coating thickness is controlled by the thickness of 
the axtam * andbythespeedofthewnveyerwhichmcnrestheparts. 

Spraying can be “dl or autcanatic. 
generally used to atanize the coating agent. Some variations of this methcd 
include airless spmy and electrostatic spray. 
agent is forced out of the gun at hiqh pressures so that air is not nquired 
for atanization. 
is given a positive charge. 
electrical groUna to attract the coating agent. 

The coating is applied t o  a roller and is 
-11 coating is used for coating cans 

curtain coating is used in the food industzy (to coat candies w i t h  

‘Ihe items that pass through the 

s13raY coa tiwq is the most widely used method for paint application. 
A spray gun powered by canpressed air is 

In airless spray, the coating 

In the electrostatic spray, the coating agent leaving the gun 
’Ihe abject to be coated is connected to the 

’Ihe drawkack of spray coating is werspray - i.e., the amolllst of aispensed 
---coating that does not reach the object. overspray can be as high as 50 to 70 

percent of the applied paint. 
aisposea of as waste. 
spray and to IO to E percent in the electrostatic wthod 151. other 
aisadvantages of spray coating incluie worker’s exposme to fumes and 
fh/e@osion hazards. ’Ihe spray coating technique is used w i t h  powder 

It is scsoetimes recycled, but more often is 
Overspray is reduced to 30 t o  35 percent in airless 
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coatings and nearly all other types of coating formulations, with the exception 
of water-krtle enamels. 

pulk coat* methods are used to coat a large number of very smll parts. 
?he most ccmm~nly employed meth& are tmbling, barreling, or centrifuging. 
In all three methods, the parts are pla& inside a barrel, the coating 
formulation is poured onto the itenis, and the barrel is then mtated. 
short time and at the correct point of tackiness, the parts are transferred to 
an oven in a wire basket. 
leaving the oven will be stuck wether. 
long, the finish will be damaged and marrsd. 
achieved by controlling the residence time of the parts in the barrel. 

Table 4.9 sunucariizes the various types of coating methods discussed above. 
Ihe single most important parameter related to waste generation frum coating 
application is the transfer efficiency, defined as the fraction of total 
coating formlation used that actually remains on the target surface to form a 
coating. 
with various painting methods. 

After a 

If the time in the barrel is too short, the parts 
If the time in the barrel is too ____ 

proper control of coat* is thus 

Table 4.10 provides a list of transfer efficiency values associated 

4.3.4 WaSteKinimiza t i c n l l l m l g h s a u r c e ~  'on 

Solvent waste results frum three operations in the overall coating 
application precess: paint stripping, coating application, and &pent 
cleaning. 
Sections 4 . 1  (Parts Cleaning) and 4.2 (Equipsnt Cleaning), respectively. Tnis 
section reviews waste minimization pertaining only to coating application. 

Paint stripping and &pent cleaning are discussed in detail in 

SaurceIedUctl 'on of solvent waste can be achieved by: 

o eliminating the use of solverrts alkgether in the coating formulations; 

o r&uci.ng solvent-baring waste by technology modifications, and 
employing better operating practices; and 

reuse/r?=cycling of the solvent wastes. 0 

4.3.4.1 E~UIUEI 

Elimination of solvent usage in coating can be accomplished by employing 

ticn of solvent usage in coating 

pawaer coating, water-based coating, two-canp3nent catalyzed coating, or 
radiation-cured coating and aqueous mer suspensions. 
paragrapks- each of these alternatives with the exception of aqueous 
powaer suspensions. 

coatinq is an effective alternative to solvent-based paint 
application. 
variety of prcducts and CQnpOnents [ 6 ] .  Fwder coating fonnrlations are 
available in various colors and can be applied to various substrates. 

. .  

The following 

"hese are still in the developnerrt stage. 

Fader coating has been found to be effective in painting a wide 

~b mer coat, a specially fonnrlatd fusible paint mer is applied to a 
~ 

surface, usually by electrostatic spray gun. 
canveyed to the spray gun using air as the Carrier fluid, thus eliminating the 
need for a solvent carrier. 
adheres pmperly to the surface of the substrate. Excess pcder that does not 

The mer is pnemtically 

The electrostatic forces ensure that the F e r  
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' ,  

Basic !ryp Variations 

Dip Coating cnnventional dip tank 
F1Ui.d bed (pac\nler coat-) 
Electrodeposition 

Air,presssure,or Oentrifugally 
atmized 
conventional or electrostatic 

nmbling,barreling,centrifuqing 

Method 
percerrt 

Transfer Efficiency 

ccnventional air-atomizd spray 

Electrostatic air-atmized spray 

Conventional pressure-atmized spray 

30 - 60 
65 - 85 

65 - 70 

Electrosbtic centrifugally-atmized spray 85 - 95 

mu coating 90 - 98 

Ele&Kccuating 90 - 99 

-coating 90 - 99 

Saurce: Feference [5] 
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adhere to the surface falls dawn on the bot- of the paint booth and can be 
recycled. 
pxkr to the surface. 

imersion of heated objects into an a i r  fluidized bed of pder coating 
particles. 'Ihe particles fuse to the surface of the object and the object is 
withdrawn frcan the bed aftex a short residence time. 

'Ihe coated objects are then heated in a curing wen to fuse the 

Applying pxkr coating through the use of fluidized beds involves the 

The advantages of paWaer coatimp are: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pawder coatings contain no solvents, thus emissions of volatile 
onjanic capcuds and the related a i r  pollution pmblems are 
eliminated. 

Preliminary toxiwlcgical studies indicate that many of the ccamercid 
pxkr formulations are non-toxic [ 7 ] .  

Since the werspray mer can be recycled, material utilization is 
high and solid waste generatim is "l. 

The pmcess has a high transfer efficienq. 

Fmdercostsareminimal ly  affected by petroleum prices. 

Messy clean-up operations present w i t h  liquid-based paints are 
avoided. 

Coating quality is claimed to be better than w i t h  the solvent-based 
coating. 

The reject ra t io  of parts is lawer. 

Fmder coating is easier to apply and it is easier to train people to 
use it. 

W a s t e  aisposal and liability problem are reduced. 

'Ihe operation is less labor intensive. 

Main- is easier. 

overall operating costs are lauer. 

Firehazard and insurance rates are rduced. 

The aperation is mre flexible to changing coating -. 
Eetter aperator attitudes result, as the operation is less messy. 

Better n e i g h b o m  relations result as the odor pmblerrs associated 
w i t h  the solvent-base3 application are eliminated. 

__ 
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?he disacivantagw of poknler coatings are: 

o Application &pent is more expnsive to install (ampred to a 
solvent-based or a high solids coating system) [SI. Table 4.11 
capares the econcmLics of four coating operations: mer coating, 
conventional solvent-based coating, water-based coating, and high 
solids wating. 

Since pmder coating is done at elevated temperatures, it is, at 
present, nCrt usable on heat sensitive substrates such as plastics, 
wood, and assemblies C0ntahb-q‘ non-metal paas. 

o 

Fornilations with 
1- Cure temperatures (275O F) are being develop2 [9]. 

’Ihere are r”us examples of sumsful substitutions of p.d.er coating 
Same of these are described h Table 4.12. 

Water-bme fornilations used in place of solvent-borne coatings are 

fOr SOlVent-baSd ProcesSeS. 

another way of elimjnating solvent wastes f m  the coating application 
process. m e  advantages of using a water-based coating are: 

0 

0 

0 

0 

0 

0 

0 

0 

Solvent air emissions are eliminated. 

Solvent based paint application equipient can be easily moaifid to 
apply water-based pairrts/coatings. 

paint overspray can be easily collected with water in the spray booth 
and recycled. 
proces~, a difficult-to-treat aqueous wastestream may result due to 
direct contact with the solvent. 

Disp36dl and liability issues associated with wastes from the 
solvent-based formlation may be reduced. 

Energy savings can be achieved by recirculating hot air in the ovem 
used to cure the paint. 
solvent-based operation as the solvent levels in the recirculated air 
may reach aplosive levels. 

me installed capital cvst of water based un i t s  is 1- than that for 
high solids or pzrder coating (as seen in Table 4.11) [SI. 

Ihe fire and explosion hazards present with the solvent-- process 
are eljlninaw. 

Concerns about worker expare to solvents are eliminated. 

“uqh this can also be done in a solvent-based 

Similar nsixdation is not possible in a 
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TABLE 4.11 
THE ECONOEIICS OF VARIOUS COATING OPERATIONS 

I Description I Conventional solvent I Uater-borne I 

I Coating cost, $/gal I 12.00 I 11.00 I 
I Volune o f  solids, % I 47 I 35 I 

I 
I 

I Reducing agent cost, $/gal I 1.55 I 

I Mixed coating cost, S/gal I 9.38 11.00 I 
I coverage a t  100% eff ic iency,  sq f t t g a l h i l  I 561 561 I 
I Dry f i l m  thickness, mi ls  I 1 .o 1.0 I 
1 u t i l i z a t i o n  ef f ic iency,  % I 60 60 I 
I Actual coverage, sq f t l g a l  I 337 337 I 
I Aipplied cost, Slsq f t  I 0.0278 0.0326 I 

p I AMual  cost of coat, S t  12,000,000 sq f t - y r l  333,600 I 391,200 I 

+-....-...-....--......---.......~...~...~~~.+....~....~.........~...~.+.....~...~....-..~...-......+.. 

.... 
__.. I Mix r a t i o  I 3.1 

I 
W I  

I 
Equipnent required 

I 
I 
I 
I 
I 
I Ins ta l l ed  capi ta l  cost, $ 

I Labor a r d  clearmp cost, f / y r  
I Maintenance cost, f t y r  
I Energy costs, S lyr  
I Sludge d iswsa l  cost, S/yr 
I Oepreciation(l0 years,straight line) 
I 

.... 
17.00 
1011 
1.2 
70 
590 

+ .................................................. 
High so l ids I Polyester ponder I 

17.00 I 2.30 I 
I 98 I 

I 
I 

I 

2.30 I 
118 I 
1.5 I 
97 I 
76 I 

I 0.0303 I 
345,600 I 363,600 I 

I I 

.--..................+............................+ 

.... 
63 

.... 
.... 

0.0288 

I I 
12 uater wash booths.1 dry  12 ES powder spray booths, I 
l f i l t e r  booth.4 autDmatic ! f i l t e r  booth.4 automatic 14 e lect rostat ic  automatic I 
le lect rostat ic  gms.2 manual le lect rostat ic  highspeed Iguns.1 manual e lect rostat ic  I 
le lect rostat ic  guns.2 rec i -  (atanizers.2 manual e lect ro-  (gun.2 reciprocatars.2 powder( 
Iprocators,safety in ter locksgls tat ic  guns,paint heating lrecovery systems with auto- I 
I s t a d - o f f s  

12 water wash booths.1 dry  

lequipnent lmatic recycle I 
I I I 
I I 108.000 I 
I 132,100 I 132,100 I 
I 18.000 I 18.000 I 
I 29,100 I 31,100 I 

10,800 I 10,800 I 
I 10.800 I 

I 
I 
I I I 

.... 

I 

18.000 I 10,000 

7,100 I 1,100 

110,000 I 150,000 
128,400 I 75,600 

27,100 I 15,700 

11,000 I 15,000 
I 

I 537,200 I 481,000 I 
I 0.0401 - 1  

I I I I I I 

I Total amual cost, f/yr I 523.600 I 594,000 
I Applied cost, s l s q  f t  I 0.0436 I 0.0495 I 0.0448 

+....~...~......~.......~~............~...~..+.........................+....-..--..........~..-.....+........-------............+...................~..~~~~~~~ 

Swrces: Referewes 18. 91 



I TABLE 4.12 
EXAMPLES OF SUCCESSFUL SUBSTITUTION OF PCLmER COATING FOR SOLVENT BASED COATING PROCESSES 

+.. ............................+..................................................+.................................................. + 

I CMPANY I PROCESS MODIFICATION I REPORTED BENEFITS I 

I I Sufxtituted solvent based alkyds, used for  I -The qua l i t y  of paint  improved. I 
I Bolden Products Div is ion I coating wrappers by hand spray and i n t e r i o r  I -The disposal costs were decreased. I 
I Belding, Hichigan I and k i t  par ts  by dip painting, u i t h  pouder I -The new process i s  less labor-intensive. I 

I 
I 
I Whirlpool, Inc. I 
I St.Paul, Minnesota I 
I I 

I 
I 
I I 

I I 
I I 
I I 

I v i r t u a l l y  zero. I 
I 

I BOP Canpany I I -Saved over f10,000/yr on disposal costs. I 
I 

I durable. I 
I I 

I -Better c m t r o l  o f  f i l m  thickness. I 
I I 
I I 

I Lawn BOY, Inc. I Replaced l i q u i d  based coating of power l a m  I -Easier operator t ra in ing. I 

I 1 Replaced medium t o  high sol ids solvent based I -Superior f inishing. I 
I Lee L. Woodward, Inc. I method for  coating tubular s tee l  and aluninun I -Reduction in emissions. I 

I -Reduction i n  disposal costs. I I 

+. .............................+..................................................+.................................................. + 

I I coating employing polyester. I -Emission control  problems Yere eliminated. I 
+.. .................-----------*--------..........................................+.................................................. + 

I I The appliance coating was changed fran solvent I -Reduction in  VOC emissions fran 75 tonsfyr 

I based t o  ac ry l i c  pouder coating. I t o  5 tonlyr. I 
I -Rejection rate decreased from 25% t o  1%. I 
I .Major savings in maintenance and energy, I 
I -Required 7 less operators. I 

I t o  0.2 tons. I 

I druns t o  28 drum. I 
I -Savings in labor, material, u t i l i t i e s ,  I 
I maintenance,and reduced f l oo r  space. I 

+.. ............................+..................................................+.................................................. + 

I -Reduction in a m a l  VOC emissions from 9 tons I 

I - R e d u C t i m  in  annual sludge volune from 112 1 

I 
I elect rostat ic  spray povder lines. 

Replaced a high so l ids spray method by manual 

I General E lec t r i c  Suitchgearl 

I - A b i l i t y  t o  coat a greater var ie ty  of parts. I 
+ ..............................+..................................................+.................................................. + 

I Replaced solvent based ac ry l i c  paint ing by I -Redused annual emissions fran 121 tons t o  I 
I thermosetting polyester pouder coating. 

1 -The new coating i s  tougher and more ueather I 

+. .............................+..................................................+.................................................. + 

I \ muer housing par ts  by polyester po&r Coating) -Eliminated l iquid sludge disposal problem. I 
*.. .................-----------*-------...........................................+.................................................. + 

I furn i ture u i t h  polyester pouder coating. 
+.. ............................+..................................................+.................................................. + 



TABLE 4.12 
EXAMPLES OF SUCCESSFUL SUBSTITUTION OF PCWDER COATING FMI SOLVENT BASED COATING PROCESSES (COfItinUed) 

*.-...-..-..-.-......-...-..~~.+--..--..~~~~..~~.~...~~.........~~~........~.~..~.+~..~~~......~~.............~~.~~--.......---.--...+ 
I I I I 
I I Replaced solvent based coating o f  zinc, I -The f i n i sh  i s  bet ter  and m h  harder. I 
I I aluninun, and s t e l l  d ie-cast appliance mixer I -Reduction i n  VOC emissions. I 

I I I paint  odor. I 

I 1 parts u i t h  pauder coating. I -Rejects decreased frm 15.17% t o  less than 5 X . I  
I Hobart (Kitchen-Aid) I I -8etter neighborhood re la t ions as there i s  no I 

I I I -Much better enployee at t i tudes as there are no1 

I I I messy l iquid paint booth cleanup requirements.1 
+.--.....-...-......-----------*-------....~~......~................................+~...-.............................................+ 
I I I I 
I I Replaced preheated high sol ids l i q u i d  paint I -A  more durable f in ish.  I 
I I Coating used for color ing g r i l l s ,  furni ture,  an1 -The re ject  ra te went down by 30%. I 
I \ pa t i o  promilcts uith pouder coating. I -Less labor intensive. I 

I I -Expect louer ind i rect  costs. I 
I I I 

I I I -Expect higher material u t i l i z a t i o n .  I 

I I 
I I I *CaFplete environmental compliance. I 

I Revere Extruders, Inc .  I I emissions rate. I 
I I I 

e 
I w m I Heco, Inc. 

I -The operation i s  cleaner. 

+...-..-.-....-....------------*--------.-..-...............~.........~.....~.....+.....~..~~...........~....~..............~........+ 
I I Replaced high so l ids coating f o r  extruded I -Energy savings due t o  the e l i m i m t i o n  o f  spray1 

I aluninun by ponder coating. booth make-up air .  

I I I -Increased production time due t o  decreased I 

I .More durable f in ish.  
I I I -Greater var ie ty  o f  colors and gloss f in ishes I 

. I  I I nou accessible for  arch i tectura l  products. I 
+.-.....-..-.-.-...-----.----.-*---...-.-.....~~...........~....~....~.......~+....~...........~.....~~...~....~........~........+ 

Sources: References t8.91 
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?he disadvantages associated w i t h  the water-kased paint application are: 

?he annual cost to coat using water-based coating was found higher 0 
ccmpax& to conventional solvent, high solids, o r  mer coating (as 
seen from Table 4.11) [E]. 

The applid coating cost per square foot for a water based unit is 
higher than that for conventional solvent based coating, high solids, 
or  p.der coating [E]. 

?he coating m y  be of inferior qudlity. 

As water  is not as volatile as most organic solvents, the drying time 
is longer and a u l d  be a bottleneck in the production line. 
necessitate the installation of a drying unit. 

Surface treatment prcc&ums m y  need extensive modification to 
m e x t  to a water-based coating method. 

Ihe quality of water-- coatings varies w i t h  ambient conditions 
such as rccRntemperature andhmidity. 

o 

o 

o 
It m y  

o 

o 

Several case examples of successful conversion frcnn solvent to water-- 

The Emerson Electric campany in  rauply, North Carolina, replaced an oxyanic 

coat* are provided belaw for perspedive. 

solvent paint system by a wate~based ancdic electrostatic 
system to coat die-cast ah" pi- [lO,ll]. 
pmcess modification were: 

paint 
The benefits from this 

o 

0 

The quality of paint application iqxuvd greatly. 

Ihe system saved $1,680,000/y1 on labor, r a w  materials, and other 
aperating -. 
Equiprent dawntime decreased fmm 3% to 1%. 

The wa te r  based system allawed for the recovery of 99.5% of the paint, 
which resulted in a r a w  material savings of $600,OOO/yr. 

Hazarxlous waste disposal costs decreased from $lO,OOO/yr t o  $300/yr. 

personnel and mintenance costs decl.Based by 40%. 

worker exposwe to organic paint solvents w a s  eliminated. 

0 

o 

o 

o 

o 

In another -ler caterpillar Tractor canparry in  Mossville, Illinois used 
a water-based f o d a t i m  for paint- engines. Ihe caymy realized energy 
savings by recimulating the hot air fram the drying ovens. In addition, f i re  

A z a r d s  and costs wexe reduced [3]. 
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The Fisher E d y  plant in Iansing, Michigan, replaced a solvent-based 
As the coating for painting aubnmbile bodies with an eledmcoat unit. 

electxmat unit q l o y s  a water-basd dip coat, solvent emissions were totally 
eliminated. 
need not be dry, the drying that was necessary for the solvent-based pnxess, 
was avoided resulting in energy savings [3]. 

At 3M’s Riker Laboratories in Northridge, California, a solvent-based 
tablet coating pmcess was replaced by an aqueous prccess. mough the 
mdification initially posed problens, such as soggy tablets, the aqueous 
process saved many thousands of dollars [ 121. 

converting to a water-based system for parts repainting. 
eliminates solvent wastes from paint application and equiprent deaning, and 
reportedly inproves prcciuct quality [12]. 

Water-bome coatings for magnetic tape manufacture have been demonstrclted 
at the research level but have not yet found caamnercial use. 
use aepenaS, to a certain extent, on the availability of water-active binders 
that are close in tensile pmperties to polymers used in organic solvent based 

Sane canpanies, such as cilm4eig-y corporation, supply dyes that can be 

In addition, as the parts prepared for the electmmat process 

?he Naval A i r  Rework facilities in Pensacola and Jacksomrille, Florida are 
?he modification, 

The m i a l  

P- ~ 3 1 .  

used in aqueous- or solvent-based formulations. These dyes offer water bleed 
resistance, lightfastness and heat stability [14]. 

?hereareinstances when the use of a water-based formulation in place of 
solvent-based formulation is inpractical. 
mcuse, New York attempted such a substitution, without nu& success. 
following problems were encountered with the water-based formulation [15]: 

For example, Carrier corporation in 
m e  

0 

0 

0 

0 

0 

?he hueasd drying time led to prcciuction scheduling problems. me 
new system took several houzs for drying, ccanpared to the time 
required for the solvent based process (less than 30 minutes). 

Itrequiredanincreased amount of surface cleaning before the 
water-based coating could be applied. The time and cost involved in 
the extra cleaning were f& to be prohibitive. 

The water coating did not have the same hardness, durability, or 
gloss. 

?he quality of the water-basd paint varied with ambient conditions 
such as h d d i t y  and mcon temperaure. 

The water envimment was corrosive to galvanized steel. The existing 

steel, which involved considerable capital w. 
made of galvanized steel needed to be mdified to stainless 

m u s e  of these pmblem, Carrier corporation switched back to the 
solvent-based *kmpliancet1 coating employing a less toxic 1,1,1- solvent. 

In another example of an unsuccesful attempt to convert to a water-based 
coating, the Blamid research and developst  group worked for mre than 5 

__ 
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years to find a water-tased formulation for photcgraphic film coating. 
research group did not find a satisfadory fodation that would not 
ccnnprmnise pxcduct quality 1161. 

which polymerize on a surface to form a polyurethane coating have been 
investigaw by the "bile i.ndwhy [SI. 
the boqmmtes, hc%iever, does not justify their use as substitutes for 
conventional solvent-hsed acrylic lacquers. 

substitutes for the solvent-based agents. 
of reactive m e r s  that are develop3 a liquid prepolymer and a mixrWe 

crosslinked in ultraviolet light. 
form the film. This coating method has been found to be useful for coating 
steel, chi-, lam.inates, cazdboard, and polystyrene [3]. 

lhe 

Thecm"nt catalvzed coatinus such as isocyanateS and hydroxyl caqxmds 

The high toxicity associated with 

Radiati"ble coatinsS are solvent free and could be effective 
Degussa Ltd., in Emlington, Ontario 

do not evaprate, but react to 'Ihe thinners 

4.3.4-2 m i n g  Solvent-Bearing waste Fran ODa- -ti- 

Reducing solvent-bearing waste frcnn coating operations should be considered 
whenever a solvent-lxs& coating is used. Technolcgy modifications and god. 
operating practice options are disc;ussed below. 

lhe wnxer choice of eauirnnent is an hportant factor in waste reduction. 
T% follcrwing -graphs disass the &pent mdification/replacexent options 
that can minimize solvent wastes. 

As mentioned previously, overspray is the chief cause of waste generated 
during coating application. 
characterized by higher transfer efficiency (see Table 4 . u )  can be an 
effective approach to reducing overspray. 

conventional spray unit with an electrostatic System [3]. ?he rep- 
advantages were a 40 percMt reduction in overspray, and a savings of 
$E,OOO/yr, with a two year payback period. A similar substitution was 
reported by " w i l l e  Furniture in -ille, North Carolina. In addition 
to the imprmrements in transfer efficiency, the overspray was collected on the 
spray booth walls. 
As a result, residues are absent in the rest of the work area [lo]. 

thancommhrg * to totally different types of @pent. 
flow coating machines have 90 to 98 percent efficiency, and electrowat 
machines have 90 to 99 percent efficiency, their applicability is limiM to 
the size, shape and quantity of parts. 

makials such as metals.  

mice of equiptent and application technique 

In a case -le, Flexsteel Industries in DAuque, I", replaced a 

The walls electrically grounded to attract the particles. 

convexsion fman one spray unit to another is often easier and less costly 
"qh the roll and 

The electrostatic spray methods are usually applied to coat conducting 

the wood, plastic, and rubber furniture industry is disalssed by S M e n b e X y e r  

Non-wrducting substrates can be coated by applying 
a sensitizer to make the surface conductive. The use of such sensitizers by 

[17]. 
spraying. 
of arerall operating Costs [17]. 

Ihe sensitizer can be applied by wiping, dipping, flow-ting, or 
Ihe cost of applying the sensitizer is said to be a small fraction 
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IGemp Manufacturing Industries in Goldsboro, North Carolina replaced its 
-ray guns with air-assisted airless spray guns for spraying sealer on the 
printed finish of the bedrann suites. W i t h  a capital invesbnent of $23,000, a 
23 percent reduction in materials saving was reported due to increased transfer 
efficiency. In  addition, cleaning frequency decreased to one week from 3 weeks 
[ l O l .  

S m a r  substitution WaE; attempted by NO*C W a r e  in Mhnesob for coatirq 
plastic baoon/meat racks. A f t e r  testing the efficiency of three different a i r  
assisted airless spray units, there was no inpJ"errt in paint transfer 
efficiency and coating quality. !the cmplicated geconetry of the bacon/meat 
ram mqubd a highly atanized spray, which could not be achieved w i t h  the 
tested airless spray units [18]. 

fo-ations is another possibility. 
1- quantity of solvents, 1- emissions and a 1- quantity of wastes 
result. 

-- 

I" use of high solids formulations in  place of conventional solvent-based 
As the high solids formulations contain a 

!the conversion of the coating process involves mre than a swle 
replacanent of equipnent. lhere may be a considerable amount of time and work 
involved in testing, retesting, visiting ather plants, engineering, and 
mairrteMnce . ?he General Mators assembly plant in  Van M, California has 
successfully converb33 to high-solids formulation, h-er, nat w i t h o u t  
considerable effort to maintain the coating quality. I" change from a 
conventional spray coating to water-brne, high solids or pawder coat for a 
large scale installation involves about 18 mnths of work by several people 
P I  - 
operations. 
w i t h  potentially hazardms materials such as solvent-based paint, can decrease 
the waste gMeration rate. 

quantity. Additional benefits include increased pruiuction rates due to a 
deueass in the rejection rate. 
techniques [19] are: 

Goodcmezi tina wra dices can be effective i n  waste 'on from coating 
For -le, preventing the CcartarmM ' tion of nonhazardous waste 

A good spraying technique is very important in  reducing waste 

lhs basic -s of gccd spraying 

0 a 50% overlap of the spray pattern; 

o maintaining a 6-8 inch distance between the gun and the workpiece; 

o maintahhg a gun speed of about 250ft/min; 

o holdng the gun perpendicular to the surface; and 

o triggering the gun at the beginning and end of each pass. 

An overlap of 50 percent (see F i w  4.2) mans that for eveq pass that 
the operator makes w i t h  the spray gun, 50 percerrt of the area covered by the 
previous pass is also sprayed. If  less than 50 percent overlap is used, the 
coated object looks m. 
coating m a t e r i a l  is wasted and it takes mre passes than necessary to coat the 
object. 

~ 

I f  mre than 50 percent overlap is used, the 
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Tu abtain a uniform finish, the gun distance should be kept constant f m  
If the gun is place3 more than 8 inchs, the the workpiece (see Figure 4 . 3 ) .  

coating may dry before it reaches the surface. 
to the object, the coating material splashes on the surface resulting in an 
uneven coating. 

In order to get a uniform finish, the gun must be w e d  at a constant speed 
over the surface to be coated. High gun speed results in inadequate film build 
and requkes mre passes to finish coating. 
Iow gun speed results in too thick a film. 
speed, generally accepted to be about 250ft/min. 

the surface of the object to be coated. 
d t s  in excess material being deposited in some areas arid overspray. 
the gun is arched 45 degrees away f m  the surface, the overspray can be as 
high as 65 percent in addition to getting an uneven mat. 
the operators or using mhts can eliminate excessive overspray [20]. 

avoid loss of material to the atmosphere. 
end of a stroke, a pileup of material results at the point where the gun 
reverses direction. 
surface of the workpiece before reversing the direction of gun "ent. 
action d t s  in some material being lost to the atmosphere. 
alternative is triggering the gun to stap the spray at the end of the stroke 
and reversing the direction af ter  trigyering to start the spray. 

when a spmy coat method is used, the ammt  of air used to achieve 
atCnaization of the particles should not be excessive. Many operators often use 
excessive air pressures, which results in haease3 overspray and emissions. 
W 70 percent overspray in same instances can be lowered to 40 percent by air 
pressure adjustment. 

W paint or coating system should be as sinple as possible and convenient 
to use with& mdificaticas. If the coating is difficult to apply, the 
tendency may be to add mre thinner . Hawwer, addition of about 10 percerrt 
thim"ay result in a 25 to 40 percent decrease in coating perfomace. 
Excessive thirrning affects the film thickness, density, and aurability [21]. 

Freventive maintenance plays a critical role in reaUcing the amount of 
overspray, striming waste, and quipnent cleaning wastes prcduc&. Whenever a 
bad finish is pruducd, the paint is n o d l y  strippea off and the entire paint 
application procedure is redone. By maintaining all application equipent in 
goOa working order, the likelihood of pmducing a bad finish is decreased. 

"tzI ensure the most efficient use of spraying equipnent, spray guns should 
be clm after use or whenever there is an appreciable interval between use. 
For hand-held units, a solvent rinse with occasional blcrw-back (mer the fluid 
tip and aperate the trigger; this blaws the paint back to its container) is 
adequate. 
solid fan to luund cone by adjustment of the controls [19]. 

If the gun is place3 t w  close 

The rewmmended gun distance is 6 to 8 inches. 

It also fatigues the operators. 
'&erefore, there is an optimum gun 

Tu obtain a uniform coating, the spray gun should be kept perpendicular to 

____ 

Tilting the gun (see Figure 4.4)  
When 

proper training of 

At the beginning and the end of each pass, the gun must be triggexei to 

Tu avoid this, sane operators carry the gun beyona the 

A preferable 

If the gun is not triggered at the 

?his 

A spmy gun should always be able to prcxride a 91100th change from 
~ 
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Bprintea frcan Knkl, et. dl., Managing and ~ ~ ~ ~ c l i r t c j  solvents in the 
mture Industry. North Carulina State U n i v e r s i t y ,  Raleigh, NC, 1986. 
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Reprirrtea fram Kahl, et. al., Managing and ~ecyclbq solvents in the 
Furniture Indust2y. North  m l i n a  State University, Raleigh, NC, 1986. 
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Rol l e r  mating and f low mating ma- must also be properly maintained 
if they are to p- gccd finishes. ~ollers on roller mating machines 
should be cleaned regularly to remove dried paint and inspectea for swelling of 
the mate r i a l .  
inmidiately. Curtain or flow coating machines have a curtain head that must be 
kept clean a t  all times. 
break and give an uneven finish. Installation and proper maintenance of f i l t e r  
to remare solid particles, capable of plugyhg the curtain head, reduces the 
nee3 for cleanbq. To clean the machine, solvent s h d d  f i r s t  be circulated 
thmugh the machine, then, the a p e r a m  should be fully Openea and cleaned 
w i t h  a soft rag or brush. 
the curtain head. 

If swelling is evident, the rollers s h d d  be replaced 

If this aperature becames blocked, the curtain w i l l  

Metal i"ats should never be used for cleaning 

Proper layout of equipment is inprtant in  waste minimization. Solvent 
soak tanks should be kept away fm heat sources, or evaporation losses can 
occur. In a case example, the presence of the solvent soak tank near a curing 
oven caused the heavier-than-air vapors to enter the curing oven affecting the 
cure rate and resulting i n  bad finishes [22]. 

Operating schedules can be d f i e d  to minimize equipment cleaning. By 
proauCing large batches of similarly painted objects instead of mal1 batches 
of differently painted items, cleanup frequency can be hered. me cleaning 
step can be avoided by pain- light colored iterrs before dark colored items, 
i f  quality control can still be met. 

place, the water-hsed spray units should be isolated fm the solvent-based 
spray units. This w i l l  ensure that w q r a y  f m  both operations does not m i x  
causing a nonhazardous waste to be listed as hazardous. 
recyclability of the overspray w i l l  be reduced, and the nonhazardous fi l ter  
wastes fnnn the water based spray unit w i l l  not be classified as hazardous. 
This pro" was " m m 3 e d  for the Gage Tool co., in  Minnesota. ?heir 
aperation use5 three water-has& electrostatic spray units and a solvent-based 

In  facil i t ies several spray operations are si.imltaneas.ly takjng 

In addition, the 

spray unit [23]. 

sqrqatjrg the wastes is important i n  inpaving the mcydability of the 
solvent. 
segregated t o  the maximum extent possible. 
reuse of spent solvent in  addition to aiding solvent recovery operations. 

r e su l t  in nonhazaxdous wastes being aisposed of as hazardous, at  considerable 
additional cost. 

standaniizing solvent usage can be of benefit to facilities where surface 

If several solvents are used a t  a facility, solvent wastes should be 
"his practice facilitates direct 

A l l  the containers must be labeled p?mperly. Inproper labelling m y  

mating is perfomd i n  multiple aepaaments. Often, each department pvchases 
theiramthinner . Asaresult,anunnecessaril * ywidevarietyof ulinners are 
used. Tkis, in turn, often results in ccpnins.ling wastes, rendering them 
mn-recyclable. Staxlax& 'zation, i n  this context, means an effort to " i z e  

t h e  number of different types of thinners , as w e l l  as solvents used in mating 
formlations . 
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Closing the floor drains in the proauction area discoura ges use of water  to 
clean up spillage. Any spills that do occur in such areas need to be cleaned 
by dry  cleaning methods such as the use of rags. 
solvent-laden wastes that would atherwise be generam [U] . 

preferable to buying an equivalent volume of snall cans. For a given volume, 
the W a c s  area of a large tank w i l l  be lower than that of the d l  cans, and 
thus the amxlIlt of residual ma te r i a l  is lower. w e  containers can often be 
returned to the coating manufacturers for cleaning and reuse. Though the waste 
volume is the same whether the cleanup is performd by the coating facility or 
the paint manufactumr, the rcanufacturer may be in a better p i t i o n  to handle 
the wastes. 
efforts should be made to minimize the amcnurt of paint left wer in snaller 
containers. 
application. 

RLis reduces the 

purchasing coating material in large bulk containers is g e n d l y  

___ 

When plrchasing the materials in bulk quantities is inpracticdl, 

This can be done by avoiding ordering extra paint for a given 

4.3.4.3 In-PLuc€5s solvent waste B i n g  

Solvent waste reuse/recycling options should be exarmned ’ bycoating 
facilities. chapter 5 deals w i t h  the recycling issue fm a globdl 
Perspective. 
solvent waste should be considered before attempting any recycling. For 
example, 
asthethinner in  the next coating operation. 

Recvcle of owrspray can be achieved by a water wash employing a d i n  of 
water flcrwing over a series of baffles. 
curtain and is carried down w i t h  the stream of w a t e r  t o  a separator. When used 
with paints that a m  inaniscible w i t h  water, the paint can be decanted in the 
separator ald recycled. Ihe wate r  fmnthe  separator can then be reusBd in the 
washing process. This procass is a d a b l e  canrmercially from ultrafilt Inc. in 
hoy, Michigan. 

?he 3M co., in st.Faul, Minnesata reaeSiqed a spray booth to l i m i t  and 
recycle werspray. 
the paint resin. 

In the context of coating applications, hmever, direct reuse of 

washing may g-te a stream that muld directl ybereused 

?he stray paint inpinges on the water 

It is reported that the mnpany saved 500,000 pounds/yr of 
W i t h  a capital investment of $45,000, an annual savings of 

$125,000 Was reported [3]. 

Oshkash Truck covzat ion in oshkash, W i s c o n s i n  SMdS paint-laden a i r  to a 
venturi scrubber. !me water fm the SQVbber is then sent through two 
el-tic water  treaters, whe?33 the werspray is skinanea off and recycled. 
’Ihe water is then sent to the sewer without additional treatment [3]. 

@rbn adsomtion enploying granular carbon beds is often used to control 
emissions fmo the coating prccess. When the bed is saturated w i t h  solvent, 
the solvent is often remwed by steam stripping. Ihe regenerated carkn can 
thenbe reused. Ihe Solvent can be recavered by -ing anddecmtlw . t h e  

[24]. mre detail on carbon adsorption is pmided in  section 4.5. 

Ultrafiltration can be used to fi l ter  solvent-laden sludges using membranes 
pores of ultrafiltration membranes are typically on 
Faint particles are typically bigger than 1 micron 

__ 
w i t h  d l  pore sizes. 
the order of 0.01 micxuns. 
i n  diamter [24]. W i t h  ultrafiltration, the solvent wastestream is f i rs t  
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allawed to settle in a tank where large particles separate out. 
fran this tank is then sent through a series of membranes to obtain a purified 
solvent. 
conth" basis. 

The solution 

The solids that a"ulate on the membranes are removed on a 

'Ihere is exprience pxifying paint wastes by ultrafiltration [24]. 
installation of a unit for $41,500 at an automobile IMnufacturing plant 
resulted in a savings of $7,85O/mnth. 'Ihe payhckpericd was estimates at 5.3 
months. For paint solvent rewvery, it is estirrated that 1000 gdllom/mnth of 
solvent waste cauld be precessed to yield 750 gallons/moth of pure solvent, 
with a payback perid of less than one year [25]. Additional infomtion on 
ultrafiltration is pruvided in chapter 5. 

Distillation can be used to rewver the pure solvent f m  the spent 
solvent. Distillation can be acmnplished using a w e t  process or a dry 
pmcess. In the w e t  process, the waste solvent is wntacted with live steam. 

vapors are cnm3ensed and separated to give pure solvent. 'Ihe disadvantage 
of the wet process is that the solvent is contaminated by water, and in turn 
thewa*contarmM * ted with solvent may require treatmnt. W procedure is 
generally used with solvents that are innniscible with water. In the dry 
mthd, the solvent wastes are distilled by indirect heating [25]. 

lhe 

rrdditional information on distillation can be found in chapter 5. 

"Jration can be used to recover solvent frcm sperrt solvent. 
Evapomtion can be parfoxxed by using drum dryers or thin-film evaporatos. 
--film evaporators are generally used for dealing with l q e  quantities of 
wastes and are used nwstly by professional solvent recyclers. 
pruvides mre detail on evaporation. 

agitated thin-film evaporator to continuous ly evaporate 2,000 to 40,000 gal of 
waste solvent 1261. 
solvents since the contact time in the evaporator is small. D i d  Shamrock 

agitated thin-film evaporator to m e r  high-hiling solvents f m  50,000 to 
100,000 lb/y of heat sensitive specialty chemicdls [27]. 

sedion 5.4 

in Cmmerwille, Indiana uses a inedmu 'cally Reclaimed hergy 

It is especially suited for handling heat-sensitive 

QlemicdLs ampmy in Ashtabula, Ohio uses a vaanmrassisted mecharu ' cdlly 

4.3.5 sumnary 

Ihe various source reduction techniques discussed abave are summarized in 
Table 4.13. Additional sources of information that could pmve useful are 
l i S t € d i n A p p € d l X  c. 
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TABLE 4.13 
SUMMARY OF SOURCE REDUCTION METHODS FOR SURFACE COATING APPLICATIONS 

+-----------------------------------+--------------------------------------------- + 
.+ +-----------------------------------+--------------------------------------------- 

I Source Reduction Technique I Options I 

I Eliminate the use of solvents I - Use powder coating I 
I - Use water-based formulations I 
I - Use two-component catalyzed coatings I 

I 
I - Use radiation-curable coatings I I 

I +-----------------------------------+---------------------------------------------+ 
1 Reduce solvent usage 1 - Choose proper coating equipment I 

I - Replace conventional spray units with I 
I electrostatic units I I 
I - Replace air-spray guns with pressure I 

I 
I atomized spray guns I 

I 
I 
I 

I - Adopt good manual spraying techniques I I 
I - Avoid adding excess thinner I 

I 
1 - Avoid excessive air pressures for I I 
I atomization I 

I 
I - Maintain equipment properly I I 
I - Lay out equipment properly I 

I 
I - Isolate solvent-based spray units from I 

I 
I water-based spray units I 

I 
I - Close floor drains in the production I I 
I area I 

I 
I - Purchase proper quantities of coating I I 
I agent I I 
I - Segregate wastes I I 

I - Standardize solvent usage I 
I 

I I 
I 
I +--------------------'------"-----------+--------------------------------------------- 
I Reuse/recycle solvent Waste I - Recycle paint overspray/sludge I 

I - Reclaim and reuse solvent from wastes I 
I using ultrafiltration, distillation or I 

I 
I evaporation I 

I 
I 

I - Use high-solids formulations in place of I 
I conventional solvent-based formulations 1 

+ 

+--------------------------------------------- + +----------------------------------- 



4.4 Good cpemting practioe 

Good aperating practice is a set of source reduction measures that relate 
to an OrganizatiOndL asp& of a p m  'on operation. 
studies of successful source reduction efforts, a factor weighhg heavily in 
the achievemnt of waste reduction has been a pmwdural or policy change 
within the plant or firm. In the context of waste "ization, the g e n d  
objective of god aperating practice or procedure is to "ize materid 
losses and the probability of their occurence. It may be SQmething as sinple 
as a change in the method of accounting for h a z a ~ % ~ ~  materials, or samething 
as "@ex as a change in m g m t  outlook. Froper procedures and policies 
leading to reductions in the amount of hazardous wastes generated should be 
considered in a ampany's overall operating plan. 

orsanizational& within a service or manufacturing operation which results 
in a rekction of hazardous waste generation. Thus, gccd operating practice 
enccnrpasses changes to the personnel side of proauction as opposed to 
technology or materials aspects. m e  following is a list of the major elements 
of gocd aperating practice discussed in this chaptex: 

In numerous case 

A goOa operating practice is defined in this report as a procedure or 

persorael pctices 

o Managemrat initiatives 
0 Enployeetraining 
o Clwersupervision 

proceduralmeasures 

o W a s t e  audits and reviews 
o Additionaldocumentation 
o 
0 scheduling 

Ices prevention measures 

0 spill/leakpreventl 'on Program 
0 prwentive/wIrectl 've mahdmmnce 

wastestreamsegregation 

Material hancuing & storage 

Material/waste tracking & inventory controi 

Note that other classifications or groupings are possible and certain 
practices do not yield t h d v e s  xeadily to rigid classification schemes. For 
example, the labels that aid in material handling w e  also to track materials 
and control inventory. 
maintenance can be part of a spill or fire prevention prcgram. "gmt 

Good material storage practices and preventive 

-initiatives and employee training affect all facets of plant operations. 

The follaving sections describe each of the above five elewts. 
case examples are provided in order to illustrate the concept, or its 
application, and also to provide references to those who seek additional 
infonmtion. 

Actual 

4-51 



4.4.1 Practices 

4.4.1.1 Ma"& Initiatives 

Ihe need to head off rising aisposal costs and to wnfront environmenw 
issues and mspmsibilities has encouraged many firms to institute 
self-standing e n v h m t a l  programs and policies. These include in-house 
chemical waste m g e m n t  programs. w a s t e  " e n t  programs can take the 
form of on-going waste manage"t/reduction programs, auditing programs, or 
pericdic envirunmntal reviews of operations. 

recycling solvent, or to eliminate/substitute solvent-bas& process/material 
with non-solvent alternatives. 
effectiveness of waste reduction programs. 

h x w n  Electric ccanpany manufachves stationary power tools, which 
involves both metdl finishing and paint* Operations. lhe cmpmy developea a 
chdcal waste m g &  program on the initiative of its special products 
Division with the support of the president and vice president. In addition to 
having addressed several M a t e  waste maMgement concexns, the program seeks 
to 1) eliminate unauthorized dunping of spent chemicals, 2) educate emplloyees 
on the proper disposition of waste chemicals, 3) prevent chemical spills, and 
4)  catply with environmental laws and regulations. 'IhrOugh its waste 
management program, Emerson has keen able to adjust its effluents to conform to 
effluent guidelines, to reduce its dcmtime, and to implement various pollution 
reduction measures. Among numerous sucessful pmjeds, the cmpmy was able to 
reduce chlorinated solvent usage by 80 peroent following its decision to switch 
from solvent w i n g  to an alternative cleaning method using alkaline 
detergent and steam. 
encaurage new ideas for cost ~vings or new proauct developrent. Items such as 
color television sets, radios, and stereos are award& to acknmledge employee 
contributions [l] . 
mill ampany. sawill uses 1,1,i-triddomethane solvent to metal 
stanpings proauCea in their "facturing process. U n t i l  it implemented a 
recycling program, the ccnrparry had been accunulatitq waste solvent in 55-gallon 
drums. 
wastes, scovill collaborated with the Fayetteville Office of the N o r t h  Carolina 
S t a t e  Solid and Iiazadaus W a s t e  Management Bsanch to develop a plan to recycle 
the waste solvent. Ihe ccanpany reported that the substitution of recycled 
solvent for the virgin pmduct has resulted in an ovexall annual cost savings 
of $8260 and a paylw.3~ perid of under 6 months. Scovill has also instituted 
an employe incentive cost savings pmgram w h i c h  they hope will lead to other 
pollution prevention projects. Under this program, six-member teams are 
randcmlySelectedandteamlt&XX&l 'p is changed each year. - P I .  

M a n a g d  initiatives m t  often result in actions taken either to start 

'Ihe following case studies illustrate the 

Emerson maintains an incentive awards pmgram to 

Another excellent example is the waste reduction effort urdertaken by the 

In order to avoid the mqmsibility and expense of landfilling the 

Ihe team 
r e s p c a s i b l e  for the greatest annual cost savings to the ccpnpany receives bonus 
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4.4.1.2 Ibployee "inbg 

An effective " g c d  operating" campaign to reduce the amount of hazardous 
waste generated in a plant m t  inwrprate an employee training prqmn. ?he 
persorvlel responsible for operating and monitoring process equiprent, for off- 
and on-loading hazardous materials, for storing and transfering toxic 
substances during plant operations, and for similar tasks, need to be trained 
to adhere to safe operating p"s, pmper equipment use rewamnendations, 
correct process Ccntrol specifications, and gccd industrial hygiene practices. 

According t o  reaarnnendations made by the National Agricultural chpmicals 
Associatiun, the training of employees in safe hazardous materials handling 
should take place in three stages: 1) prior to job assignment, 2) during 
on-the-job training, and 3) ongoing during the employeels tenure with the 
company [5]. Prior t o  assuming a position, an employee should be given a 
reviw of the types of materials to be handled, including their toxic 
properties, the health cowences  i f  exposed, and any byprcducts resulting 
from f i re  or explosion. 
should also be carered. 

of equipant, proper materials handling, and spill clean-up pmoedures. 
Techniques should be denonstrated for "izing the amount of m a t e r i a l  allawed 
to escape and hmmn ~XFSUP= to it. nnployees should also be tawt the signs 
and methcds of detecting releases of toxic m a t e r i a l  into the work envhment. 

On-goh training should consist of regularly scheduled drills and safety 
meet- in conjunction with supervisory reviews of inauStrial hygiene, 
materials handling, and eueqency practices. 

?he care and f i t  of any protective equiprent requked 

When the employee b e g h  working, the focus should turn to safe operation 

In this -, the procedures in 

'Po be effective as a waste preventive measure, erployees must be made aware 

effect w i l l  always w- to the chemicds and equiplent i n  use. 

of the waste aisposal costs and liabilities that a ccanpany incurs. 
Additicmdly, enployees must understand the causes of waste generation as they 
relate t o  vleir individual areas of responsibility. 

W i t h i n  high labor-intensive operations such as paint/ccating application or 
metal parts and equipnmt cleaning, an effective enployee training program can 
often s i g n i f i d y  reduca the amount of solvent waste generated. For -le, 
in a painting operation, since many spray systans are manually operated, the 
equiprent operator's action has a major impact on the amount of waste prcducezl. 

a"t of air is requked to a d e v e  proper atcnnization of the paint [6]. 

bounce off the surface and irrcrease overspray. By providing the pruper 
training for spray systen~ operators, waste generation can be " i z e d .  

D. reports that spray operators generally believe that a large 

H-, When pressures are Set to0 high, the paint has a tendency to 

stanaarclizing solvents a t  facilities using a large number of cold cleaning 
-tanks increases the potential for recycling, and reduces the amDunt of solvent 

wasten?qlliringaisposal. 
a mini" (preferably one) "ker of solvent types i n  all operations a t  a 
plant. MXIY times, the decision to use a certam . type of solvent wer another 
is based on an operator's preference, rather than on a technical need or 

Stxdamb 'zing solvents, i n  this context, means using 
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xqubmrmt. 
generation helps the operator make better choices. 

Inmeas& awareness of the necessity to reduce h a z a n k n ~ ~  waste 

4.4.1.3 Closer SuperviSicn 

In wnjundion w i t h  an effective employee training program, gccd operating ~ 

pactice dictates that anphasis should be plaOea on providing the operators 
w i t h  closer supervision. For those operations in which a high level of human 
imrolvement is required, closer supervision inevitably leads to an increase in 
proauction efficienq as well as a substantial reduction in inadvertent waste 
generation. 
the various intaxelated parts of an overall operation, 2) i."xs& 
opportunity for a mistake to be detected prcnnptly, and 3) lessened chance for 
m a t e r i a l  losses resulting fram spil ls  and off-spec pra3uct.s due to the 
carelessness of the operators. 

____ 
mese inprov-ts come about through 1) better Cooxdhation among 

4.4.2 Pnwxbal &asures 

4.4.2.1 Waste ?d i ts  ani EawierJs 

lk~ types of audits are distinguished: e n v h m a  audits and waste 
" i z a t i m  audits. 
cmpliance-orient&, waste "ization audits are oriented primarily tmmd 
delineating waste rducing options. 
considered god  operating practice. 

mnagement and to check environmMtdl perfonmnce [2]. Environental audits can 
be carrid out by finns themselves, using their awn employees or outside 
corrtractors, or can be imposes or conbztd by regulatory agencies. 

discharges fm the plant - gas, liquid and solid. 
discharges (hazaxdous, as w e l l  as nonhazardous), each Stremn is identified and 
quarrtified as towhat andhclwmch is beingdischarged, andwhere it goes. 
ultimate aispasition of waste is also catalqed (e.g., impouncanent , discharge 
to a stream, or deepwell injection). 
chemical analysis of stack effuents, water discharge streanrs, and other plant 
wastes. 
precludes accepting all available data a t  face value. 
d e t e r "  i f  in-plant data requins verification. 

while e n v h m t a l  audits are primarily 

Periodic audits of both types are 

Drvirornnental audits are intended to inprove e n v i r o m  quality 

T h e  envbmmwntal facility audit provides a caplete listing of all 
In a review of plant 

The 

"lucting the audit may require 

&me data w i l l  already e x i s t ,  but the accuracy required for the audit 
DDwnstream analysis 

Basically, there are three types of envhnm=ntal audits p]: 

o --audit 

eliminate a specific pmblem which may threaten plant closure. If the 
plant has had an unpermitted discharge in the past, the reasons for the 
didEuyecanbedeterrmned * and corrective actions can be initiated to 
miuce or eliminate the discharge in an expeditious fashion. 

Wing an emergency audit, the auditing team is situation-oriented to 
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o Specific audit 

identifiable problem. often, mmqemnt realizes a problem exists but 
needs a starting point. A specific audit produces a list of things to do. 
Far example, when mnaqenent at one ccanpany realized that nater discharge 
fram the operating units was excessive, a two-day audit was perfonnea that 
listed and estimates -tities on dll discharges that were visible during 
that pericd. Within ten days after the audit was published, a 50 percent 
r€ductian in wa- e volume was realized. ~ r r e c t i o n s  ranged from 
replacing lealcing valves and repairing cram pips, to sinply closing 
valves [3]. 

o Generalaudit 

The general audit takes a complete lwk at a facility, at a portion of 
a facility, or at a qenend problem within a plant. such an audit attempts 
to quantify accuzately discharge volumes, indicate any M a t e  action m, and possible methods of regulatory mitigation or applications of 
source reduction or treatment technolqies to aischarge streams. -cy 
-es the generdl audit fran a specific audit. A general audit 
often requkes more time spent at an operating unit (over al l  work shifts 
Coverea) so that extensive data can be collected. Specific solutions are 
then sovght to eliminate waste problems. 

A specific audit is generally short-me, aimed at easily 

. .  

Ihe size and ccanposition of an internal audit team depends upon the 
~esou113es available to the ampany, the size of the waste problem, the 
objective of the audit, and other similar factors. A team composed of 
outsiders to the plant usually performs best, since plant personnel have 
lived with situations to the pint that they underestimate, overlook or 
-lay certain operations. 
engineering deparhnent can prfonn the audit function capetently. ?he 
audit team can be supplemented by enploying c0dt i r -g  engineers as needed 

Thmughw- audits, firms can rectify problem before being 

For a large c"y, persollnel frm a central 

131. 

forced to do so by regulatoxy agencies. This helps to avoid unnecessarily high 
caanpliance costs and fines for violations. 

Auditing can incmase a firm's efficiency and profitability by: 

o 

0 

o 

spottins opportunities to reduce waste and, therefore, d i w  costs. 

Lessening the likelihwd of an enviromental accident. 

ccanpi1ingenvi"mhl cost information for financial puposes. 

Teaching ern ploy^ to be alert to wir0l"Ib.l ?xxph"ts and the 
cost of materials lost througfi poor practice and carelessness. 

0 

Waste minimization audits are fairly new in conoept and practice. mey are 
design& to develop and screen waste minimization options thmugh source 
r€duction, recydling, and treatment (in that order of preference). waste 
"izaticm audits are not oriented tcrward a"t or poterrtidl evaluation and 
mitigation of regulatory caanpliance pr&lems as are environmentdl audits. mey 
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are a f i rs t  step in a IQmk - think - do" secpence leading to re&& waste 
generation. 

that a " p s  hazardous substances management and control system remains 
abreast of modifications i n  plant operations and of devel0pmt.s in  hazardous 
subsbxe mgement technology. 
and safety, env- ampliance and waste reduction. 

of supervisory p"el on the subject of safety and health rules [4,51. 
These meetings are held to evaluate current rules and to formulate new 
procedures that reflect chang-es in  operations. ?he review prooedure i tself  is 
carried out in  conjunction w i t h  a program of enployee drills and safety 
meetings covering a range of hazardous substance hancuing topics. 

W i e w  ccpmnittee of west mint pepperell, a textile manufacturer w i t h  22,000 
enployees and 40 manufacRving facilities [l] . 
the D i r e c t o r  of the U c a l  Deparhnent, the d t t e e  was  formed in 1976 and 
mntained the fo l lmhg personnel: 

0 anlndustr ial hygienist, 

pericdic enviromental/safetv reviews of o m t i o n s  are necessary to ensure 

These review are inportant for worker health 

The Natioml Agriailtural Chemicals Association recoaranends regular meetings ____ 

An -le of an envixumtal safety review program is the Toxic chemicals 

In  response t o  a suggestion by 

0 threeresearchchemists, 

o a prufessional engineer, 

o a m p r a t e a t t o r n e y ,  

o a corpomte safety officer, 

o 

o a c o p r a t e  information specialist. 

a chemical pr&uction representative, and 

"be amnittee kegan i n  1976 to  review chemicals in current use and proposed 
for use. It based its analysis of each chemical on the follming criteria: 

o perscaylel safety considerations, 

o firehazardpotential, 

o hazardous pmpaties (ignitability, toxicity, 
c o m i v i t y ,  xeactivity) , 
availability of less hazardous alternatives, o 

o potential for accunollation in  the facility, 

0 p0telItia.l for release to the envir-ommt, 
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o 

0 proposedmannerofuse, 

o 

o 

hazard potential when reacted or mix& w i t h  
other chemicals, 

ultimate destination of the cheinical, and 

hazard potential to the consumer. 

Since 1976, the ccnnparry has rejected or substituted a number of chemicals 
hrccedures were established for the deemed inappropriate for its operations. 

purchasing of chemicals allawing a portion of the burden of reviewing chemicals 
to be passed on to the individual manufacturing operations. 
purchases may be made only on approval of the Corporate Research a7emist, who 
follows omnittee guidelines. 

A large part of the waste reduction or waste prevention a t  W e s t  point 
pepperell has came about by replackg hazardous chemicals w i t h  safer ones and 
by preventing hazardous chemicals frum being brought into use in the f i r s t  
place. 
w h i c h  is sent off site t o  a refining "pry. 

Environmental /safety reviews of operations can be conduded a t  law cost 
depenainS on the s i z e  of a ampmy's  hazardous m a t e r i a l  problem, the amount of 
in-huws "es that can be cimnniitted to the effort, and other similar 
considerations. 
audits to preserve worker health, and/or w i t h  enviromn=ntal audits for ensuring 
ampliance with e"ental regulations. 
adopting this procedure are therefore significant. 

All chemical 

West point pepperell n m  generates only a anal1 amount of solvent waste 

A rwia procedure can be used in  conjunction w i t h  safety 

me potential benefits frum 

4.4.2.2 lraaitianal m t i c m  

DocumMtation of process procedures in  a manual or set of guidelines 
ensures that jab duties are precisely defined. 
especially inportant in an integrated prcduction process whm unsatisfactory 
performance during one step can adversely affect the remaining step of the 
prccess. 

niS documentation is 

In general, a well-written operatirq manual or set of instrudions 
~ 7 1 :  

o Informs the employee how his job f i ts  into the overall process; 

DesQ.ibes startrrp and *utdm procedures, nolm3l operating 
p " e s ,  emergency procedures, and special procedures; 

Identifies inportant control parameters, kluding target emission or 
effluent levels; 

Defines operator's job responsibilities; and 

0 

o 

o 
__ 

o Describes potential personnel hazards. 

Ehployes should be made aware of the difference between planned and 
inadvertat releases, the M e t  waste generation rates for the process, and 
theconsequences of not n-eting Meted rates. 
and control equiw failure procedures should also be outlined. Adherence t o  

Effluent sampling procedures 
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procedures and use of the information pruvidd can contribute to reduced waste 
generation. 

consistency, decreasing the likelihood of proaUcirg an unacceptable prcduct 
thatmustbediscarded . 
reducing waste generation during maintenance or emergency s h u t d m .  The 
follawing case study illustxates the role of documentation i n  a sucessful waste 
reduction pmgram. 

'&e R&mn corporation facility in Matthews, North Carolina, is part of the 
mnpany's Industridl Division. It is involved in the laminam and coating of 
paper, f i l m ,  and foil  pmauds, and in printing f i h  substrates for the 
phatosraphy i.rdu&y. wastestreanr; are generated fram several routine 
operations as well as fram 'ttent or one-th-only services for 
c"ers. 
overses a rnrmber of activities to mnitor and reduce waste generation. A 
hazarrlcpls waste "l has been developed for use by plant personnel. ?he 
manual sets forth Rexha"s contingency plan for accidents and spills and 
identifies the req" team's activities. plant's major wastestreams are 
also reviewed in the "al. 
are preserrt i n  each stream, what constituents are not permitted in a given 
stream, and haw each is to be handled. All waste materials are tracked 
thrmgh the system to ensure proper handling and to identify possible problems. 
couple3 w i t h  ather waste reduction practices such as wastestream segregation 
and rescue recovery/reus, Wxham was able to sutsbnb 'ally reduce their 
solvent waste g-tion rate [I]. 

mpoesS documentation of the type described also prmnotes product 

Mor&~~er, procedural guidelines can be helpful in 

A t  the Matthews plant, a Manager of Safety arid Ev-tal Affairs 

Include3 are descriptions of what constituents 

4.4.2.3. 

Accurate material, p"t, and waste tracking provides OperatiCm 
aupenrisors w i t h  information on the inventories of hazardous chemicals a t  each 
location an a plant site. 
mate r i a l  hardling and storage prooedures to avoid hazards. 
information on the quantities of waste being generated fmm dk"g ' 
&emicals may alm amtribute to concerned nnnagawnt iu~lemerrthg a waste 
*on P". 

apnEuters are increasingly being used in industry to "itor inventories 
and track materials t2mqh processes. mterial tram colputer software is 
available. 
materiaLs on site in addition t o  maintaining emrirmrmental monitoring, q l o y e e  
health, and chemical exposme information [ E ] .  Bristing ccanplter mcdules can 
be used to cca'rtrol spare parts andmaintenancematerials to ensure successful 
maintenance-. 

generated to indLuae i t e m  catalogs, deficiency lists and inventory forms. 
userdefined special reports can be gmerated on stocksd i t e m s  and materials, 
and their usage. 
requisitions and parts receipts. 
user w i t h  a wide variety of useful functions, such as: displaying any i t e m  

data on multiple vendor sources; 
ries fa l l  below 

"bsr on a daily basis; mahtaumq 
autanatically issuing plrchase mquisitions when invent0 
specifid "r;; and printing pnchase orders for " i t t a l  to selected 

'Ibis information Mhances the devdcpsnt of 
The availability of 

unused 

T h i s  software can list the names and locations of a l l  hazardous 

In a typical inventory colltrol software module, standazd reports can be 

stoclc levels can be maintained by - of materials 
A n  efficient xdule can often pmvide the 

. .  
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vendors [9]. Ihe ability to autcmtically &tor and control stcxkd 
materials  can significantly benefit waste reduction prcqms, since a 
subejtantial portion of hazardous waste often results fmm W- . !lXe 
following case studies provide some insights into the problem of overstd&q 
materials. 

CentWy l?urniture W y  of Hickory, North Carolina, proauCea large 
quantities of solvent waste fmm unused materials 
Operations. When a new manager took over the finishing aperation, he noticed 
that many dnms of UTllWd coating m a t e r i a l  were over two years old. The 
coat* materials had depaded over time to the point that they were unusable. 
Since Century l?urniture deals w i t h  a wide variety of colors, the mating 
inventnry of unused m a t e r i a l  could incxease substantially over time. Efforts 
t o  clean up the inventory and to get rid of old drums resulted in a big 
expense. Ihe coating suppliers would not take back old dnms .to recover 
solvents or coating materials. 
Century ?Aunitu??= made a Mnmcittrnent to a"l inventory, to avoid 
over-punhasing, and to e~lsure the renaining quantity does not go to waste. 
Periodic invent0 r y  of bulk materials now is inventoried periodically to ensure 
that no containers stay in inventory for mre than a few mths, and that new 
materials are ordered on an as-&& basis [lo]. 

Similarly, large quantities of hazardous waste can be generated from the 
aisposal of expired materials. 
Norfork, V h y i n i a ,  handles large quantities of hazardous waste generated by the 
Naval Ship Yard and Naval Air Rework Facility. 
Division, N a v a l  Facilities Engineexing ca"xl, wrducted a survey to deterrmn ' e  
the impad of expired shelf-life itens on the Hazardous W a s t e  D i s p o s a l  Facility 

gallons of hazardous waste were accepted in  A p r i l  1981. 
13 percent of thee  materials (3,600 gallons) consisted of shelf-life 
materials. 
shelf-life m a t e r i a l  was approximately $38,000. 
reflect htexedl 'ate handling costs or acaninistra tivecosts. 
were considered, disposal of expired shelf-life m a t e r i a l  at   or folk wovld cost 
w e l l  over a half million dollars a year. corrective measures were proposed 
w h i c h  suggested that an extensive study of the shelf-life problem be performed 
to review specifications, validate shelf-life expiration dates, 
and, where feasible, e l inha-  shelf-life -ts on stable ccanpounds. 
'Ihese steps would then help reduce overstocking of specific items [ 111. 

Inplemsnting extensive m a t e r i a l  traclcing procedures can often result in 
Prcnrpt - 'on of a pmblem which would otherwise go unnoticed and result i n  
the generation of 1- quantities of hazardous wastes. For -le, a t  one 
Union Carbide manufachving plant, a materials audit revealed an mexpe&d 
solvent loss of up to 20,000 pounds per day. By plugging up leaks, the ccnnpany 
saved $2,000 a day in  lost solvents. 
v i s t e d  plant evaluation system to identify and correct pollution 
pmblems before they become -ive [12]. 

IBM, like Union Carbide, makes use of cclmputer technology to safeguard the 
e"ent. &my of 1"s mnufacturing processes (such as polishing, 
machining, and cleaning-, used i n  the prcduction of magnetic dixs) require the 
Wntunuxls use of solvents. 
coatings. ?he solvents are supplied from remote tank farms. previously, 

in finishing 

After disposing of the old coating materials, 

The Defense property D i s p o s a l  Office (DPIX)) a t  

In A p r i l  of 1981, the Atlantic 

by N o r f o l k  Public Works Center (pwc) . Appmximtely 27,100 . .  
It was estimated that 

Ihe total cost of ini t ia l  pu"e and aisposal of this expired 
%his cost estimate did not 

If thesecosts 

Now Union Carbide policy mandates a 

~ 

solvents are also used i n  batches i n  the miving of 
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solvent from the "te tanks was pi@ to a day tank just outside the plant 
building. 
vapor was released to the atmosphere as the day tank was filled and the a i r  
space was displaced by solvent. 
solvent colrtrol system to mter solvents as they enter the building, thereby 
eliminating the need for day tanks and associated solvent loss. 
can shut off the line fran the tank farm, warn  the operator that excessive 
solvent has been used, and Mate that a check for leaks is required [12]. 

specifications to be controlled using sensors; when undesired changes cccur, 
corrections are serrt to ccartrol j."m ts. 
reduced by increasing the quantity of on-specification pmaud. 

The tank became an emission souf-ce of hydrocarbow since saturated 

IBM has since inplemnted a ccnrputer-assisted 

'he ccnpxlter 

_~ 
In  addition to problem detection, process control &pent allows prccess 

l l le  lnrmber of discarrls axe 

4.4.2.4 S&e&liq 

T h i n g  often plays an important role in the prulwh 'on of waste generating 
pmfiucts. 
equipsnt cleanup waste volumes are directly related to cleaning frequency. To 
reduce cleaning frequency, it is necessilly to " i z e  batch s i z e  and @pent 
dedication to a single prcduct. Good scheduling and planning are required. 

labor-intensive industries such as paint and coating application. For example, 
by pmducing l q e  batches of similarly painted items instead of snall batches 
of differently painted item, a larye reduction in the need for cleaning can be 
achieved. Same reductions are also possible by schezluling paint pmaudion for 
lmger runs or to cycle from light to dark colors to rdiuce cleaning wastes. 
In addition, many times d i r t y  equipmk is sent to a central cleaning operation 
where it waits until a given shift (usually night) to be cleaned. 
facilities using .mal1 portable mix tanks, hcmver, i n m e d ~ ~  * te cleaning after 
use reduces the amunt of paint clryins in  the tank, and hence reduces the need 
for ard extent of cleaning. 

It has a special significance in batch p- *on operations, where 

scheauling hpruvenmb can reduce waste solvent generation in 

For 

4.4.3 mss Pr" practices 

4.4.3.1 spm and Ieak P " t i c m  

spillage of a hazardous chemical results in hazardous waste. W a s h d . " ~  of 
spilled toxic chemicals creates liquid hazardous wastes, w h i c h  are often 
transferred off site for disposal. 
hazarrlous solid waste which mst also be disposed. Tu " i z e  the costs 
incurred in chemical spill incidents (which can range from disposal fees to 
enplayee care to fines frow enfox-cemnt actions) the best practice is to 
prwent spills fmn cuxurring in the f i rs t  place. 

asseswent studies at  appmpriate points i n  the design and operation phases, 2 )  
usirg properly designd storage tanks and process vessels only for their 
intenaed plrposes, 3) @pping all such containers w i t h  overflaw alarm, 4) 
testing the alarms perioaically, 5 )  maintaining the physical integrity of the 

tive controls for all containersovertime, 6 )  S e t t i n g u p a d "  
loading/unloadiq and transfer operations, 7 )  insblling sufficient semmlaq 
CantairrmMt facilities, 8) having a good valve layout, 9) having interlock 
devices to  stop flaw t o  leaking sections, 10) disallawing the operators to 

Cleanups using absorbent materials ~ t e  

?he likelihocd of a spill can be lessend by: 1) cmrcluding hazarrl 

__ . .  
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bypass the interlock or to alter the set points, 11) isolating &pent or 
process lines that are not i n  service, and 12) documenting spillages and 
related dollar values [13,14]. TIESS meafllres can be inplemented through a 
spi l l  prevention program that pmvides input into plant design as w e l l  as the 
achnuustra tion of plant operations. 
Cmntmnmswe (SFCC) plans are zquired by law (40 CFR 112) for oil storage 
facilities; however, such plans are often developed and offer benefit for other 
hazardws chemicals, including solvents. 

. .  
Spill  prevention control and 

Tu prevent material losses, MNnd practice dictates that storage tanks and 
process vessels containing hazardous chemicals be properly designed and used 
only for their intemled purpose. 
alarm. Once these conditions are met, one must still ensure the structural 
soundness of the containers , enforce proper hazardous materials handling 
procedures, and construct and maintain secondary containment and collection 
facilities [15]. 

inspection and reconl-keeping initiative. 

structures shrxld be cxntiucted. physical and testing should take 
place a t  the half-life of each tank, or mre frequently i f  the tank materials 
are subject to  attack by the chemicals in the tank. D i s c h a r g e s  from internal 
heating and cooling coils s h d d  be rmmitored and tested a t  least quarterly. 
All these efforts can be conducted i n  coordination with other existing safety 
andoperatingchecks. 

They should also have, as a "m, overflow 

The  st"l swmbess of the tanks and vessels can be assured throucp~ an 
mnthly visual inspections of tanks, 

includjng a l l  €qui* connected to them, the tank's seam, and the fllpporting 

Spills are most likely to OCCUT during lcadhg/unloading operations and 
in-plant transfer activities. 
kept aurent and easily accessible to all employes. A spill response plan 
should be f o w a t e d ,  and employes  should be trained both in mt ine  operating 
procedures and in correct inplanentation of emergency spil l  measures. A policy 
of taking disciplinary action on violations, i f  strictly enforced, can ensure 
employee adhexerice to plxeAm3z. 

eln7ilm"Ia pollution and econdc  lasses. Solvents that escape into the 
a- do w at  the expense of the business using them. 
any g c d  operating practice strategy is to identify and prevent unnecessary 
solvent emissions. 
mutineLy t o  estbate the quantity of solvents unaccounted for, and hence 
leaking unnoticed into the environment. 

Tu prevent solvent losses due to leaks, solvents should be store5 i n  
properly equim dnnns or tanks. Fixed.-rwf storage tanks need venting 
system to prevent excessive build-up of vapor pressure. Floating-mof tanks 
have lids which move on the surface of the solvent while forming an a i r t i gh t  
seal w i t h  the tank walls. Floating-mof tanks are superior to fixed.-rwf tanks 

tanks, haever, can be retrofitted w i t h  special conservation vents which l i m i t  
fugitive emissims [12]. 
floating roofs over its volatile solvent tanks a t  a cost between $500 and $1000 
per tank. RLis prevented the loss of m3re than $1.5 million worth of solvents. 
ccnayrenty, Exmn installed comervation vents on the plant's large solvent 

For this reason, written procedures should be 

The volatile nature of solvents contributes significantly to both 

A f i r s t  step in 

Solvent inputs and waste solvent outputs should be cmpred 

they a l low coily 1/20 as solvent ~ p r  to escape. Fiued-roof 

For -le, h 1975, Exxon chemical installed 11 
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tanks. The vents reduced solvent air emissions from the tanks by 30 to 75 
percerrt VI. 

In addition to proper storage, solvent leaks can be “ i z e d  through 
better material handling techniques. In the transfer of solvents, “ q e d  
filling of storage tanks can reduce solvent emissions by 50 percent over 
splash filling. Ihe sutanerged filling technique ” i z e s  the agitation and 
escape of aemsolized solvent. Vapor recovexy systenrs should be used in 
wnjunction with loading/unloading or equipnent cleaning, whenever possible, to 
reduce solvent loss [Z]. 

_~ 

4.4.3.2 

A maintenance program, whether preventive, wrrective, or a combination of 

‘ve arrd - ‘ve lQhk”= 
both, can prove hsbmmtd in cutting proauction costs s- f m  
expnsive repairs, excessive waste ~sposal, and business interrupti ons. 

can also prevent hazardous waste releases due to equipment 
failure and facility degradation. 

An effective mairrteMnce program carries back into the design phase. 
Desi- shculd take into account access to process equipwnt CQnpOnents and 
accessories by mainteMnce &pent and p”0””el. Design considerations 
should incluae larger access doors, wider “al catwalks, accessible 
ccarpxarents, hopper a- doors, and duct cleanout and inspection hatches. 
Specification of easily maintained equipment at the outset serves to reduce the 
cost of preventive and corrective ma- during operation. 

Most orgoing naintenance progranrj focvs on ways to efficiently maintain 
P- ‘on at an existing plant. ccanputers are increasingly being used in 
industry to facilitate the developnent of successful maintenance prcgrams. 
level of cgnplter usage ranges f m  shple self-written prograrm to help, for 
-le, in developing equipnent testing schedules to sophisticated software 
nurlules, that can provide dtoring and control of materials and equipment 
over the entire facility. 
use of CQnpUters has significantly hxeasd the efficiency of a plant’s 

‘Ihe 

In practically all cases, it has been found that the 

overall mainteMnce P” C161. 

Fmsventive mainteMnce , at minimizing equipwnt breakdawn and 
malfunction, is a major part of an overall maintenance program. Losses due to 
brealalcrwns and malfunctions can account for three to four times the level of 
operating and majntewmx costs [17]. hoper preventive maintenance haeases 
the life of the equipnent, decreases downtms ’ , and reduces waste reflllting f m  
off-specification prducts. 

Preventive maintenance is routine, recwring work required to keep a 
facility and its equipsnt in such a coxlition that they can be used at 
original or design capacity or efficiency. 
pmgranrs often entails cleaniq, making minor adjustments, lubrication, 
testing, measuring, and replacing minor parts [18]. 
taken to prevent premature deccmpsiton of process solutions (which ca- the 
materials to be c~ne unusable) also falls within the context of preventive 
ma-. 

scheduled preventive maintenance 

Any additional measures 
__ 

A preventive maintenance P” often can be startedwith om! or two 
grarps of critical equipnent, or by plant area or building. other 
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quipbznt/facilities can be added to the program gradually. A typical 
P- 've system requires five rewzd-keeping documMts [18] : 

O 

0 

0 

0 

0 

Wpnent data card. 
location, and maintenance accessibility. 

Master preventive maintenance schedule. ?he schedule notes the 
frquemy and tim ?=quird for inspection. T% best source of 
h f o m t i o n  to determine the frequency of inSpection is the vendor 
sulnnittals for each equipcent. 

Deferred preventive maintenan- reprt. RLis reprt assesses the 
applicability of the scheduling frequency or points out the @pent 
that may not belong in the preventive maintenance program. 

Rpipcent history card. 
history of equiFawrt. 

Equipnent brealcdown reprt. 'Ihe report notes causes of breakdown and 
repair requirements. 
correct the situations. 
tool amn-g the different groups involved in the plant's overall 
maintenance Program. 

Tnis card details equipment characteristics, 

?he card reflects repair and replacement 

It also records by trade the time spent to 
report is an excellent d a t i o n  

Preventive maintenance is often a part of the werall maintenance prcgram 
and is usually done by the plantls proauction crew. Prwentive mairhmaxe can 
be less expzmive and more efficient in .sane cases if amtract& out to a 
ma- firm. Cast a r s i  efficiency advantages can be fowd in: 
increased time that plant p e r w m d  can spend on production operations; 2) the 
easy handling of fluctuating workloads by contract mairkmame firms; 3 ) t h e  
avoided expenditure on crews, repairs, repair facilities, tools, and 
"errt instruments; and 4) the greater operationdl q i e n c e  of contract 

prsonnd 1- to more rapid identification and troubleshooting 

1) the 

Of mdlfUn&.OlS and t h e  to ptlXiUC't h l p ~ ~ t  [17]. 

In addition to ensuring that preventive steps are taken, corrective 
mintmame should be aaoptea to correct a condition of un- failure. 
!this involves identifying and correcting indired factors that influence the 
quipmt's maintenance . A machine should operate pdctably if 
it is performing the - w i t  was designed. If the duty demnded 
shifts to a different level f m  that of the design, the maintenance demands 
also will have to shift. In a process plant, where the mainteMnce aeparbnent 
generally functions hlependent of the operations department, the shift in duty 
demands can go mnpletely Unrecognized. 
brings all pertinent data, normally docvmented at different places, wether 
into one document, to make the correlation obvious and available routinely 
r211 * 

corrective maintenance goes hand in hard with process optimization and 
It calls for an overview of the design 

ancepts, taking into consideration the operating conditions obtained and the 
maintenancedemanded. MaillhmEe and Operating data sheets should be designed 
on an individual basis for each piece of equipmnt and each process in the 
plant. lmey should delineate the difference between an operating condition and 

The corrective maintenance program 

pinpruve"t of process efficiency. 
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a ”ms mpk”t , and wave a red flag when the variance between the 
operating conditions and the normal or design levels exoeeds a certain lxt 
[211. 

actions to prevent a catastrophic equipnmk failure thmugh proper recognition 
of sy”s. 
generation of hazardous waste or catastrophl ‘c, unoontrolled releases of 
hazardous substanoes. 

A final facet of corrective mintemnce irnrolves the ability to take prompt 

Corrective actions can significantly reduce or even eliminate the 

4.4.4 - .Sq?qatim 

Hazardous waste that is hauled to off-site disposal facil i t ies is often a 
mixture of two or mre wastestream types. Wastestream segregation as a g d  
operating measure may involve: 

o 

o 

W a s t e s t r e a m  segregation can resu l t  in Qndller waste haulage volumes and 

Isolation of hazardous materials from nonhazardous materials, 
Isolation of hazardous waste by con ta”t ,  and 
Isolation of liquid from solid waste. 

o 

easier aisposal of the hazaxdous waste generated while producing the same 
amunt of product. ~n addition, segregation can often result in simplifying 
waste trea- or make it easier to m e r  and recycle materials. 

mixture may be classified as hazazdous. According to a r r en t  FuXA regulations 
(40 CFR 261), a solid waste is a hazaxdous waste i f  it is a mixhve of a 
solid waste and a hazardous waste that is listed ..., unless the resultant 
mivture no longer exhibits any characteristic of hazardous waste idmtified . . . , or i f  the generator can damnstrate that the mixture consists of 
wastewater, thedischarge of whi& is subjedea to regulation m3er ... the 
clean water Act”. 
allming them to mix in  the f i rs t  place, the quantity of waste requiring 
regulated disposal is thus reduced. 

follaWing prcc&ms should be foil- [223: 

when a nonhazardaus mate r i a l  is mixed w i t h  a hazardous material, the entire 

By separating haz- from nonhazardous materials or not 

To simplify waste solvent handlimg d to make recyclimg feasible, the 

o xeep solvents segregated. the recycling precess, it is nu& easier 
to separate a solvent from its implrities than to separate two 
solvents. 

o xeep solvents as free from water and garbage as possible. Label 
theamtamer dearly, keep the container closed and, i f  possible, 
shelteredfrcnnrain. 

where feasible, use solvents in a ~~counteTcwTenttl manner to minimize 
the need for new high Wity mate r i a l .  

For exanple, i f  a similar or ccsnpatible type of paint is to be produd in 
theequipmt, thenthesolventwastecanbeusedasthinner or makeup for the 
fresh paint. lhis has been widely practi& in paint manufacturing and 
pr- operatians. me following case studies serve to illustrate the 
methods as w e l l  as benefits resulting fmn the inplanentation of solvent 

o 
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segregation and reuse pnqrams. 
4.2.3.3. 

O t h e r  case studies are discwsd in section 

ICI Americas, Inc. of Goldsboro, N o r t h  Carolina, an agricultural chemical 
reseazrh and developnent firm, designates separate containers for hazarrlous and 
nonhazardous waste, thus preventing ms-contmimtion of the nonhazardous 
waste w i t h  the hazardous waste. In conjunction with this effort, a procedure 
for segregating chlorinated solvents from nonshlorinaM solvents and a policy 
of T7stWmq ’ unused chemicals to the distribution center was inp1emnted. AS a 
result, the overall volulne of waste exiting ICI was ix&lc€d fmn 100 drums in 
1981 to 60 druns i n  1984. 
that pericd. Observing that disposal costs doubled as w e l l  (from $120/barrel 
to $266/barrel) , the firm saved roughly $37,000 in 1984 alone [l] . 

In  addition to making recycling feasible, solvent waste segregation can 
also increase the efficiency of the recycling operation, and thus reduce 
overall solvent waste generation. 
by Segregating chlorinated and nondorinated solvents, the yield of recycled 

For segregation to be cost effective, the savings resulting fmm reuse, 
recycling, resale, or lower disposal costs nust outweigh the costs of the 
additioml personnel allocations, and of the on-site @pent and storage 
facilities needed. For exanple, at Thiele-Engdahl, in W i n s t o n - s d l e m ,  N o r t h  
Carolina, solvent segregation and reuse was attapted. Htmwer, due to the 
large variety of proaucts made, segregation pmved t o  be too ccanplicated. In 
addition, the high cast of r a w  materials (Web-Engdahl prcduces qecial ty  
inks for rotogravure printing) and the risks of contaminating an entire batch 
far outweighd the savings in virgin solvent cost [22]. 

The proauct output of the firm nearly doubled in 

I m  corporation has recently reported that 

solvent hcreasd 15 to 20 peroent [23]. 

4.4.5 Matexial IiarKllin3 ardstcnage 

Most processes involve the storage of r a w  materials, pmxlucts, and wastes 
and the transfer of these iterrs fmn one area of the plant to another. 
material hancuing and storage ensures that r a w  materials reach the prduction 
process w i t h o u t  spills, leaks, or other types of losses that could result in 
waste generation. Similarly, proper material handling ensures that proauds 
and wastes that result f m  the plmiuctl ‘on process are transferred to off site 
locations w i t h o u t  additional waste generation. 

pmper 

proper storage of hazarrlaus materials may include: 

o ?dquaWy spacing mis of drunrs to allm for a vimal inspection of 
each cuntainer for c o m i o n  and leaks; 

Maintaining distance between different types of chemicals to prevent 
cms-conta”t ion;  

corrosion and potential sparking; and 

Raising drums off the storage area floor to prevent corrosion through 
collczete “sweating”. 

0 

~ o Insulating electrical circuitry ani checking it freqwmtly for 

o 
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In addition, using larger containers for chdcal  storage reduces the ratio 
of container surface area to volume, inplying less dingage resim and 
container cleaning waste per un i t  of volume stored. large containers (such as 
tote-bins or %ega-drumstt, 6ee Figure 4.5) are preferred over 55-gallon drums, 
which themselves can k”e hazardous waste and are unsafe and inconvenient. 

An innovative approach to m a t e r k d  handling is illustrated by F O ~  Motor 
ccmpany. 
returnable bulk supply and storage containers w i t h  collapsible plastic bag 
liners. The problem posed by the solvent-based adhesive was that its two 
cxnpnents (a resin and isocyanate) were highly sensitive to moisture fm the 
a i r  and therefore could react prematurely, causing the materials to kecm 
unusable. In addition, o n e  mixed, the CCanponMt has a relatively short useN 
life (about 3 hours). The typical prwedlure was to mix batches of adhesive and 
s a a p  the urnwd ccrmpound when it became too thick and unsprayable. 
appruach, h a ~ ~ e r ,  led to a considerable armunt of waste. W i t h  the new system, 
the adhesive mnponents are held in  separate 300 gallon containers w i t h  
polyethylene bag liners. ‘Ihe Wed.  ad lined containers prevent the entry of 
misture- laden air, dust, or other con taminants. The collapsible liners also 
prevent condensation inside the tank and the evaporation of solvent. An added 
benefit of the liner is that it eljminats the need for tank cleaning and thus 
reduces the associated cleaning wastes. 
fmn the wntahem to two surge tanks, then to a proportioner system and are 
mixed just before being sent t o  the spray guns. overall, the system has 
provided “h ’al savings by reducing material handling requiremerrts as w e l l  
as r a w  material and waste aisposal costs 2241. 

hazardous materidls by the Wupational Safety and H e a l t h  pdministra tion (OSHA) 
of the Deparbnent of Labor. Although intendea primarily as a safety 
p r e c a ~ o n ,  the m a t e r i a l  safety data sheets (FEES) can aid in re3ucing 
hazardcw waste gemation. nlese sheets wntain the IllivlufactuTer’s 
information on the chemical, physical, and toxicological properties of the 
hazardaus substances being used. They also contain recaraneKzaticas on the 
pmper han3ling and storage procedures for these substances. 
recownendatiohs reduces the likelihood of waste creation due t o  spills or 
crass- ’ tion w i t h  other chemicals. In the event of a spill, a respcolse 
crew can refer to the appropriate FEE for instructions on haw to clean up the 
chemical while prcducing the least amxurt of hazazdous waste. 

In addition to having FEE6, each substance should be stored and handled i n  
c”-s that are clearly marked w i t h  information on contents, storage and 
hancuitq “ x x h t i o n s ,  spill prwzdwes, anl requisite f i rs t  aid for 
apcmmz. Sane innovative pmducts have recently been developed to aid i n  
labeling. The Legitmiec 2060 elezt” ’c labeling system, manufactwid by 
weber Marking Systems of Arlingtun Heights, Illinois, prints labels on an 
as-neededbasis. lheselabelscontaln ‘ information on product identification, 
weight, lot “ber, health hazard warnings, firat aid and spill pmcduns, and 
storage and handling instruct ions. ”e labels can con& Department of 
Transportation symbols when needed. The system is in use a t  stephan cconpany of 

proauction facil i t ies [25]. 

In order to v i d e  a mre efficient methcd for adhesive storage and 
application, Ford’s vtica, Michigan, trim plant developed a system utilizing _ _ _  

W s  

Ihe adhesive ocanponerrts are pw43ed 

Material safety data she=ts (e.g., Form QMA 20) are presnibed for 

Follmhy these 

- 

~ 

N o r t h f i e l d ,  Illhis, where 400 Separate proauctS are produC& a t  faUr Separate 
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Another labeling methcd rapidly caning into use is the autamatic 
identification system using bar ccdes [26]. 
containers and materials to a q t e r  through the prcdudion, inventory, 
storage, and shipping stages. ?his iqroves the accuracy of m a t e r i a l  tracking 
and inventory accounting, thereby allming work-in-process dtoring and 
preventing m a t e r i a l  from going astray on the plant site and/or beoclming daw. 
Hazardous waste i n  the fom of discad& chemicals and waste resulting fm 
inefficient operations are reduced in this manner. When a new item is 
delivered, it is allocated a unique identification number. This n m h r  is fed 
into a ccanperter along w i t h  any other pertinent data. A c o " h q  ' baroode 
is then attached to the top of the item's container. Lkring inventory, bar 
codes are read by --held scanner. ?he entire system is IMnufactured by 
symbol Technologies, Inc. of Bohesian, New York. 

Bar coded labels can link 

___ 

4.4.6 sum&uy 

'Ihe applicability of g o d  operating practice is determined at the level of 
the M v i d u a l  plant or company. 'ItJo plants pnducing the same proauct may 
have different process or organizational structures which make a particular 
measure mre or less applicable. Nwertheless, certain p?m%ss characteristics 
do appear to enhance the effectiveness and/or hplemntation of god operating 
pElCtiOS. 

Ihe types of operation for which the implementation of good operating 
practice w i l l  prove to be mast beneficial are batch or discrete processes. 
Batch 
human involverent is relatively high. Th- is, therefore, a greater chance 
for human error in @pent operation, material handling, inventory control, 
and prcduction scheduling. 

F b  that use the same processing facilities for various prcducts 
generally have mre potential to inplement g o d  operating practice. 
prcducing se~eral prcducts, s c h d i n g ,  m a t e r i a l  handling, supervision and 
training, and m a t e r i a l  tracking are not only mre difficult but also more 
important in terms of mairrtaining -, "zing 1- and spills, and 
minimizing waste generation. 'Ihere is generally mre &pent cleaning as the 

is prepared for the next pnxluct nm. It is often possible, however, 
to segregate the cleaningwastes by contanuMn ' t s t o a l l m f o r r e u s e a n d  
therefore pmduce a subsequent reduch 'on in waste generation. 

reduction pmgram based on good operating practice is the s i z e  of the 
-vidual ompry. 
financial and personnel resources and which have been under regulation longer, 
have develop3 cxmprehensive environmental programs in an effort to reduce 
disposal costs and avoid fines stendng fm non-cmpliance. 
W t i n g  practice is certainly p r a c t i a  i n  these c"i.es, their 
environmental efforts include ewmining and iqlementing extensive process 
changes to reduce waste. 

rescxlrces and only recently have ccme u d e r  regulation. 
afford the expene of investigating va r ixs  pollution abatement methods, may 

t o  do so, and mast likely cannot w i t h s t a n d  the lasses * hnmbusiness. have the --on that inplemntation of these methods often 

are often per fond in less autcnnated plants, and the level of 

In 

Another factor which often infl- the iqlemerrtation of a waste 

m e  generators, which generally have the necessary 

While gcxd 

s n d l  generators, on the other hand, often lack the financial and personnel __ 
small firms cannot 

* 
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-. For d l  generators, god operating practice offers mre p d s e  
for waste reduction. Many of these practices can be h t i t u t e d  quickly with 
little or no capital investment and require merely an examination of existing 
prooedures. Implementation of good operating practices can significantly 
reduce solvent waste generation. 

4.5 Solvent Air anissicn awtrol 

mis section addresses the subject of solvent air emission control within 
the context of I1end-0f-pipe** technologies. 
intensive efforts to reduce emissions at the source cannot obviate the need for 
1*err3-of-pipe*1 controh required to meet the regulatory emissions limitations. 

choice of control technology includes consideration of hazardous waste 
generation. 
restrictions ampled with strict liability for enviro-tal. impairment, it is 
unwise to control air emissions at the expense of creating a hazardous 
Wastestream destined for a landfill without considering low, or zero waste 
control options. Hence, there is a need for evaluating reduction 
the d w i n  of a wnt1-01 unit. 

technolqies for solvent air emission wntrol with a special emphasis on their 
waste generation characterisrics. 
and catalytic incineration, carbon adsorption, liquid absorption and 
"ation. 

There are cases when even the most 

In cases where *knd-0f-pipe1* controls are needed, it is imperative that the 

In the current climate of increasing disposal costs and aisposal 

'Ibis section pruvides a brief overview of current carmnercially available 

lbe technologies discussed include thermal 

4.5.1 Inciwation 

Incineration of solvent-laden air is an established conventional 
technology. Two types of incineration are distinguishes : thermaland 
catalytic. lhenral inchemtion, also called thermal or direct flam 
oxidation, involves oxidation of organics at essentially atmospheric pressures, 
and tapemtaxes ranging frcan 850' F to 1,800° F with 1,400° F being 
fairly typical. Cestmcb 'on efficiencies ranging frcan 85 to nearly 100 peroerrt 
(with a typical range of 90 to 95 prcent) are achieve3 whm residence times 
are kept within 0.3 to 1.0 secord and gas velocities in the oxidation chamber 

against the hot f l w x a  heat exchanger (recuperator). Designs 
offering up to 85 percent thermal efficiency are ca"cially available. 
Additional heat recwery, employing a waste heat boiler or a secodiq 
exchanger, is achievable in situations where low temperature heat can be used 
for process or space heating. 
~ l l ~ ~ t l y ,  cost considerations favor fuel oil. 

between 15 and 25 ft/seC. 

Tureducefuel , the inasning solvent-laden air is preheated 

Either ~turdl gas or fuel oil can be used; 

catalytic incineration or &dation of solvqt-laden air streanrs takes 

than thermal incineration. Ihe lower 'on temperatures result in 1- 
fuel conswrption rates, again ccnrpared to a thermal oxidizer with an equivalent 
destruction efficiency. 
such as palladium, platirnrm, ruthem 'um or rhcdium, deposited on an alumjna 
support formed into a monolithic block with a l*honeyccnnbll strudure. Catalytic 

p l a c e  at t e n p r a t u ~ ~  ranging f m  500' F to 900 F, mnSiderably 1- 

lbe catalysts usually involve various noble metals, 
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incinerators can also be fitted w i t h  recuperators to incr- energy 
efficiency. The disadvantages of catalytic oxidation include catalyst 
poisoning and catalyst replacement wst. 

Schematics of both t h d  and catalytic oxidizers are presented in Figures 
4.6 and 4.7. 
incineratom. 
thermal to a catalytic process to increase fuel efficiency or conversion of 
existing boilers to use solvent-laden a i r  as the cclmbustion air .  The only 
wastes associated w i t h  incineration, in general, are ash, soot, spent: blower 
lubricant and spent catalyst. The principal envhmm 
tradeoffs W u d e  increases carhn monoxide arid nimen oxide a i r  emissions. 
Nitragen d d e  emissions associated w i t h  catalytic oxidation are lawer ccmrpared 
to dired flame oxidation as a result of laver "bus t ion  temperaturss. The 
pmsence of halogenated solvents may require special materials of construction 
in  addition to a SQUbber to re"e h-oric acid (Ha) or hydrofluoric 
acid (HF) fmm the exhaust flue gas. 

&pent costs for thermal oxidizers. 
for thermal and catalytic system are given in Tables 4.15 and 4.16. The 
esthtes were obtained in 1985 and are based on budget equipment and 
installation msts derived by application of methods given by Vatavuk and 
Neveril [l]. Application-spcific information s h d d  be requested from 

Many vendors offer proven designs for both kinds of 
Retrofit cases include conversion of existing oxidizers frmn a 

____ 

Cost data are p m  in Table 4.14 for derivation of ordex-of-magnitude 
ccrmparative technicdl and ecnndc  data 

equiprent vendors. 

4.5.2 Qlkn AdsoIptiapl 

ReKNal O f  ccoltaminants using activated carbon is a w e l l  established 
technology. 
used charred logs to p r i f y  the waterholes. 
various salts of silver, chzranium and copper was used in World W a r  I to protect 
the soldiers against chlorine, PhOdjgMe, arsine and other gases. A t  the end of 
the war, there was an effort to find different uses for activated carbon; one 
of the first applications was the recovery of solvents that were previously 
lost to the atmosphere. 

In 1919, the American solvent Recovery CcrmPany was formed by t t ~ t t  

Its current use dates back to the time when the early settlers 
Activated carbon impregnated w i t h  

Barnebey, O f  the developers O f  the gas mask. Illring the 1920tS, &m& 
every conceivable method of adsorption and regemration was tried, tested and 
foqht i n  the patent axrts. 
for solvent recrnrery used steam regerreratiOn. 
market for the carbon adsorption system has been driven by progressively 
strbgent regulatory a i r  emission requirements. 

sequerrtidl steps: adsorption, desorpticm and gas processing. The 
process is schematically represented in Figure 4.8 as a block f low diag". As 
seen, each step can be acccmplished usbg a variety of available options. Each 
option that appears i n  the diagram is commercially available: however, not 
every ambination is practiced. The following sections provide a discussion of 
each step i n  the sequence along w i t h  descriptions of conrmercial systems. 

between the fluid and solid plases, where the molecules are selectively 

Over the next 40 years, mDst of the systems built 
For the last  t w o  decades the 

?he process of treating solvent ContaminatiCn mists of three discrete 

__ 

PIclSorntim is the accunuiiation of mlecules (adsorbate) a t  the interface 
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courtesy of Met-m corp. 
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FIGURE 4.7 

c , x ” z c  OXIDIZER 

Outlel Stack Li 
I . I  

courtesy of Met-Pro corp. 
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solvent +, 

> Regenerant 

Solvent-laden Air 

~ 

llrsmPnW 

steam 
N o t N i t r o g e n  
not ~ i r  
Vacuum 

cooling 
Filtering 

- - _. . . 

I I 

I 

condensation and phase Cambustion gas 

mermal oxidation 
catalyticoxidation 

separation 

I 

1 I 

Fhed bed, granual carbon 
Fluidbed, granual carbon 
Mesh, carbon fibers 



p m m m m -  
(For Capcities Fxcedmg ' 10,000 ScFM) 

mimt Cost NO heat recWery - $7.50/ScFM 
50% heat m q  - $15/ScFM 
85% heat Tec(xTeTy - $30/ScFM 

Del Cost - w i t h  
IX) heat recovery Natural gas fired - $10.50/hr per 1,000 scFM 

oil fired - $ 6.00/hr per 1,000 S a  

SCFM - standard Cubic Feet -Minute 

Source: D.R. Lee, ~wultant - private d c a t i o n s .  
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TABLE 4.15 
COMPARATIVE COSTS FOR THERMAL AND CATALYTIC OXIDATION SYSTEMS 

I 

:APITAL COSTS (x $1000) 
Delivered Equipment Cost 
Direct Installation Cost 
Indirect Installation Cost 

TOTAL CAPITAL COSTS 

)PERATING COST (x $lOOO/yr) 
Fuel 
Electricity 
Hater 
Nitrogen 

Total Utilities 
Operating Labor 
Maintenance Labor 
Supervision 
Catalyst/Carbon Replacement 

Direct Operating Costs 
Overhead 
Taxes, Insurance & Admin. 

Total Indirect Costs 

TOTAL OPERATING COST .............................. 

287 
136 
2 13 

636 
------- 

87.4 
12.2 
-0- 
-0- 

99.6 
3.9 
4.7 
1.3 
-0- 

-__-_-_ 

109.5 
7.9 
25.3 

335 
13 6 
213 

684 
------- 

50.2 
15.4 
-0- 
-0- 

65.6 
3.9 
4.7 
1.3 
8.4 

------- 

I 
19 5 I 
92 I 
119 I 

I 
406 I 

I 
I 

286.3 I 
6.9 I 
-0- I 
-0- I 

I 
293.2 I 
3.9 I 
4.7 I 
1.3 I 
8.4 I 

I 
311.5 I 
7.9 I 
11.8 I 

I 
19.7 I 

I 
331.2 I 

- - - - - - - 

------- 

------- 

- - - - - - - 
-______ 

+ .................... 
Note : Design Basis: 10,000 SCFM, 150 ppm of non-chlorinated solvents. 

Refer to Table 4.16 for technical parameters. 



COMPARATIVE TECHNICAL PARAMETERS FOR THERMAL AND CATALYTIC OXIDATION SYSTEMS 



attached to the surface of the solid. Activated carbon is used extensively 
because of its low polarity. This d t s  in low selectivity for water vapr 
in contrast to other adsorbents, such as alumina, zeolite or m o l d a r  sieves. 
Other advantages of activated carbon include a large internal surface area and 
relatively low cost. 

The conventiondl adsorption step relies on pass- solvent-laden air 
through a fixed bed of grandar activated carbon. Adsorption of organics takes 
place with an associated release of heat (heat of adsorption), until the 
saturation capacity of carbon is reached or approached. At this pint, the 
carbon inventory mst be regenerated and the solvent-laden air stream rerouted 
to a stardby bed of fresh &n. 
Japan, rely on an adsorption process based on: 

Other, more recent designs, originated in 

(a) A fluidized bed of special attrition-resident activated spherical 
carbon granules of uniform 0.7 nun particle size (Furasiv HR technology 
marketed by Union Carbide) ; and 

(b) Mesh c"s& of carbon fibers (KF- technolcgy offered by 
Met-Pro) . 

In ccsnparison to granular carbon, the adsorption rate on carbon fibers was 
reported to be extremely fast (up to 1000 times greater) owing to lower 
diffusiondl resistance in the absence of macrupores. 
is claimed to be 1.5 to 1.6 times hi- [2]. 

Lbsomtion relies on heating the cazbon to release captured solvents. A 
carrier gas is prwided as a heat transfer d u m  and as a diluent to 1- the 
partial pressure of solvents in the gas phase, so as to increase the driving 
force and the rate of desorption. 
applications include: 

me saturation capacity 

The desorption modes used in commercial 

0 steam regene.ration, 

o hot nittqen regenexation, 

o hot air regeneration, and 

o vacuum regeneration. 

Steam regeneration is practiced mDst frequently - over 90 percent of all 
carbon beds in the united States are steam-regenerated. 
advantage of prwiding more than 40 times the available heat per Unit weight 
ccanpared to air or nittqen, ming to its ability to release the heat upon 
condensation at the low operating pressures of the desorption process. 
Additiondlly, the formation of low boiling pint azeotropes be- certain 
high boiling o&c solvents and water facilitates their efficient desorption 
at temperatures below those that would otherwise be requked by hot air or 

m-incipal disadvantages of stream are the creation of a P0t;entially 
tmublesame regenexant vapor stream (discussed below) and the enhancemnt of 
w-ion due to the presence of ccnnpounds, such as hydrochloric acid or acetic 
acid, that fonn as a result of the deccnnposition of certain chlorinated 

impvities present in mDst grades of granular carbon p]. 
corrosion -ita@ the application of V i v e  construction materials, 

steam has the 

-nitrogen. 

and esters of acetic acid that are catalyzed by metallic 
'Ihe potential for 
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such as liasteloy C or titaniun, for use w i t h  a solvent such as 
1,1,1-trichlo"e. 

(purasiv HFt)  process and is depicted i n  Figure 4.9. 
easy rewvery of water soluble solvents. 
mois ture ,  no water is introfnud into the process. 
for the expensive and a"me recovery or treatment steps. 
technology is w e l l  established - there are over 40 " s r c i a l  installations in  
Japan and over a dozen in the United States. 

Hot air regeneration is offere3 as part of the carlmn fiber-basd KPR 
technology depicted i n  Figure 4.10. The adsorption cylinaer, made of carbon 
fiber spm intoahoneycmb strudure, is ratatedthroughan incaning 
solvent-laden air stream. Followhg an extremely rapid adsorption process, the 
solvent-rich segnmt of the cylirrler enters a desorption zone whcm hot a i r  
xegenerates the &n fibers at 250%. Since the quantity of hot a i r  used 
for regeneration is considerably d l e r  ccanpared to the inccnning solvent-laden 
air stream, the solvents can be concentrated up to 20 times their original 
lwel. Ihe collcentrated stream is then catalytically incinerate3 w i t h  a 
"I thermdl penalty. 
oxygen, care nust be taken to corrtrol the explosive range and ignition point. 

or MaS.I.1 who offer skid mDunted system. Advantages M u l e  1- 
temperatures leading to less solvent breakdown. Disadvan t a g s  may include 
ccmparatively l o g  desorption pricds as a result of slow heat transfer, or 
presence of maintenance-intensive vacuum pmp.  Vacuum regeneration has been 

Resenerant vamr TIIOCE?S sing is a step following desorption and is usually 

Hot nitrogen regeneration is offered in  conjunction w i t h  the fluid bed 
Its advantages include 

W i t h  the exception of atmospheric 

Hot nit rqen 
This often cancels the need 

- _ _  

muse regeneration is perfonwd in the presence of 

Vacuum regeneration is available " s r c i a l l y  fmsn vendors such as Met-pro 

applied Cammercially for recovery of isabutane [31. 

accmplished through: (1) coxfi-tion follcrwed by phase separation; and (2) 
direct incineration. 

solvent-rich vapor. It is m n l y  applied w i t h  steam, hot n i t r q e n  or vacuum 
regeneration steps. Ihe vapor is passed through a downflow-type andenser 
typically cooled w i t h  water (although aircooled designs can also be 
employed). Ihe cordemate enters a vented receiver/separator vessel. If steam 
isusedasarege"t , themixture  o f  solvent and water is obtained u p l  
" s a t i o n .  'Ihose solvents which are insoluble or only slightly soluble in  
water w i l l  separate fmrn the water phase. However, in many cases, solvents are 
water-soluble to an appreciable entent (e.g., ethyl acetate, scnne ketones and 
almhols) . ibis significantly their recyclability, since an 
energy-intensive distillation step may be requird to m e  water.  
-y, a rather ampla azeotropic separation using entrainers is also 
requir&. Alternatives ihcluae extraction, membrane separation processes or 
molecular sieves. In any case, additional processing steps are necessary to 

solvent fm watQr, often fiaking the emncnnics of recovery 
unattractive. Ihe net result  is the generation of an aqueous solvent 
wastestream that may pose a serious treatment or disposal pmblem. 

T!E problem of water contamination/separation can be alleviated i f  nitrogen 
or, in  sane cases, a vaannn is used to regenerate the bad. 
quality is high, since the water present is limited t o  the ambient air moistut-e 
co-adsorb1~3 tapther w i t h  solvents - usually a d l  amount relative to the 
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~ -courtesy of Union W i d e  Corporation. 
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solvents. 
hqxmsively throqh the use of dessicants, or may not be 

condensation in cases where the e=onom.ics do not justify solvent recovery. 
oxidation is practiced with stmn-nqenerable beds in the, so died, 

"hybrid system" depicted in Figure 4.11. Regenerant vapor fram desorption is 
thermally oxidized using solvent-laden air as combustion air. A thermal 
oxidizer is coupled with a waste heat boiler w h i c h  generates the steam used for 
desorption. 
reauCing the fuel costs. such systems are marketed by corporation and by 
mlman Mustries in cooperation with Vic Manufacturing cconpany and combustion 
hgineering. The technology is -1 pruven, but not well established, and only 
a few ccnrmercial installations exist. 

In such cases, dewatering can be acccnnplished relatively 
at all. 

Incineration of regenerant vapor offers an attractive alternative to 

Thus, the heating value of the solvents is utilized, greatly 

Incineration is also practiced with the hot-air regenerated carbon fiber 
KPR System (Figure 4 .lo). The hot air stream, containing desorb3 solvents at 
c0"tions 10 to 20 tins higher, is catalytically oxidized follming heat 
exchange with the combustor exhaust. As in the hybrid systems, the solvents 
are destmyed and no solvent waste is generated. The X p R  technology is well 
established in Japan; reportedly, there are about 30 operating systems. 
Hawever, acceptance of this technology in the U.S. is still very lm. 

Incineration of regenerant gas is not well suited for halogenated 
solvents. 
a"t of chlorinated solvents present in the mixture with other solvents. 
carbon fiber system w h i c h  uses catalytic oxidation cannot tolerate any 
chlorinated solvents, except as a trace con taminant (5 ppn or less) on a 
pericdic basis. 

adsorption systems: 

A hybrid system which uses thermal oxidation may tolerate a snall 
A 

Cmprative Weal and econmic parameters were derived for four carlmn 

(a) a - 'onal steam regenerated m bed with regenerant vapor 
condensation followed by decantation; 

(b) a nitrqen regenerated fluid bed (Furasiv HR system) follmed by a 
condenser and separator; 

(c) a hybrid system (steam regenerate3 conventional bed followed by a 
thenral oxidizer with waste heat boiler) ; and 

(a) a XPR system (cartrm fiber with hot air regeneration followed by 
catalytic oxidizer with heat recuperation). 

The systens were all designed for 10,000 SCFM of air ~0ntahi.y 150 ppn of 
a " e  of isabutan0 1, various acetates and hydrocarbons. 
technical and project parameters is given in Table 4.17. The ax"ic 

equipnent w e t  costs and installation costs obtained partially throqh 
methods presented by Vatavuk and Neveril [ 13. 

for the application. 

A ampilation of 

The estimates were derived in 1985 using a l m s  are given in Table 4.18. 

@xi& canparison of annualized total costs favors hybrid and KPR systems 
~n this  specific case, a very d l  quantity of solvents 
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TABLE 4.17 
COMPARISON OF TECHNICAL PARAHETERS BETWEEN FOUR CARBON ADSORPTION SYSTEMS 

+... ...................--.-...------*.........................+.........................+.........................+.............................. + 

I !Carbon Adsorption UlSteanl Carbon Adsorption W/N2 [Carbon Adsorption W/steaml Carbon Adsorption W/Hot a i r  I 
I I Regen. and Condensation 1 Regen. and Condensation I Regen. and Corr$ustion I Regen. and Cat. Oxidation I 
I Descript ion I I (Purasiv HR) I (Hybrid System) I (KPR System) I 

I Organic Removal Eff iciency, X I 95 I 95 I 95 I 95 I 
I Conbustion Tenparature, F I N/A I N/A I 1400 I 650 I 
I Recuperative Efficiency, X I -0- I N/A I -0- I -0- I 
I Fuel. HH BTUlday I 50.4 I 5.7 I 11.3 1 21.9 I 

22 I 
I 

30 I 

I 
I 

38 I 18 I 
3 I 

I 
1.44 I 

I 
I 

I 
I E lec t r i c i t y ,  I(y I 
I Nitrogen, SCFH I 
\ Bo i le r  Feed Water, Hgallday I 4.8 I 

I f 12,00014 yrs I 
I Cooling Water, Hgal/day I 123 I 53 I 

I I I Catalyst Replacement I 
I Carbon Rep lacmnt  I I 18,000/10 yrs I I 15,00O/yr 1 S 18,000/10 yrs  I $29,00014 yrs  I 

I I I I I 
I Plo t  Requirements I 15 x 35 I 20 x 20 I 30 x 30 I 13 x 14 I 
I 

I I I I I I 
I Purchased Cost, SI,OOO(FOB Shop) I 180 I 480 I 332 I 285 I 
\ Oelivery, Weeks ARO (Dugs) I 4 I I 4 I 6 I 

ADA (E@) I 22 I 32 - 40 I 16 I 20 I 
I I n s t a l l a t i o n  time, uks I 4 I I 4 I 4 I 
I 

1 Startup Time, uks I 4 I I 2 I 2 I 

+ ...................------.---------+---......................+.........................+.........................+.............................. + 

... ... ... 
... ... 

... ... 
... ... .-. 

+ ...................................+.........................+.........................+.........................+.............................. + 

Note : Based on 10.000 SCFII, 150 ppn of non-halogenated solvents. 



TABLE 4.18 

ICarbcn Adsorption W/Steaml Carbon Adsorption WIN2 I C a r h  Adsorption Ulsteanl Carbon Adsorption WIHot A i r  I 
. .  I Regen. 6 Cmlensation I Regen. b CMdensation I Regen. b Conbustion I Regen. b Conbustion I 

I I (Purasiv HR) I (Hybrid System) I (KPR System) I 

I 
I 
I 

ICAPITAL COSTS x S1000) 1 

I 

I I 

I I 

I Fuel I 
,P I E l e c t r i c i t y  I 

I 
I Nitrogen I 
I I 
I Total U t i l i t i e s  I 
I Operating Labor I 

4 .  I Delivered E ipnent Cost I 

I Ind i rec t  l nd ta l ta t i on  cost I 

I TOTAL CAdlTAL COSTS I 

IOPERATING COST ,(x 110001yr) I 

I Direc t  Inst T .  l l a t i o n  cost 

I g I water 

I Maintenance Labor 
I Supervision 
1 C a t a l y s t l c a r h  Replacenent 

I Di rec t  -rating Costs 
I Overhead 
I Taxes, Insurance b A h i n .  

I Total Ind i rec t  Costs 

I 

. I  

I 
1 TOTAL OPERATING COST 
I Recovered Solvent Value 
I Solvent Waste Disposal 
+ ............................. 

195 
i 4 a  
250 

593 

....... 

65.5 
15.4 
5.7 
-0- 

86.6 
7.8 
6.3 
2.1 
5.9 

108.7 
13.0 
23.7 

....... 

....... 

....... 
36.7 

145.4 
.O- 

18.7 

....... 

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 

495 
135 
293 

923 

7.4 
8.1 
1.4 
5.6 

....... 
22.5 
8.0 

12.7 
9.6 

15.0 

67.8 
31.2 
36.9 

68.1 

....... 

135.9 
(45) 
-0- 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

350 
141 
239 

730 

14.7 
12.2 
0.7 
-0- 

27.6 
3.9 
8.0 
2.7 
5.9 

....... 
48.1 
11.7 
29.2 

40.9 

89.0 
.O-  
-0- 

........................+.........................+................ 

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

......... 

300 
104 
218 

622 

....... 

28.5 
9.0 
-0- 
.O- 

....... 

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

37.5 I 
3.9 I 
4.7 I 
1.3 I 

15.9 I 
I 

63.3 I 
7.9 I 

....... 

24.9 

32.8 

96.1 
-0. 
-0- 

Note : Based on 10,000 SCFH. 150 ppn of mn-chlor inated solvents. 
Refer t o  Table 4.17 f o r  conparative technical parameters. 
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does not justify the otherwise attractive option of r ~ ~ 0 ~ e z - y  pmvided by the 
"siv system. 

It should be noted that the cost wmparisons are not representative of a 
full range of conditions and applications. 
mrg various vendors may change the capital costs considerably. 
amprisons are preserhed for illustration only and should be used with great 
caution. 

Several pmblem areas have been encountered in carkon adsorption systems. 

ccmrpetitive bidding corditions 
The 

Carban adsorption units are not applicable where certain solvents are used. 
Also, the efficiency of the u n i t s  depends on input stream characteristics 
including tenprature, humidity, particulate loading, and solvent 
concentration. mese and other problems are discussed in references 5 and 6. 

4.5.3 Licr.liaAbsorptiosl 

Fe"l of solvents from the air stream can sometimes be acwnplished using 
liquid absorption. 
solution in which the solvent contaminants are dissolved. 
typically takes place in a p a w  or tmyed colm through which the gas and 
liquid are passed in a counter-current flow. 

'Ihe choice of a scrubbing solution is central to the success of the 

Typically, an air stream is contact& with a scrubbing 
B e  contacting 

process. 
water-soluble solvents. Hawever, water scrubbing may result in the necessity 
for on-site treatment - most numicipdlities impose severe restrictions on the 
concentrations and quantities of solvents discharged to the sewer along with 
wastewater. 
other methcds applicable to dilute aqueous wastes (See chapter 6). 

high-boiling oil as a scrubbing medium. 
scrubbing system which uses ?SOGVDLx~,  a proprietary organic liquid. 

Water is a g d  scrubbing d u m  for acetone, alcohols and other 

?he on-site pre-treatment m y  involve biological oxidation or 

Uydmxrbn vapors can be scrubbed and subsequently reccxrered using 
Ceilcote Corporation markets a 

4.5.4 am3ensation 

condensation of vapors f m  the gas stream is technically the most 
Straighffomanl and simple rewvery methcd. 
the stream can be cooled using an indirect heat transfer with some 
refrigerant. In sane cases, it m y  be desirable to raise the dew point by 
ampression to higher pressures in order to avoid the use of refrigerant 
altogether and instead, rely on cooling water. 

In case of dilute air stream containing solvents, the cost of cooling 
ami/or amprcssion is often prohibitively high, which explains the relative 
scarcity of condensation applications in this service. 
condensation economically feasible, solvent concentrations must be raised. 

~ can be aaxmplished by enclosing the precess or its part rssponsible for 
emissions. Autcmntion may be necessary to limit the access by human operators 
to the environment with high concentrations of toxic fumes. 
flanrmable solvents, a i r  concentrations above 25 percent of the lower explosion 
limit may necessitate the use of an inert gas instead of air to purge the 
enclosure. 

If concentxatians are high enough, 

In order to make 

In case of 
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A k ! o  Industridl Gases in m y ,  New Jersey markets a system depicted in 
F i g w e  4.12 for use with mating operations. 
for heat& air ventilation by switching to an inert nitngen atmosphere. 

evaporated solvent here claimed [4].  
the sealing systems for mating process enclosures, to minimize air 
infiltration and nitrcgen loss. 

?he system eliminates the need 

savings of 40 percent in heating fuel costs and, 99 percent recarery of 
Care nust be excercised in the design of 

4.5.5 slnmruy __ 

Air emission control can be accmplished using a rrailtitude of appmches 
differentiated not only by cost and technical parameters, but also by their 
potential to avoid generation of undesirable solvent wastes. Generally, when 
Water-rmsc * ible solvents are present, use of steam to regenerate carbon beds can 
create dilute aqueous wastes which can pose a serious disposal problem. .Such 
pmblerrs can be avoided if regenerant vapor is incinerated or nitrogen is used 
for regenexation when recovery of solvent is desired. "he new carbon fiber 
technology appears to have technical merit and deserves close evaluation. Use 
of absorption for control of dilute air streams containing solvents appears 
limit&. 
results in a dilute aqueous stream w h i c h  can pose disposal problems. 
preferred control option is condensation of solvents out of a gas stream. The 
use of this  option, however, requires instdllation of process enclosures, 
automation, and use of inert atmospheres to in- solvent concentration in 
thegassbxlm. 

Remval of water-soluble solvents using water as a scrubbing d u n  
A 
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* The schematic depicts a Nlmgen recbxxlation system involving an enclosed 
coating p?ncess. 

courtesy of Airco Industrial &ses, a division of Air00 Inc. 
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mere are a nwJw of recycling options available to solvent waste 
generato-. 
California, and the uses and limitations of tedmologies CD"0nly applied to 
solverit Wastes. 
technologies used in solvent recycling. 
solvent wastes according to the extent that they are or are nut recycled. 
section 5.3 provides a discussion of recycling options including: 
advantages arid disadvantages of on-site recycling; off-site recycling options; 
and Cdlifornia waste exchange operations. separation techniques applicable to 
solvent recycling are described in Section 5.4. Finally, Section 5.5 presents 
specifications of d l  packaged distillation equipment. 

5.1 General DisCussion 

This chapter discusses current recycling practices used in 

Section 5.1 presents an overview of the basic principles and 
Section 5.2 categorizes industrial 

the 

T b e  gcal of recycling is to recover solvent of a purity similar to the 
virgin solvent for reuse in the same process, or of sufficient purity to be 
used in another process application. 
energy recovery, where 60 perCerrt or rmm of the original heating value of the 
waste solvent is recovered. 
percerrt is e x p r t d  for use in applications other than the cconbustion unit 
itself [I]. 

'Ihe decision to 
recycle on site or off site generally depenaS on the capital and operating 
costs, and availability of in-house expertise. 
or in-house ' is "al 
site for recycling. 
frmn recycling their waste off site. 
casts for future cleanups at dispoeal sites. 
that do not have the ability to audit recycling vendors to chcose a reliable 
recycler and "ize m a l  liability costs associated with cleanups. 

on econanics for reuse of the substance. 
into the pmcess design as an integral. part of the initial installation or as 
an added wnpletely separate process at the &-of-the-pipe. 
the genezating process is favored for solvents used in large volumes in one or 
mre processes. Facilities that use several different solvents in lm volume 
applications, may find the 

On-site, closed loclp solvent recycling system have in cc"n an initial 
step or steps to separate the product from the recycled stream, and at least 
one additional purification step to separate the sperh solvent f m  solid, 
liquid, or gaseous con taminants. 
purification process generally dictates the sequence of technologies used 
later. same w e l l  known q l e s  of industrial processes in w h i c h  on-site 

Recycling also includes ccrmbustion for 

Typically, of the heat energy recwered, 75 

canbustion is covered separately in chaptec 6. 

Solvents can be recovered eithex on site or off site. 

If volumes of waste are "11 
, ccanpanies are more likely to skip waste Off 

It is difficult for d l  firms 

. .  
?he issue of liability, however, may discourage wmpanies 

Generators can be held liable for the 

'Ihe decision to recover solvents frum a process on site is typically based 
solvent recycling may be incorporated 

Recycling back to 

of solvent recovery unfavorable p]. 

The technolcgy used in the first step of the 

r e c w e r y  am3 recycling are e m p l q d  are: 

o 

o 

recovery, by adsorption, of mix& solvents in fabric coating; 

recovery of acetone f m  cellulose acetate spinning using water 
scrubbing and aksorption and subsequent recycling within the process; 
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o recovery of diluent in solvent refining of oil using vaprization arid 
reccnnpression; 

o liquid-liquid extraction (wakxmshrq ’ ) for recovery of methyl ethyl 
ketone in an azeotropic process for producing toluene; 

m e r y  of hexane in vegetable oil extraction; 

m e r y  of fu”l in butadiene purification; 

batch recovery, by evawration and condensation, of perchloroethylene 
in dry cleaning; and 

triethylamine) in antibiotic manufacture [2] . 
anploy& in varying sequences and under process-specific reaction conditions. 
volatility, solubility, t h d  stability, corrosion, purity 
capcity, steam and water conditions, worker exposure, and rxmmmics must all  
be considered in the design of the m e q  system [2]. Each on-site recovery 
systemisunique. starch& ‘zation is usually not possible even within closely 
related industrial facilities. 
recycling is disaxssed in mre detail in section 5.3. 

operatiom that set up mobile or fixed txeatmnt/recycling units on the 
generator‘s property offers additional options for recovery of solvents 
whenever on-site remvery is not selected. 
investigated the ecomnics of on-site and off-site alternatives for ”agerent 
of hazardaus wastes inclu3ing solvents [3]. 
the analysis indicated a 1- unit cost break-even pint for off-site as 
opposed to an-site “gemsnt  of solvent wastes using separation technologies 
such as steam strippi.ng and solvent extraction ($26 and $83 per metric ton, 
respectively - 1983 dollars). Although this analysis was not verified for 
California, the results suggest that off-site recycling of solvent wastes may 
be mre “ i m l  than on-site managenat for specific technologies (exclusive 
of potential liability costs associated with future clean-up actions at 
diqxsal sites.) 

on site. 
recycling facilities is distillation. Solvent extraction and incineration for 
heat “y are also available in California. C”ial recycling 
facilities accept most halogenated and non-halogenated solvent waste. 
hanclling charge varies based upon the quantity, type, and ccnnposition of the 
waste. solvent wastestreanrs segregated by the generator are mre recyclable 
than mixed solvent waste. 

o 

o 

o 

o distillation for recovery of mixed solvents (ethyl alcohol arid 

Each of the recovery operations listed above involves similar technologies 

Advantages arid disadvantages of on-site 

?he aMilability of off-site ccnrmercial recycling facilities and commercial 

Ihe congressional w e t  Office 

Of the technologies identified, 

?he technologies used by cannercial recyclers are similar to those employed 
!the recycling technology most commly employed by ccamnercial 

’Ihe 

An dlternative to on-site recycling is the transfer of solvent wastes from 
the generator to another ccnnpany that can use the waste, either in treated or 
untreated form. 
pruvi.de ccnfidential information and assistance to generators and potential 
u.sers/rezyclers. 
throufpl the waste exchange system than mixed waste. 
solvent wastes generated by the semiconauctor industry are not suitable for 

’Ihese transfers are facilitated by waste exchanyes that ~ 

Relatively pure uniform wastes are mre easily recycled 
For -le, halogenated 
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clcSea-lcop recycling. 
sufficient purity for applications such as paint formulation or equipat 
degxasing operations [3 ,  cited in 41. 

certain technologies used in closed-loop or ccpnmercial recycling are also 
applicable to treatmnt of solvent-antaining wastewasters discharyed to 
nnmicipdl system. Air strippiriy, for example, is appropriate for removing 
volatile oxyanic solvents present at low concentrations in wastewater, or for 
treating hi- wxmtrations of solvents prior to biological treamt [5]. 
lh&"t technologies are discussed in mre detail in chapter 6.  

?hey are easily purified by distillation to a 

5.2 * t im and F32cycling Patterns of solvent wastes 

?he pattern of recycling has bath industry-specific and wastestream- 
specific ccanpcnerrts. 
fraction of the wastes they generate than other industries. 
same wastes are more likely to be recycled than others (e.g., solvents more 
than pesticides), and the patterns of on-site and off-site recycling vary w i t h  
the size of the inllustry and the waste stream generated. 

W- that may be recycled directly without prior treamt are 
those that can be used as ingredients or feedstocks in a prcauction process. 
Recycled wastes must have the functional properties of the virgin mterial to 
be reusable. W- that are typically high in impurities or that are 
not amenable for direct reuse must be processed to recover the materials of 
value. Sane prcduction pmcwes result in unwanted bypraiucts that are 
rarely, if ever, used in any skequent manufacturing or processing 
operations. 
processes are concentrates of the same nonvolatile con+aminants or impurities 
present in the original wastestream. meSe inipurities are generally unwanted 
since there is no use for them in any pmduction process except for heat 
~ e c ( ~ e ~ y  in boilers or incine~~tors. 

wastes. 
whether the solvents are CommCnly recycled via waste exchanges or internal 
closed-loop processes. 
was obtained fram the quarterly publication entitled Valifornia Waste 
Exchange,1t published by the California Department of ~ealth sexvices [ 6 ] .  
Internal closed-loop refers to on-site distillation processes. 
f m  the distillatian of the solvents are used for heat recovery, with the 
exception of chlorinated still bottons. lhis waste can generally be used as 
feedstock to make carhn tetrachloride. 

5.3 I&cychg * CQtiOns 

S m s  major inaustr ies recycle a substantially larger 
Within an industry 

For example, the residues fmm waste solvent distillation 

Table 5.1 presents a summary of the recyclability of solvents and solvent 
Of the materials that are CCnrmDnly recycled, the table describes 

?he information on wastes recycled via waste exchanges 

Still bottnns 

5.3.1 mite Bqcling 

Ixle to the costs as~~~iated with the purchase of virgin solvents and 
~ 

SubSequMt aisposal of solvent waste, recycling is often performea as an 
inteqal part of a mnufacturing process. 
generated results in lmer diqxsal costs and liability associated with 
disposal. 

?he reduce3 volume of waste 
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Cnumnly recycled 
in internal 

-fiY Not con“ly via waste closed-loop 

M Y  

solvent recycled recycled exchange P-= 
~ 

Tetrachloroethylene 0 0 0 

Trichloroethylene 0 0 0 

- 

- 
Methylene chloride 0 0 0 

1,1,1 Trichlorcethane 0 0 0 - 
0 - 

0 

0 

0 0 

Ethyl benzenea 0 
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-Y Cammonly recycled 
recycled in inte.mal 

Not coIRTd3nly via waste closed-loop 
solvent ?=-Fled recycled P=- 

M Y  

m y 1  isobutyl Icetorlea - - - - 
Butanold 0 - 0 - 

0 0 

0 

0 Methyl ethyl ketlnlea 0 - - 
Isabutanola 0 c 
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Once the decision to recycle has been made, the next choice is between 

less waste leaving the facility; 

owner's control of reclaimed solvent's purity; 

reduced l iabi l i ty  and cost of transporting waste off site; 

recycling on site or off site. Advantages of recycling on site include: 

o 

o 

o 

0 reduced reporting (fianifestkg); and 

o 

DisadMnta ges of on-site recycling must also be cowidend. !!hse include: 

o 

o 

possible lower unit wst of reclaimed solvent. 

capital outlay for recycling e q u i v t ;  

liabilities for worker health, fires, explosions, leaks, spil ls ,  and 
other risks as a result of inproper &pent  operation; 

possible need for operator training; and o 

0 additionaloperatingcosts. 

A limited survey of California facil i t ies that have installed small 
dist i l lat ion units was conduded. The given for installing the unit 
are listed kelw in the order cn- t o t h e c k ? e x h q  * r e s p o n s e  
frequemy: 

o favorable e c " i c s  for recarery (e.g. reduced solvent purchase 
aemana) ; 

o reductionindisposalcosts; 

o 

o lawerliabil i ty.  

In most cases, more than a single reason was given. 

o 

o lw solvent re cove^^ efficiency; 

o installation prablenrs; and 

reduction in reporting (manifesting); and 

?he reprted 
operational difficulties include: 

loss of solvent ciuring distillation process; 

0 mairrteMnce pmblenrs. 

The prircary prcblem reported by cmpades was difficulty obtaining the 
necessary permits t o  operate the equipwnt. ?he payback pied was reported to 
vary between one to two years. Most cmpades reported that land disposdl was 
their  prior solvent waste management methcd. 

~ 
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In summary, the decision to prccure, install, and operate an on-site 
solvent recavery system must be based on a thomgh analysis of the technicdl 
and e m d c  feasibility of the system. 
consideration a balance between the ease and safety of operating the equipment 
and the lwel of operator's wise. 

W s  analysis must also take into 

5.3.2 Off-site Recycling 

Off-site cxmerc ia l  recycling services are well suited. t o  mall quaritity 
generators (SQG's) . 
waste solvent to justify on-site recycling. 
used by generators who prefer to avoid the technical, economic, and managerial 
de"3s of on-site recycling. 
of potentially high transportation and l iabi l i ty  costs. Another concern t o  
generators that recycle solvent wastes off site is the liability associated 
with disposal of still bcttoms. 

Comercia recycling facil i t ies are privately m e d  campanies that offer a 
variety of serviw ranging fmm operating a waste treatment/recycling unit on 
the generator's property to accepting and recycling batches of solvent waste a t  
a central facility. Scme recyclers accept both halogmated and non-halogenated 
solvents, others specialize in one or the other. 
accept only non-halogemted wastes. 
perchloroethylene recycling for the dry cleaning inks t ry  pi]. m e  recycler 
my chatye the genetator by volume of waste accepted and la ter  credit the 
generator's a a n m t  for the value of saleable solvent recovered f r m  the batch 
of waste. O t h e r  recyclers charge a straight fee or accept waste a t  no charge 
based on the type and volume of waste received. "he value of a solvent waste 
to a ccnrmercial recycler aepends on the type, market value, purity (quality), 
and quantity of waste generated; h m  often the waste is prduced; and the 
distance between the generating facility and the recycling facility. 

A Commcaly practiced arrangem=nt between genmtor and recycler is batch 
tolling. 
solvent waste fmm a genetator, distills or othexwise redlains the solvent, ax3 
resells the recovered prcrcluct to the orighal generator for reuse. 
tollh is attractive i f  the price of reclaimed solvent is less than the 

Rris is because SQG's do not generate sufficient volume of 

However, off-site recycling has the disadvantage 

me off-site services are also 

Used oi l  recyclers often 
"he Reclamar CcnSsany specializes in  

In a batch tolling arrangement, the conmoercidl recycler accepts 

Batch 

equivalent g-mde of virgin solvent. 

Safety Kleen Inc. (Reedly, CA) provides a batch-tolling service for 
-ing solvents, and leases the process quipmnt and solvents as one 
system. Safety Kleen's mbile Units pruvide fully-contained deqreashq systems 
to autcsrobile repair shops. Safety Kleen pericdically replaces the spent 
solvent w i t h  fresh solvent. 
facility. Rris arrangement is popular w i t h  d l  quantity generators. Another 
advantage of the toll system is that each generator's solvents can be recycled 
separately. 'Ibis separation reduces the chances of the recycled solvent beirtg 
contaminated with fllbstances foreign to the process of the generator. 

are disti l lat ion and incineration for heat recovery. Recent surveys i n  1982 
(southern cd,ifornia only) and 1983 analyzed the capacity of off-site recyclirtg 
faci l i t ies  i n  California for handling halogenated organic wastes [21, 221. 
c3urrent capacity data are available from I%1s permit records (see Table 5.2). 

Vie sperrt solvent is then recycled a t  a central 

__ 
The  technologies most widely practiced by um'mrcial recycling facil i t ies 
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5.3.2.1 D’ m c m  d capcity of m i n g  Facilities 

‘Ihe information available from the I%Is permit data indicates that most 
cammercial recyclers are located near the industr ial centers for solvent waste 
generation; namely IDS Angeles and Santa C l a m  wxlnties (see Tables 5.2 and 
5.3). As indicated in Tables 5.2 and 5.3, the “rm solvent recycling 
capacity in California is approximately 140,000 tons. Annual throughput for 
1985 was approximately 175,000 tons or 53 percent of capacity. 

5.3.2.2 -ti- for I”mg * Reqclability of Solvent Waste 

Representatives of cmmrcial recycling facilities interviewed in a 1986 
telephone m e y  (andudxi  as part of this study) w e r e  asked for 
reconanendations on ways that genezators can inprove the recyclability of 
solvent wastes destined for off-site recycling. m e  following recormnendations 
were suggested: 

1. secrrecrate solvent wastes. Segregation of solvents was the most 
frequent suggestion to inprove the recyclability of wastes. specific 
reccnanendations were to separate: 

o 

o 

o 

0 water waste fran flarmnables. 

chlorinate3 fmm nonchlorinated solvent wastes; 

aliphatic frcan ammatic solvent wastes; 

 reo on frcan methylene chloride; and 

2. W D  O u t  Of the waste solvents. Drums should be covered to 
prevent c0nt”tion with water. 

allow for efficient solvent reclamatian. 

control solvent CsnEell tration. Mairrtain solvent concerrtration at 2 40 
percerrt- 

Label waste. 
container. 
mlvent waste was generated. 

3. soli-. Solids concentration should be kept at a nini” to 

4. 

5. &ep a chemical identification label on ea& waste 
Record the aact  canposition and mthcd by which the 

5.3.2.3 selecticm of a cnrmercial Waste Facility 

’Ihe following factors should be considered before &ming a carnnercial 

1. 

2. 

3. 

recycling or treatment service [21]: 

permits held by the facility. 

Types of solvent wastes managed. 

Ability to met solvent purity specifications if the solvent is to be 
returned to the generator. 

~ 
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F a c i l i t y  
N'XW Telephone No. permit* Design 

Address Contact service camciW* 

Acto-Kleen 
P.O. BOX 278 
P i a  Rivera, CA 90660 

Baron-Blakeslee, Ira. 
3596 California Street  
San Diego, CA 92101 

Baron-Blakeslee, Inc. 
8333 htierprise Drive 
Newark, CA 94560 

BayKiay chemical 
2096-B walsh AV- 

ul Santa Clara., CA 95050 

L&xen"oon 
2000 N o r t h  Alameda 
Capton, CA 90222 

I 
W 

(213) 723-5111 ISD N o t  -1icable 
(714) 944-3330 Hauler, seller 
Sheldm EiSenman 

(619) 295-0041 ISD 100-120 gal/hr 
David L. " p s o n  Hauler, processor, 

S e l l e r  

(415) 794-6511 
Mike N i s s e n  

(408) 727-8634 
"s Taylor 

(213) 537-7100 
Cathy Demenno 

pennit 180 gal/hr 
Hauler, P%xessor, 
Seller 

I S D  400 tons/year 
Hauler, processor, 
seller 

ISD Not Available 
moceSsor 

tetra chemical Industries, ~nc. (213) 588-9214 permit 350 gal/hr 
Gold Shield Solvent Division aarrel w. C?zlft Hauler, Prceessor 
3027 Fnlitland Avenue 
Los AngeleS, CA 90058 

General portland Inc./SYsPEcH (213) 325-2800 permit 1,200 gal@ 
Michael Z' UmFer processor 24,000 tOnS/p 23505 crenshaw Boulamrd 

Room 201 
"axe, CA 90505 



I !tW3IE 5.2 (Continued) 

Facility 
Name Telephone No. permit* Iksign 

Address c€altilct Service C!amcitvx* 
Name Telephone No. 

Address c€altilct Service C!amCitvx* 

Holch~Smice chemical 
1341 East Maywwa 

AM, CA 92706 

(714) 546-5890 
ElmerIxEdash 
(714) 538-4554 
chaz Hilton 

IT corpozatiorr-vine Hill Facility (415) 372-9100 
4575 %&em BMilevard John E t t l  
Martinez, CA 94553 

permit* 
Facility 
Iksiqn 

ISD 1,500 gal/day 
FTcessor 

I S D  Not Available 
Hauler, Processor 

Nc@sson chemical ccwpany (213) 269-9531 permit Not Applicable 
5353 Jillson Street  en whittle Hauler, seller 
Commerce, CA 90040 

Nelco Oil Refining corporation (619) 474-7511 
ul I 600 W e s t  12th Street Steve Hun@rey 
P 0 National City, CA 92050 

oil and solvent process company (818) 334-5117 
1704 West First Street 
AZuSa, CA 91702 

Ken 0"- 

I S D  
Prccessor 

72 bns/yr 

24,000 tons/yr Fermit 
Hauler, Processor, 
seller 

I S D  5,600 tons/yr Omqa Cnemical cconpany (213) 689-0991 
12504 East Whittier Boulevard Dennis R. O'Meara Hauler, Pmxssor, 
Whittier, CA 90602 Seller 

Orange county chemical co. (619) 489-0798 I S D  Not Applicable 
425 Ancleason Drive Richard Gallade Hauler, Seller 
Escondido, CA 92025 

Orange county chemical co. (714) 546-9901 

S m t d  AM, CA 92707 
1230 &&-Saint Gertrude Place Jim Gallade 

I S D  520 tons/yr 
Hauler, Seller, 
F'rccessor 



!DBLE 5.2 (Continued) 

Plastic Materials, m. 
3033 west Mission m a  
Alhambra, CA 91803 

ReclalEC 
131 North Marine A v m e  
Wilmington, CA 90744 

Rho4mn Corpration 
425 Irk Avenue 
Inglewood, CA 90301 

(818) 289-7979 
Jean Q-eco 
Tcdd Greco 

ISD 1,000 @/day 
Hauler, seller, 
Prccessor 

(2U) 835-3103 permit 5,000 tons/yr 
Paul kVries Hauler, Processor 

(2l3) 776-6233 
Dick Gustafson 

permit 200-300 gal/hr 
Hauler, Prccessor 

Romic chemical corporation (415) 324-1638 Fermit 31,000 tom/yr 
2081 Bay Road Feter Sdmeider Hauler, Pr-sor 
East pal0 Alto, CA 94303 

Safety Kleen 
1000 south I street 
M Y ,  CA 

Solvent Services, ~nc. 
1021 E?erryessa Raad 
San Jose, CA 95133 

Van Waters and Rcgers 
2256 Junction Avenue 
San Jose, CA 95131 

(209) 638-3010 

(408) 286-6446 
Tcao D.h&te  

permit 16,000 tons/yr 
Hauler, Prccessor 

permit 22,000 tom/yr 
Hauler, processor, 
Seller 

(408) 435-8700 permit Not Applicable 
Ron Haydel Hauler, Seller 

Van Waters and Rcgers (213) 265-8123 E D  Not Applicable 
1363 S o u t h  Bonny Beach Place Kirk Steinseifer Hauler, Seller 
LC-S -des, CA 90023 

* Fw.mit i n f o m t i o n  correct as of August 29, 1986. 
** me t o  storage and 0peratj.q lhCtat ions,  hourly o r  daily capacities cannot be used to provide 

meaningful annual capacities 

E D  - Interim Status Dxment. 



Solvents 
Handled 
1985 

Solvents Recv el& Recvclinq Technolosies ftons) 

Ado-Kleen 
P.O. BOX 278 
Pic0 Rivera, CA 90660 

Baron-Blakslee, ITIC. 
3596 California Street 
San Diego, CA 92101 

Bmm-Blakeslee, Inc. 
8333 Enterprise Drive 
NeWark, CA 94560 

01 I Bayday chemical 
2096-B W a l s h  AV- 
Santa Clara, CA 95050 

DemMno/Kerdoon 

Capton, CA 90222 
2000 North Alameda 

Ferchloroethylen, 1,1,I-trichlorcethylene, Stores solvents for 21 
methylene chloride, trichloroethylene, 
f l u o ~  ities for processing 

chlorinate3 ard fluorinated solvents pot: distillation 57 

transfer to other facil- 

chlorinate3 ard fluorinated solvents 

chlorinated and fluorinated solvents 

petroleum solvents, gasoline, jet fuels, 
and ~ p t h a s  w i t h  a flashpint greater 
than 100%. 

~etrex chemical Inlustries, ~nc. chlorinated a fluorinated solvents 
Gold Shield Solvent Division 
3027 Ruitland Avenue 
LOS Angeles, CA 90058 

General poruard Inc./SYSIEui 
23505 Crenshaw Boulevard (oqanic). Volume approx. 1000 gallons. 
Roam 201 
Torrance, CA 90505 W a s t e  must be -le. solvents, 

mergy m e r y  fmm iqnitable wastes 

chlorine content five percent or less. 

still bottom, paint, adhesive, resin, 
ink waste, etc. 

Single plate 
distillation 

163 

Distillation, electric 182 

Filtration/sedhentation, 1,048 
decant/de-ennilsify/air 
flotation, vacuum distil- 
lation, flash distillation, 
steam stripping, boiler, 
chemical dehydration 

Single plate 
distillation 

86 

Incineration 15,939 



5.3 ( con thud)  

sowJ!NE RFr2YCrR.l AND !cE"" FOR 
ana3aiu-m- 

S O l V e i i t S  
Hardled 
1985 

salvents Ret3 cled R w c l i n q  Technolcqies (tons)- 

chlorinated and fluorinated solvents Not A v a i l a b l e  64 

"e 
PdCtresS 

Holchem/Service chemical 
1341 East Maywooa 
Santa AM, CA 92706 

IT ~rporation-Vine 
Hil l  Facility 

4575 Pa&€€!o Boulevard 
Martinez, CA 94553 

McKessonchemicdL company 
5353 J i l l son  Street 
Cownerce, CA 90040 

cn 
I 
t; Nelco O i l  Refining corporation 

600 W e s t  12th Street 
National C i t y ,  CA 92050 

O i l  and Solvent Fmcess company 
1704 W e s t  F h t  Street: 
Afllsa, CA 91702 

omega chemical. CCrmpanY 
12504 East Wnittier Boulevard 
Whittier, CA 90602 

orange county chemical co. 
425 Ancleason Drive 
Escondido, CA 92025 

Orange  cwnty chemical co. 
1230 East-Saint Gertrude Place 
santa Ana, CA 92707 

Energy remvery from m-halqalated 
solvents 

chlorinate3 and fluorinated solvents 

Energy recovery from OXygeMted and 
solvents 

Aliphatic and arcaMtic h y d " n s ,  
Freons, chlorinated hydrocarbons, 
lacquer wash thinnex, a l l  types of 
chemical solvents. Bend for  
k i n e r a t i o n  a t  another faci l i ty .  

A l l  types of refrigerants, l i t h i u m  
bromide, halogenated and oxygenated 
Solvents, tetrahydrofuren, dimethyl- 
f d d e ,  Freons, paintwastes, 
lacquer thinners, dry cleaning solvents 

chlorinated and fluorinated solvents 

chlorinated and fluorinated solvents 

Incineration 436 

stores solvents for  50 
transfer to other 
f a c i l i t i e s  for  
P-ins 

m i n e r a t i o n  2 

pot d i s t i l l a t ion ,  16,126 
film evapration 

Film evaprat ion 905 

Stores solvents for  6 
transfer t o  other facil- 
ities for  processing 

Filtration, flash 66 
d is t i l l a t ion  

I i 



Solvents 
Handled 

Name 1985 
PdMreSS Solvents Recvcled Re0Jc lb -a  Technolcqies Itons) 

Plast ic  Materials, Inc. 
3033 W e s t  Mission Road 
Alhambra, CA 91803 

Ketows, chlorinated solvents 

R e C l m  Drycleanirq wastes containing 
131 N o r t h  M a r k  Avenue perchlorcethylene 
Wilmington, 90144 

Disti l lat ion 220 

N o t  A v a i l a b l e  250 

Rho-chem corporation 
425 Iris Avenue 
InglewoOa, CA 90301 

cn 
I 

1,1,l+ichloroethane, perchloruethane, Film evapration 1,928 
methylene chloride, trichlorotrifwm- 
ethane, alcchols, ketones, armnatics, 
lacquer and paint th' lnnexs. 
Also blend for  incineration a t  another 
faci l i ty .  

Rcanic chemical corporation Aliphatic, arcpnatic, chlorinated, 
2081 my Road fluorinated substances; alcohols; 
East Palo Alto, CA 94303 esters, trichlorcethane, mthylene 

chloride, lacquers, paint thinners, 
means, ketones, tetrahydmfuxan, 
methylpyrmlidone. Water wastedream 
containing lower cw-trations of 
Solvents like aCebne, MEK, IPA. 
Also blend for  incineration a t  
another facil i ty.  

Safety Kleen 
1000 south I street 
M Y ,  a 
Solvent Services, Inc. 
1021 Berry- Road 
San Jose, CA 95133 

Fractional d is t i l l a t ion  18,845 

Hydrocarbon solvents, methylene chloride solvent exchange 14,982 
service w i t h  auto- 
mbi l e  repair shops. 

All halogenated and ran-halogenated Distillation, gravi- 3,215 
solvents. Also blend for incineration mtric separation 
a t  another facil i ty.  



I 5.3 (Continued) 

SOLVENB FEcYCIED AND TEmmItXIB FOR 
c m M " L F x 3 " E s I N -  

SOlV&ts  
Handled 

Address solvents Recv Cled R e c v c l i n q  Technolocries (toas) 
Name 1985 

Van Waters anl Fqers 1,1,l-trichlo"re and aeons Stores solvents for 183 
2256 Junction Avenue 
San Jose, CA 95131 ities for processing 

1363 S o l l t h  Bonny Beach Place 
Lm Arigeles, CA 90023 ities for processirq 

transfer to other facil- 

Van Waters anl Fqexs 1,1,1-tridd.om+&me and ~reons Stores solvents for 195 
transfer to other facil- 



4. 

5. 

6. 

7 .  

a. 

9. 

10. 

11. 

12. 

l3. 

14. 

Availability of registered. trucks to transport the solvent wastes. 

Distance to the recycling facility and associated transportation 
costs. 

Available laboratory facilities and analytical procedures. 

Record keeping practices. 

Availability of castan recycling seervices (e.g., verdor-awneal 
recycling uni t s  that can be operated on the generator's property). 

Fqertise on in-plant waste rcanagmt strategies and process 
cxnlx-ols. 

Insurance for recycling/treat"t/direatmerrt/aisposdl operations. 

Disposal procedures for still bottcnrS and solvents that cannot be 
recycled. 

State regulatory agency's "pliance rea& on the facility. 

Current customers' "nents  on the facility. 

Facility's financial stability. 

?hese factors can be readily checked by visiting the recycling facility, 

5.3.3 ouler opf-site m i n g  Alternatives 

and by phoning regulatory agencies and references provided by the facility. 

5.3.3.1. Waste 

An alternative to on-site or off-site recycling, is shipping wastes to 
companies that use the materials in their operations. Recipient ccmpmies 
either use the waste untreated or subject it to a "l amount of treatKent 
before reuse. The success of such waste transfer operations de- on: (1) 
the supply and demand for a specific waste: and (2) a "m ' bywhich 
interested parties can make contact and negotiate an agreement. Such a 
mechanism is provided by waste exchanges. Waste exchanges are private or 
government-fundal organizations that facilitate recycling transactions by 
identifying the supply and demand for various wastes. 

information exchanges and material 
exchanges. 
waste deumd and supply. Material exchana es take temporary physical possession 
of the waste and may initiate or actively participate in the actual transfer of 
wastes to users. 
exdwqes are waste brpkers. Brokers are individuals or f b  which, 
fee, lccate processors, sellers, or ccnnpanies to use the recyclable materials. 
The broker does not take physical possession of the material. 

~n California, an information exchange is operated by the California W a s t e  
" n g e  (cwE)[6]. 
Control Division of l X S .  

Them are two types of waste exchanges: 
Information excham es act as clearing houses for information on 

supplementing the activities of these two types of waste 
for a ~~ 

~ 

It is a program administered. by the Toxic substances 
CWE publishes a direct0 ry of industrial recyclers and 
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a quarterly newsletter and catalcg. 
developments in the area of hazardous wastes (Le., laws, regulations, 
t echolqy) .  The catalog lists wastes requested and wastes available. Through 
this sexice, inaustr ies lccate parties interested. in receiving their wastes. 
?he parties in the catalcg are identified only by a box nmkr, a procedure 
much the same as that used in classified ads. 
confidentiality. Same companies fear that an analysis of their wastes could 
reveal pruprietary infomtion m t  their mufacturing process. 

Wastes currently recycled thmugh waste excharqes include acids, alkalis, 

The newsletter documents recent 

This system ensures a d-ee of 

other inoIyanic chemicals, organics and solvents, and metals and mtal 
s l m .  
by waste exchanges. 
Wastes listed via exchanges, approxhately 20 to 30 percent are exchanged 
[23,24,25,26]. 
m. 

Of these wastes, solvents and mtal wastes are mst frequently listed 
meSe mterials have a high recovery value. Of the total 

Table 5.4 irdicates the solvents mst COrmpBny recycled by the 

5.3.3.2 03aperatiVeArrangeDerrts 

c".ies m y  make cooperative arrangements with each ather to facilitate 
recycling in ways other than the commercial batch-tolling a- discussed 
W e .  
at  me aistance f" each other. 

lhese usually involve arrangements between plants located near and even 

one -le of a cooperative off-site recycling arrangement is the 
Neighbrhcd cleaners Association (NCA) . NCA delivers waste recycling kits to 
participatins "ber establishrents and, on a peridc basis, arranges for 
piclaq? of the accunollated wastes by a colrnrercial recycling facility. 
solvent (perchloroethylene) is recovered by distillation, cartridges are 
shredded, and any usable parts are recycled. Oily wastes that cannot be 
recovered are incinerated. Accordirag to World Information Systems, the averaqe 
cost for an NCA establishment participating in this prcqam is $600 to $700 per 
year [28]. 
telephone (212) 684-0945. 

5.4 

spent 

NCA is located at 116 E. 27th Street, New York, New York 10016; 

separaticp! "iqws for solvent Recwery 

A s"ry of techniques that can be used to purify or concentrate solvents 
is p?xvxntd in Table 5.5. 
concentrations of solvent are usually treated for disposal to a sewer or a bcdy 
of water. 
quantities of solvent that can be recovered. 
solvent-rich residuals f m  wastewater treatment (such as carbon adsorption or 
steam stripping) usually require additional processing such as drying or 
azecltropic distillation. 
recycled. 
below. 

Dilute aqueous stream containing soall 

Solvent " v e r y  is a secondary consideration because of the soall 
If recovery is planned, 

Concentrated. solvent wastes are more frequently 
The techniques applicable to the concentzated wastes are discussed 

5.4.1 Distillati~n 

Distillation is the oldest and most popular solvent recovery technique. 
~ 

It 

mere are two primary types of distillation: batch and 
relies on the difference in volatility between the solvent and the impurities 
present in the mixture . 
continuous. A batch process, also k n m  as differential, Raleigh, or pot 
distillation, consists of placing a fixed amount of solvent waste hide a 
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1,1,1 trichloroethane 
tetrachloroethylene 
trichlorotrif luorcethane 
methylene chloride 
lacquer thinner 
mixed solvents (axygenated and arcmmtic h-) 
MpulaS 

w- 
toluane 
methyl ethyl k!&cJne 

isopropyl alcohol 
methyl alcohol 
benzene 
mineral spirits 

acetone 
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l?suAL APPLxaTIa 
Concentrated DiluteAqueous 
solvent waste Waste 

Distillation X 
Evapration X 
solvent Edzaction X X 
supercritical Edzaction * X 
Freeze Crystallization * X 
Air stripping X 

. steam Stripping X X 
Carimn Adsorption X 
sedimentation X X 
Decantation X X 
Filtration X X 
Membrane Separation * X X 
centrifugation X 
Dissolved Air Flotation X 

* - N o v e l  tedvlolcgy or application [7,8,9] 
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heat& evapration chamber and applying heat with shultaneous withdrawal and 
condensation of the overhead vapr. 
inside the pot, the mivture boiling temperature and the partial pressure of 
high boiling impurities rise. 
level in distillate becomes prohibitive, when the temperature exceeds the limit 
set by thermal stability of waste constituents and/or materials of 
c"&ion, or when the viscosity of the residual is increased beyod the 
range allowing for efficient heat transfer or flmility. 

In solvent recycling, batch distillation most c0"only uses a single 
equilibrium stage (i.e., there is no refluxed p a w  or trayed cohmm present) . 
Refluxed naiLtistaged batch distillation is scnnetimes used for fractionation: 
h-er, the applications are rare. The disadvantages iriclude the lack of 
stripping action present in continuous colmns. 
distillation can usually prcduce acceptable purity (greater than 95 percent), 
especially if the process is carried out slowly and the camponents' vapr 
pressures differ widely. 

is Ccnmrmly applied when the following rqubmnts are present: 

As solvent is depleted from the batch 

The process is ternuna ' tedwhenthe impurity 

single stage batch 

C"s multistage distillation, often called fractional distillation, 

o 

o 

o amxlrrtsarelarye. 

Distillation is carried out in a column equipped with trays or packing to 

high dqxee of distillate purity: 

volatility differences are d 1 :  and 

facilitate "I contact between liquid and vapr phases. 
continuously at the optimum location in the column and part of the condensed 
distillate (reflux) is intrcducd at the top. 
contacted with the upward m i n g  vapr. The vapr is progressively enriched 
with more volatile capnents. High boilers are wncentrated in the liquid, 
imstly MCW the feed in the stripping section of the column, and are 
eventwdly withdrawn in a conthmous or sahi-cont~ous fashion. The heat is 
delivered to the i" part of the column through a reboiler, usually a 
shell-and-- exchanger, a coil, or a tube bundle insert. Most of this heat 
is removed in the condenser at the top of the wlm. 

Intermediate dmw-offs enable a "hr of solvents to be recovered from a 
mixture (in a batch process, fractionation can be acmnplished through routing 
the distillate to sepxate receivers at different times during the period of 
ogeration) . An example of fractionation is the Westinghmse Electric plant in 
Raleigh, North Carolha where percNorcethylene and Frecol are separated f m  
dqreasing operation waste [lo]. 

one of the principal wncerns in solvent waste distillation process is 
fouling of column irrternal s and heat transfer surfaces on the process side of 
the reboiler. 
polymerization of ampunds pmsent in the tottans, such as oils, resins, 
greases, and fats. 
formation of volatile kypraiucts that can contaminate the recovered solvent or 
cause emission hazards. vihen high boiling solvents are recovered, it is 
desirable to keep the tottons temperature down to avoid degradation. 
done either by conaucting distillation under vacuum or by injecting steam 

Feed is intrduced 

Dmnward moving li&d is 

Fouling is usually caused by thenral degradation or 

"l degradation is also undesirable because of 
~ 

This is 
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directly into the kottcm of the column (steam distillation, also known as steam 
Stripping or w e t  distillation). 
serves as an inert diluent that lowers the partial pressure (and thus the 
temperature) of the oqanic high boilers i n  the mixture . 
useful when water is not miscible with solvent and does not enter into 
undesirable reactions. 
distillations. 
solvent, possible need for additional azeotropic distillation, water  disposal, 
corrosion, and foaming. 

A n o t h e r c o m i s i m p e d u n e n  * t of heat transfer into highly viscous bottoms 
stream. 
level that provides adequate fluidity for efficient boiling and free drainage. 
When high distillate yield is rquird, or when the volume of the bottom 
stream is excessive, special evaprator designs (such as agitated film or drum 
dryer) are enployed for secondary recovery of solvents from the highly viscous 
bottcun streams. 

Steam provides the necessary heat input, and 

Steam distillation is 

Direct steam injection can also be applied i n  batch 
The disadvantages include water  saturation of recovered 

Solvent concentration in the column kottrms is usually maintained a t  a 

In a t  least one case, draimbility of the bottom stream is not a 
consideration. 
mclene -, ~nc. uses dispsable plastic liners for the boiling 
chamber. 
in applications involving remamble pans or where drum containers are used 
d i r e c t l y  as a boiling chamber. 
suitable for on-site recycling. 

In design of their caapnercial pot distillation system, 

The liners are rewved after each cycle. A similar principle is used 

Appendix D contains infonration on d l  stills 

5.4.2 Evapomtim 

m p r a t i o n  is a process often used on solvent Wing sludges or bot"s 
fm disti l lat ion units. 
scraped- or  wiped-film evaprator, a set of rotating blades spreads the waste 
in a thin film against the heated wall of the cylindrical vessel. 'Pie sludge 
is wntinually mwed against the heated wall of the uni t  using rotor t i p  
velocities of up to 40 ft/sec. A high degree of heat transfer is maintained. 
neavy solids and sludges wentually make their way t o  the kettcan of the vessel 
and are oollected. 
collected, condensed, and further treated i f  required. 
schematic of a w i p d  film evaprator. Film evapration can be used to reclaim 
solvent f m  heat sensitive viscous wastes including solvent/resin mixhrres. 
It k best suited for low-boiling solvents without abrasive solids. 

double drum dryer or scra@-dnnn dryer. 
co ntinually between two horizontal cylindrical drums. 
internally and anmter-rotated. 
surface and solvent is vaporized. 
?he vapors are c o n d e n s e d  and recovered. 
surface and collected. 

percent solids and can recover nearly a l l  the solvent for reuse. 

In a turbulent film evaprator, also called a 

Solvent vapors exit the tap of the unit whwe they are 
Figure 5.1 shows a 

~ r y i n g  operations my involve the use of a drum dryer, also referred to as 

?he feed liquid is deposited on the hot drums' 
The nonvolatile ccanpowrts form a d r y  film. 

Solids are scraped off the drum 

In this unit, viscous waste is fed 
?he drums are heated 

Figure 5.2 depicts the drum dryer's schematic. Dnrm 
-ing can handle extremely v i m  -le sludges that contain up to 90 
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other drying equipment applications for solvent recovery include a vacuum 
rotary dryer capble of handling solvent slurries as well as pastes and filter 
cabs. 
selection of evaprato~ for large scale applications is discussed in reference 
U. Table 5.6 contains scane information on evaporation units suitable for 
solvent recxJvery. 

Recovery efficiencies are in the range of 90 to 95 percent [11]. ?he 

5.4.3 sediments t im 

Seibrentation is a process in which particles suspended in a liquid are 
settled out by gravity. 
settling tanks. 
off f m  the solids resting on the bottcnn of the vessel. 
reroved and usually t r e a t d  prior to d k p s a l .  
employed separation techniqy for lremoving solids SUspMded in organic solvents 
and as a preliminary purification or pre-filtration step. 
operation/maintenance cc%ts tend to be low because of the sinplicity of the 
equipent rquh-4 and low energy input. A disadvantage of sedimentation is 
that finely aispersea colloidal particles tend to stay SUspMded in solution 
making separation efficiency quite low. 
be quite long, and large volumes or mltiple tanks may be necessary to provide 
quantity thmugh-p. 
may result if ssd" tation is performed in large open tanks or holding ponds. 
Sedimentation is used in the paint formulation irx3ush-y to handle equipnent 
cleaning wastes [lo]. 

'Ihe liquid with suspended solids is i n t r cducd  into 
After sufficient settling the, the clarified liquid is dram 

The solids are 
Sedimentation is a widely 

Capital and 

settling times for these particles can 

Significant air emissions of volatile organic ccmpnents 

5.4.4 Decantaticpl 

Decantation is a gravity separation technique used to separate inuniscible 
liquids of different densities. ?he unstable mivture of inuniscible liquids is 
slowly fed into a decant tank where it is continuously separatd, coalesced, 
and withd.rawn. 
ccalesence. They are scanetimes filtered out before decantation. Depending on 
ccnnposition, these particles must be treated and diqcsed of. 
often used to "ve insoluble oils fran spent sol- in the dry cleaning and 
petroleum refining ixhlstr ies. 
decantation is often saturated with water, further processing to dry the 
recovered liquid is often necessary. 

in designing a decanter are the droplet size of the d i s m n t h o w  phase, and 
the volume fraction of the disconthous fluid. 
mainly by the petroleum refining inaustry to separate oil-water inixtures, are 
the API and titlted-plate separators. 

Ixlst and d i r t  particles can interfere with the process of 

Decantation is 

Because the nonaqueous layer remxred by 

kcant tanks are sinple in design and relatively ampact. ?he main factors 

Nore ccnrplex units ,  used 

5.4.5 centnfuga * tim 

Centrifugation is a technique used to separate a liquid or solids f m  
another liquid with a similar density. The technique relies on the application 
of centrifugal force to achiwe separation. 

into the spinnhq centrieuge. m e  
, the slightly denser solids are 

centrifugation, a wastestream is irrtroauced 
to the centrifugal, force exerted on the mivture 

In sdhenta tion-type 

~ 
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I 
I 
I 
I 
Ifechnisal oesc r ip t im  

(node of aperation 

I r e d  l h r a q h p l t .  Lblhr. 
(Characteristics of Residues 

1Eqdi-t Features 

I 

I 

I 
I 
I 
Inater ia l  of C m s t r u c t i m  
1EWi-t Oi-imr, In 
Illeight. L b r  

Ilpe of Cwling 
(IF of Heating 
lcmtrol Features 

0 1 1  

I 
I 

I 
I 
I 

loptiom 

1F.O.B. Cost.  I 
Inaintmance Costs, Llyr. 
loel ivery lim, Ws. 
IPa-nt Term 

I 
I 

I 
I 
I 

lsolvents Recovered 

* ........................... 

..... 

..... 

I M L E  5.6 lUNUFACIURERS OF EVIPORAllDY EWIWENT 
..+................. ....................................*.........................+............................................................................. * 
I B l a - K m x  F d c h a n i c a l  E q u i p t  Co. 1 CherwBur re l l  I UIC lnc. I 

750 E.Perry St .  1 P.0.BOX 3 5 m  I P.0.B.x e63 I 
I Buffelo,NY 14211 1 1oui rv i l le .K l  40232 I Joliet.11 M34 I 
I 

I 
*................... ..................................*...................................................+.........................*......................... + 

Roto-Vak I D m  Dryer I Ilodeltol-020 I R&llZOW-IO 1 ~&llSO34-01 I IlOdel#5036-l0 I 
..+..........................*..........................+...................................................+................................................... + 

Mechanicslly agitated I O r u l  drying I nechanically agitated I Rotary Evaporation I Ratarv Evaporation I Rotary Evaporation 

t h i n - f i l m  evaporation I I t h i n - f i l m  evaporat im I I I 
I 60-80 I 

IAbwt 50% S O l V m t  c m t m t  1 A b w t  59X sol ids I I I I 
I I I I I I 

I 2.6 wl. I 2.6 gal. I 2.6 gal. 

I 2.5 KU heater 
I I wi t  

I Explosion p r m f  heating I 2 sq f t  Heat t r m f e r  1 9.4 sq f t  Heat transfer I 1.4 sq f t  Heat t ranr fer  1 1.5 KU heater 
I area,Heat Flux of 20- I area 1 area.vacum - ra t ion 1 
I 50.000 Btu lhr -sq f t .  I I I 
I Cmter-currmtlcMcurrmt I I I 
I SS 316L I 5s 304L I 55 316 I 
I I 60xMx62 I 27~16x56 I 
I I 3,600 I 175 I 
I I I I 
I I I I 
IStem/l(eat transfer f l u i d  I s tem ISfean/Heat transfer f l u i d 1  

I I I 
I I I 
I I I 

I I cmdenser I 
I I I 
I I I 
I 27,000 I l10.000 I 
I 5w I 300-1.000 I 
I 16 I 26 I 

I I Vas- operatim,Vapec I 

120% at tie of order.607. I 
ltm weeks later.balance ml8 weeks larer,30% 16 weeks1 
l r h i p r n t  Ilater.balance on s h i p n t  I 

120% at  t ine  of order.3W 

I Alcohal~,Ketones,Erterr, I I 
1 Glycols,chlorinated I I 
I soI"e"t5 I I 
I I 1 

...+..........................*........................... 

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

. I  

I 
I 

Glass I GI.** 

I 
I 
I 

llater I llater 

I 
I 
I 
I 
I 
I 
I 

7.5M I 8,200 

I 
I 
I 
I 
I 

E lec t r i c  I E lec t r i c  

I 
I 

I 
I Glass 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 9,800 

I I 
I I 
I I 
I I 

I 
I 
I 
I 
.~ 



, I  

forced against the inner wall of the unit. 
the contirauxls displacement of the enterirg fluid or by a s c r e w  conveyor inside 
the unit. In filtration-type centrifugation the inner wall of the u n i t  is 
actually a f i l ter .  me solvent is forced through the filter and the solids are 
retained. Inside the unit ,  the solids are perioaically remwed by mechanical 
blades that scrap the fi l ter  surface as the unit rotates [13]. Treatment of 
the residual solids de- on the ccrmposition of the wastestream. 

Wce filtration or  gravity separation, centrifugation is used as a 
preliminary purification step before other recycling operations. 
solids, for -le, are often separated from spent dry ckaning solutions 
before distillation. 
sedimerrtable Solids, tubular-kml centrifuges can be usad. 
the tubular-kml ncdel is the -tichamber centrifuge. The multichamber 
centrifuge can achiwe a ketter degree of sepantion. The disk centrifuge uses 
a stack of truncated cones to achieve centrifugal forces ranging from 4,000 t o  
14,000 times the force of gravity. This equipment is generally used for cream 
separation in the dairy incbtry. Improved efficiency can be obtained by using 
nozzle-discharge centrifuges, self-opdng centrifuges, continuous decantor 
centrifuges, screen bavl decanters, and knife-disdwqe clarifiers. Available 
filter-- centrifuges include variable-sped or constant-qeed units and a 
w i d e  variety of basket d e s i p  [13]. 
centrifuges. 

Usually, the solids are removed by 

aystall ine 

A mcdification of 
For Wastestreams that contain less than one percent 

Reference 14 provides mre information on 

Filtmtion is a pmcess that Separates suspended particles fmgn a liquid by 
using a porous fi l ter  U u n .  .several types of filtration can be used, and the 
design and operation of each type varies widely. 

of solids and liquid through a filter medium usirg 
flaws through the f i l t e r ,  particles larger 

entail forcing the mixture 
gravity or pres-. As the mixture 
than the pore OPMlngs of the filtration media cannot pass through and are 
trap@.. 
clogged. 

f i l tration qui- are particle s i ze  distribution, viscosity, production 

materials of construdion. Fquipment-related factors include type of operation 
(batch or corrtinuous ) , llriving force, px-cduch 'on rate, separation 
effectiveness, washing capability, deperadability, mterial of construction, and 
cost. 
Weens proper seledion can usually be made [13]. 
detailed information on the types of equipnent available from various 
"rfacturers.  

Basic operationdl steps 

The f i l ter  d u m  may be either cleaned or discarded when it beccones 

Soane of the process-related factors important to the p m p r  selection of 

process W t i o n ,  performance requirements, and penissible 

Based on generalized guidelines, such as the ones given by Van N o t e  and 
Reference 15 provides 

Cost for fi l tration equipmsnt may vary widely because of the wide array of 
equipment available. 
usually center around increasing the volume of waste by addition of backwash 
fluid, treatment and dispasal of the solids, and the escape of volatile 
ccnnponerrts into the atmosphere w h i c h  can occur i f  the unit mt be opened for 
cleaning. 
quantity inQ-easing due to backwash, hmwer, a t  the expense of 
quantity by their own mass. 
cleaning industzy for removing soil f m  spent perchloroethylene. 

tihen using a Washable filter, envirumtal  c"s 

D i s p o s a b l e  cartridges or bag filters avoid the problem of waste 

D i s p o s a b l e  filters are widely used by the dry 

~ 

* this 
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a s*lified form of filtration, strainers are often employed to remove 
large or coarse particles from liquid. l?quipxe.nt includes stationary or movirq 
scxeens, perforated plates, metal mesh baskets, belts, or chains. 

5.4.7 M d Y r a I E  s€pa?atim 

Membrane separaticol (includes ultrafiltration and rev- osnosis) is a 
pmcess in which solute molecules with molecular weight exceeding 500, or 
particles with diameter not excedmg  ’ 0.5 m.icrons can be separated fmm a 
wastestream using semi-permeable membranes as the filtering media. 
membranes are himy efficient filters because the pore openings are submicron 
in size. 
reverse osnosis and up to 0.0025 to 0 . 0 l ~ ~ n s  for ultrafiltration. 
is applied to one side of the membrane so water and low molecular weight 
ampnmds in the wastestream flow through the pores. 
mlecules and colloidal particles build up on the other side. Compared to 
rev- osmosis, ultrafiltration uses a membrane with much l q e r  pore sizes. 
Hence, it is less susceptible to pore blockage or membrane degradation and 
better d t e d  for most solvent recovery applications. More information on 
ultrafiltration can be found in references 9 and 16. 

mere are three primary ultrafiltration device configurations: tubular, 
spiral wound, and hollow fiber. The tubular device is often used for 
snall-flux, high value applications. Because of the tubular construdion, 
mechanical cleaning can be done easily. The tubular device is the unit of 
choice for cases involving severe fouling. ?he spiral-wound design is often 
used for high volume applications. !the spiral-wound configuration is mre 
vulnerable to fouling and “u ‘cal cleaning is difficult to perform. 
hollow fiber design consists of a membrane wound into a hollow cylhider with 
the inside dimter varying f m  500 to 1,100 micmns. m e  choice of d i m t e r  
size de- on whether the application is high-fouling or low-fouling. 
Capital cwts for ultrafiltration systems range from medium to high. 
-ting/=- costs are medium. Current ccarnnercidl applications of 
ultrafiltration include paint recycling from the electrodeposition painting 
process, concentration of metal cutting and machine oil-water asion, and 
recovery of polyvinyl alcohol fmtextile wastes [4,17,18,19]. 

in reference 27. ’Ihese applications include revovery of cleaning solvent in 
a- ‘ve painting processes, recovezy of paint solvents from roll coat% 
operations, and recwery of cleaning solvent from printing operations. 

’Ihe 

pore size can range from 0.0005 to 0.0025 microns in the case of 
Pressure 

The large organic 

‘Ihe 

The 

Applications of ultrafiltration to recwer organic solvents are described 

5.4.8 Solvent Mtiacticn 

Solvent extraction is a pmcess in w h i c h  the separation of wnqomts is 
achieved by wntacthg the wastes- with a liquid that acts as a solvent to 
one ccmpnent but is relatively irmniscible with the other component. 
single stage operation consists of mixing the wastestream and solvent together 

several solvent extraction units are operated in -t fashion to 
ixrease “oval efficiency. 
extraction solvent usually rquires the use of a distillation system. 

A basic 

a n d  Men allwing the mixture to separate into phases in a holding tank. 

separation of the recavered solvent and the 
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Thxgh not as popular as stripping or carbon adsorption processes due to 
hi- Costs, extraction is widely used to recover valdle solvents. 
Edzxaction can achieve 98 percent recovery. 
remwhg phenol, acetic acid, salicylic (and other hydroxy -tic) acids, and 
petroleum oils from aqueous solutions. 
chloride from isopmpyl alcohol, Freon frcun organic wastestreams containing oil 
and alcohol, and a mix of chlorinated h y d " n  from alcohol or acetone. 
Many valuable organics present in moderate to high concentrations in aqueous or 
organic solutions can @entially be extracted (e.g. phenols, acids, alcohols, 
amines, glycols, tehahyikofuran, and dimethy1for"ide). The major limitation 
to solvent extradion is the difficulty in finding a suitable solvent low in 
cost, high in extraction efficiency, and easily separable from the extracted 
substance. 

5.5 S m a l l P a c h g e d D ~ a t k m E q U i p m e n t  

Most snall distillation systems are designed as single stage batch stills, 
ranging frum 0.8 to 1,000 gallons batch capacity. Some batch still 
manufacturers provide an option for semi-continuous, constant feed rate 
operatian. In this mode, the httcm are not removed continuously. lhey are 
acanaiiated until the end of the batch. Applications of semi-continuous mode 
for single stage distillation appear limited to direct steam injection (W's 
DYML-1G systan) probably due to built-in deficiencies of the kdirect  heat 
transfer mode in this situation. continuous multistage refluxed distillation 

available f m  a snaller number of suppliers. These units range f m  1 to 
1,440 gallons per hour capacity based on the feedrate. 

?here are many factors and options to consider when specifying solvent 

Extraction is a proven method for 

It is also used to recover methylene 

~ 

systems are usually custcnn designed based on stamlax& 'zed ccgnponents and are 

distillation equiprent. 'Ihese are summarized in a datasheet (Figure 

Ihe datasheet reflects the information obtained from the survey 
Key features of distillation equipment selection are 

5.3). It is 
and choices. 
of manufacturers. 

to guide the buyer througfi the major available options 

below. 

Stream characteristics lists the attributes (quantities, ccnqpsitions and 
pmperties) of feed, distillate, and bottom streams. Striping stream and 
water phase are also included. An hourly mss fl-te ( b / h r )  should be 
entered based on the desiredmaxinnrm still throughput and not as an averaged 
valLle. 

Choice of ~ressure is a function of the vapor pressure dependents on 

To provide the langest 
temperature for a particular solvent, available cooling water temperature, and 
the impurities' volatility or t h d  stability. 
ther" 'c driving force for separation (relative volatility), the pressure 
should be kept as low as possible. For most solvents, atmospheric pressure is 
sufficient. 
is often rquird. 
avoided to minimize the risk of fire, explosion, or premature corrosion or 
fouling. 

For high boiling species (boiling points atme 400° F) , a vacuum 
When a vacuum is used, air leaks into the equimt must be 

Particular attention must be paid to the gaskets, seals, and packing 
types used. 
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ervice I Item(s) Tag No. 

I so . 
.~ I~ 1 

Attribute 

Flowrate, Ibhr I 

I 
I I Bottoms I Feed Distillate 

D im I Striooina I Solvent Water 

I I I 
Component, weiqht % 
4 .  

2. 
3. 
4. - 

Temp., 0 F I I I I I 
Pressure, psiq 
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SPACE I INSTALLATION / TEST REQUIREMENTS 
.. . . 
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Automatic Control Options : 
Feed Flowrate 0 Bottoms Flowrate 0 Condenser Temp. : Inlet 0 Outlet 0 
Reboiler/Still Liquid Level 0 
Still Pressure 0 

Receiver Liquid Level0 
Reflux Ratio 0 

Monitoring Options (A - Alarm ; I - Indicator; R - Recorder ; M - Multiplex) 
Lia. Level Pressure T". Flow Comoosit . 

Solvent Feed 
Steam Feed 

Separator 
Condenser Inlet 
Condenser Outlet 
Cla. Wtr. Inlet 
Clg. Wtr. Outlet 
Bottoms 
Feed Tank 
Bottoms Tank 
Control Panel Local n Remote I7 

CW Failure 0 L V W L G V G I  Y 

Bottoms Temperature 0 Pressure 0 Feed Intermot a I 
Overcvessure Protection : 1 Ruoture Disk r 

Fxolosion - Proof Electri@ls Yes 0 No 0 I 
~ 
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melath teimaa ture is determined by the operating pressure. 
camcitv and 
stream characteristics, p m c t  purity requirements, and plant operation 
schedules. 
considerations. 
time before distillation to recover pure solvent in peridic campaigns. 
storage pricd m y  ncit exceed 90 days, or the facility is considered to be a 
hazardous waste storage facility requiring a RCRA permit f m  EPA. 
schedule of operation determines the frequency of operation of the unit. For 
low feed rates, batch operation is chosen, unless the p m c t  purity 
constraints and the stream characteristics require the use of a continuous 
operation. When continuous distillation is chosen, the reflux ratio and the 
"hr of theoretical stages is determined by the relative volatilities of the 
species and the specified product purity. 
and operation principles of distillation columns can be found in many standard 
texts, such as F'erry's Chemical lWq5neer8s Handbook [13], or Ituzdbook of 
Separation Techniques for chemical mgineers p o l .  

The choice of the heath mod9 is determined by the available utilities, 
preference of the operator, and the charamistics of the bottom stream. 
the battcnrs are very viscous, better heat transfer can be obtained by using 
direct steam injection. D i r e c t  stream injection can be used only if the 
product is not steam degradable and if water is a tolerable impurity in the 
remvered solvent. The aqueous wastestran that is generated by this process 
may need treatment before disposal to the sewer. 

tion re~u irements are based on the waste generation rate, 

The mode of operation is batch or continuous depenainS on the same 
W solvent waste m y  be allowed to accumulate for a period of 

mis 

The plant 

A detailed description of the design 

If 

.Srace/installation/test rem irements should include the consideration of 
whether the equipment should be weather-proof and also whether a performance 
test is requhed. Close 
attention & be paid to the location of the installed still in the facility. 
A well ventillated, easily accessible area away f m  pcssible s a r e s  of 
sparking or fires, but in proximity to feed sources is preferable. 
with the lccal fire marshall and industr ial insurance canpmy wether with an 
examination of codes such as the Uniform Builaing code, NFPA and CSHA is 
-ed. 

Space constraints, if any, are also specified here. 

A check 

The autmtic -ration co ntrol out ions consist of flow, level, 
temperature, or pressure reylation. W heat rate can be fixed or 
controlled in a mDdulating or on-off fashion, by bottcars or vapor temperature, 
or k"s liquid level. Heat input can be independently interrupted by a low 
liquid level, high temperature condition in the pot, or loss of cooling water 
to the condenser. Low liquid level shutdm can prevent severe fouling of 
UTLsUtnnezged heating surfaces. Cooling water flow can be modulated by the 
c o n d e n s e d  distillate temperature controller. when stringent product purity 
r q u m m k s  exist, or when the operation is continuous, a higher level of 
control sophistication is required. 

Safety features such as explosion proof electricah and grounding 
P- 'on are requird when flamnable solvents, such as acetone, are handled. 

Y i e f  valves of rupture disks are necessary to prevent equipmnt failure in 
the event of overpressure. Overpressure can cccur due to blodced vapor 
outlets, or external fire. If cooling water supply fails, the vapors will not 
be andensd, resulting in sustained vapor emission - an extremely hazardous 
condition. ?his is prevente3 by reliable automatic interruption of the heat 
supply in the event of cooling water failure. 
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Feed conditionhq such as filtering or preheating is useful for energy 
conservation. For feed containing suspended solids, filtering prior t o  
disti l lat ion prevents fouling of the heat transfer surfaces. 
with the available waste heat from bottuins or condenser may result in energy 
Savings. 

viewpoint. 
bottonrs for easy disposdl. 
of such devices may damage the heat transfer surfaces. 

-n ct’o is determined by the con-osivity of the 
fedjprcciuct a t  process conditions, and the exp=cted equipment lifetime. 
carbon steel, austenitic stainless steels and polymeric linirsgs are typical 
co- ’on materials offered by manufacturers. 
used, austenitic steel may rot be suitable. Traces of hydrochloric acid 
present in the solvent can cause chloride stress c o m i o n .  The pmper 
materia l  can be chosen aftex testing or tiuuugh consultation with the material 
or e q u i w  suppliers. 

recovery w a s  solicited from 48 U.S. equipwit  luanufacturers. 
collected are summarized in  Appndix  D. 

Feed preheating 

pie bott olrs ranwal m a l  e is important from an equipment cleaning 
use of still pans or bags facil i tates the remval of the 

Mecham ‘cal cleaning of the equipment i n  the absence 

I f  chlorinated solvents are 

I n f o ”  on axisting amnwxial package3 systew for small scale solvent 
The data 
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'Ibis chapter presents mjor aspects of treatment and pretreatment of 
solvent waste. 
waste and yield wastesheam that pose little or no enviromtal  risk. In 

In a strict sense, however, pretreatment is applied to wastestrears to make 
them more suitable for either recycling or findl treatment (e.g. ,  in publicly 
owned treatment works). 
treating solvent waste and the types of waste camonly treat&. 
follows with a discussion of the various types of equipent or processes used 
to treat or destroy solvent waste. 

6.1 Ovwxiewof Treatment 

Trea- refers to processes or techniques that destroy the 

this chapter, the terns treatment and pretreatment are used intexdmrqeably. 

Se&ion 6.1 provides a discussion of reasons for 
Section 6.2 

Increasing costs for land disposal and the associated liabilities, can &e 
treatment a viable option. Waste trea- systems are often costly and the 
decision to rely on treatment should only be made after considering all 
available snnze r&uctian and recycling options. 

toxicity and chemical or physical Pmperties. 
volumes of wastewater with very low solvent concentrations, the most "on 
treatmnt systems either involve biological degradation or stripping the 
wastewatex with air or steam. Stripping m y  be follmed by treatment or 
recovery to control air emissions. Recycling by steam stripping is favored 
because it proiuces a mre concentrated solvent wastes- than air 
stripping. 
emissions and the cost for emission control can be prohibitive. 

systems, an incinerator must be specifically tailored to the type of waste. 
aiiorhated solvents form hydrochloric acid upon burning. 
acid resistant construction materials and a flue gas acid scrubber m y  be 
?squixd. Reference 13 pmides information on the importanCe of reviewing the 
charadistics of a particular incinerator design in conjunction with the wasts 

A ~ ~ ~ o u s  wastes corrtaining solvents are often treated onsite to reduce their 
For facilities proaUcing large 

Biological treatment in large aerated open tanks can result in air 

c4ncentrated solvent wastes m y  be incinerated. Like nmst treatment 

merefore special 

being treated. 

Mcdels are available to evaluate treatment processes. Such models are 
useful in estimating design parameters, sizing the equipment, and process 
optimization. 

facilities that do not have the necessary capital or technical staff to build 
and operate a system. 

Infrared Systems in Dallas, Texas; and Huber corporation in Boryer, Texas. 
G.A. Technologies (GAT), San Diego, California: and Mcdar Inwvrated in 
Natick, Massachusetts, market a transportable supercritical water system. 
Another option for treating waste onsite is to lease land to another cconpany or 
joint-ventue that then builds and operates the treatment system. Waste Tech 
Services Inc. in Dernrer, Colorado and GAT in San Diego, California are examples 
of ccanpanies that offer this senrice. 

A g d  discussion of such models is in reference 20. 

S e v e r a l  innovative arrangerents for treatment of waste are available for 

Ensco Fmhmtal  Services in Little Rock, Arkansas: Sh- 
ccnnpanies that market transportable incineration systems 

-----include: 
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off-site treatment can typically be justified in cases where generation 
volumes are snail, periodic in nature, and where off-site treatrent capacity is 
available. In California, one off-site hazardous waste incinerator is 
currently in operation - General portland, Inc. in Lebec, operates a cement 
ki ln  that is pnnitted to bum hazardous waste. Allowable wastes are limited 
to a maxinnrm of five weight percent Morine and a "in heating value of 
10,000 British Thenral Units (BIU) per pound. Arrangeiwmts for use of cement 
k i lns  can be made thxuu@~ systeh copra t ion ,  Iebec, California. 
uses General portland's facility in M n i a ,  Kansas. GAT i n  san Diego and 
stauffer chemical ccnnpany in  Daainguez and i n  Martinez are i n  the process of 
seeking faderal and state pnnits to burn hazardous waste from off-site 
facilities. 

6.2 Treatnoentlkclnmlogies 

Treatment technologies involve the re"l of solvents from wastewater 
streams by physical means, the destruction of solvents i n  wastewater by 
chemical or biological means, and the destruction of solvent waste by therm1 
techniques.  any treatment technologies can be used in combination w i t h  
recycling technolcgies (distillation of waste solvent followed by incineration 
of the remaining solids). 

this  section. In this crmtext, solvent incineration follcwed by heat recovery 
has h=en classified as a treatment technology, althw EPA regulations allow 
for its classification as a recycling technology (see chapter 5). solvent 
waste treatmerh technologies that are discussed belaw include: 

systech also 

only technologies involving the destrudion of waste solvent are covered in 

chemical Treatment - WetAirGxidation - chemical Oxidation - supercritical Water oxidation 

f3iolcuical Treatmen t - Activatedsludge - AerateaIagcon - TricklingFilter - AMembicSystem 

mermal Trea twnt - Boilers - RataryKilns - LiquidInjection - FluidiZedBed - FixedHearth - W t i p l e  H e a r t h  - Infrared - Oxygen Injection - P l a s o a A r c  

chemical treatment technologies rely on liquid-- oxidation of organic 
~ 

m a t e r i a l  using miow oxidizers. 
micrc-organislrs t o  use the organic material as a scurce of f cd .  

Biological technologies rely on 
These 
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technologies are well proven for m y  types of solvents. “al methods are 
generally well established except infrared, oxygen injection, and plasm arc. 
Reference 17 pmides the names and addresses of manufadurers that pmduce 
most of the @pent or systems discussed in this section. 

6.2.1 Wst  Air cadaatian 

Wet air oxidation treats aqueous wastestreams containing organics through 

A f t e r  treatmat, the pressure is released and the wet air 

contact with air at 350 to 700 degrees Fahrenheit and pressure up to 2,000 
pounds per square inch. ‘Ihe organics are oxidized in an exothermic process by 
oxygen in the air. 
exiting the vessel is passed through a carbon adsorption whinn to recover any 
remaining organics. wet air oxidation is used for hardling wastes that are too 
dilute to kimmte and that are not biologically dqradable. 
concentration of the wastest ”  typically handled ranges from 10,ooo to 
100,000 milligrams per liter. 

easily oxidized “halogenated sol.lents. 
organics present are fully oxidized. 
additional bio-axidation step may be necessary. Depenains on the “position 
and volatility of the remaining organics, much of the organic content is 
stripped out when the pressure is released. %me halogenated solvents can be 
treated by employing catalysts such as bddes, nitrites, and copper. The 
effect of these catalysts on m k s e q m k  waste treatment pmcesses is unclear. 
More infomation on w e t  air oxidation can be obtained in reference 14 or from 
zimpm, Inc. inRoths&u ‘ Id, Wisconsin. 

The organic 

Wet air oxidation is used mainly for treating wastewaters that contain 
’Qpically, eimty percent of the 

‘Ihe remainder is oxidized partially - 

6.2.2 chemical Oxidation 

olaaical oxidation cc“nly uses oxidants such as potassiun permanganate, 

other chemical oxidants include chlorine, chlorine 
Wastes are treated in a 

ozone, or hydrug-en permride to break down or oxidize organic materials 
contained in wastam-. 
dioxide, perchlorates, persulfates, or nitric acid. 
batch reactor or a well mixed continuous reactor, follawed by a settling or 
separation step. nS step is required to remave insoluble oxidized materials 
(such as metal oxides) that precipitate during treatmnt. 

'Ibis treatrent technique is effective on aqueous wastes containing less 
than one percent oxidizable material. Redudion by 70 to 95 percent of 
ethylkenzene, cklorabenzene, and 1,2-di~0robenzene was reported for a 
Wastestream containing other toxic pollutants [l]. 
(AFP 3 in -sa, oklahama) is cufiently designing an on-site system to pretreat 
wastewater containing methylene chloride paint stripper. m e n  peroxide, in 
the presence of an iron catalyst, is used to batch treat the waste. 
pretreated waste can then be discharged to the plant’s general industrial waste 
treatment system [2]. chemical oxidation is often used in conjunction with W 
irradiation wfiich, in case of hydrcsen -de, catalyzes its decmpxition 
into hydrmyl radicals (p”3u.l oxidants) [18]. 

when a wastestream wntains a large amount of easily oxidizable material 
(such as phenols, aldehydes, and arcuMtic amines), all of the oxidant m y  be 
consumed before the less reactive materials (such as halogenated hydrocarlJons, 
alkenes, or benzenes) are oxidized. In addition, violent reactions can OCCUT 

A US. Air Force facility 

The 

~ 
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i f  the concentration of easily oxidized m a t e r i a l  is too great. 
chemical oxidation might not be a suitable treatment process i f  the c a p x i t i o n  
of the waste varies w i t h  time or contains a wide  variety of different 
pollutants. 
industrial wastewaters. 
(Huber, peroxidaton systems, mtrox) . 
biological treatment for mre effective pollutant m a l .  

?herefore, 

U~emical oxidation can be used as a pretreatrent step for 
?he technology is offered by a nunher of vendors 

chemical oxidation can be combined w i t h  

6.2.3 supercritical water Oxidation 

supercritical water oxidation treatment is similar to the w e t  a i r  oxidation 
'Ihe process kegins by mixing o m e n  into the wastewater and then process. 

us- heat to raise the tenprature and pressure of the waste above the 
mitical point of water. Under these conditions, water acts as an 
excellent solvent for organics and aids i n  the -ition of these wastes. 
Wing treatrent, superheated steam and innocuous gases are proauCea. 
be used as a process steam or to prcciuce electricity. The Malar ccnnpany of 
Natick, Massachusetts designed and built a system that achieved better than 
99.999 percent destrwtion efficiency when treating highly chlorinated 
ccnpxnuuls. 
30,000 gallons of wastewater per day at 5 percent organic loading. 

?hey can 

!lhe ccnnpany currently offers a skid-rmunted design that can pmcess 

6.2.4 ?!&ivaM Sludge 

mvated sludge treatment is a two-step process. The process starts w i t h  
b i 4 d a t i o n  of oqadc waste by sludge in an aeration tank or basin for two 
to twenty-fax hours, f o l l m d  by clarification of the wastewater. 
sludge recovered during clarification is recycled to the aeration tank while 
theremainder is d€?..?ater€d before aisposal. conditions in  the system must be 
maircbmed w i t h i n t h e e n v i " m b l  tolerances of the microo?q"s for the 
process to function properly. 
waste being processed nust be avoided. 
waste content can disrupt or destrcry the microo-. 

Activated sludge treatmnt may be used to treat dilute solvent-bearing 
wastes that contain less than one peroerh suspended solids. 
frequently used for solvent-laden wastes fram organic chemical rcanufacuturing, 
petroleum refining-, paint and ink formlation, and gun and wccd chemicals. 
Wastestreams containing- halogenated organics, oils, grease, heavy metals, or 
viscous materials are usually not suitable for this treatment. Disadvantages 
associated w i t h  activated sludge m t m e n t  include the mqrhment to dispose 
of large quantities of sludge proauOaa in the process and the potential need 
for air emission corrtrol. 
conta.in€d in  reference 15. 

6.2.5 Aerated IaqcxxS 

Aerated lagcons are shallow biological treatmat basins maintained in an 

Part  of the 

W c  effeds due to variations i n  the types of 
Sudden 01 extreme variations in  the 

The process is 

mre infomtion on the activated sludge process is 

aembic state by mecharu 'cal agitation. 
especially selected for degradhg one or mre specific pollutants, lagoons 
contain a w i d e  variety of naturally occuring bacteria and algae. 
disadvantage of aerated lagcans is that significant a i r  missions m y  cu=ur due 
to volatilization of low-boiling solvent wastes. 
that lagoons m8et the same standards as holding ponds (i.e., liners must be 

Instead of using microbial cultures 
- 

An important 
~ 

current regulations require 
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installed and groundwater monitoml) thus raising the wst for building, 
permitting and maintaining a system. 
contained i n  reference 15. 

More information on aerated lagoons is 

6.2.6 Trickling F i l t e r  

mickling filters are  similar to adiva- sludge system except that their 
design all- hi- biological d w d a t i o n  rates. By fi l l-  the aeration 
basin w i t h  rocks or  ar t i f ic ia l  media to a depth ranging from three t o  fifteen 
feet, the surface area available for microbial growth is significantly 
increased. To p m i d e  for even distribution of the waste over the rocks or 
media, rotary distribution ams or fixed sprays are  used. upflowing air  is 
i n t n d u d  into the system by an underdrain which also conveys effluent t o  the 
clarifier. Retention times for treatment m y  be as short as one hour. 

3~ trickling f i l ter  system is suitable for treatnmt or pretrea-t of 
dilute aquaus wastes that wntain less than one percent suspended solids. 
&gradation of the organics may not be cmplete M u s e  of the short retention 
time. EsRseme fluctuations in wastewater flw or hydraulic loading are not 
tolerated by the system, because they remove bacteria fm the surface of the 
ma3i.a. U s e  of the trickling filter for Me aegradation of toluene has keen 
reported [l]. More information on trickling filters is provided i n  reference 
15. 

6.2.7 Ih3ezcbj.c !&eatm& 

Anaembic treatment is wnducted in a closed vessel without agitation a t  

digestion, 

tmperatures rangbig f m  31 to 60 dqrees Centigrade. Anaerobic bacteria 
digest sinple organic and nitrcgen-containing cconpounds by a series of 
oxidation-rduch 'on reactions that do not require oxygen. 
large quantities of methane gas are produces. me gas can be used as a s o w  
of fuel. 

-ic treatment offers several advantages over aerobic treatment. 
Anaerobic treatment requims only about ten percent as narch nutrient in  the 
wastestream, pmduces one-tenth the sludge requiring aisposal, and produces 
methane gas [3]. 
suspended solids wntent than activated sludge (five to seven percent versus 
less than one percent). More  information on the amembic sludge process is 
available in references 3 and 15. 

6.2.8 Boilers 

Boilers can be used to destruy solvent waste by using the waste as a 
supplawh to fossil fuel. 
the U n i t e d  States burn wasteilerived fuel [I]. 
blending the waste m a t e r i a l  w i t h  fuel and injeding the nuxture into the 
mcdified boiler burner. 

t h e  result- fuel nlixtum is adequate to maintain proper combustion and that 
the ccanposition of the waste remains fairly wnshnt  over time. 
of waste in  storage tanks is qyite can" and can lead to a too-lean or 
too-rich fuel mixture being injectea into the burner [12]. when this happns, 
inccpnplete ccmhstion can cccur. 

Retention times can be as long as two weeks or more. 

The pmcess is also suitable for wastewater containing hi- 

It was reported that 4,934 industr ial boilers i n  
The process usually consists of 

Care must be taken to assure that the heating value of 

Stratification 
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Another cm?€enl is that the solvent waste/fuel mixture must be free of 
solids or ash. 
of deposits inside the unit. In addition, solids can cause an increase i n  
particulate emissions and require the use of air  pollution control equiprent. 
Depenaing on their cmpxitions, both the captured flue dust and the ash 
removed from the system my require encapsulation before land dispcsal. 
chlorine in the waste can cause severe corrosion of refmctory and metal 
parts. Therefore, it is best to l i m i t  chlorine content to 3 percent or less. 
If chlorine is present, hydrodiloric acid SQNbberS may have t o  be installed. 

3 , 000 EtUs per pound to be burned as supplementazy fuel in on-site boilers. 
Toluene, xylene, acetone, ethanol, butanol, isopropyl alcohol, naphtha, methyl 
ethyl ketone, and esters are burned for heat recovery at  the Burlhyton 
muniture Cc"y in Lexhgton, North Carolina [6]. Spent lacquer thinner is 
burned a t  the Bcrwling Cc"y i n  M t .  Oliver, North Carolina. N a s h u a  
corporation, i n  Nashua, New H a m p h u e  ' , reported on their efforts to convert 
their existing boiler system to one that could incinerate solvent waste 
wntahhg iron oxide particles [7]. Recammended modifications include 
redesign of the burner and installation of a settling tank and f i l t e r  press t o  
remove solid particles (this was favored over the inslzdlation of dust 
collection equipnmt on the boiler). The payback pericd for the system exceeds 
five years, but the project was justified based on the elimination of risk 
associated w i t h  off-site disposal. 

Methyl ethyl ketone vapors 
are burned a t  the Rexham Corporation in Matthews, North Carolina [6]. A t  the 
3M ccnrpany in Minneapolis, Minnesota, solvent-laden air  (pred"ntly 
heptanes) is burned to reduce the overall amount of fuel required for their 

Solids can lead to p1ugqb-g of the burner nozzles o r  a build-up 

Excess 

- 

A t  present, EPA allows hazardous wastes having a heat- value greater than 

Solvent-laden air  streams my be incinerated. 

boiler [4]. 

6.2.9 R&ary 

Rotary kilns consist of a cylindrical, refractory-lined chamber tilted 
several degrees off the horizon. Rotation of the chamber mixes the waste and 
cmkwtion air.  Ihe tilt induces the solids to flow tayards the cutlet where - (- a liquid. injection system) and then through scrubbers. 
Residence times range fran secods for gases to hours for solids. 
typically reach 3000 degrees Fahrenheit. Waste handling capci ty  ranges from 
one to eight tons per hour for conventionally sized units. 
a process flm diagram for a typical rotary kiln incineration system [lo]. 

Rotary kilns can efficiently burn viscous still bottoms, waste solvents, 
and solid mterial. 
the unit to process liquids and solids indepenaen t l y  o r  i n  canbination. Air 
pollution control equipmt is a mst because airborne particles my be carrid 
cut of the kiln before amplete ccnobustion can occuz. 
reccnanended for any wastes that contain heavy metals or have a high inorganic 
content. 

t h e y a r e w n t ~ l y r e m w e d .  Gaseousl3m!h&l "P-passthrough~ 

Temperatures 

Figme 6.1 presents 

The w i d e  flexibility of the feed "rum * designallows 

Rotary kilns are not 

~ 

6.2.10 Liquid I N j d O n  

Liquid injection incineratoxs consist of a refractory-lined canbustiOn 
chamber and a series of nozzles. "he nozzles atcnnize the waste and fuel as 
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they are injected into the chamber. ViscouS wastes are blended with more free 
flowing wastes before injection to inprove the ease of pump% and the 
ccnnbustion properties of the waste. V i s c o u s  wastes are difficult t o  pump, but 
usually have high heats of ccnnbustion. Free flowing wastes are easy t o  pmp 
but can have very low heats of ccnnbustion. cclmbustion residence thes 
typically vary fm 0.5 to 2.0 seconds and the temperatures range from 1200 t o  
2400 degrees Fahrenheit. 
typical liquid injection incineration system [ lo] .  

including phenols, m's, still and reactor bottams, solvents, and polymer 
wastes. Usually an incinerator is geared to handle a specific wastestream t o  
maintain a high thermal destruction efficiency. Many d t s  are  design& w i t h  
eledrostatic precipitators and scrubbers. l%is design allows &lorinat& 
solvents to  be handled. U n i t s  have been designed to pmcess up t o  10  tons of 
waste per hour. Listed below are several ccqmiffi located i n  California that 
are currently Operating liquid injection incinerators [19]. Also included, is 
the name of the manufacturer and the types of waste baing bum&. 

Figure 6.2 presents a process flow diagram for a 

U&d injection Systems can incinerate a w i d e  variety of liquid wastes 

OJMPANY WASPETYPES 

Alpha Resin Hirtcxmhstl 'on Aldehydevaprand 
perris, ca. aq. phenol liquid 

Ashlandchemical Hirtccnrbustion Resinrinsewater 
Los Angeles, Q. 

C a r g i l l  Hirtccwbustion Resinrinsewater 
Lynwwd, Q. 

R i , 2 l " d ,  ca. 
IT vine Hill Trane mermdL Organic liquids/ 
Martinez, ca. vapors including 

IGopperschemicals Hirtccnrbustion 5 % g l y c o l s i n  
OXMIKl, Q. water and vapor 

PpG Industries Kirt ccmbustion Alcohol and ketone 
ToI-Lance, Q. vapors only 

Shell AlCOrn  1 % HC liquid and 
Martinez, 01. 2 % organic sludge 

chwron-orvlo mop custInn 90 % HC in water 

c h l o r h t e d  HC 

Bed 6.2.U Fl- . .  
Fluidized bed k-tors consist of a refractory-lined vessel containing 

The annbustion gases rise upward through the bed maintaining 
The gas in excess of the flow required for incipient 

~ 

an inert granular mater ia l .  
material. 
particles in  suspension. 
fluidization ("nu particle separation) passes through the bed in  the form 

ccnrbustion air  is blown through the granular 
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of kmbbles. Mixing oc(ws as bubbles m e  through the liquid-like suspended 
particle (emulsion) phase. An auxilary heater is used to supply heat to the 
bed to maintain the desired operating temperature. W a s t e  enters the reactor 
andunderqoes thermdl oxidation under the high turbulence and uniform 
temperature conditions of the fluidized bed. 
=ins in the bed until the particles become so 4 1  and light that they are 
carried out of the reactor with the flue gas. 
in the air pollution control @pent, along with fines that are emitted due 

material to neutralize any acidic gases that may form. Fi- 6.3 presents a 
process flw diagram for a typical fluidized bed incineration system [IO]. 

Can" applications for fluidized bed incinerators are in the petroleum, 
pawer generation, paper, and sewage disposal industries. 
circulating fluid bed design has keen extensively tested for hazard.ous waste 
destruction. 
comenticmal, stationary fluid beds. 
of bed particles irrt0 the moving stream of gas. ?he particles are de-entrained 
in a cyclone and routed back to the bed. 
than 99.999+ percent de&ruch *on efficiency is obtained with chlorhted 
organic wastes [16]. Advantages over the cornrentional design include 1- 
capital and operating costs, higher thermdl efficiencies, and better response 
to upsets. mis technology is available ccarnrercially from GAT in San Diqo, 
California. 

Solid combustible material 

These particles are then remwed 

to bed material attrition. Lime or is often added to the bed - 

In recent years, the 

In this  design, the cclmbustion gas velocities are higher than in 
This results in considerable entrainment 

Based on pilot scale tests, better 

6.2.12 Fixed HearU~ T t im 

Fixed hearth hhexation systems usually consist of a single steel shell 
lined with a refractory material. 
the un i t s  are seldom custQn design&. 
stages in the prhuy and secondary combustion chambars. ?he first chamber 
operates in a stanred air mode and at temperatures ranging from 600 to 1,600 
degrees Fahrenheit. Vortex-type burners are used to inject liquid wastes into 
the prhuy chamber. Solid wastes are fed onto grates located W e  the 
chamber. Gaseous combustion prcducts travel upward into the secondary chauker 
where more air is added to ensure ccnnplete conkustion. Solid combustion 
proliucts (ash) fall thrcugh the grate and are discharged from below the unit. 
To ensure ccmplete inchexation, the s e ~ n d a r y  ambustion chamber operates at a 
temperature range of 1,200 to 1,800 degrees Fahwlheit. 
process flw diagram for a typical fixed hearth incineration system [lo]. 

Mixes wastes, including waste solvents and combustible solids, can be 
hardled by the fixed hearth inchexator. 
uni t s  are designed to process feed rates of less than one ton per hour. 
units are designed without any air pollution control &pent. 
incineratom have only limited ability to des- more stable ccnnpounds such as 
chlorinated solvents. 'Iheir use tends to be l i m i t e d  to nonhalcyenated 
s0hnmt.s. 
aurenty aperating a fixed hearth incinerator. 
the xranufactmer and the types of waste being burned [19]. 

The overall design of the unit is shle and 
Incineration of the waste takes place in 

Figure 6.4 presents a 

Based on available designs, most 
Most 

Fixed hearth 

Listed below are several ccwpanies located in California that are 
Also included is the "e of 
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American E n v i m ~  7%- Tech C o q .  Infectious waste 
SaQamento, ca. 
R o k m & H a a s  North American V i n y l  chloride v a p r  only 
Fhciwcdcity, ca. 
Lawrence Live?mJre Environmental Liquid solvents and 
Iaboratory 
Livermore, ca. Control Frcducts solid patholqicals 

6.2.W Multiple Hearth I ” t i m  

Multiple hearth incineration system usually mist of a steel shell lined 
with refractory m a t e r i a l ,  severdl refractory hearths situated one above the 
other, a central shaft that rotates, a series of rabble arms with plows for 
each hearth, fuel burners rmmted an the walls, an ash removal system, and a 
waste feeding system. 
the d w  levels by the rabble anns. As the waste passes t o  the hearths 
below, it is hheratd and broken down. Finally, it is dischazged as ash a t  
the !”I and aisposed. 
injezted th?xnqh side prts to iiqxuVe cclmbustion. 
process flow diagram for a typical multiple hearth incineration system [IO]. 

industrial sludges, tars, solids, gases, and liquid ccanbustable wastes. 
contaminated solvents and residues from solvent reclamation can be blended 
wether and used as fuel. 
times are extremely long (leads to efficient destruction of less volatile 
m a t e r i a l )  ; large quantities of water can be evaprated (hence, dilute streams 
can be handled) ; fuel efficiency is high; and a w i d e  variety of wastes can be 
handled. D i ~ a d ~ x h  ges h l u d e  poterhial hot and cold spots inside the Unit. 
This can lead to bxnplete cdmstion and can subjet ming parts to 
coxbustiongases, thereby, increasingmairrteMnce costs. Multiple hearth 
incheration is not well-suited for wastes containing fusible ash, wastes 
?quking high -twes for destruction, or irregular bulky solids [8,10]. 

Waste enters as a sludge a t  the top and is pushed across 

rxving the process, waste grease and tar my be 
Figure 6.5 presents a 

razltiple hearth inch era to^^ have been used to dispose of sewage, 
Highly 

Principle advantages of the unit are: residence 

6.2.14 Infrared lhdtnxation 

Infrared incineration is a relatively new technolcgy for pyrolysis and 
subsequent oxidation of hazardous wastes. In a typical system, a wwen metal 
conveyor belt transports the waste under the infrarea heating elements. 
elements are equally spaced and can be located along the entire length of the 
uni t .  A t  the end of the Unit, ash fa l ls  into a collection hopper for 
aisposal. off-gases are sent to a burner for complete cclmbustion. 
Advantages of this system include controlled residence t k  by 

and high t h d  efficiency. 
versatility, rapid start-up and shut-dm, and continuous or  irrterrm * t tent  
v t i m .  
per ha~r up to 100 tons per day, are available fmm shirco Infrared System in 
Dallas, Tews. 

The 

belt 
-speed, cantrolled temperature by varying electrical input to the heating units, 

Other advantages include a wide turndown range, 

Portable or fixed Systems, designed t o  handle loads of 10 pounds 



EXHAUST 

LlOUlD FUEL 
OR NATURAL 

AIR BLOWER 

=printed fnnn ~%upple" ta l  &port on the Technicdl Assessment of 
"errt Alternatives for W a s t e  S ~ l v e n t s ~ ~ ,  ~DEERINGSCIENCE Inc., 
prepared for O f f i c e  of Solid Waste, EPA, Sept. 1984. 

6-14 



6.2.15 -tiOII 

OXygM incineration uses pure oxygen instead of air to achieve a higher 
destruction rate. 
associated with impropr mixing of fuel and oxygen, and excessive 
temperatures. Union Carbide design& the Linac I1A1l E!urner System, an oxygen 
injection burner that solves both of these problems p 1 3 .  Advantages of t h i s  
technique include greater throughput for retrofitted incinerators: more 
effective and less costly gas cleaning (oxygen pmduces less flue gas, which 
means that existing sclubber systems would be oversized) ; lower fuel 
wnsmption due to less 106s of heat in the flue gas: and higher levels of 
destruction efficiency. 
store, and haridle liquid oxygen on-site. 
wst "ptitive with conventional air incineration. 

6.2.16 Plasna Arc Incineratiopl 

Plasm arc incineration utilizes a pl- generator to pyrolize h a z a n l o ~ ~ ~  
waste. 
thermal plasm k created with temperatures ranging frcnn 10,000 to 20,000 
degrees Centigrade. Qxm being injectea into the pl-, the waste molecules 
& M y  disintegrate into M v i d u a l  atas. A f t e r  leaving the unit and 
cwling, these atclms " b i n e  to form hydrogen, carbon imnoxide, nitrqen, 
hyamsen chloride, and particulate carbon. "he exhaust is SQVbbed with 
caustic to remove hydmsen chloride and particulate carbon, and is flared to 
convert the hydrogen and carbon "oxide to water and cdrbn dioxide. A 
portable demonstration unit, built by pymlysis @stem DIG. using a 
Westinghouse Plasna @stems plaarra torch, has achieved 99.999% percent 
destruction efficiency on m H  solutions wntahbg either 43 percent by 
weight carbon tetrachloride or 14 percent by weight polychlorinated biphenyls 
[121. 

In the past, use of oxygen injection was plagued by problems 

These advantages are offset by the costs to purchase, 
Oxygen incineration is claimed to be 

Bypassinganirrtense electrical current through air at low pressure, a 

6.3 Slmmiry 

l&ny treatmnt options for solvent-bearing waste are currently available. 
For envimmnenM and cost reasons, the waste volume destined for treatnent 
should first be " i z e d  through souz-c~? reduction and recyclhg alternatives. 
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Sewral types of mations and statutes govern the managemnt of 
solvents and solvent waste. 
water pollution, ccaptional health, and transportation regulations. 
mansgers should be familiar with each set: of requirements. 
presents a general overview of the state and federal hazardous waste regulatory 
prograns. 
d i e  and generation practices are also present&. 

on the location of the facility, type and a"t of emissions and effluents, 
and the nature of the activities at the facility. Table 7.1 provides a sunrmary 
of regulations and permit 
"ization, and disposal practices. 

T h i s  cham provides only a sumrrary of the relevant regulations. 
involved in regulated activities should became familiar with the regulations 
and statutes. 
listed in Table 7.2. 

7.1 Federal rJasteMinhka t i c m w - .  

c " a t i o n  and Recovery Act (RCRA) . Ihe regulations hplementing RCRA can be 
found in Title 40 of the code of Federal Regulations. In 1984, C o q r e ~ ~  passed 
a sweeping set of a"errts to RCWi knm as the Hazardous and Solid Waste 
Amerdmerrts of 1984 (HSWA). 
"ization. 

'Ihese include hazardcus waste, air pollution, 
Waste 

This chapter 

other regulations arid statutes generally applicable to waste 

The specific -ts for a facility handling hazardous waste depend 

for solvent waste generation, 

persons 

If needed, additional help can be obtained fmm the agencies 

The federal hazmdous and solid waste law is known as the Resource 

These will have significant hplications for waste 

In general, California and other states admM&er the federal hazardous 
waste laws and regulations in ampemtion with =A. 
writing, EPA i s  in the process of transferring responsibility for the hazardous 
waste programs to the California Department of Health Services and the 
California Water control M. Qlifomia has its am hazardous 
waste laws and regulations d c h  add detail to, and often extend, the federal 

At the time of this 

7.1.1 mnifest certificatiopl and Biennial Eaepcat 

Almost all hazardous waste shipvx~ts must be accapmiad by a Iranifest. 
The ENA require that the manifest include a waste "ization certification. 
me generator mst certify %hathat: 1 have a program in place to reduce the volume 
and toxicity of waste generated to the 

pecx"ically practicable.11 W s  language appears as Item 16 on the EPA uniform 
hazardms waste manifest. 
chosen the safest method of treatment or disposal. 

I have determined to be 

The generator lnzst also certify that he or she has 
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AcI?vITy 

Waste 
Generation 

On-site 
Recycling 

O f f s i t e  
Recycling 

W e  

S h i m  of waste nust be acccanpanied by a 
menifest: agency must be mtified. 

PreparebiennialreportcOnCerningthe 
a u m e  of waste generated. 

If wstes are tanparariy stored on site, 
the generatcn: must ccmply with hanxiilq 
procedures,"el=@=Q=n- I etc. 

Generators aisposing of %scyclable wastes" 
may be asked t o  v i d e  justification 
for ncrt recycling. 

Ifthenewprccessinvolwstreatmentofa 
hazardcnzs waste, a treatment, storage ard 
aisposal (TSD) permit may be mcesary. 

m geneal, a treafmant, sbracfe and 
a i s p o s a l p e r m i t i s " d .  m 
may gzant varkmxs for activities 
adequately regulated by other agencies. 

S a m  as above; W e r ,  same on-site 
recycling activities are cateprically 
e=KJtfrcmnpermit=&==n+=. 

ccamnercial recyclilq activities require a 
TSD mt. 
ck"xia l  recyclersmust d t  an annual 
report. 

Sane resaurce recovery facilities are 
eligible for Series @A8, IBl, or I C 8  
reschurce recovery permits in l ieu  of 
a TSD &t. 

m 

m 

m 

m 

m 
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ACTIVITY L?Bm”z 

Hazardous Waste 

Disposal In California, several classes of hazardous MIS 

EPA 

waste axe restridsd f m n  lard d i u .  

A national land disposal restriction program 
is being iinplemeaed. 

Disposal facilities must have a TSD permit I%ts 
and amply with technical and financial 
regulations. 

Air pollution 
Industridl fil devices emitting air polh tmts  must be ICCXL ~ / A W  

p=nnitted or exempted. 

If changes in &pEllt or procedures result Locdl AFCD/A@ID 
in an increase of any pollutant akave a 
specified level, a permit is rquired. 

If certain designated toxic air w&a”nts 
are emitted, the generator mst canply w i t h  
rules established under the toxic air 
-t P-. 
If there is an i.clQ-ease in an vvattainment 
pollutantv1 by a significant. awmt 
(generally 25 to 40 tons/yr), a FSD permit 

Local AFCD/AQMD 

EPA Region IX 

necessary. 

Water Po llution 

Industrial Discharge of idustrial waste to sewer Local sewer 
requims a sewer permit. agMcy 

Discharge of waste to land requires a 
discharge permit. Quality control 

Regional Water 

Board 

Discharge of waste to public waters 
rquh-es an mE3 permit. 

Regional Water 
Quality control 
Board 
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Aaencv 
1. U.S. EPA RCRA Hotlh 

2. DeparhnentofHealasemices, 
Toxics D i v i s i o n ,  Regional O f f i c e s  

Berkeley 

Iw Argeles 

Sacramento 

3. Air QudLity Einagement D i s t r i c t s  * 
Ehy Area Air QudLity 
Management D i s t r i c t  

south coast Air Guillity 
MaMgemerrt D i s t r i c t  

4. R q i o n a l W a t e r Q U d l i t y  
control Boards ** 

Iw Argeles Region 

Oakland Region 

Palm Desert Region 

SaQramento Region 

San D i e g o  Region 

San Luis Obispo Region 

sarrta Ana Region 

Telephone 

800-424-9346 
800-231-3075 

415-540-2043 

213-620-2380 

916-739-3145 

415-771-6000 

818-572-6212 or 
818-572-6153 

213-620-4460 

415-464-1255 

619-346-7491 

916-445-0270 

619-265-5114 

805-549-3147 

714-782-4130 
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Aaencv 

4. Regional Water W i t y  
cant?xd B3am3.S (continued) 

Santa Rosa m i o n  

south Lake Tahoe Region 

5. O f f i c e  of Permit 
Assistance 

707-576-2220 

916-544-3481 

916-322-4245 

* Please see pspenaix E for a listing of other air pollution control districts. 
**Refer t o  Table 7.5 for additional infomtion. 
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-tors are required to sutnnit a reprt, a t  least once eveq two years, 
describing their efforts to “ i z e  waste generation. 
mst include: (1) a description of the e f f o e  underta)ren ciuring the year to 
r&uce the volume and toxicity of waste actually prw5wed for tha t  year, and 
(2) a descriptian of the changes in volume and toxicity achieved in the past 
year rrmpared w i t h  previm years. 

The biennial r e p r t  

7.1.2 ‘w Permit certificaticn 

Ha”s waste treatment, storage, and d k p s a l  (‘ISD) permits issued on 
1,1985 require that the permittea annually cert i fy  that  a after 

waste “ization prcg” is in  place. ?he prcqram m s t  llreduce the vohnne 
andtcw%tyofhazardauswastethat (the”) generatestothedegree 
determined by the pennittee to be eaolcpnically practicable, and the proposed 
method of tseatment, storage, or aisposal is that practicable methai current ly 
available t o  the penaittee which “ i z e s  the present and future threat t o  
hun?lnhea l thandthes“ent .  I1 * tion9 of ““ly 
pxad5cable11 and l w r a b l e  mathcd CLlZrently availablet1 are to be made by the 
genaratcar. In respcase to W e s ,  EPA has affirmed that participation in 
waste exchangeprcgrann;r and recyt5h-q in  generdl qualifies as waste 
“izaticn. 

EPA wished a revised version of the definition of solid waste in the 
January 4,1985, Federal -. Ihe revised definition intrcauces new tests 
bywhichasubstancemaybedeewdtobe: (1) asolidwaste,  and (2) 
legitimately recycled. 

asserts that RCRA jllrisdictim is detemxw by the type of mterial and the 
merthod of recydimg. 

Ihe previous definition exempted frapn regulation 
certain waste st hat are recycle din any^ !mecurrentdefinitionlnm 

. . .  7.1.4 Land Dispasal B 

Ihe 
prcgram. under the federal program, restricted wastes lullst be treated before 
aisposal. 
specify . tl.eatmentstandards.congressincludedinIiswAan 
inplemntation schsdule of land aisposal restrictions for specific cj-mqs of 
hazardcrus wastes. 
the lard aisposal restrictims. 
the bans take effect if EPA does not iSsUe regulations. EPA 
dces, however, have the pemgative to delay iinplemerhation of any phase of the 
p?xgmi for up to  two years. 
fcur years for cclrapanies making a gocd fa i th  effort to acquire treatment 
technology in campliance w i t h  the land aisposal restrictions. 

A wide variety of solvent wastes are to be restriceed fm land disposal 
kg“g ~avember a, 1986. ?he solvent wastes included in this phase of the 
& d o n  pregram are listed in Table 7.3. 
scheiuled to be restricted l a te r  i n  the p r q ” .  

injection of hazardous wastes urhil 1988. 

create a annprehensive national land aispcsal restriction 

A t  the time of this w r i t i n g ,  EPA i s  preparing regulations that will 

Solvent wastes are amng the first wastes to be subject to 
C o r g m s  also included a lhananer provision1: 

EPA can also issue individuaL exemptions of up t o  

. .  
other solvent wastes are 

Ihe federal land aisposal restriction ban does not affect deep w e l l  
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wastecode kscription 

Fool The fo l lwhg  spent halogenated solvents used in degreasing: 
tetxachlorcethylene, trichloroethylene, methylene chloride, 
l,l,i-trichlorcethane, ca.rbn tetmchloride, and chlorinated fluorccarbns; 
spent solvent mixtures /blends used in dqreasing contain-, before use, a 
totdl of 10 percent or more (by volume) of one or more of the abclve halogen 
solvents or those solvents listed in F002, F004, and F005; and still bottom 
fram the recwery of these spent solvents and spent solvent mixtures. 

methylene chloride, trichloroethylene, 1,1, l-trichlorcethane, chlorobenzene 
1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o ~ ~ ,  ortho-& 'chlorobenzene, and 
trichlorofluomnethane; all spent solvent mixture /blends containing before 
a total of 10 percent or more (by volume) of one or mre of the above 
halogenated solvents or those solvents listed in F001, F004, and. F005; and 

F002 'Ihe follwhg spent halogenated solvents: tetrachloroethylene, 

still bottams fmm the recovery of these spent solvents and spent solvent 

F003 Ihe fo l lmhg  spent "halogenated solvents: xylene, acetone, ethyl 
aCetate, ethyl benzene, ethyl ether, methyl isobutyl ketone, n-butyl alcoho 
cydlahexanone, and methanol; all spent solvent mixtures /blends containkg 
solely the abave spent nonhalogenated solvents; and a l l  spent solvent 
mixtures/blends containing, before use, one or more of the abave nonhalogen 
solvents, and a total of 10 percent or more (by volume) of one or more of t 
solvents listed in F001, F002, F004, and F005; and still bottoms from the 

of Mese spent solvents and spent solvent mixtures. 

F004 ?he following spent nonhalogenated solvents: -1s and. cresylic 
acid and n i t " ;  all spent solvent mixtures /blends containing, before 
use, a total of 10 percent or mre (by volume) of one or more of the above 
nonhalogenated solvents or thase solvents listed in F001, F002, and F005; a 
still bottams f m  the recovery of these spent solvents and spent solvent 
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w a s t e  code kszription 

F005 7% following spent nonhalcgenated solvents: toluene, 
methyl ethyl )cetane, carixn disulfide, isobutanol, and 

before w, a total of 10 percent or more (by volume) of 
one or more of the above mnhalcgenated solvents or those 
solvents listed in FOO1, F002, and F004; and still bottoms 

pyridine; a l l  spent solvent mixtures /blenas containing, 

from the recovery O f  these spent solvents and solvent 

a Ja"y  14, 1986 at  51 FR 1763; 40 CFR 268.30(b). 
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7.1.5 Other-  

?he IISWL also establish a large nmbr of minimum standards for disposal 
These provisions may lead to further increases in the price of technologies. 

disposal and provide additional incentives for alternative waste reduction 
technologies. 

7.2 CalifcrmiaHazardous~Redw&l 'on Regulations 

the Health and Safety code, k@nnirg with Section 25100. 
the regulation of hazardous waste by T%Es. It contains marry of the state's 
standards for hazardous waste management. The detailed regulations, written by 
the Deparhnent of Health Services, are in the California Administrative code, 
Title 22, Division 4, chapter 30. The regulations are available from the State 

'Ihe law can be puzrhased fm legal publishers and may also be found at law 
libraries. 

7.2.1 Pees for Lard Disposal of Hazardrus Waste 

In 1986, a new series of fees for hazardous waste mnagement was 

California's Iiazanlous Waste Control Law is p?.umlgated in Division 20 of 
?his law prescribes 

Of California; WCUMENTS SECITON; P.O. Bcoc 1015; North Highlands, CA 95660. 

established in California. Three classes of fees apply: facility fees, 
disposal fees, and generator fees. 
hazardous waste generators with incentives for choosing treatment instead of 
land aisposal. 

l?& system was designed in part to provide 

7.2.2 Califcnnia'S Iand Disposal * ' a l p "  

Follwing a 1981 executive order fm the Governor, California established 
the  tio on's first hazardous waste land disposal restriction program. 'Ihe 
regulations hpl"J the law can be found in Article 15 of chapter 30, 
Division 4, Title 22 of the California Administrative code. T%Es established a 
schedule by which they would restrict specified wastes from land disposal. No 
wastes were restricted u n t i l  the DepartmMt made a finding that adequate 
treatmnt and recycling capacity exist&. 
from land disposal in California are listed belm. 
give the concentration at or W e  which wastes are not allcnved to be land 
aisposea. 

sauid Hazardous W a s t e s  Restricted f m  Land Discea 1 

The wastes that have been restricted 
The "bars in parentheses 

1. Free cyanides (1,000 p) 

2. Toxicmetalwastes: 

Arsenic (500 ppm) cadmium (100 p) 
Qlr" (500 ppm) Lead (500 ppn) 
Menwy (20 P) Nickel (134 ppn) 
selenium (100 p) Thdllium (130 p) 
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3. Polychlorinated biphenyls (PCBS) (50 ppm) 

4. Acid waste (below pH 2.0) 

5. W a s t e s  containing halogenat& organics (1,000 p n )  

A land disposal ban for solid hazardous wastes containing halogenated 
organic c”& was schded to go ink effect July 1, 1985. This 
restridion was postpones until July 8, 1987 due to the lack of available 
treatment capcity in the state. 

under the California restriction program, land disposal includes 
landfills, surface inp” ts, and land treatment. To qualify, the 

when the land banwas first 

However, the Tixic Pits CleKlUp Act of 1984 eliminated UriS practice. 
1986, only one ccmanercial facility, Chemical Waste Ximagemat, Kettleman Hills, 
received a varm extending the use of surface 
until 1987. 

-has to be cleaned annually. 
hplaented, restricted wastes could be treated in a surface t. 

In 

ts for treatment 

SB 509 was si@ into law in 1985. lhis bill mandates that aftsr 

After January 1, 1990, the reqkemnt will apply to 
Jal‘lUUy 1, 1988, haZardOUS Wastes COrrtaining greater than 3,000 BlW lrolst be 
kinerated or treated. 
wastes containing specified percentages of volatile organic compmds. 
percentages are to be established by DHS. 

collcert with the federal program. 

The 

?he California land disposal restriction program will be expard.4 in 

7.2.3 Letters of Irquiry RqanWq nisposal of Reqdable Waste 

California’s hazardous waste regulations (Sections 66763 and 66796) 
recpire that a generator of wastestrearns listed as recydlable (see Table 7.4) 
by DHS attempt to recycle those wastes. 
manifests to determine if any of the specified wastes are being disposed of on 
land. 
are not being recycled. The regulations stipulate that the generator must 
respond in thirty days or less. 
summary of efforts m d e  to find a use for the waste, and technological and 
ecodc reasons for not having recycled the waste. 
address: 

T*Is staff routinely check shipent 

If so, the Depaament contacts the generator and inqukes why the wastes 

m e  generator’s justification must include a 

The justification must 

o Available a“t and storability of the waste; 

o properties of the waste w h i c h  might affect its recyclability; 

o coxentmtion or recoverability of the chemical ccnnporwts and other 
factors which m y  detenNne ’ the feasibility of recycling; 

o processing required in recycling the waste, and the availability and 
cwt of suitable pmcessing technolcqy and faciliti-; and 
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0 

o 

Commercial chemical proaucts including unused laboratory grade prducts. 

Solvents, used or contaminated including: 

- Halogenabxi solvents such as trichloroethane, perchloroethylene, 

- Oxyyenabxi solvents, such as acetone, methyl ethyl ketone, methanol, 

- yIclrocarbcol solvents, such as hexanes, Stcddard, benzene, toluene, 

Used or unused petroleum pmducts, inclw mtor  oils, hydraulic fluids, 
akting lubricants, and fortified weed oils. 

methylene dichloride, chlorofom, carbcn tetrachloride, and Freons (R) ; 

ethanol, butanol, ard ethyl acetate; and 

xylenes, and paint tkinner. 

o 

o Pickling liquor. 

o Unspent acids, su& as hydrcckloric, hydrofluoric, nitric, phosphoric, and 
sulfuric, i n  concerhrations 15%. 

uhspent alkalis, including hydroxides, carbnates of scdium, potassium, 
calcium, and. acetylene sludge. 

unriwea empty containers of iron or steel used for pesticides or other 
hazardous chemicals: 

- pesticide containers; and 

- Hazardaus chemical containers. 

o 

o 
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o Marketability of the waste as such or as its reclaimed ccrmponents, the 
aistance frum the waste source to point of use or redairation, the 
costs of handling and transport, and wket prices for the waste 
ccnnponents. 

The prcgram has beM quite successful. 
consider recycling as a result of these letters. 

7.2.4 New Rules for Recycling 

In 1985, two significant legal changes were made for hazardous waste 

Many generators have begun to 

recycling in California. AB 2166 changed the Statutory definitions of waste 
and recyclable material. The new law regulates recyclable materials as 
hazardous wastes. AB 2166 brought California law bto conformnce with the 
federal statute and clarifies the regulation of recyclable hazardous wastes. 
The new law does provide exemptions for specified materials and processes. 
cclnpanies Uncertain w h e m  their recycling activities are regulated should 
consult Wth and Safety code, Section 25143.2. 
obtained fran the regional offices of the LXS Toxic Substances Control Division 
(Table 7.2). 

In 1985, to facilitate recycling, IHS developed a series of resource 
recovery facility permits which ccmp1-t the hazardous waste facility 
permits. 
treat or aispose of hazardous wastes. The associated requimmts include 
ccanprehensive insurance carerage, growd water monitoring, and elaborate 
reporting and record maintenance 
stringent, has essentially the same " m t s  as a hazardous waste facility 
permit. 
and are acceptable for recyclers handling less hazardous wastes in specified 
n". 'Ibis variety of permits expdites recycling while assuring that 
hazardous wastes are handled with appropriate caution. 

Further clarification can be 

?he hazardous waste facility permit is required for ccmpnies which 

. The Series 'A1 permit, the mst 

?he Series IBl and Series I C '  permits have less elatorate m t s  

7.3 AirQx3lityF&qilatilX!s 

7.3.1 Federal 

"e federal air quality permit program is aciministerd by EPA. The 
program establishes h e l t h - M  ambient air quality standards (AAQS) for major 
air pollutants. ?he program is collcerned primarily with those pollutants for 
which the national ambient air quality standards (MLAQs) are being attained. 
These pollutants are called 81attainment1t pollutants. permits are required for 
new or d f i e d  sources of air pollution if one or more attainment pollutants 
are emitted in amounts above specified levels. 'fuus, a cmpny adding a piece 
of equipnsnt to their facility would need a federal air permit if an attainment 
pollutant were emitted in amounts greater than specified %ignificant levels" 
defined in the regulations. ?he permit is called a llprevention of significant 
deterio?.ationll (FSD) permit. Several California air pollution control 
districts (Apcas) have recently received authorization from EF'A to administer 
the PSD program in their districts. - 
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M o s t  solvent treatment equim discussed in the Guide emit volatile 
organic ccanpounds (vocs). 
k a non-attaht pollutant in many areas of California; therefore, a FSD 
pennit would most likely not be necessary for most solvent treatment 
applications. 

A pollutant is defined as a "non-attahmnt" pollutant if the NAAQS are 
being violated for that pollutant. Non-atta- pollutants come under the 
jwidicticm of California's air quality regulations discussed below. 

vccs are precursors to the pollutant ozone. Ozone 

7.3.2 ealifornia *uir"IL 

California has also set air quality standards for major air pollutants. 
of these stardards are mre strirqent than the NAAQS. For a w e d  

facility to receive an air quality permit in California, the applicant must 
shaw that the project will not interfere with achieving or maintaining the 
state and mtional AAQG. 

permits are myire3 for any piece of equipmt or pmcess that emits air 
unless it is specifically exempted. A more vigorous permitting 

process is applied to mjor sowses, as defined by AFCD and EPA regulations. 

must apply for New Source Feview (NSR) permit. ?his pmgram is administered by 
the local Apcns with oversight by the California Air Resaurces (ARB). 
NSR reqhemnts vary by AFCD but follm sme general guidelines. The AFCD in 
which a facility is to be located should be contacted early in the planning 
stage to deterrmne ' the specific z q u h m n k  . A list of California AecDs with 
mailing addresses and telephcaE n- is in A p p n d k  E. 

emitting rmm-attahent pollutants, or their precursors as defined in AFCD 
regulations, to apply test available control technolcgy (BACT). NSR also 
requires emission offsets if the projeded emissions are W e  the AFCD 
"trigyertt levels. 
in air quality. 

on an AAQD violation, but to actually i q m e  the ambient concentration and 
pxqress toward attaining &~Qs. Also, facility emissions nust sometimes be 
analyzed by atmospheric dispersion mOaelling to deterrmne * impadsonattaining 

Saurces that plan to locate in an area that is "attainment for an AAQS 

One major canpcnent of the NsR program requires proposed facilities 

?he mas *'discount'' the offsets to cause a net iqm-t 

The purpose of the offsets is to not only negate the new facility impact 

Ebb and M t i O d  W. 

New facility projects must also -1y with California's toxic air 
contaminant program. under this prcgram, the ARB identifies toxic air 
contaminants. 
TheApcRswillacbninister the control programs. 

?he ARB and AecD develop wntml pxgams for the contaminants. 

sameccarmonindustr ial solvents have already been identified as toxic air 
~ contaminants. These solvents include benzene, ethylene d i b d d e ,  and ethylene 

dichhride. mre solverrts are arrently being identified. 
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ccartrol ~cgranrs developed for toxic a i r  COrrtarmMn * ts w i l l  pmbably be 
applied a t  emission levels nu& lawer than the typical 150 -/day trigger level 
for the NsR p z q " .  
wntzdmmts may involve risk assessoerrt based on atmospheric dispersion 
moaell*. 

7.4 Federal ami Qlifornia water Quality Guidelines 

?his overview is limit& to the regulations that pertain to the mnagemnt 

7.4.1 Rlqulam Agencig 

" u g h  authority established by the Clean Water Ad and the Safe Drinking 
water Act, EPA a- water quality control progranrs for wastewater 
aisposea to surface waters, municipal sewers, and injection wells. In 
California, surface water disposal is regula- by the National Pollutant 
D i s c h a r g e  E l i "  System (m) prcgram. 
has been delegated to the state. ?he state also recently applied for 
del-tiun of the pretreatment p" which regulates the dkchrge of 
inaustrial wastewaters into rmmicipal sewer system. 
control (UIC) prcgram, which regulates wastewater aisposal in  injection wells, 
is achninistered by EPA, w i t h  the exception of oil prcduction-relate5 injection 
wells, which are regulated by the California ~eparhnent of consermtion, 
Division of Oil and Gas. 

and other state legislation, nine Regional Water W i t y  control E o s d s  
water quality control prograrrrs in their geographic areas. aC"&er 

water Wity control Boards passess the authority to regulate discharges t o  
surface waters, land (including surface inp" ts), municipal sewers, and 
injection wells. 
cont?nl Board. 

In addition, siting decisions for sources of toxic a i r  

of solverltwastes. 

A h b k t x a t i c m  of the p~gram 

?he Underground Injection 

" u g h  authority provided by the porter-colcgne Water Quality ContrOl Act 

Regional 

 tatw wide oversight is provided by the State  Water Resaurces 

. .  

'Iha Regional Water Quality ccntrol Boards adopt waste discharge 
to protect the wate r s  of the state for the use and enjoyment of 

the people of California. Any questions rezpdmg ' wastewaterdischarge 
regulations should be directed t o  the nearest office of the California Regional 
Water (xldlity ccartrol Boards (Table 7.5). 

Additional discuss ion on the requirements for the disposal options i s  
pmvided belau. 

7.4.2 Surface- 

under the Clean Water Act and NPDFS regulations, EPA issues 
technology-based effluent limitations on wastewater discharges to surface 
watersbasedcnindustr ial category. 
in the regulations inplemsnted by the Regional Water Quality contml Boazds. 

pid&ineS and standards are based on chemical use " iza t ion  or 
substitution, and water use "tL 'on to reduce pollutant discharges. me 
raegional Water w i t y  control Boards may adopt more stringent limitations t o  

California inmrporated Mese d d @ l i n e s  

~ 
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KRm 03Wr R m c N  (1) 
1000 coddingtown cerrter 
Santa Rosa, California 95401 

(707) 576-2220 

SAN F m N a s a l  BAY KMcN (2) 
1111Jackson Street, Raom 6040 
Oakland, California 94607 

(415) 464-1255 

IXKWITW REGIcN (6) 
2092 Lake Tahce BouleMlrd 
P.O. Box 9428 
South Lake Tahoe, California 95731 

(916) 544-3481 

Vict5rville - office 
15371 Bonanza Raad 
V i d o r v i l l e ,  California 92392 
(519) 245-6583 - cnwr =cN (3) COICWADD IlIvER BASIN RB;IoN (7) 

San Luis Ob-, California 93401 Palm Desert, California 92260 
1102-A Iaurel Lane 73-271H.i$1way 111, Suite 2 1  

(805) 549-3147 (619) 346-7491 

Io6 ANGELES =cN (4) 
107 south Broadway, Rcmn 4027 6809 Indiana Avenue, Suite 200 
Las Angel-, California ~ O O U  Riverside, California 92506 

SAMXANAREGXXi (8 )  

(213) 620-4460 (714) 684-9330 

CE"T.4 VAJxm! RF" (5) SAN DIEXX) I7D;IoN (9) 
3201 S S M  6154 Mission Gome Road, Suite 205 
Sacxmmto, California 95816 San D i q ,  California 92120 

(916) 445-0270 (619) 255-5114 

Bran& Office 
3614 E. AsNan Ave. 
FZes10, California 93726 
(209) 445-5116 

Office 
100 East Cvoress Avenue 
~edding, G i f o r n i a  96002 
(916) 225-2045 
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protect the water quality of specific receiving waters. 
limitations for any facility are incorporated into an NPDES permit issued by 
the Regional Water Quality corrtrol Boards. 

Generdlly, the limitations are expressed in terms of constituent limits 
placed on the wastestream. n ~ o  limits apply: a l-day maxi", and a monthly 
average. 

l?he specific 

mereare-industr ies for which constituents subject to regulation 
include many solvents. 'Ihese industries are electroplating, metdl finishing, 
coil coating, paint formulating, ink formulating, electrical and dectrolll 'C 
capmnts, and copper and a l u "  forming. ?he term '*total toxic oqanics'l 
is defined separately for each industrial category. Typicdl solvents in this 
group include 1,1,2-trichloroethane, pyrene, tetrachloroethylene, toluene, 
trichloroethylene, ethylbenzene, and benzene. 

7.4.3 - stcuage Tanks 

?he Regicnal Water mity control Boards also possess the authority to 
rwwi=- ies to develop B e s t  Management Practice (BMp) plans to prevent 
or mitigate water pollution fruin sources ancillary to industr i d  manufacturing 
or treatment processes. 
hausekeep-, employee training, preverfcive maintenance, security, and physical 
imp"errts such as alanns or ccatairnnent struchves around storage tanks. 

BMp plans may contain provisions for good 

7.4.4 Iand 

For facilities aispaShg of Wastewater to land, the F&onal Water Quality 
ccntrol Boards develop effluent limitations which are incorporated into water 

tive oode, Title 23, chapter 3, Sulx3-m- 15, Discham e California Admvustra 
of Waste t 0 land. 

. These limitations are developed in accordance with discharge- * .  

Industries that store, treat, or dispose of liquid. hazardous wastes in 
surface impaunanw ts are also subject to the provisions of the Toxic pits 
Cleanup Act of 1984. 

sewer . .  
7.4.5. I+f"& 
Industries that discharga wastewater into a municipal sewer system are 

generally regulated by the municipality. 

bases for the pretreatmnt standards are similar to those used for surface 
water aisposal. 

In same of the larger municipalities in California, EPA requires that 
local premtment p?xgmnE inmrporating federal pretreatn?%t standards be 
adopted. 
programs, EPA may regulate diredly the industries subject to federal 
p?Ax-eatlmntstandards. 

In addition, certain industries m y  
be subj& to technolcgy-based pmtrea- standards deweloped by EPA. The 

For snaller wnmumities that do not have EPA-approved pretreatment 
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In September 1985, the State Water Resources C~n t ro l  Board applied for 
delegation of the Pretreatmnt Prcgram i n  California. 
authorized, then the State Board and Regional Boards w i l l  be responsible for 
administering the pretreatment ~rcgram. 

If delegation is 

7.4.6 Injecticm Wells 

Industries that aispose wastewater to injedion wells are regulated by the 
Underground Injection Control (UIC) p” M s t e r e d  by EPA. specific 
injection well operators are issued UIC pennits by EPA. 
Regional Boards have the option of issuing waste discharge requiremMts to 
injection w e l l  owners and operators. 

In addition, the 

7.4.7 t3-de.r- storage- 

Recerrtly passed federal and state legislation protects the waters of the 
state fmm discharges of hazardous substances fnnn underground storage tanks. 
State I-Bgulations establish tank construction, nitmitoring, closure, and 
reportins - . 
In same cases, cities can assuns the responsibilities w i t h i n  their boundaries. 

camties are rquired to inplement the regulations. 

t im . .  
7.5 F e d e r d l a n d c a l i f ~ o c c l l p t i c m a l s a f e t y ~ H e a l t h ~  

(-1 Resulatioas 
The federal and California OSHA regulations pertain to a d n h b t n  t ive 

x x q c i n x i b i l i t i e s  imkdhg &“is-, recodkeeping, activities of 
advisory unrani-, access to enployee meaical recorrls, duties of employem, 
enforcemnt actions, a m t a t i o n  of testing laboratories, on-site 
omsultaticms, and examhation and copying of documents. 

under the Cccuptional Safety and H e a l t h  Act of 1970, enployers are 
required to keep and make available to the Labor Secretary and to the Secretary 
of Health an3 Human services records on certain employer activities. 
records include reports of work-related deaths, injuries, and illnesses. Minor 
injuries requiring only first-aid treatment need not be recorded, but a rewrd 
mst be made if it involves medical treatment, loss of consciousness, 
restriction of work or notion, or transfer to another jab. 

Employem are also required to maintain accurate records of employee 
expares to potentially toxic materials or harmful physical agents under 
Sedion 6(b) (7) of the CSHA Act, and to prmptly advise employees of any 
excessive expaswe and of the corrective action being undertaken. 

fllkstances be established. 
for recordkeeping as mentioned m e .  

lhose empbyers i n  industries which use hazardous materials must identify 
the hazards of such materials and record this infomtion on a Material Safety 

Data Sheet can be usem 
as a fact sheet on the properties and potential hazards of a chemical. ‘Ihe 
pertinent Morrnation requ i r&  includes: the chemical name of the material; 
physical data; fire and explosion hazard data: reactivity data; spill, leak, 
and clean-up pmc&wes; special protection; and handlirq infomtion. 

These 

In general, CSHA nquires that worker exposure standards to specific toxic 
Associated w i t h  these standards are requirements 

-Data sheet, QMA Form No. 20, or a similar form. 
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'Ihe ~ederal Right-Jro-xnaw Regulation of 1986 repires that employes be 
The regulation trainea in the safe use of potentially hazardous substances. 

also 
Sheet on that substance be available to each employee. 

cantrrminant basis as well as a handling basis. 
defined in 29 QX 1910.1000 on an 8-hour average basis. 

m i n g  standards are procedures that Cccmpanes must follow for a 
specific &end&. 
respirators, personal rmnitoring, envimmental monitoring, and appropriate 
signs, information and training. 
which hancllirq standards are in effect. 

regulations. 'Ihe nearest Cal/(EHA enforcenmt unit should be contacted for 
details on any health or safety issues. 

that all hazardous substances be properly labelled and. a Data 

standards for toxic and. hazardous substances are inplementea on an air 
Air contamimnt levels are 

These procedures include appropriate protective equipnmt, 

Table 7.6 presents a list of substances for 

In California, Cal/(EHA has the authority to enforce health and safety 
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Asbestos 
4-Nitrobiphenyl 
alpha-Naphthylamine 
Methyl &lo-thyl ether 
3,3'-Di&lorobenzidine (and its salts) 
bis-Cblo-thyl ether 
beta-Naphthylamine 
Benzidine 
4-Aminodiphenyl 
Euryleneimine 
beta-propiolactcole 
2-Acetylaminf luorene 
4-Dimethylaminioz~ene 
N-Nitrosdme ' thylamine 
Vinyl chloride 
Inorganic Arsenic 
Lead 
Benzene 
Coke oven emissions 
CottonDUst 
1,2-d.i.blSRm-3-&I.O~~ 
Acrylonitrile 
E x p s w e  to catton dust in cotton gins 
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1. Environcorporation. pxumen tation for  the Develomnt of Toxicitv arid 
Volume Scores for the  
prepared for U.S. Environmental protection Agency (US. DA), off ice  of 
Solid Waste, EPA-68-01-6861. Washington, D.C. : U.S. EPA, 1985. 

of Schedulina Ha2 ardous Waste, Feprt 
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Recycled: 

Reclaimed: 

Reduction of total 
volume or quantity: 

Reauction of toxicity: 

produd substitution: 

Source control: 

Source reduction: 

TIeatment: 

Used or reused: 

A mterial is "recycled~* if it is used, 
reused, or reclaimed (40 cm 261.l(b) ( 7 ) ) .  

A mterial is tfreclaimeda if it is 
processed to recover a usable produd or if 
it is regenerat&. Examples are recovery 
of lead values fmm spent batteries and 
regeneration of spent solvents (40 CFR 
261.l(b) ( 4 ) ) .  

The reduction in the totdl amount of 
hazardous waste generated, treated, stored, 
or disposed of as defined by volume, 
weight, mass, or sane other appropriate 
measure. 

?he reduction or elimination of the 
toxicity of a hazardous waste by 
(1) altering the toxic constituent(s) of 
the waste to less toxic or mntoxic form(s) 
or (2) lowering the concentration of toxic 
constituent(s) in the waste by means other 
than dilution. 

The replacemerrt of any prcduct intended for 
an intenEdl 'ate or final use with another 
proauct intended and suitable for the same 
irrtermediate or final use. 

Any activity or trea-t classifiable 
under source reduction with the notable 
exception of prcduct substitution. 

Any activity or treafmmt that reduces or 
eliminates the generation of a hazardous 
waste within a process. 

The destruction or degradation of wastes to 
yield less toxic residuals withcut 
generating reusable material. 

A material is %sed or reused" if it is 
either (1) emplsyea as an ingredient 
(including use as an in- 'ate) in an 
industrial process to make a product (for 
example, distillation bottoms frcm one 
process used as feedstock in another 
process). 
satisfy this ccadition if distinct 
coqmnents of the material are recovered as 

Hweve.r, a material will not 
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separate&produds (aswhenmetdlsare 
recovered from metal-ccoltaining secondary 
materials) or (2) employed i n  a particular 
function or application as an effective 
substitute for a conmercial proauct (for 
example, spent pickle liquor used as 
phosphorous precipitant and sludge 
conditioner in wastewater treatment) (40 
CF'R 261.l(b) (45)) .  ~ 

Ihe reduction, to the extent feasible, of 
haz- waste that is generated or 
SubSequerNy treated, stored, or aisposed 
of. It includes any source r&uctl 'on or 
recycling activity undertaken by a 
generator that results in  either (1) the 
reduction of total volm or quantity of 
hazardous waste, or (2) the reduction of 
toxicity of hazardous waste, or both, so 
long as such reduction is consistent w i t h  
the goal of minimizing present and future 
threats to human health and the 
environment. 

- . . . . . . . . . . . . . 
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A m b i e n t  Air quality standards 

A i r  pollution cwrtrol D i s t r i c t s  

California Air Resources hsxl 

Best A v a i l a b l e  Control " Y l o g y  

Best Managemant Fractices 

California Waste Exchange 

California Deparhnent of Health Services 

united state nnrirmmrental Protection Agency 

Hazardous and Solid Waste Amenchnents 

Interim status Dxument 

Material Safety Data sheet 

N a t i o n a l  A m b i e n t  A i r  Quality standards 

Neighbo.lrhocd Cleaners Asscdation 

N a t i o n a l  pollutant D i s c h a r g e  Elimination system 

New Source Review 

Original Esuipnerrt Manufacture 

occupational Safety and Health Administration 

m e n t i o n  of Significant ceterioration 

~esource Conservation and Recovery Act 

standard Industrial classification 

spill prevention control and Countermeasures 

small m i t y  Generator 

Treatment, Storage and Disposal 

uhdergrnnd Injet ion colrtml 

volatile Organic ccrmpounas 
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l lum"m 

In order to identify solvent waste relluction alternatives of industridl 
importanCe h California, mjor  solvent-user hiustries were identified. 

The data presented here provide a gaographical distribution of major 
solvent usar in3.ustrie.s arid are derived from the county Business patterns 
(1983) for California ("piled by the U.S. Deparhnent of Co"e, Bureau of 
the Census). The data are sorted primarily by selected d-digit Standard 
Industrial Classification codes (SICS), and Seconaarily by wunty. 
provides a description of the SICS listed in the printout. 

Imm" 

Table 1 

Ihe group of facilities listed in Table 1 was derived fm a search of the 
1984 California manifest data for hazardous wastes aisposea offsite. These 
manifests were ewrmned * to screen for high volume generators of solvent 
wastes. Tnis was done on the asamption that solvent-LISX industries could be 
identified by the type of wastes uley generate; high volume solvent waste 
generators must also be high volume solvent users. 

For wxeenhg purposes, the definition of Wigh volume generator" was 
l i m i t e d  to faci l i t ies  w i t h  50,000 tons or mre of solvent waste generated in 
the repr t ing  perid (January 1, 1984 to December 31, 1984). SICS codes were 
assigned t o  individual generator facilities from the manifest records and the 
waste volumes reported were sumred for all facilities w i t h i n  an SIC category. 
'Ihose SIC% w i t h  the highest total volume of waste generated (all greater than 1 
million gallons in  1984) were select& as probable high volume solvent-user 
iniustxies. 

account for high volume solvent-user inaustries that cowume or aispose of most 
of their solvents onsite, or for snall quantity users. 
SICS identified from the manifest records was checked against references 
describing industries c c " ~ ~ n l y  knum to use organic solvents as part of 
manufacturing, fabrication, or m a i n t e n "  processes. (Le., the Kirk-othmer 
hcyclapeaia of Chemical Technology, Volume 21, pp. 377-401, andU.S.  EPA, 
B&g"d Document for Solvents to Support 40 CBR Part 268 rand Disposal 
Restrictions, Volume 11. see bibliqraphy for Section 2.1 of the reprt for 

Information sources for p i n t  source category VOc emissions that are 

Ihe list of SICS cmpiled from the manifest data does not necessarily 

Therefore, the list of 

-mre infonn3tion). 

indicative of Mustrial solvent use also were consulted. 
solvent-wer/g-tor industries were i-tifid from a study of d l  
quantity generatom in southern California . 

small quantity 

'Ihere is no univ SIC group 
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that applies to solvent reclamation facilities per se. 
system defines a category for Business Services under SIC 73. 
category is the sub-catqory 7399, a c h  is defined as Business Services, Not 
Elmere Classified. This cawory consists of appmximately 120 variety of 
services (e.g., bondsnen, drafting services, and interior decorating). 
specifically included in this listing is %olvents recovery m i c e  on a 
centrad basis*v. AlthouFpl this SIC group is appropriate for inclusion in our 
data bases, the distribution of facilities listed in rrppenaiX A may be somewhat 
misleading. It is impossible for the m u  of Census data base to 
differentla ' te the -ices within SIC 7399. 
listed in the various California counties include those that are not solvent 
recycling firas as well as those that are. 

Rather, the current SIC 
W i t h i n  this 

mus, the "hx of facilities 
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S I C  Code pescrirrtion 

2899 

3582 
3674 
3679 
3711 

3721 
5510 
7215 
7216 
7399 

291 
7538 

pharmaceutical “ fac ture  
Manufacture of paints, varnishes, 
lacquers, enamel5 and allied proaucts 

Cyclic (coal tar) cruds, and cyclic 
intexmedl ‘ate dyes and organic pigmats 
Industrial organic chemicals manufacture 
pesticides and agricultural chemicals 
“fac ture  of printing ink, gravure 

chemicals and chemical preparations, not 

T(ug cleaning 
Semiconauctors and related devices 
Electrolu ‘cs capnen t s  and accessories 
“ fac ture  of motor vehicles and 
passenger car aaies 

Aircraft manufacture 
Motor vehicle dealers 
coin operated dry cleaners 
Dry cleaning -* rugs 
Solvent reclamation facil i t ies 
General automtive repair shops 
Fetmleum refining 

ink, screen process ink, and 
lithographic ink 

elsewhere classified 

- scs ~ngineers, “ H ~ Z W  waste Management plan for mtity 
Generators, Findl Reprt”, submitted to the Southern California 
Association of Govenrments,  os ~ngeles, CA, 1985. 
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RJIE 442. USXE OF SoLVENIs 

(Adopted May 7, 1976) (Amended Sept. 2, 1977) ( B e d  March 3, 1978) 
(Amended July 6, 1979) (Amended March 5, 1982) 

(a) A person shall not discharge organic materials into the atmosphere from 
&pent in which oryanic solvents o r  materials containing oryanic 
solvents are used, unless such emissions have been reduced by at  least 85 
percent or to the following: 

organic materials that ccnne into contact w i t h  flame or are baked, heat 
cured or  heat polymerized, are limited to 1.4 kilograms (3.1 pounds) 
per hour not to exceed 6.5 kilograms (14.3 pounds) per day. 

organic materials emitted into the atmosphere fmm the use of 
photocherm ‘ a l l y  reactive solvents are limited t o  3.6 kilograms (7.9 
pounds) per hour, not to exceed 18 kilograms (39.6 pounds) per day, 
except as provided in subsection (a) (1). All organic materials 
emitted for a drying perid of hours following their application 
shall be included in this limit. 

“ugh and includirq N a r e m b e r  30, 1980, organic materials emitted 
into the atmosphere f m  the use of n o n - p h o t ”  ’cally reactive 
solvents are limited to 180 kilograms (396 pounds) per hour not t o  
exceed 1,350 kilograms (2,970 pounds) per day, except as provided i n  
subsection (a) (1). 
12 hours follcwing their application sball be included in this limit. 

011 and after December 1, 1980, organic materials emitted into the 
atrosphere fmm the use of non-photmhemically reactive solvents are 
limited to 36.8 kilograms (81 pounaS) per hour not to exceed 272 
kilograms (600 pounds) per day, effective December 1, 1980. AH 
organic materials emitted for a drying perid of 12 hours following 
their application shall be included in this limit. 

The provisions of subsection (a) (4) shall not apply to: 

(A) 

A l l  organic materials emitted for drying perid of 

Coating application to aerospace subassemblies or assemblies 
prior to “h 3, 1983, provided the emissions of organic 
materials fmm the use of non-photcchemically reactive solvents 
is limited to 100 kilograms (220 pounds) per hour not t o  exceed 
600 kilograms (1,320 pounds) per day, effective December 1, 1980. 

U s e  of undertread cementers in tire manufachving processes prior 
to  March 3, 1983, provided the emission of organic materials from 
the use of undertread cementers is limited t o  180 kilograms (396 
pounds) per hour not to exceed 1,350 kilograms (2,970 pounds) per 
day effedive December 1, 1980. 

(B) 
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(C)  Any primer or topcwt application line of a motor vehicle or 
motor vehicle conpment prcduction line for a l ight or 
dum-du ty  vehicle (as defined in  Section 1900, T i t l e  13, 
California Achinistrative code) prior to March 3, 1983, provided 
the of organic materials from the use of 
non-photcchemically reactive solvents is l imited to 180 kilograms 

pounds) per day. 
(396 pounaS) per hour not to exceed 1,350 kil- (2,970 

(6) A persm operathg &pent which is subject to the provisions of 
subsection (a) (4) shall comply w i t h  the following increments of 
PrcgresS : 

(A) Submit by September 1, 1978, to the Executive O f f i c e r  a control 
plan which describes the step that w i l l  be taken t o  achieve 
compliance w i t h  the provisions of this rule. 

By December 1, 1978, negotiate and sign all necessary contracts 
for emission control systens or issue orders for the purchase of 
wmpnent parts to accomplish emission control. 

(C) By June 1, 1979, init iate construction or installation of 
emission control @pent. 

(D) By June 1, 1980, complete cunstruction or installaticol of 
emission control @pmt. 

(B) 

(E) By December 1, 1980, assure final conqlianCe w i t h  the provisions 
of subsection (a) (4) of this rule. 

(b) -pent designed for processhg in a colltinuous web, st r ip  or w i r e  which 
emit organic materials shall be collectively subject to the limitations 

(c) Wssions of organic materials into the atmosphere requird to be 
ccoltrolled by subs&&l 'on (a) shall be reduced by: 

(1) Incineration, provided that 90 percent or mre of the carbn in  the 

materials, or 

Inchemtion, provided that the commtration of organic mater ia l  
following incineration is less than 60 ppn, cdlculated as carbon and 
w i t h  dilution, or 

statedinsubs&&l 'on (a) (1). 

organic m a t e r i a l  be- incineram is midized to m-organic 

(2) 

(3) Adsorption, or 

(4) Frccessinginamannerdete"d ' by the Air Pollution control Officer 
to be not less effective than (1) or (3) above. 

(d) A person Shall not Use Organic Solvent C O I l t d h h g  a total Of  foUr 
percent or more by volume of the materials described in Iblle 102 under 
~HOTOCHEMICALLY REA= for the m i a l  cleaning of garments 
and fabrics unless the emission of organic materials into the atmosphere 
has ken reduced a t  least 90 percent by weight. 
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(e) A person shall not use photczhemically reactive solvent t o  thin, reduce or 
dilute industrial and ccnanercial metal surface coatings unless the emission 
of organic materials into the atmosphere has been r e d u d  a t  least 85 
percent by weight. 

(f) A person shall not use photczhemically reactive solvent in industrial and 
wnrmercial surface cleaning or degeasing operations unless the emission of 
organic materials into the atmosphere has been reduced a t  least 85 percent 
by weight. 

(9) A p e r s o n  shall not during any one day aispoSe of a total of more than 5 
liters (1.3 gallons) of any pimtochm ‘cally reactive solvent, or of any 
m a t e r i a l  containing more than 5 liters (1.3 gallons) of any photochemically 
reactive solvents by any means which w i l l  permit the evaporation of such 
solvents into the atmosphere. 

(h) The provisions of this rule shall not apply to: 

(1) The n!anufacture of organic solvents, or the transport or storage of 
organic solvents, or the transport or storage of materials containing 
organic solvents. 

The use of equipment for which other are specified by 
Rules 461, 462, 463, or 464 o r a c h  are exempt fram air  pollution 
control by said rules. 

The spraying o r  other employment of organic solvents as imcb ’ cides , 
pesticides, o r  herbicides. 

The use of wate r  reducible materials, provided that: 

(A) The volatile content of such m a t e r i a l  is not photo&emically 
reactive and consists of a t  least 80 percent water by volume, and 

(B) Ihe organic solvent or any mate r i a l  containing organic solvent 
does not came into contact w i t h  flame. 

?he use of high solid materials, provided that: 

(A) 

(2) 

(3) 

(4) 

(5) 

The volatile content of such materials is not photczhemically 
reactive and does not exceed 20 percent by volume of said 
m a t e r i a l ,  and 

More than 50 percent by volume of such volatile m a t e r i a l  is 
evaprated before entering a chamber heated above ambient 
application temperature, and 

?he organic solvent or any m a t e r i a l  containing organic solvent 
does not came into contact w i t h  flame. 

(B) 

(c) 

The use of u l t m  high solid materials, provided that: 

~- 

(6) 

(A) !&e volatile content of such m a t e r i a l  is not p h o ” m  ’cally 
reactive and dces not exceed 5 percent by volume of said 
mater ia l  and 
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(B) The organic solvent or any nawial Containing organic solvent 
does not come into contad with flame. 

% use of equipment w h i c h  ccanplies with the emission l i m i t s  and/or 
solvent watiq formulation requhmnts  specified in source specific 
rules of Regulation X I .  

The u s e  of l,l,l-trichlorOethane, methylene chloride, and 
trichlorotrifhorcethane . 

( 7 )  

( 8 )  
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RuIE1122. s o L m c 2 r " E s ( - )  

(Adopted March 2, 1979) (AmMded June 1, 1979) 
(Amended February 1, 1980) (Amended July 8, 1983) 

(a) Definitions 

For the purpose of this rule, the follawing definitims shall apply: 

Cold Cleaner is any batch loaded, non-boiling solvent &greaser. 

Conveyorized 
continuous, mxhanl cal system for moving mterials or parts t o  be 
cleaned into and out of a solvent liquid or vapor cleaning zone. 

Drag-out is that solvent carrid out of a dqreaser along w i t h  a part 
be- reamved frmn the degreaser. 
coating the part of a liquid entram in irregular surfaces and 
cavities w i t h i n  or  on the part. 

kgeaser is any liquid container ani ancillary eqipment design& t o  
clean and m e  soils from surfaces using non-aqueous solvents. 

m-eeboard Height 

(A) 

(B) 

Freeboard Ratio is the freeboard height divided by the srrdller of the 
1- or  width of the degreaser. 

--Top Vapor D q r e s e r  is any batch lcaded, boiling solvent 
degreaser. 

Solvent is any non-aqueous organic liquid used t o  clean and remove 
soils fmm surfaces in a d-ing operation. These solvents are 
principally derived from petroleum and include petroleum distillates, 
chlorinated hydrocarbons, keto=, and alcohols. They are used along 
w i t h  or i n  blends to remove water insoluble soils for cleanirig 
purpses and to prepare parts for painting, plating, repair, 
inspection, assembly, heat treatment, or machining. 

solvent Cleaning ( n i n g )  means those processes using non-aqueous 
solvents t o  clean and remove soils, oils, d i r t ,  and greases from 
surfaces by dissolving or dispersing them w i t h  organic cmpwds vhich 
do not adhere to the surface being clean&. 

Volatile w c  ccanpouna (W) is any volatile campound w h i c h  
contains the element carbon; excluding carbon monoxide, carbon 
dioxide, carbonic acid, carbonates and metallic carbides: and 
excluding methane, 1,1,l-tri&.lorcethane, methylene chloride, 
t r i - f l u o r "  and chlorinaW-fluorinated hydrocadxuls. 

is any d- which uses an integral 

The solvent my exist as a liquid 

For cold cleaning tanks, freeboard height is the distance from 
the top of the solvent t o  the top of the tank. 

For vapor dqresing tanks, freeboard height is the distance f r o m  
the solvent vapor-air inteaace to  the top of the tank. 
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(11) W i p e  Cleaning is that methcd of cleaning which u t i l i z e s  a m a t e r i a l  
such as a rag w e t t e d  w i t h  a solvent, coupled w i t h  a physical rubbing 
process to remove contaminarrts fram surfaces. 

High-Vapr Cutoff Thermostat is a combination safety switch consisting 
of a temperature .sensor located above the design v a p r  level of an 
open-top d v  or conveyorized ~~~EISX, and a response switch 
that shuts off heat to the smp. vapor thermostats mt have 
manual reset capabilities only. 

(12) 

(13) Refrigerated condenser is a control dwice consisting of primary coils 
which carry a refrigerant to a"e solvent vapor fm the degreaser 
bath. 

(14) Refrigerated FYedmxd oliller is a control device which is mounted 
above the water jacket or pinmy condenser mils, consisting of 
secondary coils d c h  carry a refrigerant to p m i d e  a chilled a i r  
blanket above the solvent vapr to  reduce d s s i u n s  f m  the degreaser 
bath. 

€&rote Reservoir Cold Cleaner is any device in which liquid solvent is 
pumped through a sink-like work area which drains back into an 
enclosed container while parts are being cleaned. 

(15) 

(b) EquiFnwt RBsuirements 
A p e r s o n w h o u s e s  solvent containing VCC, as defined in subsech 'on (a) (lo), 

to clean or &grease surfaces shall use a device for such operations which 
incluaes all of the follming equiplent: 

A C O n b U E r  for the solvent. The articles being clear& are either 
inanersed in the solvent or suspended above the solvent for brusking or 
flushing. 

An apparatus or mer for the solvent tank which prevents solvent 
evapmtion hben not processing in the w. 
closed or in place on the tank at a l l  times except while processhq 
work through the aegreaSer. 

A facil i ty for draining cleaned paaS that allcws the drained solvent 
or drag-out t o  be retuned to the solvent container. 

For cold solvent cleaning, one of the fo l lmbg control devices: 

me cover shall be 

(A) A fredxdzd Such that the freeboard ratio is equal to or greater 
than 0.75. 

(B) 

(C) 

A water cover i f  the solvent is insoluble in  and heavier than 
water, or 

Any other system of equivalent control appmed by the mecutive 
O f f i c e r .  
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(5) For Open-top v a p r  dqreasing or conveyorized dqreashg all  the 

(A) 

(B) 

following: 

high v a p r  cutoff thermostat w i t h  mual reset; and 

a freeboard such that the freeboard ratio is greater than or 
equal t o  0.75, or i f  exclusively perchlomethylene is used, a 
contml device consisting of either a refrigem- chiller, water 
jacket, or condensing coils. 

(6) For vapr or conveyorized &pxasas having an open solvent 
surface area of mre than 1.0 square meters (10.8 square feet), one of 
the following or a canbination of the following control devices 
approved by the Executive O f f i c e r :  

(A) refrigerated freeboard chiller, designed such that the 
refrigerant temperature at the d- outlet does not exceed 
40 F. 

(B) a carbn adsorption system having a capture efficiency of 90 

(C) an operating or control technique which achieves an efficiency 
equivalent to any of the W e .  

For cornreyorized degreasers, all of the following control measures: 

(A) 

percent in tenas of organic input to the bed; or 

(7) 

A hood or enclosure w i t h  a delivery system or ductwork t o  collect - emissions, exhaust to a cartxm adsorter, or equivahnt 
control method approved by the Executive O f f i c e r .  

E i t h e r  a drying tunnel, which is an extension from the exit of 
the conveyorized 
parts to dry ccmpletely w i t h  result* emissions captured by the 
main control enclosure, or other means such as a rotating 
(tumbling) baskst, sufficient to prevent cleaned paas from 
carrying solverrts liquid out of the aegreaser, and 

Entrances and exits shall silhouette work so that the average 
clearance between each part and the edge of the d- opening 
is either less than 10 an or less than 10% of the w i d t h  of the 
opening. 

(B) 
to allow more time for the cleaned 

(C) 

(c) operating Requiremen ts 

A person who uses solvent containing VOC as defined in subsection (a) (lo), 
to clean or d q e a s e  surfaces shall conform to the following cperating 
requirements: 

~ 

(I) Solvent shall not leak fmm any portion of the w i n g  equipment. 

(2) Solvent including waste solvent shall not be stored or disposed of i n  
such a "er as w i l l  cause or allow its evapration into the 
atmosphere. 
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(3) 

(4) 

After distillation recovery of waste solvent, residues shall not 
contain mre than 20% volatile oryanic conpnrd. 

A device designed to function as a anti-evaprtion cover for a 
deqeasw shall not be displaced or reraved for mre than five 
consecutive minutes unless processing work in the dqreaser or 
perfonning mairrtenance on the dqm?r.  

For cold cl-, cleaned parts shall be drained u n t i l  dripping 
ceases. 

Solvent flow cleaning shall consist only of a liquid stream, rather 
than a fine, atomized, or shower-type spray, and such operation shall 
not cause liquid solvent to splash outside of the solvent container. 
Alternatively, emissions fram the solvent flow cleaning operation must 
be reduced by a t  least 85 percent before being vented to the 
atmosphere. 

Solvent agitation, w h e ~  necessary, shall be achi- only by pmg 
recirculation, or by means of a mixer, or w i t h  ultrasoni ffi. 
agitation of the solvent bath shall be used only under the following 
conditions: 

(A) 

(B) 

(5) 

(6) 

(7) 
A i r  

The a i r  flow into the a i r  agitation cleaner may not exceed two 
pounds per square inch gauge. 

Ihe top or mer must remain clased while the air agitation 
system is in operation. 

( 8 )  

(9) 

For an open-top dep?asex equippd w i t h  a l i p  exhaust, the exhaust 
shall be turned off when the 

The vertical speed of a powered hoke or conveyor, i f  one is used, 
shall not be mre than 3.4m/min (11.2 ft/min) when lowering and 
raising parts. 

For v a p r  aegreaserS, the following measures: 

(A) 

is cover&. 

(10) 

During start up, the primary condenser and the refrigerated 
freeboard chiller, i f  one is used, shall be turned on either 
simulaneously or before the s u p  heater. 
suq~ heater shall be turned off, either simultaneously or  before 
the condenser water and refrigerated freeboard chiller are turned 
off. 
condenser is turned off. 

Solvent f low cleaning shall be done w i t h i n  the v a p r  rqion. 

zhe work load shall be degmasd in the vapr zone u n t i l  
condensation ceases. 

During shutdown, the 

'Ihe depaser must be cover& whenever the primary 

(B) 

(C )  

(11) For reimte resenroir cold cleaner, the following "res: 

(A) 'Ihe cover for the drainage tank must be clcsed a t  a l l  t h  
except when the tank is being cleaned or repaired. 

B-8 



(B) The work area shall not be expsd  to drafts greater than 40 
meters per minute (131 ft/min). 

(d) Exemptions 

follawing cleaning materials or methcds: 
The provisions of this rule shall not apply to equipsnt using only the 

Emulsion cleaners having a solvent content, as used, of 2 percent or 
less by volume. 

wipe cleaning. 

Cold solvent cleaning is exenpt from the provisions of paragraph 
(b) (4) if the vapor pressure of the volatile organic ccmpounds is 
qual to or less than 33 mm Hg or 0.6 psia at 38O C. The freeboard 
ratio must then still be 0.5 or greater. 

Conveyorized aesreaSers with less than 2.0 squat-e meters (21.6 square 
feet) of air/vapr interface are 

Vapor or conveyorized d e g r m  that a m  equippd with 
refrigerated condensers are exen@ frcnn the provisions of paragraph 
(b) (6), provided that the refrigerant tenperatwe at the m e r  
outlet is 55O F or less. 

Vapor or conveyorized aegreaserS using exclusively 
perchloroethylene are exempt fmm the provisions of paragraph (b) (6). 

Solvent cleaning using exclusively prchloroethylene to clean 
non-mtal surfaces. 

from the provisions of 
paragraph (b) (7) (A) 

(e) Effective Dates 

(1) The cx~ner or operator of any solvent cleaning or w i n g  facility 
subject to this rule for which a permit to ~onstruct is issued on or 
after July 8, 1983 shall amply with the provisions of this rule at 
the time of installation. 

The owner or operator of any existing solvent cleaning or deqreasing 
facility which  was issued a permit to Construct prior to July 8 ,  1983 
shall amply with the provisions of this rule 9 months after the 
amended date. 

(2) 

(f) Additional Requiremerrts 

~ Notwitkstandurg * Me provisions of Ehile 442(h) ( 7 ) ,  the amex or operator of 
any solvent meta l  cleaning or dqreasing facility shall amply with the 
provisions of Rule 442 (f) . 
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m 102. €€w"mm REAcmvE SOL" 

(Amended September 2, 1977) 

m W  REAcmvE soLvEEsT means any solvent with an aggregate or 
mre than 20 percent of its total vol- ampsad of the chemical cmpunds 
classified below or which exceeds any of the following individual percentage 
ccnnposition limitations, referred to the total volw of solvent; 

(a) A combination of hyhxarhns ,  alcohols, aldehydes, ethers, esters or 
ketones having an olefinic or chlmlefinic type of unsaturation except 
perchloroethylene: 5 percerh; 

A canbination of arcmatic ccnnpounds with eight or more "n atoms to 
the mDelcule except ethylbenzene, methyl bfarzoate and phenyl acetate: 
8 pxent; 

A CcanbinalAon of ethylbenzene, ketones having branched hydnxarbn 
structwes, trichloroethylene or toluene: 20 percent. 

(b) 

(b) 

whenever any organic solvent or any constituent of an organic solvent may 
be classified fran its chemical structure into more than one of the above 
groups of organi~ ccnnpounds, it shall be considered as a e of the most 
reactive chemical group, that is, that group having the least allcrwable percent 
of the total volune of solvents. 
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Rade as so cia ti^ 

Halogenated cleaning Solvents Association 
c/o SOCMA, 1075 Central Park Ave., 
Scarsdale, NY 10583 

Reclaim Managers Association 
Tektronix, Inc . , 
Delivery Station 68-000 
Beaverton, OR 97077 

National Association of Recyclkg Industries 
330 Madison Ave., 
New York, NY 10017 

National Paints and Coatings llssociation 
1500 Rhcde Island Ave., N.W., 
washington , Dc 20005 
(202) 462-6272 

National Association of Solvent Recyclers 
1406 Third National Building, 
Dayton, OH 45402 

(212) 867-7330 

(513) 223-0419 

National Association of Printers and LithcgraNers 
780 palisade Ave., 
Teaneck, Ns 07666 
(201) 342-0700 

National Association of Frinting Ink Manufacturers 
550 Ave., 
Harrison, NY 10528 
(914) 698-1004 

National Agricultural chemicals Association 

Waskington, Dc 20005 

Federation of Societies for Coatings Technolq 
Suite 830, 1315 Walnut St., 
Philadelphia, PA 19107 
(215) 545-1506 

czlemical mters Association 

1155 15th. Strest, N.W., 

Box 241 
Wheaton, IL 60187 
(312) 668-0949 
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International Bmtherhood of Painters and Allied Trades 
1750 New York Ave. ,N.W., 
Washington, Dc 20006 

Ihe ccating Institute 
44 wted Lane 
Greenwich, CC 06830 
(203) 622-1093 

(202) 637-0700 

Canadian printer and publisher 
Maclean - Ltd., 
481 university Ave., 
Torcnto, Ontario, M5W 1A7 

Editor & publisher 
Editor & publisking Co., Inc. , 
575 Iexhgtm Ave. , 
New York, NY 10022 

Journal of Coatings Technology 
~ederation of societies for  Coatings Technology 
Suite 830, 1315 S. Walnut St., 
Philadelphia, PA 19107 

American Faint & Coatings Journal 
American Faint Journal Co., 
2911 waskington Ave. , 
St. Louis, iKI 63103 

Journal of Coatings Technology . 
~ederation of societies for  coatings Technolcgies 
Suite 830, l3l5 S. Walnut St., 
Philadelphia, PA 19107 

Industrial Finishing 
Hi- publishing Co. , 
H i t c h c d c  mdg., 
Wheaton, IL 60187 

!rbe painters and Allied Trades Journdl 
BruthwhaXl of Painters and Allied Trades 

1750 New Ymk Ave.,N.W., 
Washington, iX 20006 

Coatings Magazine 
---- - -86 Wilson St., 

oakville, Ontario 
Canada I b K  3G5 

produds FMshing Wgazine 

6600 ClOUgh Pike, 
Gardner publications,Inc. , 
Cincjnnati, OH 45244 
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tables in this appendix present data on exist* cc"zi& packaqd 
systemhs for small scale solvent recovery. The data were solicited fram 48 U.S. 
equiprentmanufacbxzrs. 

~ . . .. . . . . . . . . .- . . 
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IueiSht. Lbr 

I 
11- of Cooling 
11- of Bearing 
lcmtrol Features 

lapti- 

1F.O.8. Cost, I 

I 

I 

I 

JDelivery line, UkL. 

1Pa-t 1 e r m  

I 

I 
lsolventl Recovered 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I I020 

I 
I 55 

I V8X7LXP3 
I 2200 

I 
I Yater 

I StemIElect r ic  

I 
I 

I 
I 
1 
I 
I 

I 

I 225-300 

1 Sfem 465Lb/hr. 

1 L i v i d  level cmtrol 

I TEE. 1.1.1 -1CE.PCE 

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 
M I 

I 
I 
I 
I 
I 
I 

45-60 I 
I 

I 
23OlL60 I 

3 I 
30 I 

225-300 I 
I 

55 I 
60~43x81 I 
8W I 

I 
water I 

StemlElect i iC 1 
I 
I 

S t e a  lZSLb/hr. I 

95 

90-120 

Stem 225LB/hr. 

230lL&l 
3 

54 
375-500 

5s 

M x S O x 8 6  
1140 

uate, 
StemlE lec t i iC  

I L iqu id  level c m t r o l  I L i v i d  level cmtrol 

I I 
I I 
I I 
I I 
I I 

I I 
1 lCE.l.l.1-lCE,PCE I lCE.l.l.1-1CE.PCE 

*.. ........_.............*....................... 

,............ ............. +. 

I iiadel#HRS.lm 1 , .................... .....+. 

I 
150 I 

I 

I 
135-180 I 

I 

I 
460 I 

3 I 
90 I 

6LIo.fio I 
I 

SS I 
75a54x91 I 

1450 I 
I 

uater I 
S t e d E l e c t r i c  1 

I 
I 

Stem 350Lb/hr I 

..... 

..... 

.................. 
ModellHRS~300 

.................. 

240 

225-3GU 

S t e m  500Lblhr 

L iqu id  level cmtro l  I L i v i d  level cmtrol 

I 
I 

I I 
I I 
I I 
1 lCE.1.1.1-lCE.KE I lCE.l.l.1-1CE.PCE 

I I 

.... 

... 

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

..... 

..... 

.................... * 
I 
I 
I 

wadelmu-20 I 

I 
30 I 

I 
I 
I 
I 
I 

.................... + 

.................... 

I 
I 
I 

230 I 
3 I 

7.5 I 
110 I 

I 
Heavy Gauge 5s I 

47~36x71 I 
610 I 

I 
uater I 

I 
SteanlElectr ic I 

I I 

I I 
I I 

I L iqu id  level c m t r o l  I 

I I 

I I -  
I Chlorofluorocarbons I 

* ...................................................*......................... . 

I 



SURVEY O f  SOLVENT RECOVERY STILL IUYUFKWERS (Continued1 
.. 

I 
I 
I *........ ............ 
I ModelCIRW-60 

...*..... ............... 
(Solvent Bo i l ing  Range. F I 
(feed Capacity. Gal I 
I M a x i m  Degree of contilllimtion. X I  
l l y p i c a l  P u r i t y  of Product, X 
llypical l i e l d ,  X 

I 
loperating T i n e .  nr 
!Cold Start  Heat-* lime, wr 
l o i s t i l l a t i o n   ate, GPH 

I U t i l i t i e s  
I 

I 
Ivoltage, v 
IPhare 
I P o ~ e r  Rating. KW 
lcool ing water c ~ ~ m p t i o n .  GPH 

I 
l l rater ia l  of C o n s t r m t i m  
(Egui-t Dimensions. In  
Illeight, Lbs 

11- of  Cooling 
11- of Heating 

I 

lcontrol  features 

I 

I 
I 
l f . 0 . B .  cost. I 

I P a m f  Term 

I 
lsolventr  necwerw 

loptionnr 

(Delivery l i r e .  wks. 

* .............................. 

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 

.* ... 

70 

..... 

..... 

60 

230 
3 
18 
350 

Heavy Gauge ss 
56143x81 

800 

water 
E lec t r i c  

f i l t r a t i o n  

Chlorofluarocarbonr 

*........... ............ 
1 WadelCIRU-120 
+........ ............... 

95 

120 

230 
3 
36 
750 

Heavy Gawe 5s 
b5x50x86 
ill0 

water 
E l e c t r i c  

f i I t r a t i o n  

Chtorofluorocarbms 
... 

...................................................... 
Barm-Blakeslee,lnc. 
2W1 Y.Janice W e .  

l l e l r ~ s e  Park.11 601M) 
*. ........................*......................... *. 
I W o d e l X n R R - I O  I WodelXnRR-20 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 ... 

10 

230 
1 

313.5 

Heavy gawe ss 
35130161 

m 

Refrigeration 
E lec t r i c  

F i l t r a t i m  
level c'mtcoi 

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 

30 

20 

230 
3 
9 

Heavy Gauge 5s 
40x43~73 
1250 

Refr igerat ion 
E l e c t r i c  

F i l t r a t i o n  
level Control 

I 
Chloroflwraarbws I Chlorofluorocarbons 
............................................... 

...................... + 

...................... 

M d e l * I R R - M )  I ....................... 

65 

230 
3 

21124 

Heavy Gauge ss 
7962x97 
2m 

Refr igerat ion 
E lec t r i c  

F i l t r a t i o n  
Level CQl fml  

Chloro f luorocarhs  

I 



s(RvEI OF YXVEYl RECOMRl STILL *IIUUFACllNlERS ( C m t i r u e d l  
I .................................. *. 
I I 
I I 
I I 
I 
(Technical O e r c r i p t i m  I 

lSolvent Bo i l ing  Range, f I 
(Feed  Capacity, Gal I 

f. 

1 .................... ..............+. 

( M a x i m  oegree of Cmtminat ion.  X I  
l l yp i ca l  Pu r i t y  of P r o d r t .  X 
J l yp i sa l  Yield, X 
I 
l o p r a t i n g  lime, Hr  

ICold S t a r t  Heat-rp l ime, HI 
l O i r t i l l e t i m  Rate. GPH 

I U t i l i t i e n  
I 

I 
Ivoltege. v 

(P-r Rating. KU 
ICml ing  uater consuption. GPH 

I 
IMateri.1 of cons t rmt ion  
lEqUi-t Dimensions. In 

JKioht, ibs 
I 
llw of cooling 
11- of Heating 
lCmtr01 Features 

I 
(Wtion9 

I 
I 
I 
If.0.B. c a t .  f 

I P a m t  1 e r m  

I 

IOelivery lime, Yks. 

~Solvenfs Recovered 

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

......................... 

......................I.. 

Wodel#SllW I 

I 
22 I 

I 
I 
I 
I 
I 
I 

7.8 I 
I 

I 
230 I 
1 I 
3 I 

114 I 
I 

ss 304L I 
25.5~22~51 I 

240 I 
I 

uater I 

...................... 1.. 

Stem 10.SLblhr. I 

ElectriClSfean I 

.. 

.............................................................................................................................. 

ModelXSlllY 
................ 

....................... 

..... 

22 

9.3-14.9 

Stem 14.5LbIhr. 

23a 
1 
4 

18-96 

5s 304L 
25.5~22151 

240 

Yater 

Elec t r i c /S tem 

I 

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

+. 

.. 

B r a "  c l e m i n g  E w i p e n t  Co. 
Parrot 0rive.P.O.Box 768 

Sheltan,Cl LWLX 
................................................+......................... 

.. Model#SlZW I Rc&l#SlZlU I ................................................ *. 

I 
22 I 

I 
I 
I 
I 
I 
I 

16.1 I 
I 

I 
UO I 
3 I 
6 I 

240 I 
I 

5s 304L I 
25.5xZZr51 I 

250 I 
I 

uater I 

S t e m  ZlLbIhr. I 

E1Ktr ic lSte.m I 
I l h e m t a t . L e v e 1  contro l  Ilher-tat.Leve1 control  I l h e n m t s t , l e v e l  C o n t r o l  

1 Solvent t ransfer -. I Solvent transfer -. I Solvent traafer -, 
1 Solvent i n l e t  strainer, 1 solvent i n l e t  strainer, I Solvent i n l e t  strainer.  
I Desiccant d r i e r  fo r  I Desiccant d r i e r  for Oesiccant d r i e r  for 

I a i m t c q s  I BzFOtmpeS I azmtropr 

I I I 

I 3.000 I I 
I I I 
I I I 
I I I 
I Freon lnc I 1.l.l-lCE.Frem 1 F  I Freon 1K 

I 
22 I 

I 
I 
I 
I 
I 
I 

21.3-31.3 I 
I 

I 
230 I 
3 I 
8 I 

42-210 I 
I 

ss 304L I 
25.5~22~51 I 

250 I 
I 

U*tW I 

Stem 29Lb/hr. I 

E l e c t r i c l s t e a  I 

Ilodel#Sl3W I 

I 
m I 

I 
I 
I 
I 
I 

...................... 

I 
26.7 I 

I 

I 
a a  I 
3 I 

10 I 
396 I 

I 
ss M4L I 

38~30x63 I 
450 I 

I 
Yater I 

S t e m  35.5Lblhr. I 

E I e c t r i c l S t e m  I 

.... ................ 
IladellSl31Y 

................ 

m 

37.1-54.7 

Stem 5O.SLblhr. 

zm 
3 

14 
n-366 

ss MCL 
38.30163 

450 

uater 
E l e s t r i c l s t e a  

..... 

..... 

I fhemr ta t . leve1 c m t m l  Ilhe-tat,Level ~ o n t r o l  Ilhernostat.leve1 control 

I I I 
1 Solvent t ransfer -, I S O I I e n t  transfer -, I Solvent frawfer -, 
I Solvent i n l e t  strainer.  I Solvent i n l e t  strainer,  I solvent i n l e t  Strainer. 
I Oesiccant d r i e r  for 1 Oeniccmt d r i e r  for 1 oe*icCmt d r ie r  for 

I e z e O t r q *  I a z m t q r  I aze.atrq*  

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

f r e m  T I C  I 1,l.l~lCE.Freon 1 F  I 1,l.l~YCE.Freon 1 F  I 



WRVEY OF SOLYEN1 RECOVERY 51111 RLUUflClVRERS (Continued) 

Brmm Cleaning Equipnent Co. 
Parrot Drive.P.O.8or 7.58 

Sheltm,CT 06484 

l lechnical  Description I 

lSOlvmt Bo i l ing  Range. F I 
!Feed Capacity. ~ a l  I 

*................... ............... * 

1MxiR.a Degree of  C m t m i n s t i m ,  XI 
I l yp i ca l  Pur i ty  of  Picduct. X 
I l yp i sa l  Yield, x 
I 
Icpwat ing  T i m ,  nr 
ICold Start  neat-Lp T i m ,  Hr 
I Q i s t i l l a t i o n  Rate, GPH 

I 
l u t i l i t i e o  

I 
IVOlt.ge, v 
IF4I-e 
[Pouei Rating, Ku 
l c m l i n g  Mater C o m u q x i m ,  CPH 

Juatc r ia l  of COnstrUction 
1Equi-t D i m s i o n s ,  In 
Ineight, Lbs 

I 
11- o f  cooling 
l rw of Heating 
l C m t i O l  Features 

I 
loptims 
I 
I 
I 
1F.O.B. Cost. I 
(Delivery l iw. wks. 
1Pa-t 1 e m  

I 

I 

ISolvents Recovered 

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

Rodel#s14OY 

m 

48.9 

Stem 65Lblhr. 

230 
3 

720 

SS 304L 
38x30163 

500 

l a  

uater 
Steam/Electric 

11hernrtaf.Level control 

I 
I SOlYent transfer -. 
I Solvent i n l e t  s t i a im? .  
1 Desiccant d r i e r  fa r  
I a z m t r w s  

I 
I 
I 
I 
I Freon 1 l l C  

I ..... 
WOdelllslllU 

70 

...... I f 

66.9-95.8 

Stem 86LbIhr. 

230 
1 
24 

132-636 

SS 304L 

38x30~63 
5w 

uater 
SteanlEtectric 

lernartat.le"e1 control  

iolrent t r a m f e r  -. 
iolvent i n l e t  strainer. 
h r i ccan t  d r i e r  fo r  
a z e o t r w s  

ROdelnllML 
................ 

22 

I ROdet#SlllR 

I 
I 22 

I 
I 
I 
I 
I 

*.. .................. 

7.8 

Stem 10.SLblhr. 

230 
1 
3 

SS 3041 
25.5r42151.5 

150 

Refrigeration 
SteanlElectric 

I 
I 9.3-14.9 

I 
I S t e m  14.SLblhr. 

I 
I 230 
I 1 
I & 

I 
I 
I SS 3041 
I 25.5~42~51.5 
I 4 n  

I 
1 Refr igerat ian 
I StemlE lec t r i c  

..... 
I 

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

...... 

...... 

................ 
Ilodelnl2Oil 

................ 

22 

16.1 

S t e m  2lLblhr. 

230 
3 
6 

ss 304L 
25.5160~51.5 

500 

Refr igerat ion 
SteanlElectriC 

...... 

...... I 

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

..... 

..... 
Rodells121R 

............... 

22 

2t.3-31.3 

Stem ZPLbIhr. 

230 
3 
a 

5s M 4 L  
25.5~60~51.5 

450 

Refr igerat ion 
S t e W E l e s t r i c  

..... 

..... 

- 

6 -  

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 

h e r m s t a t S w e l  control  I lhernstat.Leve1 cmtrol I lhemsta t .Leve l  control I l h e m s t a t . L w e l  control I 
I I I I 

Solvent t lamfeC -. 1 SOlYent t rsnr fe r  -, 1 SOIYent transfer -. I SOlYent transfer -. I 

I aze0trOpes I a z e O t l O ~ J  I a*eotr-r I 
I I I I 
I I I I 
I I I I 

60lvent i n l e t  strainer, I Solvent i n l e t  strainer,  I Solvent i n l e t  strainev. I Solvent i n l e t  strainer. I 
Desiccant d r i e r  for I Desiccant d r i e r  f a r  I Desiccant d r i e r  for  I Desiccant driw for I 
a z m t r c p s  

I I I I I 
1.1.1-1CE.Freon 1 F  I Freon 1MC I 1.1.1-1CE.Frean 1 F  I Frem 1M 1 1,l.l.lCE.Frm l F  I 



Technical Description 

S01-t Boi l ing  Range. F 
i d  Capacity, Gal 
Maxi- Oegree of Contanimtion. 
l l p i c a l  Pur i ty  of P r o b r t .  % 
l l p i c a l  Yield, % 

operating T i m ,  Hr 
Cold S t a r t  He8t-q T i m ,  Hr 
O i s t i l l a t i o n  Rate, GPH 

U t i l i  t i es  

VoltBge. v 
Phase 
P-i Rating, KU 
Coding Uater C o n s q t i m .  GPH 

.................................. 

Material of Construct im 
Ewipsnt Di-ions, In 
wight, L k  

Options I 
F.0.B. Cost .  I 
Delivery 1i.e. ukr. 
Paynent 1 e r m  

Solvents Recovered 

SIJRVEI OF =VENT RECOVERY STILL MAHUFAClMERS (Con .................... .............................+........................ 
B r n r o n  Cleaning Equipnent 
Par iot  0rire.P.D.Box 768 

Sheltm.Cl 06484 

ModelK13OR 

70 

26.7 

Stem 3S.5Lb/hr. 

230 
3 

10 

SS 304L 
53~68~63.5 

WO 

Refr igerat ion 
S t e W E l e c t r i c  

,ernortat,lc"el Control  

i01vent t ranr te r  -, 
iolvent i n l e t  strainer.  
iesiccant d i r e r  for  
12eotrOpes 

rrem 1MC 

...................... 
kdelX5131R 

70 

37.1-54.7 

S t e m  S0.5Lblhr. 

230 
3 

14 

5s 304L 
38~77~63.5 

1000 

Refr igerat ion 
SteaVElectr ic 

\emSt.t,Le"el control 

r.l"e"t transfer PIQ, 
r o l v n i  i n l e t  strainer, 
k r i ccan t  d i r e r  for 
lleDtlopeE 

1.1,l-lCE.irem li 

....................... 
MOdelX5140R ....................... 

70 

48.P 

sfem 65Lb/hr. 

230 
3 

18 

ss 5041 
38iTlr63.5 

1000 

Refr igerat ion 
SteaVElec t l i c  

hernortat.lcvel cmtrol 

SOIYent t r a m f c r  -, 
solvent i n l e t  strainer.  
Desiccant d i re r  for 
a2mfl-S 

11.m 

F r m  1MC 

ed) .................................................... 
C r e s t  U l t r a r m i c r  corp. 

Scotch Rd,Hercer C m t y  A i r r m t  
rrentm~w m > n  ...................... 

MOdel#CRS-lDL ...................... 
12 

Refriperated sml ing ,  
Y m - r t a d a r d  voltage 

........ ., ........ ....................... 
Yor*.ITPZ-lOH ................ ....................... 

12 

10 

Ste in  18Lblhr. 

240 
1 
5 

45 

1s 
28x24~56 

water 
S t e a V E l K t r i c  

lherml r ta t  

Refrigerated cml ing. 
Yon-standard voltage 

1.1.1-1CE.lCE.PCE 

... 

... 

... 

.................... 

................... 
*odelilcRS~1oU ................... 

12 

10 

S t e e  1IYblhr. 

240 
1 
5 

1M 

ss 
2(1x24r56 

Water 
SteanlElect l ic  

T h e m s t a t  

Refrigerated cml ing ,  
War-standard voltage 

CFC~l l3 , I t r  alcahal 
a z W t l ~ * , I , l . l - l C E ,  
1CE.PCE.Rethylerr 
Chloride ami i c e  
azeot10pe5 ....................... 



SURVEY OF SOLVENT RECOVERY Sl111 MAWFACTMERS ( C a n t i w e d )  
+.................. ................ * 
I I 
I I 
I I 
I 
l lechnical  Description I 

lSOlvent B o i l i n g  Range, F I 
l i d  Capacity, Gal I 

(Typical r ietd,  X I 
I I 
loperating line. HI I 
(Cold S t a r t  Heat-up line, HI I 
l o i s t i l l a t i o n  Rate. GPH I 
I I 
I l l t i l l t i e s  I 
I I 
IVoltage. v I 
IPhare I 
lP-r Rating. XU I 

I I 
( lu te r ia l  of C m s t r w t i o n  I 
IEwipnent O i m r i o n r .  In  I 
Iueight. Lbs I 
I I 
11- of cooling I 
11- o f  Heating I 
l C m t r O l  Features I 
I I 

+............ ...................... * 

Inax iom Degree of contanination. X I  
l r yp ica l  P u r i t y  of product, X I 

(cooling Uater C m s q t i m ,  GPH 1 

..... 

..... 

..... 

12 

20 

S t e m  22Lblhr. 

240 
3 
6 

w 

ss 
28x24~56 

ueter 
SteamlElectric 

l h e m s t a t  

..... 

..... 

..... 
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 

..... 

..... 

..... 

... 
C r e s t  Ul t rasonics Corp. 

Scotch Rd,Wercer C m t y  Ai rpor t  
1renton.n.l 08628 

ModelXCRS-2OH 
... 

16 

20 

Steam 36Lblhr. 

240 
3 

10 
90 

ss 
32126x64 

uatep 
SteamlElectric 

Thermostat 

lati- I Refrigerated cooling. 1 Refrigerated cooling. 

I I Nan-standard Voltage I Won-standard voltage 

I I I 
lF.O.8. Cast, I I I 
IDelivery line. Ukr. I I 
lPaynenf 1 e r w  I I 
I I I 
lsolvenff Recovered I same a* CRS-101 1 sane as CrlS-10" 

I 
..+ 

_ _ f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

..... 
Modelms-2OU 
............... 

16 

20 

Steam 36Lblhr. 

240 
3 

10 
240 

5s 
32x2664 

uater 
S t e m E l e c t r i c  

Iher lns ta t  

.... .+ 
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 

.+ 

... 

... 
ModelKRS-4DL 

................ 

28 

40 

S t e m  13Lblhr. 

210 
3 

12 
180 

ss 
3 a ~ 2 6 ~ 7 0  

uater 
S t e m E l e c t r i c  

l h e m s t a t  

...... 

...... 

+............ ........ 
I Model#CRS-40H 
+.................... 

I 
I 2a 

I 
I 
I 
I 
I 
I 

I 

I 

I 3 
I 18 
I 180 

I 
I ss 

I 
I 
I Yster 

I 40 

I Stem 65Lblhr. 

I 240 

I 38x26~70 

I Stean/EIectric 
I l h e m s t a t  

I 

...... 

...... 

,.. 
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 

e.. 

... 

.................... * 
1 -  
I 
I .................... 

Wodel#CRS-4W 
............... 

17 

40 

S t e m  65Lblhr. 

240 
3 

i a  
480 

ss 
38rUIx70 

uater 
S t e m E l e c t r i c  

l he rmeta t  

Refrigerated cooling, I Refrigerated cooling. I Refrigerated cooling, I Refrigerated cooling. 
Nmstandard wl tage  Nm-stardad voltage I Nan-stondsrd voltage I Nmr tsndard  voltage 

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

sax as CRS-IOU I Sam as CRS-10L I Sax a* CRS-IOH I Sane as CRS-1W 

I 

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

I 



WVEI OF SOLVENT RECOVERI STILL IIIWFlClMERS ( C a n t i d )  . ..................................+.........................+................................................................................................................................. + 

I I Crest U l t r a s m i c r  Corp. Oetrex Chemical Industries.lm. I 
I I Scotch Rd,Wercer C m t y  A i r p r t  I 5752 U.79th.St. I P.0.80~ 501 I 

I 1rentm.Nl 08628 I Ind ianap l i r , l n  46268 1 0etroit.Hl 48232 I I 
I 

I O C I  C o r p r s t i m  I 

*... ......................*................................................................................................................................. + 

l lechnical  o e r c r i p t i m  I b M W 3 S - U O L  I WodelyCRS.8OH 1 kdel#CRS-Mu I I)OdelLD1-06~15 I IMdellFC-6-N I IlodelIFC-15-EY I 
*..... .............................*.........................+.............................................................................*.........................+......................... + 

lsolvent Boi l ing  Range. F I I I I I I I 
I 47 I 75 I I 52 I 52 I Ifeed Capacity. Gal I 47 

Jmaiimm oegree of cwtBaimtim. X I  I I I I I I 
(Typical Pu r i t y  of  P r c d x t .  X I I I I I I I 
l l yp i ca l  l i e ld .  X I I I I I I I 
I I I I I I I I 
(opwat ins lire. HI I I I I I I I 

I I I 
7-25 I 25-62 I 

[Cold s t a r t  Heat-* Tine ,  HI I I I I 
( O i r t i l l a t i m  Rate, GPH I I I I 15 I 
I I I I I I I I 

I I I I I I I 
po1tage. v I 240 I 240 I 240 I 110 I 2301460 I 2301460 I 
I 

IPhsee I 3 I 3 I 3 I I 3 I 3 I 
24 I 36 I 36 I I 6 I 15 I 
3M) I 360 I PMI I 600 I 23-246 I 78.615 I 

JP-r Rating, KU I 
lcoal ing uater c m s q t i o n .  cPH I 
I I I I I I I I 

J U t i l i t i e s  I S t e m  86Lblhr. 1 S t e m  13OLblhr. I S t e a  130~blhr.  I I I Sfem 54Lblhr. I 

Ina ter ia l  of  Cmstwct iOn 
lEq ip lPn t  O i - i m r ,  In 
Iwisht. Lbs 

I 
l lype  of  Cooling 
]Type of Heating 
l c m t r o l  Features 

(options 

lF.O.8. Colt, I 
(Delivery lime, a s .  

I 

I 

1Pa-t 1er- 

I 
ISOI"e"t* Recovefed 

I *.......... ............... .... 

ss 
38z38xm 

I 
I 
I 
I 
I UatW 
I StesnlElectr ic 
I The-tat 

I Refrigerated coal in l ,  
I Umn-standard voltage 

I 

I 
I 
I 
I 

I 
I S- as CRS-1OL 

...+.................... 

I SS I ss 

I I 
I I 
I water I uater 

I lhernarrat  I 1herDD*tat 

I I 

I 38daxm I 56x38~70 

I Sten lE lec t r i c  I Stem1Electric 

I Refrigerated cooling, I Refrigerated cooling, 
I Yon-standard voltage I Yon.rtandard voltage 

I I 
I I 
I I 
I I 

I I 
I Sane as CRS-1OH I Sanp as CRS.lOU 

.* .........................*........................ 

5s 
34131r66 

I carban steel I 
I 5r.5r43r19 I 
I I 510 

I I 
I Yarer I uater 
I oi rec t  s t e a  I E lec t r i c  
I A u t m f i c  I A u t m t i c  

Iss cmstTUct iw . l rd i rec t  I S t e m  heating 
I I 

l r tem heating I 
I I 
I I 
I I 
I I 
I Chlorinated.rl iphatics. I rCE.l.l.1-lCE,Freon 1 F  

I A r m f i c , F I u o r o c a r h  I 
.f.... ............................................. 

I SS I 
I 3 1 X U i 6 6  I 
I 530 I 
I I 
I uater I 
I Elec t r i c  I 
I A u t m t i c  I 
I I 

I I 
I I .  
I I 
I I 
I I 

I I 

1 S t e m  heating I 

I l C E . l . l , ! ~ l C E . f r ~  1F 1 - 

..+.......................... 
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I I 
I I 

I I 
I 
I lechnical  D e s c r i p f i m  I 

IS~lvent B o i l i w  usnge. f I 
lfeed Capacity. bsl I 

*-  

..................... ..............+. 

Imaxi- Degree of  Contanimtim, X I  
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.... 

.... 

............... ..... ....................+.................... 
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P.0.BOi 501 
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I 
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I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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..... 

..... 

............... ..... 

..... 

..... 

............................ 
I 
I 
I .  

+... ...................... + 

I WdelllfC-6S-SY 1 
+... ....................... 

............... 
HodelffC-30-EY 
............... 

1 70 

..... 

..... 

f.  

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 
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... ................ 
IlodelUfC-6-Ell 
................ 

52 

... 

... 
-+. 
I 

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

.f .  

..... 

..... 

................ 
Wodel#FC-lS.EU 

...... 

...... 

............... 
WodelXfC-24-EU HOdelIC-5C-EU 

................ 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 

,-. .... 

52 1M 1 M  

I l y p i c a l  P u r i t y  o f  Product, x 
I l y p i s a l  Yield, X 

I 
loperating Tim. nr 
ICold start neat-y, lime, H r  
J o i s t i l l a t i m  Rate. GPH 

I 
lut i l i t ier  
I 
(Voltape. v 
IPhare 
lP-r Rating. xy 

ICmliw uater cmi-tim, GPH 

I 
Inater ie l  o f  cmtrmtim 
!€qui-t o i - i w .  ~n 
Iueisht. Lbs 

I 
11- of Cooling 
llVp of Heating 

lC"l reatures 

I 
(Opt imr  

I 
lf.O.8. cost. I 

I P B P " t  1er.6 

I 
ISOIYentL *ecovered 

IDelivery lime, uXr. 

f...... .............. 

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 122-200 

I 

I 
I 
I 
I 

I 
I ss 
I 58146Xss 
I 815 

I 
I UatW 

I stem 

I 
I 
I 
I 
I 
I 
I 

1 Stem 10812251234Lblhr. 

I 477.1217 

I Aut-tic 

55-124 

Stem lOBlh1hr. 

2301460 
3 

30 
170.1229 

5s 
58X46Xea 

815 

!dater 

E l e c t r i c  
A U t - t i C  

Stem heating 

118-159 

S t e m  194Lblhr. 

2301460 
3 

S I  
367-430 

5s 
82134x69 

845 

Y.3fW 

E l - t r i C  

Aut-tic 

Steam heating 

7-25 25-62 40-49 

2301460 
3 
6 

230I460 
3 

25 

2301460 
3 

24 

55 

82134x69 
850 

u e f r i g e r a t i m  
E l e c t r i c  
Aut-tic 

SS 

82x34~69 
1500 

Refr igerat ion 
E l e c t r i c  
A " f M W i C  

5s 
118X46Xss 

1930 

Refr igerat ion 
Electric 
AUt- t iC 

I TCE,l,l,l.TCE,freon 1F I lCE.1.1.1-1CE.frm l f  I1CE.l. l. l- lCE.freon lf 1 l C E . l . l . l ~ l C E , f ~ ~ ~ 1  lf I lCE.1.1.1-1CE.freon 1F I lCE.1.1.1-1CE.fr~ T f  



Technical Oescr ip t im 

Sotvent B o i l I r a  R n g e ,  F, 
F e d  capacity, Gal 
mi- oegree of Cmtaiwtim, 
r w i c a l  W i t y  of Pr&t. X 
l yp i ca l  lictd. X 

................................. 

Material of C m t N c t i m  
Eqviprrnt Dl-I-. In 
ueight, Lbo 

I y p  of Cool I ra  
lyp O f  Heating 
C m t r o l  Feat-- 

Qtlan 

F.O.11. Cost. 8 
Del ivery Tim. Us. 
P . y m t  rem 

SOlrrnt. R K D m e d  

operating TIC. nr 
Cold s t a r t  Heat-19 TI-, Hr 
D i s t l l l a t i m  Rate. 6pH 

ut1 t i t ie .  

*.................. .............. 

IURVEY OF 

IlodellLeJr 

100-520 
3-5 

1101220 
1 

015 
7.5.15 

Is 
27rMx19 

150 

M t U  
E l e c t r i c  

Thenartat 

Explol lm-proof 
EleCtriCals 

Yet 30 dws 
AICdmts,Armtics, 
K e t m n . h l o r i r u t e d  
s o l m t r , A I  iphat ics 

FiniEh En 
921 G m  

E r i e  

100.320 
15 

W 
80-95 

1.65 
15-30 

UJOx36 
425 

Y * t U  
Elrtr lc  

l h c n n t a t  

I- 8tt.chrrnt.FlW 
witch Interlock 

5;y 
Yet 30 dws 

AlcdIots,Armtics,  
Ketman,Chloriruted 
aotventr.Aliphhatiss 

EN1 RECOVERY STILL lwuFACfULEPS ................................................ 
ering co. 
den R d  
16501 

IlodcIAS.55 

loo-320 
55 

W 
M-95 

M 
1 

6.2 
60-90 

MdelA955ST 

100-320 
55 

W 
00-95 

uo 
3 

15130 
lzo-240 

22.m 
2-4 

Garden Wad m Y.St 
har lot t i  

WlM 

50-50 

25~29x71 
730 

YatU 
S t M  

4.950 

‘etrolar .olrent&ll. 

!ry corp. 
i t  Ave. 
: 28233 ....................... 

Wltloo 

IW.125 



*......... ................... 
I 
I 
I 
I 
(reChnlc.1 Dercriptim 

... 
SURVEY of SOLYEW1 RECOMRY STILL IUYIFACllRERS 

...+...............................................,.................................................................................*......................... + 

I Garden Machinery Corp. I W o y t  Copretim [ lntcrel C o p r a t i m  1 

I '  Charlotte,Yc 28233 I I E n g e l d  ,CU@Jll55 I 
...................................................+.........................+......................... ' .........................*......................... 
I 700 Y . S u r i t  Lve. I Yeotport,IU 02190 I P.0.80~ 4676 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 
I 

ZM-22s I Mo-350 

I 
I 
I 

5169x95 I 6bx66rlOl 
3.w I 3.m 

I 
mater I mater 
stem I stem 

I 
I 5M-Mn 
I 
I 
I 
I 
1 
I 
I 
I 
I 

I 45w 
I 
I mater 
I stem 

I 75~71r101 

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

..... 
MDdelEP8 

belw 330 

............ 

belar 98 

5-8 

Air 2 S C M  

2 M  
1 
5 

120 

5s 
3Ox30xP2 

m 

UatW 
Them1 o i 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 Prograable controls 
I I I 
I I I 
I I I 
I I I 

10,300 I 11,465 I 13,345 I 
I 
I I 
I I 

14,504 
I I 6-8 

I 10% with order,balance 

I -1 I W l R P Z O  
..................*.. ........................ 
belw 330 

belW 20 

Air 2 scm 

220 
1 

I20 

IS 

U.tW 

l h e m l  oil I 
I Progrmmble CmtrOLB 

I 
I 
I 
I 

I 10-12 
I 26.945 

I 10% with order,tdance 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,roof electrisalr I 
I 

8.950 I 
I 
I 
I 

5s condenser,Erplooim I 

Chlorinared,Petrolem I 
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SRKV OF S O L K Y l  PEmYERl H I L L  MMIFAMIIERS ( C m t i n r d l  . ......................................................................................*...................................................*.................................................... 

I I In te re l  corporation I 
I P.0.Box 4676 I 

Emelvood ,m M155 I 
I 

I I 

I1cshnlc.l O n c r i p t i m  I Mdel I nodel I 
I 

IrOlnnt Boi l ing R a w .  F I I I 
IF& C-icy. Gal I I I 
l ~ l u  ~egree of Cmtairutlm. X I  I I 

+ .........................+.........................+.. 

..........................-..................................*.........................+.. 

. .  
I I I 
I 7.5 I 15 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 
I I I 
I I I 
I I I 
I I I 
I SS cC+vkFscr,Er;plolim I 55 condenrer,Explolim I 
1 proof e l e c t r i c a l o . v r u n l  proof elestricalr.rac-l 
I a t teChen t ,bu tmt i c  I a t t a c h t , & u t m t i c  I 
I c m t r o l s  I controls I 
I 8.560 I 11.850 I 
I I I 
I I I 
I I I 
1 Ch Io r ina td ,Pe t ro tm I Chlorinated.Pefrolem I 

... 

... 

K m t e . s c i a t i f i c  clarsware/instr-ts I 0-1/SEhott Procn. Systam IN. I 
spruce street,P.o.Bm 729 I 1640 6.u.Blvd.,P.o.Box 1 I 

V l n e l d , Y J  o(w0 I Vlmld ,  NJ OL1360 I 

............. 

0.8 

115 

0.5 

L I S *  
12~16x31 

10 

Mater 
E lec t r l s  

lhc-tat 

1,961 

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 

5.8 

95 

2.5 

115 

3 

61- 
6 f t U f t  

Mater 
E lec t r i c  

l h e m t a t  

vas- p.p 

2,723 

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 

13.2 

u.tu 
s t e a  

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 

26.4 

w t e r  
s t e m  
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I I 

I I 
I 
Ilechnlsal Orxrlptlm I 

(Solvent Bo i l i ng  R-. F I 
IF& Capacity, W l  I 

+- 

..................... ..............+. 

lllariu Degree of Cmtaninst lm.  X 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 

* .................................. 

.. 

.. 

.. 
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SUlVEY OF SOLVENl RECWERY SI111 MANUFACTURERS (Cmtinxdl 
......................+.........................+....................................................................................................... . .  

I P h i l i p  naufacturlng co. I 
I 

Vinelard, YJ 01u60 I Chlsago.lL 60626 I 

0-IISshott Prwess Systems Ins.  
1610 S.U.Blvd..P.O.Bor 1 I 7x3  Y.Clart ft. 

.. I .  ..+.................---.---.*...................................................+.........................*......................... + 

I IlodellE-15 I I WodCl I nodelm-1 I node~es-3 I WodCISRS-5 

.................. 
kdel 

.................. 

M 
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 

- - +  

132.1 

I 
I 
I 2-5 

I 
I 
I 
I 
I 
I 1 .z 

I 
I 

I 
I 
I Uater 

I 1049 

I 24x1&36 

I E lec t r i c  
I T h e m t a t  

1 Re f r i ge ra t im ,v .sw  
I 

I sttaClraEnt 

I 
I 
I 
I 
I 
I 

4-10 

2.4 
M.98 

26x21~49 

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

I I 
1 I 
I I 
I I 

3 I 6.75 I 
25-123 I 55.278 I 

I I 
I I 

zaX24x62 I 32x3063 I 
I I 
I I 

water I UatW I 
E l r t r i e  I E lec t r i c  I 

T h e m t a t  I l h e m r t a t  I 
I I 

I attachment I 
I I 

Rc f r i ge ra t im .Vecw I Refrigeration,Vasmm I 
att8ch-t 

I I 



P h i l i p  Mawfactwing CD. I 
7x3 I.Cl.rt St.  I 

I I 
I I 

I hic.go.lL 60626 I I 

Iledmic.1 Dncr ip t lm I *OdeltlS.20 I ModeltuE-23 I *odcl#F.S-u) I *odcl#F.S-50 I U d d t u S - 6 0  I IMdCltuS-lo I 
I 

(Solnnt Boiling R-, F I I I I I I I 
Ired Caprity. 0.1 I I I I I I 15 I 
lwuiu Degree of Cmt-imtim. X I  I I I I I I 
I1yQiC.l R l r i ty  Of Pr&t, x I I I I I I I 
I l r p i c d  Yield, 2 I I I I I I I 
I I I I I 1 I I 
Iscr.tlng l ine, wr I I I I I I I 

I I I I I 
23-49 I 41-@6 I 52-111 I 58-123 I 5.10 I 

lcold start neat-@ rime, wr I I 
I D i s t i l l a t i m  Rate, 6Pw I 17-37 I 
I I I I I I I I 
j u t i l i t l n  I I I I I 
I I I I I I I I 
IVoltqe, v I I I I I I I 

I I I I I I 
4 I 

M I 
12 I 21 I 27 I M I 

phase 1 

98493 I 1R-863 I 221-1109 I 246-1233 I 
1-r Ratins, W I 9 I 
Icmlirp mter V t i m ,  GPH I 74-37D I 
I I I I I I I I 

I I I I I I 
3 9 ~ 3 4 ~ n  I 45x53~81 I ax40& I 51142x87 I =OX60 I 

ItUterial of C-1-tim I 
(Equi-1 D i m r i m .  In I xr3wo I 
IUciDht, L k  I I I I I I 500 I 

I I I I I I 
water I water I water I Uter I UtW I 

I I 
llYP Of cmling I water I 

lcmtrol FC.turC. I rherm0St.t I l h e m r t a t  I 1henat.t I 1hemt.t I Themstat  1 r h e m t a t  I 
I I I I I I I I 

I I .tt.chat 1 .ttdl”t I attllshnn I .tt.chem I . t t a c h t  I att.chlIent I 
I I I I I I I I 
IF.0.B. Cost. f I I I I I I 1 -  
(Delivery lin, Uks. I I I I I I I 
IP.v”t Term I I I I I I I 
I I I I I I I I -  

I I I I I I I .  

+ ...................................................*.........................*.........................*.........................*......................... + 

..................................+.........................+.........................*...................................................+.........................*......................... + 

I St- 26Lbfir. I 

(rw of wutin~ I StealElectric I SteewEIectric I S t W € l a c t r i c  I SterlElcctr lc  I PtesJElcctris I S t e W E l r t r l c  I 

IW*-= I Refrioeratlm,Vacua 1 Refrioera1lm.V- I Refrioerstia,V.slu I Refriger*tim,V.au I Refriperatim,vac- I Refrigerstim,Vawu I 

1Sdvenfr Recovered 
+ ..................................*......................... ‘ .........................*...................................................+.........................+......................... * 



SURVEY OF SWMHT REMVERY STILL IVIWFAClLRERS ( C m t f n r d )  
I 

.......... .........................+........................................................................................................................................................... + . 

I I P h i l i p  W a C t W i n g  co. I 
I I 7343 H.Clark St. I 
I 
I 
~ l ~ l c e 1  DesCrlPt lm I *odeluIS-M I *odeitRs-n I ~ l R S . 1 M  I lIde1ms-125 I l(odel*s.175 I *odelRS-250 I 

lEolvat 8 o i l i n g  Rwe,  F I I I I I I I 
Ired C.pr i ty .  Gal I 50 I 100 I I 125 I in I 230 I 
( M ~ x ~ u  Degree o f  Cmtmimtlm. X I  I I I I I I 
I lyp ica l  m i t y  o f  Pr-t, I I I I I 1 I I 
ITypis.1 Yield. I I I I I I I I 
I I I I I I I I 
pmer*ting lime. nr I I I I I I I 
ICold Start Heat-up T i e ,  Wr I I I I I I I 
l D i s t l l l a t i m  Rate. GPH I 5-10 I m-n I 100-210 I 90-125 I 163-345 I 215-517 I 

I I I I I I 
I S t e l  297Lblhr. I I I 

I I 

I I I A i r  175Cuftlhr. I I A i r  MIMtfir. I I I 
1vo1t.oc. v I I I I I I I 

I I I I I I 
51 I 63 I 84 I 126 I 

IPh8t.C I 
1s I 36 I 

4 1 8 - M w  I 520-2559 I 60-3453 I 1033-51711 I 
l P w r  Rating, Ku I 
ICml ing h t C r  Cmugtlm, CPH I 123 I 295 I 
I I I I I I I I 

I I I I I I 
45145172 I 50mx72 I 57x52x100 I bsXnxa6  I M ~ 1 1 0  I 66x63~117 I 

p a t e r i a l  of C m t r v s t i m  I 
IEwIpm D i - i m ,  In I 
lueight. Lbs I 650 I 950 I I 1230 I I I 
I I I I I I I I 
llvp O f  canling I water I Yater I water I w*ter I water I Mater I 

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

I st tachrrnt  I a t t a c h m t  I I I .ttachment I .ttachFCnt 1 a t tachen t  I .ttachent 
IF.0.B. C M ~ ,  f I I I I I I I 
loe l ivery  Time. Ucs. I I I I I I I 
p.mt r e m  I I I I I I I 
I I I I I I I I 
(SOLYentE Recovered I I I I I I I 

I .  1 hisllgm,tL 60626 
.........................+...................................................*...................................................+......................... + . ..................................+...................................................*...................................................+................................................... . 

p t i 1 i t i e a  I st- 7 l l b lh r .  I Stem 163Lb/hr. I 

llvp of Heating I S t e w E l u t r i c  I SteWEleSt r ic  I S t e m / E l u t r i c  I S t W E l e c t r i C  I SteWElec.tr ic I S t M I I E l ~ t r i c  1 
(Cmtro l  Feetwes phe-tat,L-1 c m t r o l  IThemstat,Level cmtco l  IThenos ta t . lm1  mtrd I l h e r a w t a t . l m 1  c m t r o l  I T h e m s t a t , L m l  cmtrol I l h e m r t a t . L m 1  c m t m l  I 

lopt i -  I RefrIgerstim,VaC- 1 Re f r l p t ra t lm ,Vacw I Refri9eratim.V- I Refri9eratim.V- I Refr1geratim.v.s- I Refrigeratim,Vac- I 



SRVEY Of %VENT RECOVEPI STILL MUUFICTVIERS ( C m t i n r d )  
.............................................................................................................................................................................................. + 

I 
T y 3  Y.clark St. I 
Chicwo,lL 60626 I 

Phi l ip  m f r t w i n g  co. 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 

Zet.M-6D4 I 
I 
I 
I 
I 
I 

147 I 
1,205-6.042 I 

I 
I 

74166x124 I 
I 
I 

uater I 

I 
1611 I 

1.377-6.906 I 
I 
I 

mmrisz I 
I 
I 

uater I 
SteanlEIectric I 

210 
1 . m - 8 . 6 3 2  

102~72x132 

I 
491 - lM5 I 

I 
I 
I 

252 I 
2.M6-10.SS9 I 

I 
I 

110x90~135 I 

water I 

696-1.661 

llllrpsilu) 

mter 
SteaVElectr ic I StelnlElectr iC 

t e m o t s t , L m l  m t m l  I1herratat.L-1 c m t m l  

Refrigeratim,V- I R e f r i g e r a t i m , V r u u  
I 

a t t a c h m t  I e t t r h c n t  

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

m - 2 . 1 w  I 

I 
511 I 

I 
I 

126X1wr144 I 
I 
I 

water I 

4.191-21.W6 I 

S t e W E l e c t r i c  I 
wmsta t ,LeveI  control  I 

I 
Refr igerat im,Vacur I 
att-t I 

I 
1 -  
I 
I 
I .  
I 



Tcshnisal D e x r i p t i m  
1 ................................. 

60 

1 
15.20 

u t i t i t i c *  

voltage. v 
Phase 
P a r  Rating, N 
Cmling Yater C-tim. EPH 

Mater ia l  o f  Cmstwtim 
E q u i p r n t  Di-fms, In 
w igh t .  Lbr 

lyp of Cmllw 
I* O f  neatin) 

*ti- 

C m t r o l  Features 

F.O.B. Cost. I 
Del ivery ne, yxs. 
P-t l C n r  

Eolvmt. RcsWUCd 

70 

1 
20-30 

.................... 
IMel#SC-Jr 

bela 4w 
5 

.................... 

18 
72 

ss 
36ff2X62 
1.ooO 

water 
Them1 oil  

l s n u  . t t a c h a t , m O -  
f i l l  

17,195 

... 

27 
90 

IS 
36ft2162 

1.2w 

Mater 
Therm1 O i l  

v v u n  att.chnat.Aut0. 
f i l l  

24,595 

... 

... 

2 
1-2 

l l 5 l M  
1 

1.2 

5s 
4SsxzOliM 

350 

A i r  Cmled 
lheml oil 

v . c w  .tt.Sbt 

4 . m  

IEK,lolua*,Xylae, 
TCE.Fmn e tc  

SURVEY OPSaVEUT RECWRY S l l L L  WFAClWIERS ( C m t i n x d )  ........................................................................................................................... 

...................... 
ModellSCzI 

15 

...................... 

2-4 

3.7 

Uater 
Therm1 oil  

V a c u p  e t t r h r r n t , A i r  
cooling 

b.495 

....................... 
Mdel#SC.50 

35 

2 
5-8 

4.5 
18 

5s 
25ftZx60 

700 

Yater 
Them1 o i l  

l r r u  . t t l Y h n n t , l " t O -  
f i l l  

9,615 

IEK.Tolurr,Xylme. 
TCE.Fmn e tc  ....................... 

:-ry Inc.  
i21 
M I 1  ..................... 

Mdel#SCK-lM 

35 

8.12 

9 
36 

SI 
25ft2x60 

n o  
Mater 

Them1 oil  

'Yun . t t r h a t . A u t o .  
111 

11.895 

#EK.Tol-,Xyla*, 
1CE.Frean e tc  ....................... 

*EK.Tol-,Xyla*. 
TCE,Frean e tc  I M E K , l o l u a c , X y l ~ ,  

lCE,Fmn c t c  .................................................. 



SLRVEI OF SOLVEYl R E U I M R I  STILL MAMJFACULERS (Continued) 

I 
I 

T r l m t u l l , C l  a5511 I 

Progressive ~ w o v e l y  lm. 
P.0.80~ 521 

I I 
I I 

I I 
I 

lsolvent Bo i l i ng  Range. F I I I I I I I 
I F 4  Capacity, G a l  I 120 I 120 I .55 I 55 I 80 I 80 I 
(Haxi- Degree of  COnfaRliMfim. X I  I I I I I I 
l r l p i c a l  Pu r i t y  o f  PiodLIct, x I I I I I I I 
l l w i c a l  Yield, !4 I I I I I I I 
I I I I I I I I 

I I I I I I 
1 I 1 I 2 I 1 I 2 I 

l o p r a t i n g  lime. ~r I 

10-15 I 8-12 I 30-35 I 25-30 I 
ICold Start Heat-rp lime, Hr I 1 I 
l O i r f i l l a t i o n  Rate. GPH I 30-35 I 35-40 I 
I I I I I I I I 
Jut i l i t l e s  I I I I I I I 
I I I I I I I I 
1vo1tage. v I I I I I I I 

I I I I I I 
20 I I 44 I 

IPhare I 

120 I 60 I 180 I 120 I 
lP-r Rating, KU I 
- I t d i n g  uater COnsMptim, GPH I 1 26 I 144 I 

I I I I I I 
ss I ss I ss I 5s I 

I I 
ss I 5s I 

25ftZx130 I 25ftZxl30 I 6 0 f t 2 x I M  I tLlft2x136 I 
Inater ia l  of construction I 
IEFipnent DinemiMs.  In I 50ftZx64 I 50ft2i64 I 
IYeight, ibs  I 1.600 I i ,no I 3.600 I 3.600 I 4,300 I 4.864 I 
I I I I I I I I 

I uater I uater I uater I Ilw of cool ing I 
11- of Heating I Thermal o i l  I Therm1 o i l  I stem I E lec t r i c  I stem I EleCtTic I 

I I I I I I I I 

I I f i l l  I f i l l  I f i l l  I f i l l  I f i l l  I f i l l  I 
I I I I I I I I .  
(F.O.B. Cost. f I 28.995 I 36.195 I 44,965 I 4b.965 I n.%s I 80.965 I 
loel ive iy  rime. ws. I I I I I I I 
1Pa-t rerm I I I I I I I 
I I I I I I I I -  

I I I I I I I 

+ ...................................................+.........................*...................................................+......................... + 

(Technical OePcription I #k&14C-400 I WOdelXSC-500 I ModelllLSR-8.5 I YodelfiSR-8.5E 1 Hode11159-20 I HodelfiSR-ZOE . 1 
............................................................+...................................................+.........................*................................................... * 

32 I 36 I I 

Ua?W I uatw I uater 

lContrOl Features I I In ic rop raessw C m t r o l l d l n i s r o p r a e s r o r  Con t ro l l d ln i c rop rae rso r  c o n t ~ . l l d l ~ i ~ ~ o p ~ ( ~ e ~ r ~ r  c o n t r o l l d l  

I0ptim I v a c m  attachrrrnt,Auto- I Vat- atfachmenf,Aufo- I Vac- a f f=hmt , l u fo -  I Vac- att=hnent.Auto- I Vac- affachnent.luto- I v a c m  atfachmnf.luto. I 

ISOlventE Recovered 
*- ...........................*.........................*.........................*.........................*.........................*............................................. 



SlRVEY Of SOLVENT RECOVERY STILL UAUUfAClWERS ( C o n t i d )  
I 

*................ ..................*.............................................................................*............................................................................. . 
I I Progressive Recovery Inc. I Unique I h t r i e s  I N .  I 

I 11544 Sheldan S t .  I 
I S m  Val1ey.U 91353 I I 

I 

Isolrmt Boi l ing  ~ a n g e .  f I I I I I I I 
Ifeed Capacity, Gal I 210 I 465 I 710 I 25 I 25 I 25 I 
l n a x i m  Degree of Confmiwt ion,  X I  I I I I I I 
I l w i c a l  Pur i ty  of PrOdYt. X I I I I I I I 
l l yp i ca l  Yield, X I I I I I I I 
I I I I I I I I 
l o p r a t i n g  l ime. nr I I I I I I I 
ICold Start Heat-rp lime, Or I 1.5 I 1.5 I 2 I I I I 
I D i s t i l l a t i o n  Rate, GPn I 64.100 I 140-180 I 250-300 I 12 I 12 I 12 I 
I I I I I I I I 
I U f i l i t i e r  I I I I I I I 

I I I I 
240 I 240 I 240 I 

I I I I 
po1tage. v I I I I 

I I I 3 I 3 I 3 I 
4.5 I 4.5 I 4.5 I 

(Phase I 
IPOwer Rating. XU I I I I 
l c m l i n g  water Commptim, GPH I 360 I 720 I 1,560 I 186 I I I 
I I I I I I I I 

IEwipnent Dimensions. In I 70f fZxl54 I 1Wff2x178 I 12OftZiZW I 58~56x59 I 3 a ~ 5 6 ~ 5 9  I 3 a r 5 6 m  I 
[weight. ~ b s  I b.200 I 7.900 I 1 o . m  I I I I 
I I I I I I I I 

I E l e c t r i c  I E lec t r i c  I Elec t r i c  I 11- O f  Heating I steam I 

I I I I I I I I 

I I 1 I I "Olfage 1 voltage I voltage I 
I I I I 

5,270 I 8.250 I 8.600 I 
I I I I 
Jf.0.B. Cost. t I 95.300 I 110,000 I 129,965 I 

I 
I 

IOel i rery Tim. ukr. I I I I I I 
IPa" Term I I I I I I 
I I I I I I I I 
l S 0 i W " t S  Recovered I I I 

I I P.0.Box 521 
1 r m t x l l l . C I  06611 

....+.........................+.........................+.........................+......................... + 

I lechnical  Description I YOdellLSR-40 I UOdelllL 1 IlOdellSR-120 I MOde1#11W~lhl I Mde1#1100~10RU I MOdellllW~lDRA I 
f.................. ........... ...........+........-----------------*--.......................+.........................+.........................+......................... 

I 
+.. .......................+............. 

Inater ia l  of c-truction I 55 I ss I SS I Heavy Gawe SS I Heavy Gawe SS I Heavy G a ~ e  ss 1 

11- of cooling I uater I U.3fW I uatev I uater I Refr igerat ion IRefrigeration,&ir cooled I 

lCOntrOl reatwe* picroprocerror controlledinicropracessor COntrolIedInicropproceJror Confrolledl Level control I Level control 1 ~ e v e l  control I 

loption* 1 V a c w  attachment I V a c m  attachment I Vac- attachment I Stem hesting.0ther 1 Stem heafing.0ther I Stem hesfing.0ther I 

Sfem I stem 

1 ch lo r inared , f lmr imted I Chlor inared,f lwr inafed I Chlorinared.Flmrinafed I 
.*..... ....................*......................... * f.. ................................+.........................*.........................*.................... 



WRYEI OF SOLVENT RECOVERV S l l L l  WAWFACTURERS ( C m t i d )  I 
................................................................................................................................................................................................ 

I I 
I 

I 
I I 

I S m  Val1ey.U 91353 I I 
I 

Unigx  l n d a t r i e s  lw. 
11544 sheldm S t .  

+ .............................................................................+...................................................*......................... * 
I IlodelX11W-ZOv I UodeltllOO-MRU I Uode11111OO-ZORA I llodelX1100-3CU I llode1111100-3oRU I uadellll00-3ORL I l l u h n i c a l  D e s c r i L l m  

lSOlvent  Boi l ing  Range, F I 
I r e d  Capacity, G a l  I 25 
Iuaaimm Degree of CmtamiMtim, X I  
I l y p i c a l  Pur i ty  af P r h t .  X 1 
)lypicai I i e l d .  X I 
I I 
I0pereting T i l e ,  Hr I 
(Cold S t a r t  Heat-lp lime. nr I 
I o i r t i l l a t i m  Rate, GPH I 21 

I I 
lutilitier 
I 
Ivoltwge, v 
IPhare 
1P-r Rating. XU 
(cmling Uater C m s q t i m .  GPH 

I l l a te r ia l  of Conr t ruct im 
IEwimt D i a r i m r .  I n  
IueiOht. Lbr 

l i ~ n  01 Cooling 
I l y v  of Heating 
lCdltr01 Features 

Imtimr 

I 

I 

I 

I 
I 
1F.O.B. Colt. I 
IDe l i ver l  lie, uks. 
pa” r e r m  

I 
ISOlvenrr Recovered 
*.. ........................ 

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

..+. 

240 
3 

7.5 
312 

Heavy GaWe ss 
37170x62 

uater 
E lec t r i c  

Level control 

Stem heating.0ther 
“Oltage 

7,500 

I I I 

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

I 2s I z5 I 31 

41 I I 21 I 
I I I 

21 

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

..*. 

240 
3 

7.5 

Refr igeration 
E l e c t l i e  

Level c m t r o 1  

S t e m  heatiw.other 
voltage 

10.500 

I I 
I I 
I 240 I 
I 3 I 

I 37170x62 I 
I I 
1 I 

I Elec t r i c  I 
I Level cmtr01 I 
I I 

IRef r igera t im, l i r  cmled I 

I Stem h e a t i n g p h e r  I 

I I 
I I 
I I 

.+ .........................*.. 

240 
3 

15 
fdm 

Heavy G a q e  5s 
41x87~62 

uatec 
Elec t r i c  

l e 4  control 

S t e m  heoting.0ther 
voltage 

8,500 

I I I 
I I 31 I 

I I I 
31 

I 
I 41 

I I 
I 41 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.*.. 

240 
3 
I5 

Rcf r i ge ra t im  
E lec t r i c  

Lwei cmtro1 

S t e m  heating.0ther 
“ O l t e g e  

12.500 

I I 
I I 
I I 
I 240 . I  
I 3 I 
I 1s I 
I I 
I I 
I Heavy Game ss I 
I 41x87~62 I 
I I 

I Elec t r i c  I 
I Lwei C 4 t l d  I 
I I 

I voltage I 
I I 
I 12.750 I -  
I I 
I I 
t I -  
I I .  

I IRefrigeratim,Air cmled I I 

I Stem heating.0ther I 

.*...... ................... * 



I 
SURVEY OF M L M N T  RECOVERY STILL MHUFAClWERS (Contiruedl 

I I Unique I r d s f r i e s  I*. I 
I I 11544 Sheldon St. I 

I SUI Valley.CA 91313 I I 
I 
I lechnicsl  Descript ion I ~odeln1100-30~~SU I llade111100~3DERSVDM I ~ode1niioo-fm I n&i#11oo-@Ru I ~ode1aiiw6cR~ I n&l#ilW-mRsu I 

lsolvent Bo i l ing  Range, F I I I I I I I 
I~eed Capacity. Ga l  I 31 I 31 I 56 I M I 56 I 56 I 
IMaiimm Degree of  Cantasimtion. X I  I I I I I I 
I l l p i c a 1  Pur i ty  of P i O b T t ,  X I I I I I I I 
l l yp ica l  Vield, X I I I I I I I 
I I I I I I I I 
IDperating lime, nr I I I I I I I 

I I I 
69 I 69 I 

lcold Start Heat-Lp lime, Hr I I I I 
l o i s t i l l a t i o n  Rate, GPH I 41 I 41 I I 69 I 

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

I 

I I 
480 I 

I I I I I I 
pmtage, v I 240 I 240 I 480 I 480 I 480 I 

3 I 3 I 3 I 
27 I 

IPhaee I 3 I 3 I 3 I 
I P w r  Rating, W I 15 I 15 I 27 I 27 I 27 I 
lcool ing uater Cmnnptim, GPH 1 I 1 I I I I 
I I I I I I I I 
Inater ia l  of C m t r u c t i o n  I Heavy cawe ss I Heavy Gauge ss I Heavy Gauge ss I Heavy cawe ss I Heavy dnqe  5s I Heavy cawe ss I 
1Ewi-t Oinensions, In I klr87rb2 I 41x87~62 I 49x103~66 I 49~103x66 I 49xl03rM I 49x103~66 I 
Illeight. Lbr I I I I I I I 
I I I I I I I I 

11- of Heating I Elec t r i c  I Elec t r i c  I E lec t r i c  I Elec t r i c  I Elec t r i c  I Elec t r i c  I 
1contro1 r e a t u r n  1 Level control I Level control I LeYel SontlOl I Lerel C M t l O l  I Level control I Lwei control I 
I I I I I I I I 

I I voltage I voltage I voltage I "Oltage I voltage I "oltage I 
I I I I I I I I 
IF.0.B. Colt, f I 14.500 I 15.995 I 9,500 I 14.500 I 14.595 I 16,500 I 
loet ivery  lime, lib. I I I I I I I 
IPaWnf 1em6 I I I I I I I 
I I I I I I I I 

I I I I I I I ISOIVRItI Recovered 

f. ........................*......................... *. ..............................................+........... 

..................................+.........................*.........................+.........................*.........................*.........................*......................... * 

( U t i l i t i e s  

11- of cooling I Refrigeration I Refrigeration I water 1 Refr igerat ion I Refr igerat ion I Refrigeration I 

loptiom I Sfem heating.0rher I Sfem heating.Other I Stem heafing.0ther I Stem heafing.0ther 1 I t e r  heeting.Other I S t e m  heafing.0thcr I 



SUIVEY OF SOLYEW1 RECOVERY STILL YANUFAClURERS (Cmtiruedl 
........... 

I I 
I 1 11544 Sheldan S t .  I 405 E d e s  A- I 

I I 
I 
Ilechnical Description I ModelX1100-bOER~M I MOdel#RX-35 I MOdelt(L5-35 I h?+ltRS-M I Ilodell$X-lb I 

lSolvmt Boi l ing R m e ,  f I I belw k00 I belw 4m I belou 400 I k 1 W  yH1 I 
35 I 20 I 14 I 

30 I M I 
\ F e e d  Capacity. Gel I 16 I 35 I 

3a I 
59 I 59 I 

IMaxiluI Degree of Cmtaimtim, X i  I so I 
59 I 

95 I 95 I 
I l yp i sa l  P v i t y  of Pr-t, I I I 59 I 
I l yp i ca l  l i e l d ,  X I I 95 I 95 I 
I I I I I I I 

I I I 
1.5 I 1.5 I 
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1.5 I 

4-12 I w I 
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I o i s t i l l a t i m  Rate, GPH I b9 I 10-37 I 5-18 I 
I I I I I I I 
Iut il i t ies I I I I I I 

I I I 
240 I 1M I 

I I I I 
IVOl t lUle .  v I 480 I 240 I 240 I 

I I I 
3.3 I 1 I 

JPhare I 3 I I 
5 I 

40 I 20 I 
I P w r  Rating, rv I 2 1  I 9.9 I 
lcool ing mater Carrunptim, Gpn 1 I 75 I n I 
I I I I I I I 
p a t e r i a l  of C-t-tion I Heavy Gawe SS I ss I ss I ss I SS I 
1EWi-t D i - i w ,  In I 49xl03xM I 51~52x51 I 51~52x51 I k4r31xb4 I bOx2bfYI I 
(Yeight ,  lbr I I 8R I 804 I 440 I 275 I 
I I I I I I I 
IlW Of Cooling I Refr igerat ion I uater I uater I UBtCC I uatcr I 

I 1e”el cultrot I l h e m s t a t  I lh-tat I T h e m t a t  I lhe-tat I 
I I I I I I I 

I Stem heating,Other I Auto-f i 11 I Auto-f i 11 I Auto-f i 11 I A u t o - f i l l  I 
I I voltage I I I I I 
0 I I I 

11.m I 6.504 I 
I I I 

l oe l i r e ry  iir. Ws. I I I I I I 
1Pa-t 1erm I I 1 I I I 
I I I I I I I 

I I I I I I 

1 Unique h i s t r i e r  I n s .  I leclclem Probrts, Inc. 

1 Sm Valley,CA 91353 I s.sm Framisco, CA 94080 
...................................................+...................................................+......................... + 
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l l ~ p  of Yeating I E lec t r i c  I Heat t r - fe r  f luid I Meet transfer fluid I Heat t r a r f e r  f luid I Heat t ranr fer  fluid I 
ICmtrOl Features 

IQtionr 

)f.O.B. Cost, I I 11,995 I 12.000-16.m I 12.mO-16.WO I 
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AMAwRmmAPcD 
(Mountain Counties 

108 Court Street 
Jackson, CA 95642 

Street Address: 

Air Basin) 

810 Court Street 
Jackson, CA 

APCU - Dr. James 8. McClenahan 

Address all mail to: 
Deputy AFCU - Roxanne Jacques 

( 209) 223-6406 

BAY AREA AQm 
(San Francisco Bay Area Air Basin) 

939 Ellis Street 
San Francisco, CA 94109 

Apoo - Milton Feldstein 
Deputy AFCU - Peter Ress 
Enforcement - Hula Brinkley 
Administrative Services Director - 
Thomas F. Bell, Jr. 

Legal  - John Powell 
Pennits - Daniel Goalwin 
Planning h Research - Lewis Robinson 
Technical Services - Dario Levaggi 

(415) 771-6000 (all District staff) 

BU"E CWNTY AFCD 
(Sacramento Valley Air Basin) 

P.O. Box 1229 
Oroville, CA 95965 

Street Address: 
316 Nelson Avenue 
Oroville, CA 

AFCU - Joe E. Bandy 

Deputy APCO - Craig Gilniure (916) 534-4383 

-. ,cALAvERAs COUNTY APCD 
(Mountain Counties Air Basin) 

GOvernment Center 
San Andreas, CA 95249 

Street Address: 
891 Mountain Ranch Road 
San Andreas, CA 

, 

AFCO - Robert Marshall, M.D. 
Deputy ALXO - Margaret Blood ( 209) 754-4251 

(209 1 754-3849 

COLLISA COUNTY AFCD 
(Sacramento Valley Air Basin) 

P.O. Box 1029 
Colusa, CA 95932 

Street Address: 
100 Sunrise Blvd., Suite F 
Colusa, CA 95932 

AFCU -Wilber C. Disney, Jr. 
(916) 458-5891 

ELwRADo(JxTNTyILpc?) 
(Lake Tahoe & Mountain Counties 
Air Basins) 

360 Fair m e  
Placerville, CA 95667 

Aeco - Vernon C. Peterson 
(916) 626-2407 

FREsNocouNpyAFCD 
(San Joaquin Valley Air Basin) 

P.O. Box 11867 
Fresno, CA 93775 

Street Address: 
1221 Fulton Mall 
Fresno, CA 

Address all mail to: 
Muis Dooley 
Asst. m 

Aeco - Donald R. Rowe 

Program Manager - Bob Dowell 
Engineering - Bill Roady 
Planning - Stew Wilson 

Director of Health 

(209) 445-3239 (all District staf- 
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GLENNCOUNTYAPCD 
(Sacramento Valley Air Basin) 

P.O. Box 351 
W i l l o w s ,  CA 95988 

Street  Address: 
720 North Colusa Street  
Wil lows,  CA 

Technical -. Joe McIntyre 
APCO - Ed ROIIEUIO 

(916) 934-4651 

GRXAT BASIN UNIFITD APCD 
(Great Basin Valleys Air Basin) 

Bishop, CA 93514 
157 Short Street ,  Sui te  6 

APCO - Ms. Ellen Hardebeck 
Deputy APCO - B i l l  Cox, Jr. 

(619) 872-8211 

IMPERIAL amTY APCD 
(Southeast Desert Air B a s i n )  

150 S. 9th Street  
E l  Centro, CA 92243-2801 

APCO - Claude M. FiMell  . 
Qlief DePutv APCO - F h i l l i D  Shafer - -  
Engineer - Harry S. D i l l o i  

(619) 339-4314 

KERNCOUNTYAPCD 
(San Joaquin Valley & Southeast Desert 
Air Basins) 

- 

1601 'H' Street ,  Suite 150 
Bakersfield, CA 93301-5199 

Apco - Leon M Hebertson, M.D. 

Chief Air Sanitation Officer - (805) 861-3655 

Ci t ron  Toy 
Asst. Chief A i r  Sanitation Officer - 

Clifton Calderwood 
Manager of Engineering - 

moms Paxson 
Manager of Enforcement - 

Creighton Smith 
Manager of Technical Services - 

Henry MayrSOhn 

~ 

(805) 861-3682 (a l l  District staff)  
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KINGS COUNTY APCD 
(San Joaquin Valley Air Basin) 

330 Campus Drive 
Hanford, CA 93230 

AFCO - Sheldon R. Minkin, D.O. 

Assistant APCO - DeMiS &ani 

Supervising Sanitarian - 

(209) 584-1401 E X t .  2605 

(209) 584-1411 E X t .  2625 

Kei th  Winkler 
(209) 584-1411 EXt.  2626 

U S E C O U N T Y A M D  
Basin) 

083 Lakeport Blvd. 
Lakeport, CA 95453 

Air Pollution Control Director 
Robert L. Reynolds 
(707) 263-2391 

LASSENCOUEPPYAPCD 
(Northeast Plateau Air Basin) 

175 Russell Avenue 
Susanville, CA 96130 

Aeco - Fredrlc L. (Les) Evans 
(916) 257-8311 E x t .  110 

MADERA ccum APCD 
(San Joaquin Valley Air Basin) 

135 West Yosemite Avenue 
Madera, CA 93637 

APCO - Dave Fishel 
Assistant APCO - 

Willard ( B i l l )  Sturk 
( 209) 675-7823/24/25 
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MARIPOSA COUNTY AFCD 
(Mountain Counties Air Basin) 

P.O. BOX 5 
Mariposa, CA 95338 

Street Address: 
Health Dept. Building 
Hwy. 49 at 140 North 
Mariposa, CA . 

APCO - Avery E. Sturm, M.D. 
(209) 966-3689 

(209) 966-3060 
Consultant - John T h m n  

MENWCINO axJNTY AFa 
(North Coast Air Basin) 

Courthouse 
Ukiah, CA 95482 

Address all mail to: 
Deputy Director - 

Mr. Robert F. Swan 
(707) 463-4391 

Street Address: 
890 North Bush 
Ukiah, CA 

APCO - Craig M. McMillan, M.D. 
(707) 463-4465 

mm COUNTY A F a  
(San Joaquin Valley Air Basin) 

Address all mail to: 
Jeff Palsgaard, Asst. AFCO 
Environmental Health 
P.O. Box 471 
Merced, CA 95341 

Attention: Roland Brooks, 
Air Pollution Control Manager 

Street Address: 
210 East 15th Street 
Merced, CA 

APCO - Richard Welch, M.D. 
Engineering - Richard Wachs 
Program Manager - Roland Brooks 
(209) 385-7391 
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MowccouNTyAEa 
(Northeast Plateau Air &sin) 

202 West 4th Street 
AlturaS, CA 96101 

APCO - Clinton 8. Greenbank 
Smke Technician - John E. Kelley - 
(916) 233-2225 

(916) 667-2713 

MCWIEREY BAY UNIFIED AFa 
(North Central Coast Air Basin) 

1164 Monroe Street, Suite 10 
Salinas, CA 93906-3596 

AFUI - Lawrence D. Cdle 
( 408 1 443-1135 

NEVADA COUNTY A€cn 
-(Mountain Counties ~ i r  Basin) 

10433 Willow Valley Road 
Nevada City, CA 95959 

Apco - Jerry J. Zarriello, M.D. 
Assistant Apa) - Ron E. Earles 

(916) 265-1452 

(916) 265-1452 

NORTH COASP UNIFIED AQMD 
(North Coast Air Basin) 

5630 South Broadway 
Eureka, CA 95501 

AFCO - Charles Sassenrath 
Engineering - Bob Clark 
(707) 443-3093 

NORMERN SONOMA cwNI"I AEa 
(North Coast Air 8asin) 

118 North Street 
Healdsburg, CA 95448 

APCO - Michael W. Tolmasoff 
(707) 433-5911 
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PLACER COUNTY APCD 
(Lake Tahoe & Mountain Counties 

Air Basins) 

DeWitt Center 
11484 B Avenue 
Auburn, CA 95603 

Street Address: 
11582 B Avenue (Bldg. 117A) 
Wurn, CA 95603 

AFUJ - Kenneth F. Selover 
(916) 823-4443 

PulMAs COUNTY APCD 
(Mountain Counties Air Basin) 

P.O. Box 480 
puincy, CA 95971 

Street Address: 
Highway 70 
Courthouse Annex 
Quincy, CA 

Apco - Mike Murray 
(916) 283-1256 

Ezum"" 
(Sacramento Valley Air Basin) 

9323 Tech Center Drive, Suite 800 
Sacramento, CA 95826 

AFUJ - Norman D. Cove11 
Enforcement - Eric Mmz 
EngineerindAir Monitoring - 
AFC Specialist - Gary Glissmeyer Bruce Nixon 

(916) 366-2207 (all District staff) 

SAN BERNARDINO CCUWlY APCD 
(Southeast Desert Air Basin) 

15505 Civic Drive 
Victorville, CA 92392 

- Executive Officer - 
Walter R. Mook 

Asst. Executive Officer - 
Oscar Hellrich 

A.Q. specialist - 
Chuck Fryxell 
(619) 243-8147 (all District staff) 

SAN DIEGO COuNTl APCD 
(San Diego Air Basin) 

9150 Chesapeake Drive 
San Diego, CA 9U23-1095 

Apc6 - Richard J. Sommerville 
(619) 565-5900 

AFUJ &cretary - Vicky Hamill 
(619) 565-5960 

Deputy Director - Richard Smith 
Deputy Director - Paul Sidhu 
Fiscal - Nancy Egbert 

(619) 565-3930 

(619) 565-3940 

(619) 5654909 
Enforcement - Allen Danzig 
Technical Services - Stella Willcox 
Public Information - Lynn Eldred 

(619) 565-3909 

(619) 565-3947 

(619) 565-5903 
General Information 
(619) 565-5901 

SAN JoAQUIN CCVNTY APCD 
(San Joaquin Valley Air Basin) 

P.O. Box 2009 
Stockton, CA 95201 

Street Address: 
1601 East Hazelton Avenue 
Stockton, CA 

APCO - Jogi Khanna, M.D. 
(209) 466-6781 

Assoc. AP Engr. - Lakhmir Grewal 
(209) 462-8526 

SAN WIS OBISW COUNTY APCD 
(South Central Coast Air Basin) 

2156 Sierra Way, Suite B 
San Luis Obi-, CA 93401 

APCO -George Rowland, M.D. 
Director - Robert W. Carr 
(805) 549-5912 
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Santa Barbara APCD 
Health care Service 
315 Camin0 del Renedio 
Santa Barbara, CA 93110 

Apco - Lawrence thrt, M.D., M.P.B. 
(805) 964-8848 at. 399 

Director - John 8. h g l i s h  
(805) 964-8111 
( 805 1 964-8658 (message recorder 

Santa Barbara AKD 
5540 Ekwill Street, Suite B 
santa Barbam, CA 93111 

Air Basins) 

1855 Placer Stz.eet 4 
Redding, Ca 96001 

APCO - Richard Booth 
(916) 225-5156 
( 916 1 225-5674 

Burn Day Information: 
(916) 244-1308 

SIERRA CaJNlY AecD 
(Mountain Counties Air Basin) 

P.O. Box 530 
Downieville, CA 95936 

AwD - Tim %ais 
( 916 1 289-3251 

(916) 289-3274 (Courthouse) 
Basin Engr. - Mr. Earl Withyrombe 

(916) 862-1233 (HOIM) 

SISKIYOU ct3llmY APCD 
(Northeast Plateau Air Basin) 

525 south Foothill Drive 
Yreka; CA 96097 

APCD - Edmnd W. Hale 

Technica l  - Kenneth L. Corbin 
(916) 842-3531, Ext. 280 

(916) 842-3906 E-6 

ScrmgcOAsrAQm 
(South Coast Air Basin) 

9150 Flair Drive 
El Monte, CA 91731 

Chief Deputy Executive Officer - 
W t y  Executive Mficer/Media 

Administration - Jay Peters 

Atmospheric Measurement - 
Enforcement: - Ed Camarena 

Engineering - Sandy Weiss 

Fiscal - Gary Burton 

Iaturatory Services - 
Margil Wadley 

Planning - Jo Anne &let 

Public Advisor - Eugene Calafato 

Rule Develapnent - Larry Bowen 

James M. Lents, Ph.D. 

Liaison - ~ i m  Birakos 

(818) 572-6402 ~ 

(818) 572-6280 

(818) 572-6340 

Bill B o p  
(818) 572-6396 

(818) 572-6296 

( 818 1 572-6431 

(818) 572-6337 

(818) 572-6452 

(818) 572-6377 

(818) 572-6416 

(818) 572-6445 

SrANISLAus rrvNTl APCD 
iSan Joaquin Valley Air Basin) 

in6 Morgan Road 
-0, CA 95351 

AECO - Gordon M. Dewers 

Address All Mail To: 
Deputy Aeco -Wayne Morgan 
(209 1 571-6908 
ATSS 482-6908 
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142 Qrden aighway 
YUba U t Y r  CA 95991 

. Apco - Alfred C. Ferrin, Jt. 
Asst. APCO - 

Laurie (Lau) G. Gaschke 
(916) 741-7500 

T E B a M A ~ A p o  
(Sacramento valley Air Basin) 

P.O. Box 38 
Red Bluff, CA 96080 

Street m e s s :  
1760 W a l n u t  S t ree t  

' Red Bluff, a 
APCO-DonaldR. Hill 
Asst. Apco - Dave Sale 

(916) 527-4504 

Eealth Building 
county civic center 
Visalia, CA 93291 

APCO - Ronald W. Robasa 
(209) 733-6438 

Address all mail to: 
Asst. Aeco -. Donald A. Johnson 

( 209 733-6441 

m o m k  CciJNrY Rea) 
(Mountain Counties Air Basin) 

2 South Green Street  
Sonora, CA 95370 

Stree t  Address: 
22365 South A i k r t  
Columbia, CA 95310 

Apco - Gerald A. Benincasa 
(209) 533-5693 

E-7 

800 South Victoria Avenue 
Ventura, CA 93009 

Telecoeier - (805) 654-2842 
Aeco - Richard E. Baldwin 

Air Monitoring'- 

hforcement - Neil Moyer 

hgineering/Permits - Dick Johnson 
(805) 654-2808 

Fiscal - Pat Donald 
(805) 654-2429 

PlWitlhg - Scott Johnson 
( 805) 654-2798 

Rules - 
(805) 654-2666 

(805) 654-2667 

(805) 654-2809 

( 805 1 654-2665 

ATSS - 8-123- 

Y O ~ S D U L N O  A F a  
(Sacramento Valley Air Basin) 

P.0. Box 1006 
Fkodlandr CA 95695 

Street Address: 
323 F i r s t  Street, 85 
Wcodlland, CA 

Apco - James A. Koslow 
(916) 666-8146 OK 8147 

938 14th Street  
Marysville, CA 95901 

RecD - Earnie E. Vickrey 
Technical - Dave Mdride 
(916) 741-6484 

Xevised 6/86 
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