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PREFACE

The purpose of this document is to inform regionai, State, and local
air pollutfon control agencies of the different techniques available for
reducing organic emissions from solvent metal cleaning (degrroasing). Solvent
metal cleaning includes the use of equipment from any of three broad categories:
cold cleanes, open top vapor degreasers, and conveyorized degreasers. All
of these employ organic solvents to remove scluble impurities from metal
surfaces.

The diversity in designs and applications of degreasers make an emission
Timit approach inappropriate; rather, regulations based on equipment specffications
and ope-ating reauirements are recommended. Reasonably available control
technoloqy (RACT) €or these sources entails implementation of operating
procedures which minimize salvent boss and retrofit of applicable contrnl devices.
Required control equipment can be as simple as a manual cover or as complex
as 2 carbon adscrption system, depending on i} size and design of the
degreaser. Required operating procedures include covering degreasing
equipment whenever possible, properly using solveni sprays, reducing the amsunt
of soivent carried out of the unit on cleaned work by various means, promptly
repziring leaking equipment, and most importantly properly disposing of wastes
containing volatile organics. HNot all controls.and procedures will be applicable
to a1l degreasers, although in general specific operating requirements and
control devices will b= applicable to the mejority of desiéns within each
cctegory of degreasers. Contrul of open top and conveyorized vapor

degreasing is the most cost effective, followed by waste solvent disposal

]
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for 211 degreasing operztions, manufecturing cold cleaning and msintenance

ecld ¢ eaning.
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Two levels of control for each type of degreaser have been identified
here as examples of reasona’ .y available control technology (RACT). In general,
control Tevel A shows proper operating practice and simple, inexpensive
control equipment. Control level 3 consists of level A plus additional
requirements to improve the effectivensss of contrq}. The degree of
emission reduction for both individual jtems and control levels are
discussed in the text. Specific requirements can be modified to achieve
whatever Tevel of control is necessary. Controir systems for cold cleaners
are shown in Table 1, those for open top vapor degreasers in Table 2, aﬁd
those for conveyorized degreasers in Table 3.

T#0 exemptions are recommended. First, conveycrized degreasers smaller
than 2.0 m2 of air/vapor interface should be exempt from a requirement for
a major controi device. This would not be cost effective and would tend to
move the small conveyorized degreaser users to cpen top vapor degreasers
whick emit more solvent per unit work load. Second, open top vapor degreasers
smaller than 1 mz of open area should be exempt from the application of
refrigerated chillers or carbon adsorters. Again, requirement for these

would not be cost effective.
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TABLE 1, - COWTROL SYSTEMS FOR COLD CLEARIKG

Contro) Systen A
Contrel Equipmsnl:

t. Cover ] *

2. Facility for dreiaing cleaned parte

3. Perm2neat, conspicucus label, summeriring the cpereting requirsmenis
Ooerzting Requiresmsnts:

1. Do met dlspese of waste solvent or trainsfer {t t5 amother party,
such that greztar than 20 percent of the waste [by weight) cam evapovats
frts the stmosphers,” Store watte solvent only in coversd contzimers,

2. Clote degrezier cover whenever not hendling pertz fn the clasner
3. Drein clesned parts for et lsest 1§ sacondr or umt{] dripning ceases,

Control Systes E
Control Equipment:

1. Cover: Seme a: fn System A, except 17 (2] selvent wolztil{ty i:
ter than 2 kPe (15 m= Ho or 0.3 pel) msssured 2t 28°C [100%F) v
ib] selvent {s agitated, or (c) sclvent iz heated, then the cover must
be desioned so that 1t can be eas{ly operated with one hand. (Covers for
larger degressers esy require mechenizel 2ssistance, by tpring losding,
osimterwe {ghting or posered systems,)

2. Drefnage 7-cility: Same as fm System &, ercept that if sclvent
valatirity fs grester tham zhoust 4.3 kP2 (32 == F? or 0.5 psi} seasurwd &t
38°C (100°F), then the drainage facility must be {nternal, so that parts are
enclosed ynder the cover while draining, The drzinage fecility =ey be
externel for epplications where an intarnel type camnot fit fnts the ¢
tystee,

3. Lalel: Same 23 in System B

£, If used, the solvent sprey =ust be 2z seild, fluld
¢ine, atorfzed or chower typs eorzy) amd 2t 5 preseurs
exrezzive splashing.

§. Mejor ceatrol device for highly volatile solvents: 17 the selvent
volatility 15 » 4.3 Pz (33 m Mg or 0.6 psf) meacured 2t 38°C (100°F), or
1f selvent 15 heated shove 50°C (120°F], then one of the fallewing contrel
devices myst be used:

&. Fresboerd thet glves & freebosrd retiotee 5 0.7
b. tater cover (solvenmt must be inseluble iz 2ad hessier them wete)

¢, (mer rystess of aquivalent contrel, zush 25 g refripeented chiller
or nr‘m adeorption, :

fiperating Bacuiremsate:
Ssme 2t §n System B

=Hater and 50114 wetee Lietisns mutt eles be complies wmtk,

eeleazrally solvents comsisting primerily of winere! telpfts (Staddzrs) hove
voletitittes < 2 kpPe,

S*efreedsard retie it defised o1 the freebeord hefehi givided by the

wharh 2f the degresser, o




TASLE 2. COMPLETE CONTROL SYSTEMS FOR OPEN TOF VAPOR DEGREASERS

Control System A SR
Contrel Equipment: = @

1. Cover that can be opened and closed easily without disturbing the ;
vapor zone, = : - F

Operrting Reguirements: L i

1. FKasp cover closed at &1l times except wisn processing work loads
through tha degrezser, i

2. Riat=ize solvent carry-ocut by the following me2sures: Lo "

2. Rack parts to allow full drainage. B

b. Move parts in and out of the degreascr at less than 3.3 m/sec (11 ft/min}. _;

¢, Degreise the work load in the vepor zone at lesst 30 sec. ar umtil -
condensaticn cesses,

d. Tip out sny pools of sofvent on tne cleaned part: bafore ramoval,
. % ﬁ}_’u parts to dry witain the degrsaser for at least 15 sec. or uatil
visually .

3. Do not degreszse porous or ebsorbent materials, such as cloth, leather,
wod or rope,

4, Work Toeds should not occupy mere than hslf of the degresser's open
top eres.

€. Ths vepor level should not drop more than 10 cu (4 {n] when Che
work load enters the vapor zone,

6. Mever soray above the vepor level,
7. Repair solvent leaks {mmediately, or shutdowm the degresser.

8. Do not dispose of waste solvent or transfer it to anather perty
such that greater than 20 percent of the waste (by weight) will
evaporete into the atmosphere., Store waste solvent only in clesed containers,

§
4, Exhaust ventilation should not excaed 20 w>/min per a® (65 cfm per ft2) Q,
of degreaser open are2, unless necessery to sest OSHA requiremsats, Yemtilatiesm i
fans should not be used near the decreaser opening.

18, Hater should mot be visuzlly detectzble in solvent exiting the water
seperator,

Contro} System B "
Contral Eauipment:

1. Cover (same 25 in system A,
2., Safety switches

2. Condenser flowr switch and thermostst - (shwte off =ump hest {f condenser
coolant {s either not circulzting or too wrm).

b, Spray safety switch - (shuts off cpray pump {f the vepor level drope
excessively, about 10 em (4 4n).

3, Hajer Control Device:

Either: &@. Freeburg ratie !rutrr than or eque! to 0.75, end if the
degreacer opening 15 > 1 8° (10 ft€), the cover must be pawered,

&. Refrigerated chiller,

¢. Enclosed design (cover or Joor opess only when the dry part
tg zctuzlly entering or exiting the degreaser.), _

2 d., Carbon sdsorption systesm, with ventilatfon » 1§ l!/I‘lﬁ per xz

(50 cfm/ft°) of eir/vepor arex (when zover is open), and exhalcting <25 pr=
sslyent everzged over one complete sdsorption cycle, or

e. Contrel svstem, desonstreted to have contral efficienc
equivelent $o or better Lhan any of the zbave. i

»

% Permzrent, conspicuous lebel, su=marizing epereting procedures €1 to 68, :
Opsreting Reguiresents: Q
Same 2t in Systes £ :
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TAILE 3. cCONTRR SYSTEMS FOR COMYEVORIZED DEcpsasens

Control Systes A
Control Equipsant: Hsae

Opereting Regquirezents:

gl Exhaus'; vantilation should nat exceed &1" .tm of (55 cfa per 1t9)
of degreaser orening, unless necessary to meet requirements,
fans should not be used nesr the degmrazer openins.

2. Rinimtza cerry-out emizsiecs byt

&, Racki rts for best drainage,
k. m..u"!n ng verticle coaveyor speed 2t < 3.2 wimfe (11 fi/mie).

3. Do mot dicpyse of wistz selveat er transfer it ¢ amother party sush
that greater than 20 percest of the wmste wvaight] con eveporats
fnte the atsesphere, 3Itore waste solvent only in coversd containers,

4. Repeir zolvent Teske fmsed{ately, or shutdcm the degresser.

5. Water zhould nst be vizihly detectable {r the solvent exltins the
wter separster,

Control Systea §
Control Equipmeat:

1. Major control devices; the degresser must be controlled by either:

8. Refrigerated chiller, . s

b. Carbon adsorption system, with ventilation > 15 «2/mie yer a> (50 cfevft’)
ef zir/vaper area (when dowm-time covers aie open), and ecksusting <25 pom ef
solvent by velums gveraged over a compiete adsorpticm cyele, or

c. Syste=s deonstrited to have control efficiency scuiveleat teo or better
than either of the above.

2. Either g drying tunnel, or ancther mesns such 2s reteiing {t:.-bﬂng}
besket, sufficient to prevent cinned parts from carrying eut solvent liged
oF vapor,

3. Safely switches

&, Condenser flow switch and thermostat - (shuts off sump heat if
coslant {8 efther mot circylzting er too warm),

b. Spray safety switch = (shuts of f spray mmp or comveyer {f the vapor
jevel excoscivaly, o.6. » 10 = (4 1e.]),

e, Yapor lere! contrs] thermestat o [shule off sums Best vhen vapss
Tevel rises tee hiw}.

&, Mizizized openings: Entrances amd exits chould silhouetie work
Tosds ¢5 that the sverage clearsace {htnu perts and the edee of the
degreaser -rﬂnﬂ {s either <10 o= {4 fr.) cr <10 percent of the width
ef the epening.

£, Bowmetims covert: Covers should be provided fer closing off the
entrence and oxft during shutdom heers,

Boersting Rese{resents:
1. to €. Sa=e s for Syttes &
€. Dom-time cover mst be pleced cver entrancer ond exits of comveyseized

gsers {amediztely efter the comesyer pnf ouhewst are ghutdesm
re=oved Sect before they ore storted wp, :

*
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1.0 IKTRODUCTION AND SURBMARY

The purpose of EPA's series of control techaique gufdeline documents
iz to provide guidance on emission reduction techmiques which can be appifed e
ta existing sources in specific industries. The documents are to be used to % '
assfst States {n revising their impiementation plans (SIP's) to attain and ' _
mafntain Hatfonal Ambient Afr Quality Standards (KAAQS). This document discusses | °
volatile organic compound (VOC) emissions and app!iubié control techniques 1
for organfc solvent metal cleaning operatfons (degreasing with solvents}.

1.1 NEED TO REGULATE SOLVEKT METAL CLEAMIMS

Scivent metal cleaning is a significant source of volatile organic
compounds (VOC) and tends to be concentrated im urban areas where the
exidant NAAQS {s 1ikely to be exceeded. In 1975 solvent metal cleaning
exitted about 725 thousand metric tons of organics. This represents
about four percent of the natfonal organic emissions from statidnsry
sources. Presently, solvent metal cleaning is the fifth largest statfonary
source of organic emissions. Although emissions from solvent degreasing
{{.e., =2tal cleaning)} represent zbout four perc:ent of natfonwide YOC

sourcee, the proportion {s significantly higher in most urban aress,

beczuse of their high concentration of metzlworking industries. For example,




%ﬂ Swwem “Cahfemia Rir Quality Menagement District estimates thet 14.8
p&rcaﬁt cf the stationary organic emfssions im Los Bngeles County &re

. attributable %o solvent degreasing.

Contrel technology 1s available to reducé hydrocarbon emiscions from
existing solvent metal clesning operations. However, this techmology has

" not been broadly applied largely because of- unawareness of economic

incentives and the absence of regulatory requirements. In 1974, for example,
16 states covered degrezsirg operations with selvent regulations identical

or similar to Rule 66 4f the Los.Angeles County Air Polluifon Control DHstrict.
Sinca then, additional state znd local agencies have adopted the came types of
statutes. Generally, up to 3,000 pounds of VOC emissfons per day are allowed
from sources using sclvents consfdered non-photochemically reactive under
Rule 66 criteria. Since sclvent metzl cleaning operations rarely release
more than that zmount, they have usually complied with kule 66 regulations
merely by substitutfon. Regulatory fncentive to .nstitute comtrol technology
rether than substitution i¢ necessary to zchieve positive emicsion reduction.

1.2 PEGULATORY APPROACH

Photochemical oxidant control strategies in the past have relied heavily
on the substitution of soivents of relatively jow photochemical rsactivity to reduce
emissions of higher reactivity YOC. Thus, totsl emissions did not necessarily
decrezse, only the make-up of those emissione changed. One problem with this
epproach was that many solvents classed as Tow reactivity meteriels have since
besn found Lo be moderately and in some cgses highly resctive, EPAR's current
dirgction ané the direction of this document fe toward positive reductions of
211 VOC e=iscions., This {: not only more ratfonel from & standnoint of

cemservetion but sems low reactivity se?;*sﬁts gre now suspected of contributimg

1=2
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to upper atmospheric ozone depletion. These reasons and others support the

decision to concentrate on positive reductian.rather than substitution.
Positive emission reduction from sclvent metal cleaniny should be
attained though use of proper operating practices and retrofit control
equipment, Proper operating practices ars those which minimize solvent
loss to the atmosphere, These include covarirg degreasing asquipment
whenever possible, proper use of solvent sprays, varfous means of reducing
the amount ¢f solvent carried out of the degreaser on cleaned uoék. prompt
repair of leaking equipment, and most importantly, proper disposal of wastes
contzinfng volatile organic solvents. In addition to proper operating
practices there are many control devices which can be retrofit to degreasers;

however, because of the diversity in their designs, not 211 degreasers

require 211 control devices. Small degreasers using m-taperatun solvent

may require only a cover, whereas 2 large degreaser using boiling solvent
may require 2 refrigerated freeboard chiller or a carbon adsorption system,
Two types of control equipment which will be applicable to many degreaser
designs are drainage facilities for cleaned parts and safety switchas and
thermostats which prevent large emissions due to equipment malfunction. The
many degrescer designs along with the emissions characteristic of those

Gesfons and the factors affecting those emissions are described in Chanter 2.

Control devices for each type of emission and control srsiue: for each
degrescer design are described in Chapter 3.




2.0 SOURCES AND TYPES OF EMISSIONS

2.1 [INDUSTRY DESCRIPTION )

Solvent metal cleaning describes those processes using‘hon-aqueous
solvents to clean and remove sofls from metal surfaces. These solvents,
which are principally derived from petroleum, include petroleum distillates,
chlorinated hydrocarbons, ketonas, and alcohols. Organic solvents such as
these can be used alone or in blends to remove water insoluble 50115 for
cleaning purposes and to prepare parts for painting, plating, repair,
inspection, assembly, heat treatment or machining.

Solvent metal cleaning ¢s usually chosen after experience has indicated
that satisfactory cleaning is not obtained with water or detergent solutioms.
Availability, Tow cost and familis ity comtine to make water the first
consfderation for cleaning; however, water has several limitations as &
clesning agent, For exampie, 1t exhibits Tow solubility for many organic
solls, 2 slow drying rate, electrical conductivity, a high surface tension
and & propensity for rusting ferrous metals and st2ining non-ferrous metals.
&11 of these limitations can be overcoms with the use of organic solvents,

A typical industrial degreasing solvent would be expected to dissolve
ofls, greaces, werae, tars, 2nd in toms cases water. [Imscluble matter such

2s sand, metal chips, buffing abrasives or fibere, held by the sofls, 2re
fluched zermy,

[t
(]
it




A broad spectrum of organic solvents {s availadle, Chuicas.amung tgéfiw
solvanis are based on the solubility of the sci],'tc:ftity, f!immabiifty,.' i
evaporation rate, effect on non;meta11ic portions of the part.cleaﬁed and e
nuserous other properties. The most {mportant pronerties of solvents
commonly used in metal cleaning are summarized in Table 2-1,

As would be expected, the metal working 1ndﬁ§try fs the major user of
solvent metal cleaning. Eight SIC codes (Numbers 25 and 33 to 39) cover
these industry categories, Examples of fndustries within these classifications
are gutomotive, electronics, appliances, furniture, jewelry, plumbing,
afrcraft, refrigeration, businass machinery and fasteners, A1l are frequent
users of erganic solvents for metz] cleaning. However, the use of solvents
for metal cleaning is not Timited to these industries; solvent metal cleaning
fe aiso used in non-metal working industries such as printing, chemicals,
slastics, rubber, textiles, glass, paper 2and electric power. Ofton, the
function of the organic solvents in these industries is to provide mzintenance
cleaning of electric motors, fork 11ft trucks, printing presses, etc. Even in
non-manufacturing industries, solvent metal cleaning is commonplace, Host
automotive, raflroad, bus, aircraft, truck and electric tool repair stations
use these solvents. In short, most businesses perform soivent metal cieaning,
2t least part time, 1f not regularly. The number of companfes routinely usimg
solvent ~2tal cleaning operations probably exceeds one million. Furthermore,
large scale users may often have over 100 separzte degreasing operations at
gne plant Tocation,

Sclvent metal cleaning {s broken into three major categories: cole
clezning, open top vapor degrezsing and conveyorized degreasing. Im cold
cleaning operations, a1l types of solvents are us~d depending eﬁ the type

of parts to be clesmed. Vapor degrezsing uses halogenated solvents because
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Table 2-2
Hatéonal Degreasing Solvent Conswumption® {1974}

Sqlvent Consumption (103 metric tons)

tvent Type Cold clezning vapor degreasing ALl degreasing
Halogenated:
Trichioroethylens 25 128 153
1:1,1 Teichlioroethane 82 8¢ 162
Perchloresthylene 13 41 54
Methyliene Chloride 23 7 30
Trichiorctrifluarcethane 10 20 30
53 Tib 73] .
Aliphatics 222 222 :
Aromatics:
SBenzene 7
Toluens 14
Xylene 12
Cycichexane 1
Hesvy Aromatics iz
-1 a Lg
B Oxyoenated: g
: Eetones: i
Acetons _ 10 E
Methyl Ethyl Ketone 8 Q
- Aleahals: i
Butyl 5
Ethers § ;
i 0 29
Totsl Solvemts: £50. 278 726 §
Range of Accuracy: (#128) (25) (+145) ]

¢Sse Eppendix B.1 for backeround on the above estimates,

3 o s
B Includes 25.000 metric tone:from non bofling conyevorized degreasers.
N Includes 75,020 metric tons from conveycrized vapor degreasers.

]
]
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2.2.7 Coléd Cieaners

Cold cleaner operations include spraying, brusning, flushing and
{imersion. The solvert occasionally is heated in cold cleaners but always
remains well below its boiling point.

Cold cleaners zre defined here not to include nonboiling conveyorized
degreasers which are cuvered in Section 2.3, Wipe cleaning is also not
included.

Cold cleaners are estimated to result in the largest total enission
of the thrve categories of degreasers. This is primarily because of the
extremely large number of these units {over 1 million nationally) and because
much of the disposed of waste solvent s allowed to evaporate. It is
estimatad that cold cleaners emit 380 thousand metric tons of organics per
year, this being about 55 percent of the national degreasing emissions
(see Appendix B.1). Cold cleaning solvents nationally account for almost
211 of the aliphatic, aromatic, and c.ygenated degreasing solvents and
about one-third of halogenated degreasing solvents.

Despite the large aggregate emission, the average coid cleaning unit
generally emits only about one-third ton per year of organics, with about
one-half to three-fourths of that emission resulting from evaporation of
the waste solvent at a disposzl sfte.

2.2.1.1 Design and Operation -




Typical Model - A typical co’d cleaner is shown in Figure 2-2. The

dirty parts are cleaned manually by spraying and by soaking in che dip tank.
The solvent in the dip tank is often agitated to emhznce the cleaning action.
After cleaning, the basket of cleaned parts may be suspended over the solvent
to allow the parts to drain, or the cleaned parts may be drained on an
>xternal drainage rack (not shown) which routes the drained solvent back into
the cleaner. The cover is interded to be closed whenever parts are not being
handled in the cleaner. The cold cleaner described and shown in Figure 2-%
is most often used for maintenance cleaning of metal parts. #ﬂEypical size
of such a2 maintenance cold cleaner is about 0.4 mz (4 ftz) of opening and
about 0.1 m3 (30 galion) capacity.

Applications - The two basic types of coid cleaners are maintenance
cleaner; and manufacturing cleaners., The maintenance ceold cleaners are usually
simple~, less expensive, and smaller. They are designed principally for
gutomotive and general plant maintenance cleaning.

Manufacturing cold cleaners usually perform & higher quality of cleaning
ﬁhan do maintenance cleaners and are thus more specialized. Manufacturing
cold cleaning is generally an integral stage in metalworking production,
Manufacturing cold cleaners are fewer in number than maintenance cleane s
but tend to emit more solvent per unit because of the larger size and work
load. Manufacturing cleaners use & wide variety of sclvents, whereas
maintenance cleaners use mainly petroleum solvents such as mineral spirits
{petroleum distillates, and Stoddard solvents). Some cold cleaners can
serve both maintenance and manufacturing purposes and thus are difficult
to classify.

The type of cold cleaner to be used for a particular application depends

on two main factors: (1) the work load and (2) the required cleaning

2-8
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effectiveness. HWorlk load is a function of tank size, frequency of cleaning,
and type of parts. HNaturally, the larger work loads require larger ﬁegressers.'
The more frequently the cold cleaner i{s used, the greater the need ts automate
and speed up the cleaning process; more efficient materials handling systems
help automate, while agitation speeds cleaning. Finally, the type of parts
“o be cleaned is important because more thorough cleaning and draining
techniques are necessitated for more complexly shaped parts.

The required cleaning erfectiveness establishes the choice of solvent
and the degree of ar Itation. For greater cleaning effectivenass, more
powerful solvents and more vigorous agitation are used. Generally, emissfons

will increase with agitation and with higher solvency.

Equipment Design - Although classifying cold tleaners according te
mzintenance or manufacturing application {s a convenient initial approach,
manufacturing cold cleaners vary so widely in design that no eﬁE typical
design can adequately describe them. Thus, a more specific classification of
menufacturing cold cleaners must 21so consider the equipment design. The
most important design factors are tank design, agitation technique, and the
material handling of parts to be cleaned.

The two basic tank designs are the simple spray sink and the drip tank.
The simple spray sink is usually less expensive. It {s more appropriate for
cleaning applications that are not difficult and require only 2 relatively
Tow degree of clearliness. The 4ip tank provides more thorough cleaning
through sozking of dir“y parts. Dip tanks also can employ agitation, which
impreves cleaning efficiency,

Agftation {is generally accomplished through use of pumping, compressed
air, vertical motion or ultrasonics., In the pump agitzted cold cleaner,

the solvent fs repidly circulated in the sozking tank. Air agitation involves
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dispersing compressed air from the bottom of the soaking tank; the afr bubbles
providing a scrubbing sction. In the vartically agitated cold clesner, dirty

parts move up and down while submerged in order to ehhance the cleaning prb'c}éss.i' i

Firally, in the ultrasonically agitated tank, ths solvent {e¢ vibrated by high
frequency sound waves. Ultrasonically agitated liquide often need ts be i\éni'.e&
© to speLific temperatures to achieve optimum cavitation. Cavitation is the

implosfon of microscopic vapor cavities within the liquid solvent. The implosicns, |

which are caused by pressure differentials of the sound waves in the sclvent,
break down the dirt fiim on the parts.

The designs for material handling in cold cleaning systems are azlmost
eﬁd!ess. but they are generally divided into manual and batchleaded cnn?eyori_zed
systems. (Continuously loaded conveyorized systems are described separately inm
Section 2.3). Manual loading is used for siwple, small-scaie cleaning operations
and s self explanatory. BRatchloaded conveysrized systeme zra for use in the
more complex, larger-scale cleaning operations. These systems may inc?ude_ah
avtomated dip, which sutomatically lowers, pauses, and raises the work load.
They may also inzlude systems, such as a roller conveyor, to transfer the work
1yad to other operations. In another variation, two or more dip tanks may be
uséd in seriec. These tanks may contzin increasingly pure solvent in 2 “cascade®
cleaning system. The consecutive dip tanks may alsc contain differeat clewning
solutions for more complex operations and may even be combined with vapor
cleaning and aqueous systems.

The materfals handling technique can be important in reducing emissions
from cold cleaning. Regardless of ihe system, the work loads need to be handled
se that the solvent hes s.ufﬁcient time to drazin from the clezned parts ints an
appropriste contziner. Drainage fscilities are deccribed in Sectfom 2.1.2. |
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2.2.1.2 Emissions - g
Solvent evaporates both directly and indirectly from the cold clesners.
The emission rates vary widely; neverthaless, the average emission rate,' e
calculated from national consumption data, 1s estimated to be about 0.3
metric ton per year. Maintenance and manufacturing cold claaners are
estimated to emit approximately 0.25 end 0.5 metric tons per year, respectively
{sue Appendix 8.2.2). Data from the Safety Kleen Corporation reports only
0.17 metric tons per year for thier cold cleaner. However, their emissions
are axpected to be lower than others because most of the waste solvent v,
Safety Klean units {s distilled and recycled by the company.
Emicsions from & cold cleanr occur through: (1) bath evaporatien, (2)
solvent carry-nut, (3) agitatfon, (4) waste solvent evaporation, and (5)
spray evaporation., These are depicted in Figure 2-2 and discussed in the
following sections,

Bath Evaporation - Beth evaporation can be grsatiy reduced through use ef

2 cu';'er. Generally, the cover should be closed whenever the parts are not being
handled in the cold cleaner. Although covers are standard equipment on mest

cold cleaners, keeping the cover closed requires conscientious effort on the part
of tha operztor and his suoerviston. As will be discussed {n Sectfon 3.1.1, there
gre various means of inducing the operator to close the cover more frequently.

| Where sulvents much more volatile than mineral spirits are used, adequate
fresbozrd height is important to reduce eveporation. Fresboard height is the
distance from the solvent to the top edge of the cold cleaner. The requirement
for fresboard height {s most commonly expressed as freeboard ratio, with freeboard
ratic being defined as the ratfo of freeboard height to degreaser width (not
Tenzth}.

Excessfive drafts in the workshop can significantly increzse solvent bath

eveporstion. Thus, room end exhaust ventilation should be no grester than {is
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necessary to provide safe levals for the operstor's health sad plant's protection.

Agitation Emissions - Agitation {ncresses emissions. The rate of m’issim e

dapends upon: (1) use of the cover, (2) zqftation system adjustments and (3) wole-
tility of the solvent. If ths cover {s kept closed during agitation, then emissions
usually are insignificant., However, agitation emissfons can fncrease dramatically
with the cover open. This {s especially true with ultrasonic agitation of solveat:
heated to their optimm cavitation tempersture, The bath should also be agitated for
no longer than necessary to complete the cleaning. Poor adjustment of the agitation
system may 21so increase emissions. In particular, the air flow into afr agitated
clsaners should be about 0.01 wo 0.93 n3 per minute per squzre meter of opening.

EPA tests on cold cleaners fndicate that the volatility of the solvent greatly
affects emissions due to agitation., Emissions of Tow volatility solvents increase
significantly with agitation; however, contrary to what one might expect, agitation
czuses only 2 small {ncrease fn emiscion:z of high volatility solvente. This {s
baiieved to be due to the alpsady high unagitated evaporation rate of high volatflity
solvents {see Appendix A). Little difference was found between the effscts ot pusp
agitation and air agitation.

Carry-Qut Emissions - Carry-cut emissions dependon the exfstence and use of 2

drainsge facflity. Drainage facilities 2re racks or sheives used for draining excess
solvent off cleazned parts. The drainage faci{lity fs standard aqﬁfimnt for some cold
clezners and 1s easily and inexpensively retrofitted for most other cold cleaners,
Drainage facflities zre described further in Section 3.1.2.

Although installation of 2 drainage facility is usuzlly mo problem, it will
scmetimes require a special effort to fully use the facility, As recosmended
from ASTH D-26, cleaned parts should drain at Teast 15 seconds.! For rapid
pace work, such as sutemotive repair, this time mey be perceived ss too
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" delaying: nonsthelest, the 15 second draim time zhould be adﬁeréd to. ;
P Baste Sclvent Evsporatien - Haste solvent evaporation is the grestest
s-irce of eaissions from cold cleaning. The amount of waste solvent disposed
_of depends on the size of the cold cleaner and on tbe frequency of disposal,
Hhen the clearing Job removes large quantities of cil and other contaminants, .
or requires a high degree of cleanliness, the solvent will be disposed of
more frequently. Conversely, {f the cold cleaner 15 equipped with an effective
filter, as many cold cleaners present are, then solid impuritfes are removed
xid disposal 1s required less frequently.

Yaste solvent evaporation dspends not only upon the amount but zlso won
the methed of dispos:l, Acceptable methods of handling wacte solvent include
proner incineration, distiltlation, and chemical landfilling, where the waste
solvent is buried in enclosed containers and encapsulated by impermeazble snil.
Pisposal routes that result in total emission to the environment include flushing
inty sewers, spreading waste solvent for dust control, such as on dirt roads,
and 1andfilling where the solvent can evaporate or leach {nto the sofl., HWaste
solvent evaporation 1s discussed further in Section 3.1.4.

Sprav Evaporation - Evaporation from solvent spraying will increase with

the pressure of the spray, the fineness of the spray, and the tendency to spiash
and overspray out of the tank., Evaporztion 1s 2lso greater when the spray is
uvsed constantly and when volatile solvents are used. Preferrably, the spraying
pressure should be less than 10 psig, and the sprey should be & solid, Tluid

2

strezx:,” The solvent loss from overspraying and splashing cem usually be

" eliminated by sens{ble design and eareful aperation,

Solvent Type - The type of solvent is a factor that greatly affects the
emicsion rate from the cold cleansr, Ths voletility of the solvent 2t the

coerzting temoerature {¢ the cingle most immortant var{shle.
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More toxic organics are rerely used in degreasers, but when they are =~~~

they tend to bs much hetter contralied to protesi workers and to comply
with OSHA regulations. These includs carbon tetrachloride, benzene and
methyl ethyl ketone.

The price of the s¢lvent influences the care that {s taken to conserve
it. Thus, more expansive solvents are emftted less. In addition, the higher
the price of the solvent, the more likely that the wastes will be recovered,

and the more economical control wil1) bacome.

£.2.2 Open Top Yapor Degreasers

Yapor degreasers clean through the condensation of hot selvent vapor on
colder metal parts. Open top vepor degreasers zre batch loaded, {.e., they
clean only one work load a2t a time.

Open top vapor degreasers are estimated to result in the second largest
emission of the three categories of deogreasers. It is estimated that open
top vapor degreasers emit 200 thousand metric tons of organics per year, this

being 2bout 30 psrcent of the national degreasing emissions (see Appendix B.3).
2.2.2.1 Design and Operation -

The Cleaning Process - In the vapor degreaser, solvent vapors condense on

the parts to be cleaned until the temparature of the parts approaches the bofling
point of the sclvent, The condensing solvent both dissolves ofls and provides a
washing action to clean the parts. The selected solvents boil at much lower
tesmeratures than do the contaminants; thus, the s;‘!vent;soﬂ mixture in the
degreaser boils to produce an essentially pure solvent vapor..

The simplect c‘leaﬁing cycle invclves lowsring the parts into the vapor
zone so that the condensztion acticn can begin. When condepsztion. ceases, the

parts are slowly withdrewn from the degreaser, Resfdual liguid solvent on the
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- parts ropidly evaporates 2s the paris are removed from the vepor zome, The _=?4r7f
. cleaning action is oftfer increased by sprnyiﬁg the parts with solvent (be!n;
the vapor level) or by femersing them into the liguid sclvent hath,

Bagfc Design - A typical vapor degresser, sham in Figure 2-3, is ¢
tank desfgned to produce and contain solvent vapor, At lsast one section of
the tank s equipped with a heating system that uses steam, electricity. or
fuel combustion to botl the solvent. As the solvent Loils, the dence solvent
vepors displace the air within the equipment. The upper level of these pure |
vepors is controlled by condenser coils lecated on the sidewzlls of the
degreaser. These cofls, which are suppifed with & coolant such os water, gre
generally Tocated around the entire {nner surface of the degreaser, zlthough
for some smaller equipment they are limited to 2 spiral coil 2t ons end of the
degreaser. Most vapor degreasers are also equipped with & water jacket which
provides additional cooling and prevents convection of solvent vapore up hot
degrezcer walls,

The cooling cofls must be placed at some distance below the top adge of
the degresser to protect the solvent vapor zone from disturbance cauced by :ir
movement around the equipment. This distance from the top of the vepor zone
to the top of the degreaser tank is czlled the fresboard and is generzlly
establicked by the location of the condenser cofls. The freeboard {s cuztomarily
30 to 60 percent of the width of the degreaser for solvents with higher bofling
points, such as perchicroethylene, trichloroethylene, and 1.1,7-trichloreathene,
For solvents with Tower bofling pointe, such &s trichlorotrifluorcethans
end methylene chloride, degressers have normally been designed with @
freebozrd equsl to 2t Teest 75 percent of the degrezcer width, Eigher
freebag~ds then those recommanded will further reduce colvent emiceione: however,

there compe 2 point where difficulty aceociated with moving parts ints and out
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of 2 degreaser with 2 high freeboard outweighs the benefit of increased
emission control.

Rearly all vapor degreasers are equipped with 2 water separztor such 28
that depicted in Figure 2-4, The condensed solvent and moisture are collected
in a trough below the condemser cofls and directed to the water separator, The
water séparatar is 2 simple container which 2llows the water (befng {mmiscible
and less dense than solvents) to separate from the solvent and decant from the
system while the solvent flows from the bottom of the chamber back into the
vapor degreaser,

Yariations in Design - Figure 2-5, 2-6 and 2-7 show the most popular open

top vapor degreasers in use. These units range in size from table top models
with open top dimensions of 1 foot by 2 feet up toc units which are 110 feet Tong
and 6 feet wide. A typical open top vapor degreaser is about 3 feet wide by &
feet long.

Historically, degreasers of the typical size and smaller have been suppliied
with & single piece, unhinged, metal cover. The inconveniei;ce of using this
cover has resulted in general disuse or, at best, use only during prolonged
periods when the degreaser would not be operated, for example on weekends, HMore
recently, small open top degreasers have been equipped with manuzlly operated
rell-type plastic covers, canvas curtains, or hinged and counter-balanced metal
covers. Larger units have been equipped with segmented metal covers. Finmally,
rost of the larger open top vapor degreasers [200 sgquars feet and larger) and
sote of the smaller degreasers have had manually controlled powered covers.

Lip exhausts such as those shown in Figure 2-8 2re not uncommon 2lthough
in use en less than half of the existing open top vapor degrezsers. Thase
exhaust systems are desfoned to capture solvent vzpors escaping from the

gegreasers and carry them away from the operzting perscnnel. To the extent
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national consumption data on vapor degreasing solvents and from seven EPA
enission tasts swmarized in froendix A, Assuming an average open top vapor
degreaser would have an open top area of about 1,67 ma (18 ftz}. a typical
emission rate would be 4.2 kilograms per hour or 9,500 kilograms per year
(9 pounds per hour or 10 tons per year).

Diffusfon Losses - Diffusion is the escape of solvent vapors from the

vapor zone out of the degreaser, Solvent vapors mix with air at the top of
the vapor zone, This mixing increases with drafts and with disturbances
fraﬁ cleaned parts being moved intc and out of the vapor zone. The solvent
vapors thus diffuse into the room zir and fnto the atmosphere, Thess solvent
Tesses include the convection of warm solvent-laden air upwards out of the
degre;ser.

Piffusion losses from the open toﬁ vapor degreaser can be minimized by
the following actions:

&, Closing the cover,

b. Hinimizing drafts,

¢. Providing sufficient covling by the condensing coils,

d. Spraying only below the vapor level,

e. Avoiding excessively massive work loads,

f. Maintaining an effective water separator,

g. Promptly repairing lezks.

The cover must be closed whenever the degreaser is not in use. This
fncludes shutdown hours and times between lozds. Cover design fs also important,
Improved desfgns for the cover can mzke it easier to use thershy fécilitating
more frequent clesure. Covers should also be designed to be closed while a
pert 12 Leing cleaned {n the dagresser,

Urefts cen be minimized by avoiding the use of vantilation fane neur the
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degreaser opening and by placing baffles on the windward side of the degreaser.
A baffle {s simply 2 vertical sheet of materfal placed zlong the top of the
degreaser to shield the degreaser from drafts.

Sufficient cooling by the condensing cafls should be attained by following
design specifications for the degreaser, Cooling rate is a function of seolvent
type, heat input rate, coolant temperature and coclant {low. If the vapor
Tevel does not rise above the midpoint of the cooling coils, then the cooling
rate is probably adequate.4

The solvent must nol be sprayed above the vapor level because such
spraying will cause solvent vapors to mix with the air and be emitted. When
this occurs, the operator should wait for the vapor level to return to nommal
and then should cautiously operate the spray wand only below the vapor level.

& massive work Toad will displace a large quantity of solvent vapor., The
work lcad should not be so massive that the vapor Tevel drops more than about
10 o (4 inches)s as the work load {s removed from the vapor zone. Otherwise,
sxcessive quantities of solvent vapors will mix with the afr 2s the vapor level
falls and rises.

The water separator should be kept properly functioning sc that water does
not return to the surface of the boiling solvent sump., Water can combine with
the solvent to furm an azeotrope, a constant bofling mixture of solvent and water

thet has a lower vapor density and higher volatility than does pure solvent

ﬁgpar.s

Lastly, 1t 1s important for 2ny lezks to be repaired properly and promptly,
Specizl attention should bo pafd to leaks of hot solvent because hot solvent
evaporztes quickly. These lezks may e greater then they sppear or go completely

unnoticed,

Cerry-Out Emissions = Carry-out emiccions zre the liguid and vaporous solvent
entrzinad on the clezn parts &s they are tezken out of the degrezser. Crevices
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and cuppad portions of the cleansd parts may contain trapped liquids or vapors
even after the parts zppeser to be dried. Alsc, &s the hot cleaned part is with-
dresm from the vapor zone, it drags up soclvent vapors and heats solvent-laden
air causing it to convect upwards out of the degreaser.

There are seven factors which directly effect the rate of carry-out
emissions:

a. Porosity or absorbency of work loade,

b. Size of work loacds in relation to the degreaser's vapor ares,

¢. Racking parts for drainage,

d. Hotst or conveyor speed,

e. Cleaning time in the vapor zone,

f. Solvent trapped in cleaned parts,

¢. Crying time,

Forcus or absorbent materials such as cloth, leather, wnod or rope will
ebsord 2nd trap condensed solvent. Such materials should never enter a2 vapor
2one,

The work load preferably should not occupy more than one-half of the

dgegreaser's working area, 7

Otherwisc, vapors will be pushed out of the
vapor zone by means of 2 piston effect.

Proper rucking of parts {s necessary to minimize entrainment (cupping) of
sclvent, For example, perts should be positioned vertically with cups or
crevices facing downward,

A maximsm hofst speed of 3.3 meters per minute (11 feet per minute) has been

generzlly accepted 2¢ rea2sonable by the degreasing 1ndustry.8 Rushing work
Teade into znd out of the degreazser will force solvent vepors out into the gir

and leave 1{quid sclvent on the clezned parts which can subsequently evaporate

fnte the 2ir,




Cleaning time is the period the work load remains {n the vaper 2one.
If this {s not Tong enough to allow the work load to reach the temperature
of the condensing vapor, the parts will not dry properly when removed from
the vapor zone., The work load should remain in the vapor zone until the vapors

9

no longer condense on the parts.” Usually 30 ssconds is sufficient;

however, massive work loads may require longer periods.w

Before the cleaned parts emerge from the vapor zone, they should be
tipped and/or rotated to pour out any collected liquid solvent. The work load
should be removed from the vapor zone slowly (at a vertical speed not to exceed
11 feet per minute).11

Drytag time is critical. It should be long enough to allow the solvent
to vaporize from the clean part but not significantly longer. ¥hen 2 hot
dried part rests just above the vaper level, it causes sclvent-laden air to

neat up and rise. Typically a work load can dry in 15 secemis.?2

Haste Sulvent Evaporztion - Solvent emissions may 2lso result from
disposing of waste solvent sludge in ways where the solvent can evaporate
into the atmosphere. The voluma of waste solvent in siudge from vapor degreasers
is much less than that from cold cleaners for equivalent work Toads for tao
reasons. First, the sclvent in the vapor degreaser sump can be‘a1loieﬂ to become
much more contaminated than the solvent used in a cold cleaner because the
contaminants, with high boiling points, stay in the sump rather than vaporize
into the vapor zone, Second, vapor degreasing solvents are halogenated and as
such are generally more expensive; thus, they are more often distilled and
recycled than cold cleaning solvents,

Although the waste solvent evaporation from vapor degreaser sludge s
usuzlly less than the diffusfon and carry-out losses, it sti11 contiibutes

gbout 5 to 20 percent of the degresser's totsl solvent emissiaﬁs.lz Khen
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the solvent in the sump accumulates too much ofl and other contaminants

preblems can occur. The most serious is coating of the heater surfaces, leading
to averheating and subsequent chemical degradation of the solvert.

Thus, the solvent sludge must be cleared out o; the degreaser periodically

and replaced with fresh sclvent.

There are four practices that can reducsz and nearly eliminate the
atmospheric evaporation from waste solvent disposal:

a. Bofl-down,

b. Use of in-house distillation,

c. Use of contract reclamation services,

d. Transfer to acceptable disposal facilities.

Boil-down is & technique of distilling pure solvent from the contaminated
mixture in the degeeaser. As the contaminated solvent is bofled in the sump_
rure solvent vaporizes and condenses on the cooling coils where it {s routed
to and stored in & Dolding tank. Boil-down can usually reduce the solvent
content in the contaminated material to less than 40 to 45 percent by volume,

Yhen production schedules permit further boil-down time,considerably Tower

levels can be achieved.14

In-house distillation can be an efficient and often profitable method of
treating waste solvent. Distilled solvents can normally be reused although
additional stabilizers must be added sometimes. Distillation systems vary from
centrzlized centers to relatively smaiil external stills for one or more vaper
degreasers. Thiough distiilation, the solvent content of the waste solvent

sludge can be reduced to about 20 percent by weight (12-15 percent by volume)

15

fn most operations. Additional steam stripping can reduce this further.

Presently most vapor degrezser operators do not use imn-house distillation




but transfer their waste solvent to another system or company. Even {f the

waste solvenc is distilled, there are oils and contaminants, called still
bottoms, that require disposal. The preferable disposal methods, for
minimizing solvent evapora:ion into the atmosphere, are distillation plants
and special incineration plants. Disposal in Tandfills after evapcration

is also msed but is less desirable., Waste solvent disposal {is discussed
in greater detail in Section 3.1.4.

Exhaust Emissions - Exhaust systems are often used on larger than average
open top vapor degreasers. These systems are called Tip or lateral exhausts
and they draw in solvent-laden air around the top perimeter of the degreaser,
Although 2 collector of emissions, an exhaust system can actually increase
evaporation from the bath, particularly if the exhaust rate is excessive.

Some exheust svstems include carbon adsorbers to collect the exhzust szglvent
for reuse; thus, exhaust emissfons can be nearly eliminated if the adsorption
system functions properly.

In some poorly designed exhaust sysiems, the ventilation rate can be too
high, If the air/vapor interface is disrupted by high ventilation rates, more
solvent vapors will mix with 2ir and be carried out by the exhaust system. A
rule of thumb used by manufacturers of degreaser equipment and control systems
is to set the exhaust rate at 50 cubic feet per minute per square foot of
degreaser opening (15 m per minute -« mz}.15 i

Tae primary ohjective of exheusting is to assure that the threshold limit
v2loe (TLY¥) as adopted by OSHA {s not exceeded. The exhaust Ievéi recommended
sbove {s satisfactory for OSHA requirements on ventilation except when the quality
of operztion of the degreaser fs rated as F.verazge™ or "poor.®

Poor operztien is

noted by OSHAR to include excess carry-out of the vapor and Tiauid solvent,

contaminztion of the solvent, or improper hezt halance. In these cases, and
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for solvents with & TLY < 100 opm, the minimuem OSHA ventilation regquirement {is -
75 or 1G0 cublc feet per mfnute per square foot of degreaser opening,
Consequantly, 2tmospheric emissfons from poorly operated degrezsers are
fncreased even further,

2.2.3 Conveyorized Degieashg_

There are several types of conveyorized degreasers, operating both with
cold and vaporized solvents. An average conveyorized degreaser emits about
25 metric tons per year of solveni; however, because of their 1imited numbers they ]
contribute only about 15 percent of the total solvent deqr:éasfng emissions,
Because of their large work capacity conveyorized degreasers actually emit
less solvent per part cleaned than efther open top vapor degreasers or cold

cleanars. Controls discussed in Chapter 3 can reduce this amourt still
further.

2.2.3.1 Design and Operation -

In conveyorized equipment, most, and sometimes all, of the manual parts
handling assocfated with open top vapor degreasing has been eliminated.
Conveyorized degreasers are nearly 2lways hooded or covered. The enclosure
of & degreaser diminishes solvent losses from the system as the result of air
movement within the plant., Conveyorized deagreasers are used by & broad
spectrim of metalworking industries but are most often found in plants where
there is encugh production te provide 2 constant stream of products to be
dagreasad,

There zre seven miri ﬁypes of conveyorized degrezsers: monorafil, cross-rod,
vibra, ferris wheel, belt, strip, 2nd circuit board cleaners. While most of the
seven types of conveyorized degreasers may be used with cold or vaporized sclvent,

Ehe firet four zre glmost 2lweye vapor degrezcers,

2-23




The cross-rod degreaser (Figure Z-jO]obtains its name from the rods |
between the two power driven chains from which parts are supported as they QJ
are conveyed through the equipment. The parts are contained in pendant
baskets or, where tumbling of the parts {s desired, perforated cylinders.
These cylinders are rotated by a rack and pinion design within the solvent
and/or the vapor zone. This type of equipment lends ftself particu?arl&
well to handling small parts which need to be immersed in solvent to obtain
satisfactory cieaning or requires tumbling to provide soivent drainage from
cavities in the parts.

A monorafl vapor degreaser (Figure 2-11) is usually chosen when the
parts to be cleaned are being transported between manufacturing operations
using 2 monorail conveyor., This dsign lends itself to automatic cleaning
with solvent spray and vapa~, The parts can be moved in onz side and cut the
other. as {llustrated, or they can turn 180% while in the YApor or spray
portions of the equipment and exit the equipment through a tunnel parallel to g
the entrance,

In a vibra degreaser (Figure 2-12) dirty parts are fad through a chute
which directs them into a pan flooded with solvent. The pan is connected
to 2 spiral elevator. The pan and spiral elevator are yiBrated,
causing the parts to move from the pan wp the spirzl to the exit chute. The
parts condense sclvent vapor as they are vibrated up the spiral and dry as
soon as they leave the vapor zone. These degreasers are capable of processing
quantities of small parts. Since the vibratory action creates considerable
roise, acoustical insulation of the equipment is needed or the system must be
enclosed in 2 noise-control booth,

Three other typical units zre the ferris wheel, belt, and strip degreasers,

The ferris wheel degreaser (Fioure 2-13) it one of the leact expensive and
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Figure 2-12
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8 1t is estimaied

-degreasars are far more efficient than the older designs.
that the vapor 11y contribute zhout 75 percent of the conveyorize
- degreaser emissions nationally and the non-Doiiing types coniribute the
remaining 25 percent. On the national scaie, about 75,000 metric tons/year
are emitted from conveycrizad vapor degrezcsrs, and about 25,000 metric tons/
year ars from conveyorized non-boiling degreassers (sse Appendix B.4). The

‘major types of emissions from conveyorized degressers are depicted in Figure 2-15.

Bath Evaporation - For an equivalent work load, the diffusion and convection

of solvent vapors from the solvent bath are censiderably less for conveyorized
degreasers than for open top degrsasers. This is because the conveyorized dz-
greasers ara normally enclosed except for a relatively small entrance and exit.
Because conveyorized degreasers are generzlly automated, operating practice
is a minor factor while design and adjustment zre mzjor factors affecting
emissicns. Proper adjustment of the degreasing system primarily affects bath
evaporation and exhaust emissions, while operation and degreaser design affect
carry-out and waste sotvent evaporation.
The main adjustment affecting the bath evaporation rate is the heating
and cooling balance. Basicaelly. the cooling supplied by the primary
condensing coils should be sufficient to condense all the vaporized soivent.
Alsc, the heating rate needs to be large enough to prevent the vapor level
from dropping as cold parts enter the vapor zome:

Hith regard to eguipment design, bath evapcration can be reduced by

sy : - 1
minimizing the entrance and exit areas and by regulating the spray systan.'g

Naturally the smaller the areaz of opening, thes lower the loss of solvent
vapors., Partial covers can be placed cver the openings which silhouette the
parts to be cleaned yet give =nough margin for cafe passage. Spravs

should b

designed or adjusted so that they do not cause turbuience at the air/vapor

e

interface. Spray pressure should tne minimum necessary for proper performance

2=41
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One well designed system uses the high pressure spray in a contained and
partially submarged chamber.

cor operebion can increase convective iosses from the solvent bath.
For instance, i1 work baskets are overloaded the vapor zonz may collapse
increasing air vapor mixing and, thus, emissions. This can be avoided by
following the nianufacturer's specification for allowable work load in toms
per hour, whi<h is determined fthrough an energy balance of the system. The
heating capacity of the solvent boiler must be grezter than the heat loss due
to solvent condensation on the work load. Evaporative losses from the bath
also increase when there is dalay in solvent leak repair.

Carry=-0ut Emissions - Carry out of vapor and Tiguid solvent is wusually

the major emission from conveycrized degreasers. It is difficult to reduce
carry-out emissions, because the amount of work load is inherently large.

Two factors affecting carry-out emissions are the drainage of clezaned
parts and their drying time. Parts drainage is improved by proper racking,
@s was discussed for open top vapor degrsasing. Racking is especially critical
in conveyorized degreasers, beczuse there is little an operator can do to
reduce carry-out from a poorly designed system. The degreaser design shouid
allow sufficient space and time for the cleaned parts to dry completely. Some
designs include a shroud extending from the exit to form a drying tunnel. Again
the conveyor speed should not exceed 3,3 meters per minute (11 feet per minuts)
vertical rise.ge

Exhaust Emissions - In some cases the emissions can be high because of

an excessive ventilation rate. As with open top vapor degreasers the ventilation

rate should not be much greater than 15 m3fmin*m2 (50 cfm!ftz) of air/selvent
21

interface.




Waste Solvent Evazporation - Evaporation from waste solvent disposal is

the smailest emission from conveyorized degreasers. Most conveyorized %
dagreasers are cd=asigned to distill their own solvent. An exterpal stiil is

attached to the conveyorized degreaser so that used solvent can be constantly

pumped out, distilled and returned. Thus, the wastes will usually

consist only of still bottoms. Still, because of the high volume, waste solvent

emissions from conveyorized degreasers are significant, typically equalling

As was ciscussed earlier, she method of disposal of the still bottoms
or undistilled waste solvent will determine the amount of solvent that

evaporates into the atmosphere.
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3.0 EMISSION CONTROL TECHNCLOGY

This chapter describes individual emissicn contrel devices applicable
to solvent degreasers, and then shows how these can be combined to form
complete control systems. Estimates are 21so provided of the control
efficiency (i.e., percent emission reduction) of individual control devices
along with a range of contrsl efficiency for the complets contrel systems.

It is important to keep in mind that optimum control systems will not
be eguivalent for each degreaser design or even each application of a
particular design. A&11 of the major devices discribed in this chapter will
vield optimum control in certain instances; however, because degreaser
designs and applications vary, one or more of these devices could be
cempletely unsuitable for a given degreaser. Processes must be evaluaied
individually te determine the optimum control system. The individuality
of systems is such that control efficiencies estimafed in this chapter are
not directly comparabie and should not be used to rate one device against
another. They are given only as general levels of control which one could

expect from apprcpriately appiied technology.

3.1 EMISSIOM CONTROL DEYICES
2.1.1 Solvent Bath Emissions

Thare are five main devices that can reduce emissions from the solvent

bath:
1. Improved cover,

2. High freeboard,

-

swi tohes

(1]



3. Refrigerated chilliers,

&. GCarben adsorption,
8. Safety switches.

3.1.1.1 Improved Cover -

The cover is the single most important control device for cpen top vapor
degreasers. Although covers are normaily provided on oben top degreasers
25 standard equipment. they can usuzlly be made more easy to use. and hence
more freguently used, if they are mechanically assisted. powsred or automated.
For vapor degreasers thie cover should cpen and close in & horizental
motion, so that the air/vapor interface disturbance is minimized. These
types of covers include roll type plastic covers, canvas curtaing and
guillotine covers. It is usuzlly advantageous on larger open top vapor
degreassrs to power the cover. This may be done preumatically or electrically.

usually by manual control with an automatic cut off. The most advanced covering

systems ars automated in coordination with the heist or conveyor. The cover
can be designed so it will close while the parts are being cleaned and dried.
Thus, the cover would only be opened for a short period of time when the parts
are actually entering or exiting the degreaser. This is further described in
Sectien 2.1.3.1.

On cold cleansrs, covers are frequently mechanically assisted by means
of spring loading or counterweighing. A pedal operated or powersd system
can mu%e the cover even more convenient to use. For specific applicatiens.
two additional types of covers can be used; these are the submerged cover
and the water cover. The submerged cover (commercially termed "turbulence
baffle"] is a horizontal shzet of material submerged about two inches below
the syrface of the liquid solvent that is vigorously pump agitated. The

water cover is simply a layer of water about two to four inches thick over a



halocosnated solvent. The water cover cannot be used in many appiications. however

because the water may corrods the mstal surface of the cleaned paris or sy
cause chemical degradation of halogenated solvent.

Covers on cold clzaners which use flammable solvents generally have a
fusible Tink in the support arm. This link is designed %o gpen if the solvent
catches fire, thus allowing the cover to close and smother the flames.
Unfortunately. some designs reguire disassembly of the mechanism for normal
closing of the cover. These designs cause unnecessary emissions and should bs
avoided. _

Mot all cold cieaner designs include a soaking feature. Some of the
smaller maintsnance urits are designed with an enclosed sump from which solvent
is pumped to & sink for cleaning parts. The sink drains back to the sump,
minimizing the time during which solvent can evaporate. Although the solvent
is contained, these units generally include a cover on the sink as a fire
prevention feature. It is doubtful that closing this cover can effect a
significant additicnal emission reduction.

Even theough conveyorized degreasers are basically coverad by design,
additional cover related control can be achieved by minimizing the openings
and covering the openings during shutdown hours. ASTM has recommended that
there not be more than & inches (15 cm) clearance betwezn the parts on the

conveyar and the sides of the opening.]

This clearance can bs specifically
defined as the average distance between the edge of the openings and the part,
and termed the "average silhoustte clearance." Average silhouette ciearance
can be appreciably less than & inches (5 cm) for parts that are not unusually
large. EPA recommends an average silheuet:is clearance of 4 inches (10 cm) or

10 percent of thz opening's width.




Covers can be easily made for the entrance and exit to the conveyorized

degreaser so that they can be clesed immediately after shutting down the
degreaser. These covers can be made of any material that impedes drafts

into the degreaser 'and should cover at least 80 to 90 percent of the .
opening. Closing these covers is most important during the hours immediately

after shutdown, because the hot solvent is cooling and evaporation continues.

Even after the solvent sump has cooled, the down-time cover may be significantly
B effective for more volatile vapor degreasing solvents.

A cover on an open top vapor degreaser has been shown to reduce total

emissions by approximately 20-40 percent depending upon the freguency of

its use.2

It is impossible to estimate a single control efficiency for the celd

cleaning cover, because the emission reduction varies too greatly with respect

to the solvent volatility. draft velocity, “reeboard ratio, operating temperature

and agitation. However, it can be estimated that bath evaporation rate variss
directly with the solvent volatility at operating temperature. Aithough a

cleosed cover can nearly eliminate the bath evaporation, the cover can do nothing

to reduce the carry-out or waste solvent emissions. Thus, a normally clesed

cover becomes effective omly when bath evaporation accounts for an appreciable

portion of the total emission. More specifically, when solvent volatility is
moderats to high (approximately > 0.3 psi at 100°F (2.1 kPa at 389C}), it is
significantly effective to close the cover at 2ll times when parts are not
being cleaned manually in the cold cleaner. It is especiaily important that
the cover be closed when the bath is agitated or heated. If nons of these

conditions apply, then the cover should at least be closed during long periods
3 -

of cold cleaner disuse, stich as during shutdown hours and idle pericds > 1/2 hour.

3-4
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The effectiveness of 2 down-time cover on conveyorized degreasers should

be significant, although it is difficult to quantify. One iest found that

about 18 percent of the total emissions

¢ due to evaporation during down-time.”

It is expected that most of this loss couid be eliminated by a down-time cover.

3.1.1.2 High Freeboard -

The freeboard primarily serves ia reduce drafés nesr the

air/scivent

interface. An acceptable freehoard neight is usuaily determined by the fresboard

ratio, the freebozrd height divided by the width (not iength) of the degreaser's

air/solvent area.

Nermally the freeboard ratie is 0.5-0.5 For the

open top vapor degreasers,

except for very volatile solvents, such as methylene chloride or flusrocarbon

solvents, where a minimun fraeboard ratic of 0.75 is vsed. In fact, the

American Society for Testing and Materials hes

recommended that a minimum

freeboard ratio of 0.75 be an altern
5

ative contrel for cpen top degreasers using

all solvents.

For an open top varor degreaser that is idling (has no werk 1o

ad), the

emission reduction frem reising a fresboard ratio from

0.5 to 0.75 may typicaliy

LA ES

be 25-30 percent. In fact, an increase in retic from 0.5 to 1.0 may yield
p ¥

about a2 50 percent reduction in emissions. These are EPA estimates based on

a test by Dow ChemicaT.G The totel

emission reduction due to the in

will generally be Tess for cpen top

The freeboard height sesms to hav

solvenis with Tow

benzefits for coid «
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Refrigerated freeboard chillers are normally sized by specifying

the cooling capacity per length of perimeter. The above freezing refrigerated
freeboard chiller is rormally designed tec achieve a minimum of 500 Btu/hr

(865 ¥/m-°K) cooling capacity per foot of air/vapor interface perimeter, while
the below freezing refrigerated freeboard chiller is normally designed to

the fellewing specifications:

Minimum Cooling Capacity
Degreaser Width (8tufhr ft of perimster)

< 3.5 ft. (1.1 m) 200
> 3.5 ft. (1.1 m) 300
> 6 ft. (1.8 m) 400
> 8 ft. (2.4 m) 500
> 10 ft. (3.0 m) 600
Hermally sach pass of finnsd cooling coil is expected to remove 100 Btu/hr

ft (173 Hfm-°K}.8 The previous specifications are typical design standards

used by manufacturers of chillers. EPA test data indicate that these design
standards will provide satisfactory emission control, but at present data are
insufficient to confirm that they yield optimum emission control.

In addition to these, a third type of refrigeratad chiller, known as
the refrigerated condenser coil, is available. Refrigerated condenser coils
do not previde an extra set of chilling cecils as the freeboard chillers dc,
but replace the primary condenser coils. If the coolant in the condenser
coils is refrigarated enough, it will create & layer of cold air above the

gir/vapor interface. DuPont and Rucker Ultrasonics have recommended that the

control The refrigerated condsnser coils are normally used only on small
LT h
G i oGl ks ke UMY I TR orc et 1o N : = ] P Tis
open top vapor degreasers (especizlly with fluorocarbon solvent), because é%?
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energy consumption may be toc great when used on larger cpen top vapor degreasers.

The refrigerated condenser coil offers g zability of the open top vapor

degreaser by excluding che need for piumbing to cool cendenser coils with

tap water.

Tests have been performed for EPA on three below frzezing refrigeraied

freeboard chillers. Emission rzductions of 18, 43, and 62 percent ware

measured.]u The chiller wh.ch achieved only a 16 pzrcent reduction in emissicns

was installed around 1968 :nd the cesign was noi representative of present

designs. This degreaser also had 2 low "“uncontrolled” emission rate of
2

0.14 1b/hr ft*, partly die to the use of a cover. The units which achieved

43 and 62 percent reduction in emissions are thought to be more representative

of present designs.

EPA has not perfurmed tests on above freezing “rezeboard chillers or
refrigerated condensing coils. However, tests are planned which should

help quantify the effectiveness of these controls.

Chillers are not normally used on cold cleaners. While it is cartain
that a chiller would reduce emissions, sspecially from units using the more
volatile solvents, this control is generally toc sxpensive for 2 normal cold
cleaner. A chiller on a cold cleansr should have about the same effectivensss
as a normally closed cover, but it would cost considerably more. In Tact, =
chiller could well cost more thazn the cold c¢leansr itsel?f. Still, some
manufacturing cold cleansrs with unusually high emission rates could find
a chiller appropriate.

3.1.1.4 Carbon Adsorption -

Carbon edsorption systems are widelv used io capture sclivent smissions
from metal cleaning operations. On appropriate degresasing processes, these
devices can achieve high levels of emission control. Eguipmsni design and

operation (as illustrated in Figures 3-2. 3-3, and 3-4) are fairly well
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standardized and described in detail in general T1iterature,in the Dow
11

Rezport’ ' and in the report by JACA Corperatéon.]z

A welt designed and maintained carbon adsorption systam will normally

capture in excess of 95 percent of the organic input to the bed. Carbon

adsorption systems for solvent metal cleaning normally «i11 achieve about

40-65 percent reduction sf the total solvent amission;]S One reasen for

the difference between the &hesretical and sctual {s that €8s vent{lation apparatus

of the control system camnot capture all of the solvent vapsrs and delfver

them to the adsorption bed. As has been discussed earlier, major loss

areas are drag-out on parts, leaks, spills, and disposal of waste solvent, none '
of which are greatly affected by the ventilation system. Improved ventilation

design can increase an adsorber's overall emission control efficiency.

e Higher ventilation rate zlone, however, will not necessarily be advantageous.

since increased turbulence could disrupt the air/vapor interface causing an

. increase in emissions, ail of which would not be captured by the collection

systems. The effectiveness of the ventilation sysiem can alsc be improved

through use of drying tunnels and other devices which decrease losses due

to dragout.

Poor operation has been Tound to decrease the control efficiency of
carbon adsorption systems. Examples are dampers that do not open and close
;E properly, use of carbon that does not meet specifications, poor timing of

the desorption cycles. and excessive inlet flow ratss. Desorption cycles

must be freguent enough to prevent breakthrough of the carbon beds, but not
so freguent as fo cazuse excessive energy waste. The degreaser's air/vapor
interfece may be disturbed as a result of excessive adsorber inlet flow. This

can increass losses due to iow aasorber inlet collection efficiency. Good




operating practice and proper maintenance will eliminzte &1l of the above

problzms.
Carbon adsorption systems can effect the highest achievable level of
emission control for many degreasing operations. Its positive aspects are
well known. There are, however, 2 few negative aspects that should he
menticned. First, where solvent mixtures are used, the collected solvent
emissicns will be richer in the mors volatile components. Thus. the
recovered solvent mixgure is rarely identical to that used in the cleaning
system. Second, there are solvent components that are water soluble. Exémpies
[_are acetone or ethy] alcohol used as co-solvents with trichlorotrifluorcethane and
i various stabilizers added to many solvents to inhibit decomposition. These watar
soluble components will be selectively extracted by the steam during the desorption

process. In these cases, fresh solvent, stabilizers and/or co-solvents must

be added to the recoverea solvent bafore it iz reused.

Tests performed on carbon adsorption systems controlling an open top
vapor degreaser and 2 conveyorized non-beiling degreaser. measured 60 and
85 percent emission reduction respective]y.14 Thase levels of control are
typical of properly designed,adjusted and maintained adsorption systems on
degreasing opsrations which are suitable for this type of control. Three
other carbon adserption systems were tested and found to have iow control
efficiencies. Two of these systems achieved 21 percent and 25 parcent emission
reductions. A third was found to actually increass emissions by 8 DE?CEnt.lS
Thase tests exemplify the need for propsr application, desigm, operation,

and maintenance of carbon adsovption systems.

Safety switches are devices used on vepor degreasers fo prevent emissions

hie five main types of sate




Improved cover,

High freeboard,

switches are:

1.

Vapor level control thermestat,
Condenser water flow switch and thermostat,
Stmp thermostat,
Sclvent level contrel,

Spray safety switch.

The first four safety switches Tisted above turn off the sump heat while the
fiTth turns off the spray.

The most important safety switch is the vapor level control thermostat.
This device is activated when solvent vapor zone rises above the designed
operating level. This can occur if the coolant flow is interrupted, for
example. When the hot vapors are sensed, the sump heater is turned off thus

minimizing vapor escape. This thermostat should be a manual reset type for

manually operated degreasers. For conveyorized degreasers, the vapor leva]

control thermostat should activate an alarm system. These controls should
be chackec frequently.

The condenser water flow switch and thermostet turn off the sump hezat
when either the condenser water stops circulating or the condenser water bacomes
warmer than specified. If the condenser water flow switch end thermostat is

properly adjusted, then it will serv

m

as & back-up for the safety vapor
thermostat and also assure efficient operaiion of the condenser coils.
In summer months, the cooling water for condensing coils often becomes too

L 4

warm. In this case, the thermostiats in 2 condenser water flow switch can

signal a need for improvement., such as increasing the water flow rate. This

. ; e T |
problem cccurred during 2 fest performed for EPA. 6




level controi prevent the sump from becoming toc hot, thus causing sclvent

decemposition. The sump thermostat cuts off the heat when the sump temperature -
rises significantly above the solvent's boiling point. The solvent level

contrel turns off the heat when the liquid level of the beiling sump drops

down to the height of the sump heater coils. Without these controis,

excessive heat could decompose the solvent, emitting such things as hydrochloric

acid.
The spray sefety switch is not used as often as the other safely switches,

but it can offer a significant benefit. Spscifically. if the vapor level

drops below a specified level, then the pump for the spray application will

be cut off until the normal vapor level is resumed. Thus, the spray safety

switch prevents sprayving above the vapor level which causes excessive

17

emissions.

The effectiveness of the five safety switches camnot be quantified

because their operation results from poor degreaser maintenance and use.
Nevertheless, considering the fact that vepor degreasers do not always
receive proper attention and maintenance, it is expacted that the safety
switches will provide a significant reduction in emissions for fypical vapor
degreasing operations.

3.1.2 Controls to Minimize Carry-cut

Carry-out emissions are the solvent emissions that result whem clean
parts still containing liguids or vapors are extracted from the vapor degreaser.
As described in chapter 2, good operating practices are the primary method of
reducing carry-cut emiszions. Furthermore, there are devices that can help

minimize the carry-out from cold cleaners and conveyorized degreassrs. butl

net generally from open top vapsr degreasers.

£
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The main control device for carry-out emissions from cold cleaners is
¥

a2 simple drainage Tacility. The two types of drainage Tacilities are the

external and internal drainage racks (or shelves). The external drainage rack

is attached to the side of the cold cleamer at the top. The liguid solvent

returned to the cold cleaning

Trom the clesned parts drains imio 2 frough and is
bath.

This coatrot is inexpstisive aaf e==fty retrofitted. An internal

drainage facility is located bensath the cover. It may be a basket that

is suspendsd over the solvent bath, or a shelf from which the solvent drains.

Particularly with solvents of higher volatilities (i.e., much greater than

that of mineral spirits), an internal drainage facility can prevent a

significant solvent emission. The internal drainage facility sometimes cannot

be reasonably retrofiited, because there may not be enough room inside the
celd cleaner {o drain parts while cleaning other paris.

The main contrsl devices for carry-out emissions from conveyorized

degreasers are a drying tunnel and rotating baskets. A drying tunnel is

simply an extension from the exit of the conveyorized degreaser. This tunnel

extension gives cleaned parts more time to dry completely. The drying tunnel

should work particularly wall in combination with carbon adsorpticn. Drying
tunnels can be retrofitted, if there is adequate space. Rotating baskets
may be used on cross-rod degreasers and ferris wheel degreasers. A rotating
basket is & perforated cylinder containing parts to be cleaned that is slowly
rotated throush the cleaning system, so that the parts cannot trap liguid
solvent. Rotating baskets are designed into the conveyorized system and hence
are not sasily retrofitted.

Conveyors themselves can contribute to carry-out emissions. Some

designs cause less emissions than others. In genheral, thesz emissions are

directly proportional to the surface area entering and leaving the cleaning

-1
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zene. One design. uses small pushers to move parts along fixed rods which

support the work. This design is advertised to carry-ocut 70 percent less
solvent than conventional wire mesh conveyors.

The effectivenass of contral devices that help minimize carry-out
emissions cannot be guentified. Thes amount of carvy-out depsnds teco much
or: the type of work loads (shepe and crevices) and the quaiityv of operation.
kevertheless. it is cbvious that if the exiting cleaning parts visibly shoy
liguid sclvent, then carry-out emissions will be substantial.

32.1.3 Controls for Solvent Bath and Carry-out Emissions Combined

Two control systems reduce both solvent bath and carry-out emissions.
They are the automated cover-convevor system and a refrigeration condensation
system. Both systems are relatively new designs and infrequently used in
practice. They are somewhat complex and expensive in relation to most other

contrel devices.

3.1.3.1 Automated Cover-Conveyor Svstem -

The purpose of an automated cover-conveyer system is to close the
cover of an open top vapor degreaser when paris ars being cleaned and
dried. Thus. the cover is open only for thz short period of time when dry
parts are actualiy entering or exiting. (It is possible to use this system
on & cold cleaner but the solvent velatility and losses would generally
have to be very high to justify the expense of such a system.) The autometad
cover must be capable of closing while the part is inside the degreaser. If
the part is conveyed by means of a cable and hoist, then the cover can
clese horizentally and be split into two parts so thet it closes 2t the center

]

wn
v
o3

c

i

¢

where the cable i ted. If the parts are conveved by means of & sheif

=

1

that automatically Towers and rises, then the vapor degreaser can be

covered by & parmanent enclosure with a vertical door, (See Figure 2-%2), )
e 1
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of & large amount of heat (1300 Btu's per pound) which will add significantly

ok

o the cost of this comirol, Second, when condensation occurs a fine mist of

£

liguid sclvent is formed, The problem is in removing this mist from the air

stresam,

This analysis indicates that it would be difficult to control emissioss
from degreassrs with refrigeration condensation,” However, this rests on two
assumptions: (1) 1 atmosphere pressure is maintained and (2) vapors cannot

be collected in higher concentrations, Still, this does not preclude its

uccessful use, An example is one design which was reported after the initial

i

EPA test program had been completed, The equipment manufacturer, Autosonics
Inc., reportad successful emission contrel using a prototype of their design,

called the “Zero-Emission” vapor degreaser, This system empluys refrigeration

condensation along with carbon adsorption and is reportad fo be able to

capture solvent vapors with unusually high efficiency. EPA tests on this

degreaser are plained,

3.1.4 Control of Waste Solvent Evaporation

el

3,1.&4,1 Current Practices -

tmissions from waste solvent occur through & number of diverse routes,
none of which can be easily monitored or quantified, Based on the Timitad
snformation currently available (see Appendix B,5), it is estimated that

about 280 *housand metric tons of waste sclvent were digpssed of from metal

degreasing cperations in 1874, This is approximately one-third of the total

i PR e - ' = PO [ SUPPE N et LT O PR P 4Py
drains or onto the grounds surrounding the usipg facility. oSome weste

selvent is stored in open containess and evaporates., A small & .ount of waste

or chemical landfills thet make no
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cperation (as illustrated in Figures 3-2Z, 3-3, and 3-4) are fairly well

2-9

gttempt to encapsulate the solvent, Some Targer companies have used

deep well injection, but overall this is considered an insignificant disposai

route for waste solvent from degreasing. It has been estimated that these
four disposal routes account for “35 percent of the total waste solvent
load.

It is convenient for automotive maintenance facilities to dispese of

their waste sclvent aleong with their waste crankcase oil. Perhaps as much
as 15 percent of the total waste solvent load {or ~33 parcent of the
waste solvent from maintenance cold cleaners) enters this route. Crankcase

cil is reprocessed, rerefined, used for dust contral on uppaved roads or handled

in cther ways, none of which pay signhificant attention to the solvent
fraction.

Properly controlled incineration is one of the few disposal routes
which does not result in evrganic emissions to the atmosphere. However,

only a small fraction (=5 percent) of waste solvent is believed to be disposed

cf in this manner.

Solvent reclamation is the most environmentally acceptable route for

waste solvent. It is believed that 45 percent of the waste solvent Tead

22,23

is being reclaimed through distillatien. Primarily, halogenated

solvents are distilled; pstroleum related solvents. such as mineral spirits,
are more difficult and less profitable to distill, because such solvents
are flammable and inexpensive, compared to halogenated solvsnts.

3.1.4.2 Recommended Practices -

Reclamation Services - Reclametion servicas collect waste solvent, distill

it. and return the reclzimzd pertion to the solvent user. Charges vary but

are roughly egual to ons ha
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separated by large distances, collectien and transpertation is a Timiting
factor. However, suitable collection systems could be devised and reclamation
service could be sxpanded beyond the industrial aress. For exampie, it would
be possible for the rural user to store waste sclvent in sealed containars
until sufficient volume is acguired to make collection sconomical,

Another alternative is offersd by the Safety Kisen Corporatien. This
firm provides a service of supplying both the solvent znd cold cleaning
equipment to users. The solvent usad is periodically cellected and replaced
with fresh solvent by the company and the used solvent is distillec at central
locations. The firm operates in industrial areas throughout the U.S.

In-House Reclamation - Many large users practice in-house reclamation.

In vapor degreasing, the use of stills is fairly common. For instance,

nearly all conveyorized vapor degreasers and large open top degreasars are
equipped with stilis, (see Figure 3-7}. These stills have been customarily
used because they reduce the maintenance cost of cleaning the vapor cegreasing
system, enable the system to remove soils collected without interrupting

the cleaning process and recover vatuable gquantities of solvent. The Dow
Report estimated that the total yearly cost of in-house reclamation of

chlorinated solvents can be recovered from the first 350 gelions distilled.

Nonchlorinatel solvents, because of their flammability and lower recovery
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distillation., These must be replaced to avoid chemical deé&mpnsition of

the rescoversed solvent. HNonchlorinated solvents are quite flammable and

Solvent blends

reguire eguipment designed to prevent fires and explosions.

usually consist of solvents of different boiling points; thus, the solvent

initially recovered has a higher portion of lower boiling point solvents.

Certain contaminztes can also greatly increase the difficulty of distilling

any solvent. For example, azeotropes can form between contaminates and solvents

during distillation, making separation difficult. Also, adverse chemical
reactions car occur. For these reasons distillation ssrvice companies

generally analyze waste solvent.

The company using in-house distillation
can often eliminate analysis and avoid many of the problems encouniered by
services which distill a mixture of solvents from different users, because the
solvents znd the contaminants are known.

Direct Incineration - Direct incineration in a properly controlled

facility is another environmentally acceptable disposal route for waste
selvent. Incineration does not, however., produce & ussable product and
often requires significant amounts of supplementary fuel. For thase
reasons, it is net as attractive as reclamation. MNonchlorinated solvents are
fuel oil grade waste and after simple filtration of hazardous contaminates
could provide the heat value necessary for incineration of chlorinated
compounds. However, their fuel value will be considerably less than their
solvent valus.

Thers zre approximately 25 te 50 facilities in the United States capable
of acceptably incinerating chlerinated solvents. Such facilities reguire high
temperatures (21200°C), sufficient residence time (about 2 seconds). and

sophisticated exhaust gas cleaning equipment fc remove halogenatad compounds

(primarily HC1). particulate




build this type of incinerator is significant (1.5 to 5 million dollars for

& gallon of waste per minute cipacity). Operating cosis have been estimated
24
d.

at less than 2¢/1b of solveut incinerate

Chemical Landfills - Currently there are chemical landfills and encapsulation

processes approved for the disposal of waste solvent. However, dispesal in this
mannaer could result in loss of volatile organics. These facilities can prevent
emissions if extreme care is taken to eliminate evaporation and permeation.
One method has been to seal the waste solvent in 1imed drums and surround the
drums with 4 to 20 ft. of packed clay. HNo testing has been done to insure
that even this method will control organic emissions. It is believed that
most chemical landfills are not adequate for the disposal of waste solvent.

It is not the purpose of this report to evaluate waste solvent disposal
facilities in depth, rather cnly to show that they are available. even

though the degree of their excessibility varies geographically. EPA's Office of

Solid Waste Management Programs is currently preparing regulations, under
the Resource Conservation and Recovery Act of 1976. to cover transportation.
storage, treatment and disposal of hazardous waste. These regulations are
targeted for promulgation inm April of 1978 and hopefully will apply to &lil
waste solvents from dagreasing.

3.1.5 OQther Control Davices

Two other control devices could conceptually be used to reduce solvent
bath emissions: dincineration and liquid absorption. Benerzlily, incineration
appeas tc be too expensive and energy intensive, and liguid abserption presents

special tschnical problems and could even cause increased atmospheric emissions.

3-27




3.1.5.1 Incineration -

Incineration has besn used for many vears to control emissions of organics

For degreasing cperations, it could be applied most

to the atmosphere.

easily to systems using petrcleum hydrocarbons and oxygenated solvents which

readily combust to carben dioxide and watev. Application to systems using
halogenated hydrocarbons would be more difficult. Although halogenated
hydrocarbons are non-flammable under normal conditions. they can be pyrolyzed
at temperatures in the incineration range. The pyrolytic decomposition of
chlorinated hydrocarbons, for example, will relesase chlorine, hydrochloric
acid, and phosgene depending upon the conditions of oxidation. These products
would have to be removed from the off-gas siream of the incinerator using
sophisticzted gas cleaning equipment before exhausting to the atmosphere,

The cost of incineration could also be high. First, capital reguirements

are generally large, particularly in comparison to the relatively low cost of

most degreasers. Furthermore, costs would be significantly increased with
the addition of gas cleaning equipment, were that needed. Next, solvent
concentrations in exhaust streams are frequently below the range reguired

to sustain combustion; thus, supplemental fuel would be reguired. Scarce fusl
resources would make this a Timiting Tactor.

3.1.5.2 Liquid Absorption -

Liquid absorption is a well known process that has been jnvestigated for
use in solvent metal cleaning. For example, trichlorosthylens vapors in air
could be substantially reduced by absorption in minsral oil. However, at an
absorption column temperature of 30°C (86°F), the air stream leaving the
column might centain about 120 ppm mineral oil. Thus, the process could "

result in conirol of one hydrocerbon but emission of another at z nearly

ks ]

4

equal or possibly greater rate.'© &



) %%% boiling point of the mixture increases. Both the sump thermostat and solvent

3-15

Chilling the sbsorbing fluid would reduce 1ts concentration in the

exhaust air. MHowsver, cooling to a temperature below 0°C {32°F) would cause

ice formetion in the columa since water is insoluble im mineral oil. Although

this could be avoided by prerefrigeration of the air stream., the use of
refrigeration would greatly fncrésié eneray tonsumption. Finally, the energy
requirement for receovering the solvent from_tﬁe mineral oil is great. Thus,

it appears that this method of emission contrel is impractical except for the
recovery of {1) high concentrations of sclvent vapers in air, (2) very valuzble

vapors or (3) highly toxic chemical vapors.1g

3.2 COMPLETE CONTROL SYSTEMS
A complete emission control system utilizes both control eguipment and

operating procedures. Although controls can be combined in many ways to form

many different control systems, two basic conirol systems for each type

degreaser are presented here. Generally, control system A consists of proper
operating practices and simple, inexpensive control eguipment. Contrel

system B consists of system A plus other devices that increase the effectivensss
of centrol. The details of control system A or B can be modified to arrive

at the Tevel of control neaded.

The emission control efficiency of reasonably well designad and meintained
control systems is estimated from the present test data base. Control systems
which are szriously defective are not uncommon. A few such systems were
even recommended uninteationzlly by control system vendors to EPA a2t being

exemgclarv: it reauired close inspection and sometimes emission measursment

i

to discover that the systems were defective.




3.2.1

Cold Cleaning Control Systems

for coid cleaners is the control

The most important emission control

of waste solvent.

The waste solvent needs to be reclaimed or disposed of so

that & minimum evaporates inte the atmosphere. Rext in importance are the

operating practices of closing the cover and cgraining cieansd parts. Severa
other control fechnicues becoms significant only in & small Fracticn of
zpplicaticnz. The control devices and operating practices for contrel
systems A and B are summarized in Table 3-1.

There is not a large differsnce in effect betwesen sysiem A and B,
because most of the cold cleaning emissions are controlled in system A, If
the requirements of system A were followed conscientiously by nearly &ll
of the cold cleaning operators, there would be little need for the additional
system B requirements. However, bacause cold cleaning operators can tend

to be lax in keeping the cover closed, equipment requirements #1 and #4 in

system B are added. Similarly, the modifications for #2 and the equipment
reguirements in #3 would effect significant emission reductions in a few
applications.

Although the effectiveness of the control systems depends greatly on
the auclity of operation. average cases have been approximated, (see Appendix B.2).
System A could reduce ceold cleaning emissions by 50 (#20) percent
and system B mey reduce it by 53 (+20) percent. The Tower znd of the rangs
represents the emission reduction projscted for poor compiiance. and the higher
end rapresents sxcellent compiiance. As can be readily seen Trom these eztimetes.

only slightly better than that for
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TABLE 3-1, CONTROL SYSTEMS FOR COLD CLEANING

fontrol] System A
Control Equipment:

1. Cover

2, Facility for draining clsaned parts
3. sit, conspicudus jabel, sumarizing the operaling requircments

Cperating Requiraments:

1. Do not dispese of weste solvent or transfer it to ancther party,
such that greater than 20 percent of the waste (by weight) can evapo:ate
into the atmosphers,” Store waste solvent only in covered containers.

2. Close degreaser cover whenever not handling parts in the cleanen

3. Drain clezned parts for at least 15 seconds or until dripping ceases.

Contral System B
Control Equipment:

1. Cover: same gs in System A, except if (&) solvent voletility is
reater than 2 kPa (15 mm Hg or 0.3 ;:si‘i measured at 38°C (100°F),**
?b} solvent is agitcted or (c) soclvent is heated, then the cover must
be designed so that it can be =asily operated with one hand. (Covers for
larger degreasers may reguire mechanical assistance, by spring loading,
counterwsighting or powered systems. )

2. [Drainage facility: Same as in System A, except that if sclvent
volatility is greater than about 4.3 kPa (32 mm Hg or 0.6 psi) measured st
4 38°C (100°F), then the drainage facility must be internal, so that parts are
enclosed under the cover while draining. The drainage facility may be
external for applications where an internal type cannot fit into the cleaning
System.

3. Label: Same as in System A

4, If used, the solvent spray must be 2 solid, fluid stream [not a
“ine, atomized or shower tvpe soray) and at & pressure which dozs not cause
ercessive splashing,

5, Major control den‘ce for highly velatile sclvents: If the solvent
volatility 15 > 4.2 kPa (22 mm Ho or 0.6 psi) measurad at 38°C (100°F), or
if solvent is heated above 50°C [120°F), then one of the follawing control
davices must be usad:

&, Freehoard that gives a freshoard ratio*== > 0.7 .

b. Hater cover (solvent must be insolublz in and heavier than water)

c. [ther systems of equivalent control, such as & refrigarated chiller
or rar‘bon adsorption,

(parating Requirements

Same as in System A

FHater and solid waste regulations must &lso bz complied with..

=rGenerally solvents consisting primarily of mineral spirits (Stoddard) have
volatilities <« 2 kPa,

**+Fresboard ratio is defined &5 the freeboard height divided by the

width of the degreaser,




20 o 30 percent of the total emission from an zverage cold clezner. For

cold cleaners with high volatility solvents, bath evaporation may
contribute ~50 percent of the total emission: it is estimated that system B
may achieve 69 (+20) percent control efficiency, whereas system * might
experience only 55 (+20) percent control.

3.2.2 Control Systems.for Open Top Vapor Degreasing

The basic elements of a control system for opsn top vapor degreasers
are proper operating practices and use of control equipment. There are
about ten main operating practices. The conirol equipment includes 2 cover,
safety switches and a major control device, either high fresboard, refrigerated
chiller, enclosed design or carbon adsorption. Two control systems for open
top vapor degreasers are outlined in Table 23-2.

The vapor level thermostat is not included because it is already required

by OSHA on "open surface vapor degreasing tanks." The sump thermostat and

solvent Tevel control are used primarily tc prevent soclvent degradation and

protect the eguipment and thus are also not inctuded here. The emission

reduction Ly these controls is @ szcondary effect in any event. The two

safety swiiches presented serve primarily to reduce vapor solvent emissions.
System A may reduce open top vapor degreasing emissicns by 45 (x15) percent,

and system B may reduce them by 60 (+15) nercent. For an average size

open top vagpeor degreaser, system A and B would reduce smissions from 9.5 m

tons/year down to about 5.0 and 3.8 m tons/year, respectively. It is

system B is appreciably more effective than system A.

(%]

3.2.3 Contrel Systems for Convevorizad Dagrsasers

Conirol devices tend to work most effectively on conveyorized degreasers
meinly becauss they are enclosed. Since these confrel devices can usuallv

result in solvent savinge, they often will net an annuzlized profit.




TABLE 3-2. COMPLETE CONTROL SYSTEMS FOR OPEH TOPF VAPOR DEG!

Centrcl Svsten A

Consrol Equipmsnt:

. ¥, Cover that can be opaned and closed easily without disturbing the
Yapor zone.
Operating Reguiremants:

1. Kezp cover clesed a2t 211 times except whan processin
through the degreaser.

2. Minimize solvent carry-out by the following measures:

2, PRacx parts to zllow full drainags.

b. Move parts in and out of the degreazser at less them 2.3 m/sec {11 Ft/min).

c. Dagrease the wurk Toad in the vapor zone 3t lsasi 30 sec, or until
condansation ceases,

d. Tip out any pools of solvent on the cleaned parts bofore ramoval,

. ? AI!ou parts to dry within the degreassr for at least 15 sec. or until

VisLU "'_Y

1. [ip not degrezse porous or absorbent materials, such as cioth, leather,
wood or rops.

4. Work Vozds should not cccupy more tham half of the degrezser's open
0T area.

£. The vapor level should not drop more then 10 cm (& in} when the
eork load esnters the vapor zone.

&, Hever spray above the wvapor level.

=

7. Fepair solvent leaks immediztely, or shutdown the degreszser,

Do not di:pcse of waste solvent or itransfer it to another party
such that grezter than 20 percent of the wests (by weight) will
avaporate fnto ths atmosphere. Store weste sslvent only in ciosed contsiners.

8. Exhaust ventilation should nct =x 20 m”/min per m2 {65 cfm per ft ]
of degrazser open srez, uniess necessary to meel OSHA requirements. Ventilation
fans should not be used near the degreaser opening.

10. Water shoulc nct be visually detectable in solvent axiting the weter
separater.

Controy Sysier B
Contral Equipment:

1

1. Cover (same a2z in systam A},

Z. Gafety switches
e. Londenser f1 "tch anad thermostat - (stuts off sump neat §F condensar
r not circulzting or oo warm},
zafety swit ¢ off spray pump if the drops .
ut 10 cm (4 in}.

v Control Devd

..,Dn"‘“ g
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TABLE 3-3. CONTROL SYSTEMS FOR CONYEYORIZED DEGREASERS

Control System A
Control Equipment: HNone

Operating Reguirements:

1. Exhaust ventilation should not exceed 20 m3{min per m2 (65 cfm per ftz}
of degreaser opening, unless necessary to mzet OSHA regquirements. Work place
fzns should not be used near the degreaser spening.

2. MWinimize carry-out emissions by:

a. Racking parts for best drainage,
h. Maintaining verticle conveyor speed 2t < 3.3 m/min (11 ft/min).

3. Do not dispese of waste solvent or transfer it to another party such
that greater than 20 percent of the waste (by weight) can evaporate
into the atmosphere., Store waste solvent only in covered containers.

&, Repair solvent leaks immediately, or shutdown the degreaser.

5. Mater should not be visibly detectzble in the solvent exiting the
water separator.

Control System B

Control Eguipment:

1. Major control devices; the degreaser must be controlled by either:

a, Refrigerated chiller, 2 -

b. Carbon adsorption system, with ventilation » 15 mZ/min per m° (50 cfm/fi%)
of air/vapor area (when down-time covers are open), and exhausting <25 ppm of
solvent by volume averaged over a complete adsorption cycle, or

c. Sys+=m demonstrated tc have control efficiency 2quivalent to or better
than either of the above.

2. FEither a drying tunnel, or another means such as rotating (tumbling)
basket, sufficient to prevent cleaned perts from carrying out sclvent liguid
or vapor.

3. Safety switches

¢. Condenser flow switch and thermostat - (shuts off sump heat if
coolant is either not circulating or too warm).

k. Spray safety switch - (shuts off spray pump or comveyor if the vapor
Tevel drops excessively, e.g. > 10 cm (4 in.)).

c. Vapor level control thermestet - (shuts cff sump heat when vapor
level rises too high).

4, Minimized openings: Entrances and exits should silhouette work
loads 50 that the average clearance (between parts and the edge of the
degreaser cpening) s either <10 rm (4 n.) or <10 percent of the width
cf the openina,

5. Down-time covers: Cavers should be provided for ¢losing off the
entrance and exit during shutdown hours.

Operating lequirements:

1. to 5. 5Same as for System A

£. Down-time cover must be placed over entrances and exits of conveyorized
degreasers

immediately after the conveyor and exhaust are shutdown
and removed just befors thev are started up.

s

-2

L




may decrease from 27 to ~20 and ~11 (metric] tons/yr for systems A and B,
vespectively. Thus, system B offers a much greater amission reduction per
degreaser for conveycrized degreasers than for cold cleanérs or open top vapor

degresasers,
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4.0 COST ANALYSIS

4.1 1NTRODUCTIONW

4.1.1 Purpose

E The purpose of this chapter is to present estimated costs for applying

alternative smission control techniques in the metal cleaning, or degreasing
industry. Cost data will be provided for hydrecarbon controls on cold
clzaners, open top vapor degreasers, and conveyorized vapor degreasers.
These cost data will be presentad for model naw facilities as well as for
model existing plants.

4.1.2 Scope

With regard to cold cleaners, control cost estimates will reflect the

use of the foliowing technigues:

® 3

2. mechanically assisted cover (spring loaded).

drainage facility:

The scope of this section includes both low volatility solvents, such as
mineral spirits, and hich volatility solvents such as 1,1.1- trichlorpethane.
Costs will be presented for only one size cold cleaner facility.

Mo incremental costs for housekeering controls are presentad in this
chapter. A reazsonable judgment is that such costs are negiigible, particularly
considering that they are offset by savings in recovering additional solvent
from improved nousekeeping.

Hith regerd to cpen top vapar degreasers, conirol cost estimzies will be
presented for iwo sizes of
solvent or 1,1,1-trichicrosethans solvents. The control cest estimetes will

reflect the follewing technigues:

4.7




use of 2 manual cover;
use ¢of & manual or powered cover in combination with extended fresboard;
rafricerated chiltler:
*. carbon adssrber;
As in the case of cold cleaners, incramental costs for housekeeping
controts on cpen top vapor degreasers are not presented because they appear
to be negligible.

With regard tc conveyorized vepor degreassrs, contrel cost estimates

will be presented for facilities that primarily use trichloroethylene or

perchleroethyliens solvents. The control cost estimates will reflect the use
of the following techaiques:
@. carbon adsorbar
afrigerated chillars
Agazin, incrementzl costs for housekesping are not presented because they-
ar to be negligible.
.3 Model Plants
Control cost estimates are presented for typical model asgraasers in the
cleaning industry. ifi plant parameters will be oresented
the subseguent portions »f thi pter. Admittedly. control costs may

rary Trom one installation te another, perhaps even appreciably from the

1

S
o the




Cost information is presented both for typical new model degreasers as

well as for typical existing model facilities. Model degreasers depicting
size, design, and solvent usage have been developed. The purpose of this

is to show the relative variation in control equivment costs with these

factors. Although the deagresaser models chosen for the analvsis are believed

to be represantative of degreasers used throughout the industry, no attempt
has besn made to span the range of existing dsgrsaser designs and sizas.

4.1.4 Capital Cost Estimates

Control cost estimates comprise installed capital costs and annualized
operating costs. The installed capital cost estimates rettect the cost of
designing, purchasing, and installing a particular control device. These

estimates include costs for both major and auxiliary equipment, rearrangement

or removal of any existing equipment, site preparation, egquipment installation

and design engineering. No attempt has been made to include costs for Tost

production during equipment instailation or start-up. For degreasing opere*ions,
most of the controls discussed will take a matter of hours for installation
which should minimize delays in producticn. A1l capital costs reflect first
quarter 1977 costs. In general, information for capital costs has been
developed through contacts with degreaser equipment manufacturers. In additien,

! and EPA in-house files have besn used to develop the

an EPA contractor study
capital ceosts.

4.1.5 Annualized Costs

Annuzlized cost estimztes includa costs for operating labor, maintenance
and vtilities, credits for solvent recovery. depreciation, interest, adminis-

trative overhead, properiy taxes,

L

and insurance. OQOpsrating cost estimaies



have been developed on the basis of the EPA contractor study cited abova.
The number of annual operating hours was assumed to be 2250 hours. The cost
of electricity is assessed at 4 cents per kilowatt-hour.” Solvent prices
used were $0.20 per kilogram for mineral spirits, and $0.43 for trichlcro-
ethylene and $0.41 for the chiorinated blended solvent used in cold cleaning.

These sclvent prices are bassd on recent quotations from the Chemical

Marketing Reporter.3 Maintenance costs for all controls (except housekeeping)

were estimated to be 4 percent of the purchase cost of the equipment. Estimates
of depreciation and interest costs have been developed by EPA based on the use
of the capital recovery factor, an interest rate of 10 percent, and an eguip-
ment 1ife of 10 years. In addition to costs for depreciation and interest,
other capital charges include 2 4 percent charge for administrative overhead,
property taxes, and insurance.

COLD CLEANERS

4.2.17 HModel Piant Parameters

The model parameters that were used in developing control costs for coid
cleaners are shown in Table 4-1. These parametars are based cn industry
contacts and EPA studies of the solvent degreasing industry. The most common
type of cleaning is represented by low velatile solvent cleaning. Also shown
is high velatile solvent cleaning, which is important from the standpoint of
higher emission rates. The emission rates in Table 4-1 represent typical

solvent veluss and the cost of solvent are used to
ized contrel cozss. The
Tend is 60 percent

1,1.1=-trichlorosthans, 1t xy : ! percent spirits.




Table

4-1.

COST PARAMETERS FOR MODEL COLD CLEARNERS

Low Volatility
Solvents

High Volatility
Solvents

2

Working Area, m
Solvent Used

Uncontrolied Emission Rate,
metric tons per year

Emission Rate with House-
keeping Requirements,
metric tons per yeer

Solvent Recovered by Control
System, metric tons per year

Solvent cost, § per kg

0.5
Mineral Spirits

0.25

0.16

0.5
Blended Solvent
0.40

0.32

C.0ub

0.4

Source:

EPA assumptions based on industry contacts, contractor studies and in-house files.

e



§.2.2 Control Costs
Costs for control of emissions from cold cleaners have been developed
for the following cases for model new and existing cold cleaners:

1. drainage facility for low volatility solvent cleaning

2. draipage facility plus a mechanically assisted cover for high
volatility solvent ciesaning.
The drainage facility consists of an external rack eguipped with 2 drain
line to return recovered soivent to the storage tank, which supplies the
solvent for cleaning. The mechanically assisted cover consists of a spring
Toaded plunger which helps the operator to easily open and cleose the cover.

The costs for these equipment features are presented in Table 4-2.
Estimates are presented for instaziled capital costs, annualized costs, and
the cost per kilogram of hydrocarbon controlied. The capital costs for the
drainage facility are the same for an existing cleaner as for 2 new one
because of the esase with which it can be retrofitted. The capital costs
for tha cover are for the spring loaded plunger which can be retrofitted
onto the cover of an existing cieansr. These costs were provided to EPA by
& manufactursr of cold cleaning Equigment.4‘5 One hour of Tazbor s assumed
gs the reguirsment for instziling the spring lcadad plunger.

The £ost of hydrocarbon control per kilogram of recoversd solvent is
quite sensitive to the value of the recoverad solvent. Hote that the low
volatility solvent cleansr in Table 4-2 fncurs 3 cost of $0.021 per kilooram
wheraas the high volatility sclvent clieaner saves $0.31 per kilogram for the

new facility and 30.267 per kilogram for the existine facilitv.



Figure 4-3 Cost-Effectiveness of Alternative Control Options far

Evisting Cross-Rod Degreasers 4-23 2/C8

Table 4-2.

xiii

CONTROL COSTS FOR TYPICAL COLD CLEANERS
(Vapor to Air Area of 0.5m2)

Low Volatility Solwant

High Volstility Solvent

I. Hodel Mew Facilities
Installed Czpital (§)

Controlled emissions (metric tons/year)
Coct {credit], § per %g controlled

II. Model Fxisting Facilities

Cost [credit), § per Kg controlled

.

¢.021

45

Direct operzting costs (8/yr) 1.00 1.80
Capital charges ($/yr) 4.30 1.12
Solvent cost {credit) ($/yr) (4.80) (39.36)
Annualized cost (credit) (§/yr) 0.50 (29.54)

Installed capital (§) 25 E5
Direct operating costs (5/yr) 1.00 2.60
Capital chargas ($/yr) .30 11.15
Solvent cost {credit] {3/yr) {4.80) (39.35)
Annualized cost (credit) [$/yr) 0.50 {25.61)
Controlled emissions (metric tons/year) 0.024 0.036

{0.267)

Source: Reference 4, 5 for estimaies of capita| and annualized cests

=7




4.3 OPEN TOP VAPOR DEGREASERS
4.3.1 Hodel Plant Parameters

The model parameters that were used in developing centrol costs for
two sizes of open top vapor degreasers are displayed in Table 4-3. The
two sizes represented are characterized by werking area and solvent emissions.
These parameters were selected as a result of industry contacts and EPA studies
of the industry. The emission rates in Table 4-3 represent tyvpical values.
The working arez is used to determins costs for covers, refrigerated chiliers,
and freeboard extensions. The assumption used to estimate costs is that the
length of the working area is twice the width. The reccvered solvent values
and the cost of solvent are used to estimete soivent credits which are deducted
from the znnualized costs of the control devices.
4.3.2 Control Costs

Costs for control of emissions from open top vapor degreasers have been
developed for the following cases for model new and existing degreasers:

1. manual cover;

2. manual or powered cover for working arez exceeding 1.0 m2 in

combination with extended freeboard;

3. refrigerated chilier;
&, carhon adsorber.

Table 4-4 presents the costs for these controls on the average sized
degreaser, and Table 4-5 presents costs for the smaller degreaser. fests

arz presented in terms of installed capital costs. annuelized costs, and the

cost per kilogram of hydrocarbon controlied.



Table 4-3. COST PARRMETERS FOR MODEL OPEM TOP VAPOR DEGREASERS

Typical Degreaser

Small Degreaser

Horking Area, mg

Uncontrelled Emission Rate,
metric tons per year

Emission rate with housekesping
requiremsnts, metric tons per year

Solvent recovered by control system,
metric tons per year

2) Manual cover

High freeboard and
powared cover

Chiller
Carbon adsorber

Solvent Cost, § per &g

1.67

9.5

0.43

0.83
4.75

"3.35

(1) Manuzi cover and high freeboard.

SOURCE: EPA assumptions based on industry contact, contractor studies, and in-house files.



Table 4-4. CONTROL COSTS FOR TYPICAL SIZE DPEN TOP YAPOR DEGREASER
(Vapor to Air Area of 1.67 m¢)

Manual Carbon Refrigerated Extended Freeboard
Control Technigue Cover Adsorption Chiller & Powered Cover
I. Model Rew Facilities :

Installed capital () 250t 745012) 4s00 ¥ 2500

Direct operating cost (§/yr) 10 451 259 100

Capital charges {%$/yr) 43 1268 840 430

Solvent cast (credit) [$/yr) {8s0) (1418) {1250) (1161}

Het annualized cost (credit) ($/yr) (307) 300 {181) (631)

Controlled emissions (metric tons/yr.) 2.0 3.3 3.0 2.7

Lost [2rzdit) per Ko controlled {0.408) 0.031 {0.064) (0.234)

Model Existing Facilities

Installed capizel (§) 300t 10,3002) gsool?) 8000(¢,2)
Direct operating cost (&/yr) 10 451 259 100
Capital charges ($/yr) 51 1,765 1115 1372
Solvent cost (credit) ($/yr) {860) (1419) [1290) (1161)
Ne%sanm;a‘lized cost (credit) {792) 797 284 i

fyr

Controlled emissions {metric tons/yr.}

Cost (credit), § per Kg controlled

1) Reference 7
(2) Reference 1
3

{3) Reference 1
{4) References 7 and B. Z/_.-/y -
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Table 4-5. CONTROL COSTS FOR SMALL OPER 1GP VAPOR DEGREASER
(Vapor to Air Area of 0.8 n?)

Hanual Carbon Refrigerated Extended Freeboard
Control Technigus Cover Adsorption Chiller and Henual Cover

1. Hodel New Facilities

fnstalled capital (§) 231 7am0!?) 200 ¥ a3 (®)

Direct operating costs ($/yr) g 404 158 17

Capital cherges (S/yr) &0 1268 £63 74

Solvent cost (credit) (Sf)_rr{ (430) (710} (645) 581)

Ret annuzlized cost (credit (381) 952 (24) [49@)
(§7yr)

Controlled emfssions (metric 1.0 1.65 1.5 1.35
tons/yr.)

Cost (credit), $ per Kg {0.361) 0.563 (0.016) (0.3583)
controlled

11. Model Existinn Facilities

[BD! 1
Installed capital (§) 2tV 10.300‘” 30 ) 570(¢)
Direct operating costs ($/yr) ¢ 404 158 17
Capital charges (§/vr) 46 1,765 691 98
Solvent cost (credit) (S/yr) (430) (710} {645) (581)
Ket annualized cost (credit) (375) 1,459 204 (458)
{5/yr)
l:o?trohed emissions 1.0 1.5 1.5 1.25
matric tons/vr.) . .
Cost [credit), § per ¥g (0.375) 0.634 0.136 (0.345)
contrelled

(1) Reference 7. * J
Z) Refesrence i

3) Reference 1 *

(&) References 7 and 8.




With regard to Tables 4-4 and 4-5, the installed capital for the carbon
adsorber in the existing facility represents the worst retrofit situation

to be encountered for this control device. This would occur if no steam

capacity is available for solvent desorption, and space is limited. Retrofit
capital would include a small steam boiler and an elevated platform to provide
space. For most retrofit situations, the installed capital would be somewhere
between the costs for a new facility and the estimates shown for the existing
facilities.

The retrofit factor for carbon adsorbers applied to existing degreasers
was developed from an actual facility.ﬁ The cost of the carbon adsorber for
the facility was $13,990; the boiler, $4,000; and the platform above ground
level in the plant to house both the boiler and the adsorber, $3,300.

The ratie of the boiler and platform costs to the carbon adsorber costs is
approximately 0.50.

The retrofit factor for the refrigerated chillers is also approximately
50 percent, or in other words, retrofit costs are 50 percent more for existing
degreasers than for new units. The basis for this is the study cited earlier
(see reference 1).

Retrofit costs for freeboard extensions. or high freeboards, and covers
are difficult to determine in some situations. Based on contacts with two
manufacturers of these devices, approximate jnstallation reauirements are
10 man-hours for manual coverss? 16 man-hours for freeboards, end 16 man-hours
for powered covers.a

The installed capitel in Table 4-4 for the powsred cover with extended

fresboard in an 2xisting facility includes $5.500° for digging 2 concret

(1]

=]

m

pit. The purpose of the pit is to 2llow room for & hoist or & conveyor



14. Ibid, Appendices C-10 and C-11.

bringing parts to the cleaner. Such a problem most 1ikely would not exist

for small degreasers. Consequently, a provision for this type of retrofit
penalty is provided in Table 4-4 but not in Table 4-5.

Another difference to be noted in capital costs for the powered cover-

extended fresboard design is that the powered cover is required only for
; ; 2 ; .
this degreaser with working area in excess of 1.0 m~. Otherwise, the

degreaser would be required to install only a manual cover. Hote the

difference in capital between the manual cover-extended freeboard design
in Table 4-5 and the powered cover design in Table 4-4 for new facilities.

In both Tables 4-4 and 4-5, the costs of hydrocarbeon control per kilogram

of recoversd solvent are reported. These values wiil be used to develop the

cost-effectiveness curves later in this chapter. As these tables indicate,
the costs of hydrocarbon contrel vary considerably depending upon the size
of the degreassr, the type of control, and the amount of recovered solvent.

As an illustration, carbon adsorber costs range from $0.091 per kilogram

(Tahle 4-4) in a new facility for the typical degreaser to $0.583 per kilogram

(Table 4-5) for the small degreaser. This s an indication that carbon ad-

sorbers should be much less expensive for larger open top vapor degreasers.
Conversely, the extended freeboard and manual covar combination is less expen-
sive for the smaller deqgreasers {han the similar combination with the powered
cover on larger degrsasers. This conclusion is shown by the difference in
savings betwean $0.234 per kilugram for the typical dsgreaser in a new facility

)

(Table 4-4) and $0.363 per kilogram for the smail de

(i)
¥
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4,3.3 Cost-Effectiveness

The purpose of this section is to provide a graphical analiysis of the
cost-effectivensss of aTterﬁative control options for variocus typass of open
top vapor degreasers. This analysis will attempt to relate the annualized
cost per kilogram of hydrocarbon removal with degreaser size for sach controil
cption.

Figure 4-1 is a presentation of the typical relaticnshia for control of
hydrocarbon emissions from open top vapor deareasers. Curves are shown for

carbon adsorbers, refrigerated chillers, powered covers wiih extended free-

S

boards, and manuai covers. The size range shown in Figure 4-1 represents the
approximate range of most degreasers (0.8 square meters to 18 square meters)
based on EPA data, contractor studies, and contacts with degreaser manufacturers.
The efficiencies of the control devices shown represent the capability uf the
control device for reducing emissions from 2 well maintained degreaser (which
has carried out all geod housskeeping practices). Although detailed costs
are presented for two model degreasers in Section 4.3, several mores estimates
wera derived in order to define the curves with reasonable precision.

The curves represent the retrofit costs for existing facilities. However,
this constraint was somswhat relaxed for the powered cover option which does
not include the cost of the concrzte pit shown in Table 4-4. The reason for
this is that the powered cover option with a lowsr contrel efficiency may
be an acceptable option in those situations where the concrete pit is not
necessary. On the other hend, 1T the pit were required. then the refrigeraied

chiller with 2z hicher coniral efficiency {45 percent) becomes mors aifractive.
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or sxample, Table 4-4 shows for the deyreaser with 1.87 square meters a
cost of $0.028 per kilegram £ar the chiller and $0.115 for the powered cover
with the concrete pit.

An important concept for control of degreaser emissions is the fact
that cradits for recovered solvent offset to some extent the annualized

costs of installing, operating, and maintaining a control device. In re-

-
weeda
®
e,
-y
=

)

Figure 4-1, the reader will observe the extent to which solvent
credits can more than offset the annualized costs of the control device.

This is ¢

raphically illustrated by the horizontal dashed line of $0. per

[T ]

kilogram. This dashed 1ine indicates that application of carbon adsorbers
will result in an out-of-the-pocket expense 0 the operator of the degreaser

for a size below an approximate T square meters in working area. Similariy.
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4.4.7 Model Plant Parameters

The model plant parameters that were used in developing control cosis for
conveyorized degreasers are displaysd in Table a-5 for monorail ang cross-rog
designs. These parameter selections are based on industiry contacts and EPA
ctudies of the industiry. in the same manner as cold cleaners and cpen top

vapor degreasers. The emission rates in Table 4-G represent

e
g
G

rpical values.

The working area is used to determine costs for refrigerate

.
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Tahie &-6. (COST pARAMETERS FOR MODEL CONVEYORIZED DEGREASERS

Cross-Rod

Honorail

IS

srking Area. mz 3.3

ncontrolled emission rate, 35 14
metric tons pey year

‘mission rate with housekeeping 25 10.5
requirements, metric tons
per vear

solvent recovered by control 13.1 5.25
system. metric tons pevr year

0.43 0.43

Solvent costs $ per kg

industry contacis, contractor studies and in-house files.

EPA assumptions pased on

Source:
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4.4.2 Control Costs

Costs for control of emissicns from convevorized degreasers have been
developed for the following control devices:

1. carbon adsorbers

2. refrigerated chillers.

Table 4-7 presents the costs for the model conveyorized degreasers.
Costs are presented in terms of installed capital costs. annualized costis,
and the cost per kilogram of hydrocarbon controlied. The installed capital
for the carbon adscrber in the existing facility represents the worst retrofit
situation to be encountered. This would occur if no steam capacity is available
for regeneration of adsorbed solvent and space is limited. Retrofit capital
includes a small steam boiler and an elevated platform for the carbon adsorber.
The retrofit factor applied to the new source costs for the carbon adsorber
is the same as the retrofit factor used for open top vapor degreasers.

Most existing facilities already have steam raising capacity to operate
2 still to reclaim dirty solvent. These facilities could possibly schedule
their steam boiler to desorb the carbon bed during periods when the still is
not used. For most retrofit situations, the installed capital would lie
somewhare between the costs shown for new and sxisting facilities.

The figure of $8,550 shown for the existing facility on the moncrail
degrezsar compares reasonably well with a figufé of $8,294 (1475 dollars) on
11

an actual faciiity. The Tatter would be $9,123 in 1977 doliars based on the

use of the Chemical Engineering Plant Index. The retr

fit factor used %o

(%)

estimate casts for chillers is the same as the one used for th

£

Wil

chiller

mw
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Table &-7.

CG{TRQL(COSTS FOR TYPICAL CONYEYOQRIZED D l}iREASEP.S

Vepor to Air Yapor Area.of 3.8

Honorzil Degreassr

Lross-Pod Degreaser

Carbon Refrigerated Carbon Refrigérated
Control Technigue Adsorber Chiller Adsorber Chiller
1. Model Rew Facilities
Installed capital ($) 11,800 5,725 11,820 5,000
Dirsct operating cests ($/vr) 870 430 754 334
Capital charges (§/yr) 2,028 852 2,024 B5E
Solvent cost (credit) [§/yr) 5,631) (5,633) {2,258) 2.258)
Annualized cost (credit) ($/yr) 2,639) (4,221} 520 1,06¢€)
Controlled emissions {metric 13.1 13.1 B.25 §.25
tons/yr.)
Cost (credit), § per Kg controlled (0.201) {0.322) p.100° (0.203}
11. Model Existing Facilities
Installed capital (§) 17,600 8,550 17,600 7,460
Direct epsrating costs ($/yr) 370 430 754 334
Capital charges ($/yr) 3,020 1.466 3,020 1,278
solvent cost (credit) {§/yr) 5,633) {5,633) (2,258} {2,258)
Annualized cost (credit) ($/yr) 1,638) (3,734) 1516 (846)
Controlled emissions (zetriv tors/yr) 13.1 13.1 5.25 5.25
Cost {credit), $ per Kg controlled {0.125) {c.285} 0.289 (0.122)

Source: Reierence 1 for estimates of capital and

-

annualized cosis.

ad



The cost of hydrocarbon control per kilogram shown in Table 4-7 for
the carbon adsorber on a new facility costs $0.10 per kilogram for the cross-
rod degreaser. On the other hand, the appiication of a carben adsorber results
in a saving of $0.201 for the monorail degreaser. On the retrofitted facility.
the application of the carbon adsorber costs $0.289 per kilogram for the cross-
rod degreaser but results in a savings of $0.125 for the monorail degreaser.
It must be noted that the difference in cost for the two degreaser models
is sensitive to the emission rate and potential solvent recovered because the
annualized costs of installing and operating a carbon adscrber are assumed to
remain approximately the same in both cases. This is an important consideration
in the impact of control upon the owner of the degreasers.

The refrigerated chiller appears to be inexpensive to the user regardiess
of the type of degreaser and the degree of retrofit. This is demonstrated by
the savings shown for all cases in Table 4-7.

£,4.3 Cost-Effectiveness

This section provides a graphical analysis of the cost-effectiveness
for alternative control options on conveyorized degreasers. This analysis will
relate the annualized cost per kilogram of hydrocarbon control to degreaser
size for each control option.

Figure 4-2 shows a relationship of cost versus size for carbon adsorbers
and refrigerated chillers on monorail degrezsers. The assumptions regarding
the size range and control efficiencies are similar to those cutlined for open
top degreasers. The size range of most monorail degreasers iz 1.2 w0 18
square meters. As shown in Figure 4-2, the application of carbon adsorption
wesults in an ocut-of-the-pocket expense for degreasers smaller than approximately

2 sguare meters in working area. By the same token, carbon adsorbars can

8-20




Figure 4-2.

Cost (credit) per kg Controlled ($)

Cost-effectiveness of Alternative Control Options
for Existing Honorail Degreasers
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be quite cost-effective for degreasers with Targe 2ir o vapor working areas.

Figure 4-2 shows 2 similar velailionship for cross-rod degreasers. There
are two important differences between Figure 4-3 and Figura 4-Z TUr ihe
monorail degreasers. First, the size range is parrower 7or the Cross-ro
degreasers. The range for most cross-rod dagreasers is 1.9 sguare meiers {0
4.8 square meters. For moncrail degreasers the range is 1.9 to 18 square
meters. Second, controls are cenerally more expensive for cross-rod degreasers
than for monerail deagreasers. In particular,the cost of carbon adsorption
appears to be more than offsetting solvent credits along the entire size range.
This is shown by the position of the carbon adsorption curve in relation to
the horizontal line of $0. per kilogram control in Figure 4-3. The information
depicted in the two figures for monorail and cross-rod degreasers demonstrates
the variation in costs with degreaser design that can be anticipated for

conveyorized degreasers.
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CHAPTER 5. ADYERSE ENVIRONMENTAL EFFECTS T

OF APPLYING THE TECHNOLOGY 5.5
5.1 AIR IMPACTS Th
No significant adverse air impacts should result from solvent degreasing metal ¢
regulc.ions, although gross negligence with maintenance and operation of the sol
controi devices could increase emissions in individual cases. Examples are soluble
carbon adsorption systems operating with spent or saturated adsorbent, enter t
maladjusted refrigeration systems and excessive ventilation rates. Proper Ste
maintenance and operation of these controls will eliminate increases and calorin:
effect significant reductions in emissions. evaporat
Improper incineration of waste sclvent is another possible area wnere amenable
emissions could increass. If chlorinated waste soivents are incinerated water mi
without subsequent gas cleaning, hydrochloric acid, chlorine, phosgene and during s
other potentially harmfully emissions could result. Sophisticated gas cleaning miscible

eguipment is required to contrcl these emissions.
Boiler emissions may increase due to the steam required to distill waste
solvent and regenerate carbon beds, but in general these incrsases will be

insigificant compared to the emission reductions obtained by this equipment.

5.2 WATER IMPACTS

5.2.1 Waste Solvent Disposal

The mejor potential water pellutants from solvent degreasers are waste

5-1




W

olvents. Waste solvent can enter natural water systems through sewer

v

disposal or as ieachate from landfills. Additioral

o
Cv‘

pal air pelluticn controls

o

i1

are not expectad to ailow sewer or improper landfill disposal because much
of the solvent would eventually evaporate. Thus, water polluiion wouia

probably be diminished by additional air poliution control.

5.2.2 Steam Condensate from Carbon Adscrption

(0]

The Targest impact on water aquality resuiting from the control of soivent
metal cleaning comes from the use of carbon adsorption. Steam used to desorb
the .olvent is condensed with the solvent and separated by gravity. Water
soluble stabiiizers* and seme solvent will rem2in with the water and eventuaily
enter the sewer system.

Stabilizers are organic chemicals added in very small quantities to
chlcrinated solvents to protect them from decomposition. Stabilizers
evaporate from the degreaser as does the chlorinated soivent and both are
amenable to collection by adsorption. Furthermore, many stabiiizers are
water miscible and thus will be removed almost completely from the process
during steam desorption. Chlorinated solvents are only slightly water
miscible but small quantitiss will remain with the water.

5.2.2.1 Chlerinated Solvent in Steam Condensate -

Solvent discharge into the sewer can typically reach 190 kg (0.13 m3 or

3% gallons) per year. This assumes sclvent at & concentration of 900 ppm in

the condensate and a total of about 40,000 gaiions per year of steam condensate

Stabilizers may also be referred to as inhibitors or additives, Soms
stabilizers are normally 10 t into the water of the daghdnser s water
separator. but the quantity of this water is negligible compared to that
Trom steam stripped adsorption systems.

e
[}
Mo




In comparison, the raduction in atmospheric emissions from the degreaser by
using the carbon adsorber would typically be 14,000 kg (10 m or 2500 gallons)
per vear. Therefore, in this case potential sewer emissions of solvent

(before evaporating) are less than about 1.5 percent of the degreaser emissions
prevented by the carbon adsorber. The above estimates are based on two tests

which measured the solvent content in waste water from adsorbers used on

chlorinated suivents.]’z

§.2.2.2, Stabilizers in Steam Condensate -

In addition to chlorinated compounds, steam condensate will contain small
amounts of sclvent stabiiizers. When the condensate is disposed of most of
these stabilizers, because of their volatile nature, will eventually evaporate

The highest sewer stabilizer emission would probably occur with 1,1,1-
trichlornethane which requires considerable amounts of water soluble stabilizers.
Assuming & solvant recovery rate of 10 m3 per year (2500 callons per year),

5 parcent stabilizers in the 1,1,1-trichlorocethane blend and 40 percent of the
stabjlizer being water soluble, the stabilizer effluent to the sewer would be
0.z m3 per year (50 gallons per year). This would be the worst case; however,
and it may not be representztive of any actual degreasing processes. The
capturad solvent vapor dees not necessarily contain as high a precentage of
stabilizers as does the original liquid solvent. For this reason even systams
asing 1,1,1-trichloroathane may not emit this amount. Furthermore, othar major
soivents contain less water soluble stabilizers than 1,1,1-trichloroethane;
therefore, the average stabilizer emission would be less than 0.2 m3 per year,

A method for assessing the impact of the stabilizers would be to anaivze

the toxicity, water solubility, parcent composition, volatility, and BOD

—

relates to the decomposition rate) for each stabilizer. Unfortunately,

percent compositions are generally considered trade secrets by solvent

5-3

m

(84

(]

tn

o

im



manufacturers. However, a literature search yielded some data which is given
in Appendix B.6.2.

After studying the effects of some of the more toxic substances, it was
concluded that only diischbutylene and triethylamine, which are used in
trichlorcethylene, present any significant potential problam with regard to
fish toxicity.3 Two other stabilizers of possible concern are acrylonitrile
and apichlorchydrin, although the data on them are not yet conclusive.

If the quantity of stabilizers and solvent dissolved in the steam
condensate were found to be significant, then air sparging could dramatically
reduce the levels of all these compounds. During sparging it may be advanta-
geous to vent the off-gas back into the adsorber. Thus, atmospheric emission
of the sparge off-gas would be controlied. Furthermore, more stabilizer would
tend to remain in the recovered solvent. Although sparging appears to be an
inexpensive means of treating the waste water, the data thus far have not
indicated a significant environmental need.

5.2.3 Effluents from Water Separators

Water separators on vapor degreasers and distillaticn units collect a
small amount of contaminated water. This is generally less than a gallion or
two per day per degreaser, and should not create a significant impact on water
guality. De-icing of refrigerated control systems which operate below 32°F,

will increase this, but probably not enough to create & problem. Steam

stripping of <till bottoms in distiliation units to reduce solvent content will

aiso increase this amount, but again probably not enough to create a problem.

5.3 SOLID WASTE INMPACT

There appears %o be no significant solid waste impact resutting from

ontrol of

9]

&s 2 result of controls but should decrsase because of increased practice gf

solvent degreasers, The quantity of waste solvent wouid not increase

G
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distillation and incineration.
Carbon used in carbon adsorber beds is discarded periocdically. Vendors
and users have estimated the 1ife of carbon at up to 30 years but replacement
is generally recommended every 10 to 15 years. Assuming there are up to
7,000 degreasers, using 50 kg of carbon each and averaging a 10 percent annual
replacement rate, disposal of carbon from adsorbers could reach 35,000 kg
annually for the nation. This amount would never be realized, however, because
spent carbon can easily be reactivated. Most major activated carbon manufacturers

ars eguipped for this task.

5.4 ENERGY IMPACT

Carbon adsorbers, refrigerated chillers and distillation units are the
principal energy consuming control dsvices used for controlling degreasing
emissions.

A carbon adsorber consumes the greatest amount of enerov because of steam
reguired for desorpiion; however, this ensrgy expenditurs is far less than the
enargy reguired to manufacture replacement solvent. A& typical carbon adsorption
system on a degreaser may consume 35 kw {120,000 Btu per hour) of energy and
recover 7 kg per hour (15 pounds per hour) of solvent. This energy consumption
estimate is based on the following assumptions: 4 kw per kg solvent for steam =i
production, 3 to 12 kw (10,000 to 40,000 Btu per hour) for fan power. A carbon
adsorber may typically increase thoe energy consumption of a vapor degreasing
system by 20 percent.4

A typical refrigerated fresboard chiller may increase @ degreaser's energy
consumption by 5 percent. The chiller would consume 0.7 to 2.2 kw {2500 to 7300

Bty per hour) if it ran at 100 percent output. The zhbove values ar

derivad

[}

from zssuming &n averag

il
X

£ 1 to 2 horsepower for compressor ratings. A chiller

o
t
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may reduce emissions by about 1.5 kg per hour (3 1bs per hour) on a typical
. 2 4 ;
open top vapor degreaser having 2 1.7 m~ (18 square feet) opening. Thus,

. & ; 5
roughiy 0.5 kw - hr may be spent to save 1.5 kg of so'vent.

Solvent distillation requires about C.1 %0 0.7 kw hr/kg of recovered
solvent {150 o 300 Btu/pound). Assuming & sieam cost of 0.78 cents/kw-hr

{2.30 §/19° Btu), then the energy costs 0.08 to 0.15 47k

L‘_'i

of distilled solvent

(0.035 to 0.07 ¢/1b). Considering that chlorinated solvent costs about 45

¢/kg (20 ¢/1b), the cost of the distillation energy appears to be an insignificant

exnenaity “e,b

Other vapor control devices are the powered cover and powered hoist.
Their energy consumption is insigificant bacause the electric motors are small
and ara used only for short durations.

Tne energy value of the solvent saved is much greater Jhan the energy
expendad tc conserve the solvent. The energy value of the solvent is composed
of the sclvent manufacturing process energy plus the heat of combustion lost
when the processed petroleum reedstock is not used as fuel, plus other energy
consumed to replace the lost solvent. The heat valu= of the feedstock alone
S grezier than the energy required to recover the solvent. Without doubt
control of solvent emissions, by any method, would have a favorable impact on

engrgy consumption.

o
o

OTHER ENVIROMMENTAL CONCERNS
Tha

The only other consideration might be blower noise associated with carbon

egsorbers.  This noisz does not atfect the environmen: external to the clant,

t would be noticeablie inside the nlant near the adsorber. HNpise

%
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carbon adsorbers are fourd. While noise does not seem to present a
significant environmental problem, it is worthy of comsideration when
choosing the in-plant location for a carbon adsorber. This problem could

be resolved by utilizing existing noise suppression technology.
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CHAPTER 6. COMPLIANCE TEST METHODS
AND MOMITORIMG TECHWIQUES

It is not expected that emission testing will play a2 significant part
in a compliance program for degreasers. Tnis results from the difficulty
in measuring emissions and in enforcing smission standards, as discussed in
Chapter 7. Instead, equipment and opurating practice standards appear to be
more realistic options. In these, compliance relies principally upen
cbservation to determine if control eguipment is designed and functioning
properly and to ensure that operating practices, as observed under normal
conditions, ars being properly followed.

Although the compliance emphasis should be on equipment and operating
practice standards, the emission rate of a degreaser system may be useful
supplementary information. For example, if emissions are greater than
average for a system of a certein size, it is an indication that the system
is inadequately or improperly contrciled. Emission rates can be estimated
roughly with an analysis of solvent purchase and inventory records and more
ceurately with a material balance test.

Other emission tests that could be useful in compliance programs ares

tests for leaks and tests of carbon adsorption off gas streams. The costs

of these tests will often be offset by solvent savings from reduced emissicns.

An investigator with some familiarity with degreasers and carbon adsorption

systems can frequently identify defective systems with a brief inspection and,
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thus, avoid the expense of emission testing.

6.1 OBSERVATION OF CONTROL EQUIPMENT AND OPERATING PRACTICES ; ’ wed
If the degreasing regulation specifies equipment and operating X i
standards, the compliance test is basically one of visual observation. The the
chservation control equipment and operating practices mainiy involves checking g
through a list of reguirements; however, a Bagic understanding of degrezsing
systems is necessary. The details to observs are described in Sections 3.1 e
and 3.2 of this report.
6.2 MATERIAL BALANCE
A material balance test seeks to quantify the amount of solvent input
into 2 degreaser over a sufficiently long time period so that an average the
emission rate can be calculated. The major advantages cf the material and

balance method are: (1) the totzl system is checked, (2} the test is simple

and does not require expensive, complicated test equipment, and (3) records

perc
are usually kept of solvent use, and generally all solvent addad is make-up can
for solvent emitted. of f
The disadvantage of the material balance method is that it is time of s
consuming. Because many degreasers are operated intermittently and because adde
there is inaccuracy in Jztermining liguid levels, an extepded test time is
needed to ensure that calculated emission rates are true averages. and
In order to perform a material balance test, the fullowing general
procedure should be followed: 6.3
1. Fil11 the solvent sump (or bath) to a marked level.
2. Begin normal operation of the degreaser, recording the guantity of ey
: adso

make-up solvent and hours of operation.




3. Conduct the test for about four weeks, or until the solvent loss is
orezt enough to minimize the errcr in measurement.

4., Refill the solvent sump to the original, marked Tevel, recording
the volume of solvent added. The total volume of solvent added during the
test period approximately equals the solvent emitted.

Although a highly accurate material balance is not usually necessary,
the following modifications will improve the accuracy of the test.

1. Clean the degreaser sump before testing.

2. Record the amount of solvent added to the tank with a flow meter.

3. Record the weight and type of work load degreased each day.

4, At the end of the test run, pump out the used solvent and measure
the amount with a flow meter. Also, approximate the volume of metal chips
and other material remzining in the emptied sump, if significant.

5. Bottle a sample of the used sclvent and apalyze it to find the
percent that is oil and other contaminants. The oil and solvent proportions
can be estimated by weighing samples of used solvent before and after boiling
of f the solvent. Calculate the vclume of oils in the used solvent. The volume
of solvent displaced by this c¢il along with the volume of make-up soivent
added during operations is equal to the solvent emission.

Proper maintenance and adjustment should he performed on the degreaser

eznd control system before the test period.

6.3 OTHER EMISSION TESTS

An emission measurement test on the off-gas stream from a carbon adsorber
may occasionally be necessary. However, this hes value only in evaluating the
adsorption efficizncy not the control efficiency of the system. This test

will give no indication of the effectivensss of the adsorber's collectien
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system; neither will it gquantify emissions from waste solvent evaporation,

Teakage losses, carry-cut or sump evaperation.

The better sampling systems for organic solvents use gas chromatography
(GC). Techniques for using GC are discussed in EPA-450/2-76-028, "Control :
af Volatile Organic Emissions from Stationary Sources. Volume 1: Control
Hethods for Surface Coating Operations.” A specific method for perchloro-
ethylene is also detailed as EPA Method 23: ‘"Determination of Total Mon-Methane

Hydrocarbons as Perchloroethylene from Stationary Sources." Firally, a method

deg
for another chlorinated hydrocarbon is EPA Method 106: ‘"Determination of Vinyl sol
Chloride from Stationary Securces." For stack measurments. velocity and flow are
rate can be determined using EPA Methods 1 and 2. g
One EPA emission test measured carbon adsorber inlet and outlet concen- tas
trations both with 2 flame ionization detector and with a gas chromatograbh,
using integrated gas-bag sampies. The methodology and test results are détai1ed ==
in EPA Project Report Nc. 76-DEG-1. -
Useful tools in locating leaks and other pointsof emission are the halide =
torch and the Orager tube. The halide torch is useful as a Tocating device ?19}
that will detect sources of halogenated hydrocarbon vapors. The Drager tube b
will quantify the vapor concentration in ppm and is useful in survey work. d%Ci
These should be useful and relatively inexpensive means to locate sources and jl::
guantify by magnitude the hydrocarbon loss. They would allow a maintenance -
check of control eguipment operation and prevent inadvertent Tosses.
plan
cont
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CHAPTER 7.0 ENFORCEMENT ASPECTS

Emission standards are gensrally not practical to enforce for solvent
degreasing for three reasons: (1) there is an extremely large number of
solvent degreasers, (2) emission tests are time consuming, and (3) there
are ¢ plexities in specifying acceptable emission rates. In order to
avoid use of emission standards and to provide quick, inexpensive compliance
testing, equipment and operational standards are recommended.

Even though visual inspection is relatively quick and inexpensive, it
can not easily determine whether or not the equipment and operaztion is in
compliance. For exampie, on cold cleaners it must bé determined whether
or pot it is practical to install an internal drainage facility. Also, for
highly volatile sclvents in cold cleaners, one must decide whether or not
the cover can be classified as easily operable. Another example is in
deciding what is significant liquid carry-cut. Even though Chapters 3 and 6
give background on making decisions for visuzl inspection, the inspector
sti11 neads an adequate background knowledge of degreasing operztions to deal
with some of the less definite aspects of enforcement.

Because most emission controls serve to reduce the emissions inside the
plant, it is reasonable to consider combining enforcement by OSHA and EPA for
controel of solvent degreasers. The possibilities of & cooperative enforcement
program with OSHA and EPA are being explored.

e |
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7.1 REGULATORY APPROACHES

rate:

There are four types of regulations which can be considered for solvent h not ¢
metal cleaning: (1) emission standards, (2) equipment specification . far ¢
standards, (3) operational reguirement standards, and (4) sclvent exemption arsa
standards. Equipment and operaticnal standards appear to be superior to
either emission standards or solvent exemption standards. Each of these an in
approaches is discussed in the following sections. impre
7.1.1 Emission Standards for ¢

Emission standards require an emission measurement. A material balance of u
is the most sccurate measurement method for compliance testing but could the ¢
require over a month for one test. If solvent consumption records kept by tends
the degreasing operator are accurate and complete, they could satisfy the degre
regiirement for a material balance test. amise

If enforcement were only to determine whether or not degreasing systems
are designed properly. then one emission test would be sufficient for each appl”
degreaser model. However, adjestment, maintenance, and operation of degreasers the ¢
varies so greatly that the actual level of emission control cannot be expected Even
to be similar, even for identical degreaser models. Thus, individual degreasers Tt owe
rether than models must be evaluated. 2 he

An emission standard may be & simple emission rate or it may be related 7.3
to another variable, such as work load tonnage, heat input, idling mode
emission or uncontrclied amission rate. The three most reasonable alternatives vari
for emission standards are: (1) simple emission rate, (2) emission rate per the
open arza of degreaser and (3) emission rate per work ioad tonnage. These with
alternatives are briefly discussed below.

The simple emission rate standard preovides a conventional regulation . cont

7-2
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that is readily understood. However, different values of acceptable emission
rates would have to be provided for each tvpe of deyreaser. It wouid also
net be reasonable to requirz the same emission rate for large degreasers as

for small degreasers: this would require an emission rate basad on the open
(3

arez of the degreaser.

Although emission rate is related to the area of the air/vapor interface,

an important consideration is the amount of work load processed. Thus, possible

improvement to an emission standard would be to relate it to the work tonnage,
for example. & specified amount of solvent emission could be allowed per ton
of work load cleaned. This type of standard would be particularly useful if
the work loads were consistent in their surface-to-weight ratic and their
tendency to entrain solvant; however, this is rarely the case. For example,
degreasing a ton of hollow rivets would result in much greater sclvent
emissions then would degreasing & ton of cannon balls.

Generzlly, for zn emission standard to apply fairly to all degreasing

epplications, it must relate to the amount and type of werk load., Preferably,
the emission standard should 2lso consider the type of degreaser and its size.
Even if an =mission standard could be devised to satisfy these requirements,
it would be difficult to enforce and very burdensome for degreasing operators
to have to record quantities and types of perts cleaned.

7.1.2 Eguipment Standards

Equipment standards can be easily enforced and fairly applied te the large
variety of degreasing applications. Equipment standards would not reguire
the sams performance by & degreasing operation with a large work load as that
with 2 small work load.

The eguipmsnt reguirement must be specific enough to snsure effective

contrel but not go restrictive that it would discourage new control technology.
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7.1.4 Solvent Exemption Standards

There is very Tittle flexibility in converting from non-exempt to
exempt solvents. A recent EPA notice (42 FF. 35314) has suggested that the
only materials that should be allowed exemptioiis are methane, ethane, 1,1,1-
trichloroethane, and trichlorotrifluoroethane. This choice is further
limited bscause of differences in solvency, flammability, cost, chemical
stability and boiling temperaturs. In general, the exempt sclvent approach
to regulating solvent metal cleaning is not recommended. because it does
not achieve positive emission reduction. The rationale for this

Ts discussed furiner in Chapter 1.

7.2 AFFECTED FAZILITIES - PRIORITIES

Since there is & wide diversity of solvent degreasers, the definition
of facilities affected by degreasing regulations must be accurate. Although
all soclvent degreasers may be subject to potential regulations, there are
an extremely large number of degreasers; thus, those with greater emissions
should be given higher priority for enforcement.

7.2.1 Definitions of Affected Facilities

The following defines the three types of solvent degreasers that can

be reguiated.

1. Cold cleaner: batch loaded, non-boiling solvent degreassr

2. Upen top vapor degreaser: batch Toaded, boiling solvent degreaser

3. Conveyorized degreaser: continucusly loaded. conveyorized solvent

degreaser, either boiling or non-boiling.

-

7.2.2 Priprities of Enforcement

Individual degreasers that yield the gresatest emission reduction at

reasonable cost should have the highest pricrity for enforcement. UWithin
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that grouping, priority operations are vapor degreasing and waste selvent

disposal from 271 degreasing operations. The lowest prierity is assigned to

b}i ti
cold cleaners, especially maintenance type with Tow volatility solvenis, such binec
as those used with automotive repair. ather

An emission reduction of & to 15 tons per year can be achisved by
controliing a typicul open top vapor degreaser or canveyorized degreaser.
In compzrison, emissions from individual cold cisaners usually cannot be
reduced by more than 0.1 fons per year (see Appendix 8). Even though
conveyorized degreaser emissions can be reduced more than open top vapor
degreasing emissions on the averasge, regulation of conveyorized degreasers
before open top vapor degreasers i7 not recommended, because conveyorized
degreeasers emit significantly less solvent than do open top vapor degreasers
for an equivalent work load. Thus, it would not be advantageous to engourage
degrzaser operztors to choose open top vapor degreasers in order to aveid
reguiations cn conveyorized degreasers.

Waste solvent is a high priority area for control. Controls could be
directed towards solvent users, solvent producers, and/or solvent
disposal facilities. It is the responsibility of the solvent user to properly
dispose of his wasie. Facilities which accept waste solvent must use
disposal methods which minimize evaporation. It is rscommended that solveat
producers label new solvents to indicate reguiations on waste disposal. For
example. & label could read that waste solvent should not be disposed of so
that it can evaporefe into the air or pollute the witers. In acdition to
regulating degrsasing waste solvent dispesal a more comprehensive enforcement
program which would cover disposal of 211 waste solvent and similar wolatile

organic materials should be considared.




Although enforcement of regulations on cold cleaners is made difficult
by their large numbers, it can be practical when enforcement trips are com-
bined with sther purpeses, or if there are numsrous coid cleaners and

other solvent degreasers at a particular plant.
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A.1 TEST RESULTS FROM THE DOW REPQORT
Under contract to the EPA the Dow Chemical Company tested eleven solvent
metal clearers., Detailed reports of each test are contained in the Appendices

to the document: "Study te Support Hem Source Performance Standards for Solvent

Metal Cleaning Operations,” prepared under EPA contract no. 88-02-1329 by

K. S§. Surpranant and D. . Riclards and dated April 30, 1576. A summary of

tal

the results is given in Table &-1.
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SUMMARY

A preliminary study of cold cleaner solvent emissions was undertaken,
the purposes of which were to quantify hydrocarbon solvent evaporation losses
from typical air-agitated, pump-agitated, and unagitated cold cleaners: and
to establish relationships between evaporation rates and several controlled

These parameters included solvent volatility, room draft

test parameters.
velocity, freeboard ratio. and cold cleaner operation.

Results of these tests indicate that highly volatile solvents, such as
perchloroethylene, used in different types of cold clezners with different
typas of solvent aéitaticn produce comparable evaperation rates. Scolvents
emissions from air-agitated, pump-agitated, and unagitated uniis showed similar:
test results with perchloroethylens 2s the solvent. With less volatile
sclvents, such as Mineral Spirits, agitated coid cleaners showed significantly
greater solvent emissions than did the unagitated. In addition, these fest
results demonstrate a tendency Tor solvent emissions to increase as the room
draft velocity is increased. Clesing the cover on a cold cleaner drastically
reduces solvent emissions as is also shown in these tests.

An increase in solvent emissions with a decrease in freehoard ratioc in
unagitated units is indicated by these test results. Alsc indicated is an effect
on solvent emissions caused by the shape of the solvent-to-zir interface area
of unagitated tanks, For these tests, a square solvent-to-zir interface surface
resulted in greater solvent emissions than did & rectangular ons. This result
mzy be affected by the orientztion of the tank to the room draft 2ir movement.
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I. INTRODUCTION

The Emission Measurement Branch of the Emission Standards and

Enginsering Division undertook a Tlaboratory study of cold cleaners used for
parts degreasing. The purpose of the study was twofold: first, tc quantify
hydrocarbon solvent evaporation losses from typical air-agitated, pump-agitated,
and unagitated cold cleaners; and second, to establish relationships between
svaporation rate and several test parameters including solvent volatility,
t'oom dratt velocity, and free-board ratio.

In this preliminary study, a minimum rumber of data have bezen collected.
In most cases, each deta value represents only one test run, the curves are
plotted with only two or thrze points, and comparisons are made based on only
two or three test runs. The results included in this report should be regarded
&s preliminary and, at best, only indications of trends that can occur with cold
cleaner solvent emissions.

The tests were conducted at the IRL laboratory undgr controlled conditiens.
Four different cold cleaner models were used for this study: an air-agitated
Kleer-Flo model 90 unit, a pump-agitated Gray Mills model 500 cleaner, a Kleer-
Flo mode] A-15 unagitated unit, and a Gray Mills model SL-3Z unagitated cleaner.
The four different solvents used for these tests were perchloroethylens. 102
mineral spirits, 112 mineral spirits., and 140 mineral spirits.

The results are expressed in milliliters of sclvent Test per hour per
square meter of surface area (ml/hr . mz} and in grams of solvent lnst per hour
per square meter of surface arez (g/hr . mz}. These date are used to develop

curves displaying the relationships between evaporztion rate and the test

11, EQUIPMENT AND SOLVENTS

4 schematic of the Kleer=Flo model 90, an asir-zgitetsd celd



2

shown in Figure 1. The air for agitation was supplied by an industrial
compressor, and the rate of air injection was set at a relatively constant 5
4 to 5 liters per minute with the use of a calibrated orifice meter. Although

not used in any calculations, the 2ir injection temperature was monitored with

a dizl thermometer.
The pump-azgitated cold cleaner used in these tests was the Grzy Mills

This unit was connected to a timer-switch set to run the pump

model 500 unit.
agitator for 20 minutes out of every 65 minutes in a repeating cycle for all
tast runs. This was done to avoid over-heating the solvents and to more
realistically represent the operation of the cleaner.

Tests of unzgitated cold cleaners were performed using twe different sized
units. One was a Kleer-Flo medel A-15 shown in Figurs 2. The other cleaner

was a Gray Mills model SL-32. Calibrated thermocouples were used to measure

solvent temperature and ambient temperature for these test runs &s well az for
the other test runs.
1I1. TEST PROCEDURES

The measuvements made for ezch test included solvent volume, room and
solvent temperatures, room draft velocity, and solvent density. Temperatures
were measursd with chromel-alumel thermocouples calibrated at the water-ice
point and at water boiling temperature corvected for barometric pressurs. Re-
corders were used to monitor these temperatures over an extended period of
time. The temperatures reporied in this repori represent runs averages that

have ranges of about jﬁSDK. Accuracy of the msasured values is estimzted at

30 cm above the top of tha tank. Ths measursmsnts are estimetaed o have ¢

+ 10 percent accuracy for draft ve
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5
level, the azccuracy falls to about + 20 percent.

Solvent density was determined gravimetrically before and after each

test run. Solvent volumes were measured with calibrated containers. Accuracy

of these measurements is estimated to be about * 2 percent. Samples of soivent

were collected Tor analysis of distillation characteristics and volatility.

These datz are shown in Appendix B.

Prior to initiation of the test. the cold cleaner units were partially

Tilled with selvent and operated, if applicable, for z short period. This

conditioning step filled any reservoirs with solvent. After the cleaner was
drainec, a measured amount of solvent was placed in the cleanar and the test

conditions were set as desired. Draft velocity was maintained with a laboratory-

hocd exhaust fan and small, caged, portable fans. At the end of the test pericd,
the solvent was drained from the cold cleaner in the same manner as was completed

garlier. The volumes were measured with calibrated containers and the volumes

were recorded. Test conditions such as solvent temperature, ambient temperature

and humidity, and other test parameters were recorded.
T¥. DISCUSSION OF RESULTS
Tzbles 1 and 2 show the results of tests with the air-agitated and pump-
agitated cold cleanars, raspectively. The test datz for the two unagitated units
are shown in Tables 3 and 4. Figure 3 shows 2 plot of the relationship between
evaporation rate of perchloroethylene and room draft velocity for these cleaanzrs,

The scatter in the results chown on this figure indicates that the tvpe of cold

clezner and the agitation method have Tittle effect on the evaporation rate of

2 highly volatile solvent such as perchloroethylene. OCne result that {s svident
is that the evaporation rate of solvent increzses with an increase in room draft

velocity for all types of cleaners. The date show that for the aire-agitated unit.




TABLE 1. EVAPORATION RATE TEST RESULTS FOR THE
AIR-AGITATED COLD CLEANING UNIT

Room Evaporation Evaporation
Cgvgr Draft Rate Rate
Solvent Positicn (m/min) (ml/hr . mgl ta/hr . mE)

Open 27 616 952

Perchlorosthylene

Perchloroethylene Open 85 1758 2848

Perchloroethylane Closed 83 143 231

112 Minerzl
Spirits Open K 83 &5

140 Mineral
Spirits Open 3 34 2

140 Mineral
Spirits Open 22 75 &7




TABLE 2. EVAPQRATION RATE TEST RESULTS FOR THE
PUMP-AGITATED COLD CLEANING UNIT

Evaporation Evaporation
Eﬁ:?t Rate Rate

Solvent {m/min) (ml/hr . m2) (a/hr . mzé

Perchlorosthylens 64 1167

Berchloroethylens

Perchlorcethylens

102 Minaral
Spirits

140 Mineral
Spirits




{f 3. EVAPQRATION RATE TEST RESULTS FOR AN
UNAGITATED COLD CLEANING UNIT

34
-
i)

GRAY MILLS MODEL SL-32 %
(Dimensions: 81 cm x 41 cm x 25 cm Deep)
(Freshosrd Ratio = Freebaazg Heazht} i

Room
board Draft
tio {m/min)

Solvent &

Perchicrostnylene 0.27 57 1186 1872

Perchlcroethylens 0.50 52 524 1311

(%]
i
Lay]
f44]
w

Perchlcroethylene G.22
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11
the svaporation rate of perchloroethylene increases from about 1000 g/hr . m2
at a room draft velocity of 27 m/min to over 2800 g/hr . m2 at 85 m/min. Tests
with the other models showad similar results.

A third test run was made with the perchloroethylene in the air-agitated
cold cleaner with the 1id closed. At & draft velocity of about 85 m/min, the
evapcration rate with the cover open was over 2820 g/hr . mz, while with the
cover closed, the evaporation rate was reduced to about 230 g/hr . mz. This
represents bstter than a 90 percent reduction in emissions.

Results of tests with less volatile minerals spirits showed somewhat
different relationships. At room draft velocities below 5 m/min, the agitatad
celd cleaners showed significantly greater evaporation rates of mineral spirits
than did the unagitated models. For example, under similar test conditions and
room draft velocities under 5 m/min, the emissions from the air-agitzted cold
cleaner were about 25 g/hr . m2 of 140 mineral spirits, the pump-agitated unit
emissions were about 50 g/hr . mz. while the unagitated unit emissions were less
than 10 g¢/hr . mz. Dzta from tests at higher draft velocities are limited, but
a similar result can be shown for the evaporation rates of 102 mineral spirits
at 50 to 60 m/min draft velocity from the pump-zgitated unit and from the two
unagitatad modeis.

For these tests freeboard ratio is defined as the height from the surfacs
of the solvent to the top of the tank (freeboard height) divided by the lenagth
of the shorter side of the tank. Figure 4 shows the relationship of the
evaporation rate of perchiorosthylene versus freeboard ratio. The figure
demonstrates the tendency for solvent emissions to decrsase as ths fresboard

ratic is increased.

e
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Figure & dispiays the relationship between svaporation rate of various

grades of Mineral Spirits solvents and freeboard ratio. Solvent losses for
these tests were extremely small and the inherent imprecision in measuring
these small differences probably account for the Tack of clear trends on this
figure. One notable rssult demonstrated is that the Kieer-Fle &-15 cold
cleaner showed greater evaporaticn losses under the same conditions than did
the Gray Mills cold cleaner. This difference may be dus %o tha difference

in the shzpe of the two units. The Kleer-Fle model has 2 sauarse sglvent-fo-
air interface area, while the Gray Mills unit has a rectangular (= 2:1 length
te width ratio) interface arsa. These data are normalized as to the solvent
area, and the conditions under which thess data were conducted were identical.

so any differance between test results from the two tanis may be because of

the shape difference. In addition, the Gray Mills tank was oriented the zams

way for all tests; that is, the room draft direction was parellel with the

short sides of the tank. Turning the tank so that the room draft direction is
parallel with the long sides of the tank would Tikely produce different results.
The effect of solvent volatility, in terms of solvent initial boiling

temperature, an evaparation rate is demonstrated in Figure 7. For this Tigure,
an increase in initial boiling temperature corresponds to & decrease in solvent
volatility. The slopes of the three curves on Figurs 7 indicate that evaporation
rates decrease with decreasing solvent volatility. The Klesr-Flo A-15 model cold
cleaner was used for these testz. It is not apparent that ihe square surface

shape of this unit had any effect on these resulis.

3§



Sa\AdL, TIEAM

ﬂt@._.._.m e e LT R~ 3 T
Sicyt o -maavy O

& parcnioro

¥

f Bu

1y

e ”._._xrr O
; M 0l T
! | .n

T oA

b

2

I

WS

Lz



Rare

SRTI0N]

£

VERSUS

BOkING  TEM

INrTIAL

LLYENTS

UMAGITATS

RING

¥ CoLo

5

we A

T

d

fauty

- B

L1

L

Nl ™y
9 h
s i
S
5
W
I
Y
=
b
=
£
o ut
y
-5
A
3
3
o
'
J
o £
- F
ip
5
o
- p
@
0
¥
a
-0
A
V]
a i
bt )



APPENDIX A
TEST DATA

ercant accuracy for
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TABLE A, EVAPORATION TesT ESULTS FOR THE KLEER-FLD MODEL 0
A COLD CLEANER

(Surface Arsz of Agitated Section = 0,258 mz, Totzl Solvent Surfece Arsz = 0.674 n'.z}

Ave. Ave, hve,
Aye. Fve. Injected  Injected Injectsd  five, Test " .
Rocm  Splvent &ir Air Air Rocm Solvent Fun Yolume  Evaporztion  Evapsrition
Temp. Temp. Temp. Maisture Rats Draft Dansit Time Less Rate Rite

Solvent {*k} {=x) {°8) (%) (*min)  (m/min) (g/ml) (hrs:min) (1) (mithr . .':2} {a/hr . I"a}

_ Perchiorosthylians 283 23] 2N 1.6 4.9 &7 1.61 19:08 8.3 E1E

Perchloroethylens 282 230 n.e 4.0 1.62 28,54

Perchlorosthylens 252 252 i.2

2.26

112 Hinara} 332 288 4.4 3.81
Spirits %

140 Kineral 29 . .00
Spirits

120 Mineral
Open Spirits




TABLE B. EVAPORATION TEéT RESULTS FOR THE GRAY MILLS MODEL 500
PUMP-AGITATED COLD CLEANER

(Surface Area = 0.415 mz}

Ave. Room  Ave. Solvent Ave. Room nt  Tast Run
Temp. Temp. Draft Time
Fun Solvent {°K) (°K {hrimin

1-B  Perchlorosthylens 2oz

Perchloroethylens 283

289

140 Mineral
Spirits




cololelselelo ol

i \- : N T S I TN A I
SOURCE SAMPLE REQUEST & REPORT
HUST BE FILLED OUT FER EASH TEST RUN)

FIFs
RZ, US!

5-711-003- L5

FRERT.

.
istp Dl osa-Lvo

25

IRDUETRY _ Foreraymee i

M sy emend
{USE TAOLE &)

IRy R -\-!L:\r‘

COKFARY o

KUDRESS

VAT PROTESS DPERATION,

PRLLUTION CONTROL

FUEL USER

DESCRIFTION OF SAMPLE
K2 SAMELE DR BAMBLE 3 viL
1 FRACTIDR (S0LID) (LG
_ 1 Ha o
_U.‘al_-“'\.:u__..s._q. s MC‘_\WLL__GB biwlw)
\ orpet \\n il < T8 el Dun B-43 Snoy
2 \nrn—_,-_.-; s .t o 8t Rund-h Seo
L=al_ v ..m,\ TN I O L) Bundod 500
Lol .D“‘.r\\s B T -
FEL il FHEIILE  To leaw T marcbagat  gY g Do 323
Al ALinel 8070, SBLE T TBeeti kS i

Wt DR )

PROJECT QEFICER
[I¥ APPLICABL
4-21-117

DATE ANALYSE REQS

.%""_’;‘V-—.-

— REVIEWED BY

DHTE OF REQUEST

(70 BE FiLL




TABLE €.

EVAPORATION TEST RESULTS FoR THE GRAY MILLS MODEL SL-32
URAGITATED CILD CLEANER

{Surface Area = 0.332 o2

Ave Ave,

Ave. Room  Solvent Reom Freeboard  Solvent Test Fun Velume  Eveporation Evzporztion
Temp. Temp. Draft Ratio Density Time Loss Rate z Rzte 2
Fun Solvent {°K) (=K} {m/min) {g/m1) {(hr:min} n ml/hr . %) (a/hr . 0°)
—_— MM X
L Perchlercethylene 230 292 57 0.27 1.62 16:09 6.2 1158 1873
L Perchlorosthylsne 202 234 5 0.50 1.59 16:20 4.5 824 131
¢ Perchloroethylene 298 ze8 3 0.2 1.60 137:15 2.5 56 g
¢ Perchlorosthylene 232 282 3 0.50 1.81 116.27 0.3 8 12
> 162 Mineral 230 2493 52 8.50 0.77 98:58 4.7 14z 108
Spirits
- 102 Minera) 295 283 3 0.239 0.76 137:50 0.4 9 7
Spirits
= 102 Minsrz} 297 296 3 0.50 0.75 141:25 0.4 8 &
Spirits
L 140 Eipera) 296 294 3 0.29 0.77 115:20 0.4 n g
Spirits
< 140 Mineral 288 207 3 0.50 0.76 164:30 0.2 - 3
Spirits



EVAPORATION TEST RESULTS FOR THE KLEER-FLO MODEL A-135
UNAGITATED COLD CLEANER

(Surfece Arez = 0.109 mz}

Bve. Bve. Ave.

Room Solvent  Room Fresboard Selvent Test Run  VYolume  Evaporation {

Temp. Temp. Draft Ratic Density Time Loss Rate o Rz
Run Solvent (°K) (°k)  {m/min) {g/m1) {hr:min) (1) {mi/hr . ©°)  (o/r . m

P

Perchlcrozthyicne 290 2s2 58 0.20 .62 15:03 2.7 1508 2Lz

Perchlorosthyiens 282 294 53 0.4z 1.60 16:20 2.2 1210 183

20D Perchloroethylens 298 288 3 £.20 1.60 82:40 1] EE 141
4-0  Perchicroethylens 292 252 3 0.42 1.61 117:17 0.3 20 3
5-0 Perchloroethyiene 300 299 3 0.74 1.60 71:25 0.2 27 43

€-0 102 Mineral 290 293 £3 0.42 0.78 9g:52 h W
Spirits

-4
_
wm
(=}
)
ma

I

7-D 102 Mineral 285 293 3 £.20 0.76 82110 0.3 26 20
Spirits

8-D 102 Hinerzl 297 296 3 0.4z 0.76 143:55 0.4 27
Spirits

™
o

S-D 102 Kineral 288 287 3 0.74 0.77 €3:10 0.2 24 1
Spiriis

o

10-D 140 Mineral
Spirics

™
rs]
un
4
o
wm
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o
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o
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=i
~4

114:40 0.1 g

)

i1-D 140 Mineral 259 298 3 £.4z2 0.76 164:15 0.2 1 5
Spirits

12-D 140 Mineral 29t 285 3 £.74 0.77 75:30 0.1 11
Spirits
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Sampies of Mineral Spirits and Pe

chloroethylens From EMR.

Distillation °F

1BP 10% 50% 90% EP

326 330 352 383 415

332 333 353 386 428

33¢ 340 353 383 423

332 333 351 384 423

327 328 351 382 409

245 245 245 245 286 0.0
Distillation Not Reguested 0.5
322 325 333 358 388

325 325 333 357 392

330 330 342 370 409

369 372 378 393 417

317 327 342 371 411

368 371 379 395 423

364 an 379 395 423

359 372 380 394 420

246 244 245 246 286 0.9
248 245 245 246 230 8.8
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APPENDIX B. CALCULATIOKS




DEGREASING EMISSIOR SUMMARY, 1974

1,

3!

lated in Tabie B-1.
solvent consumption of each type of degreaser.

aur emission estimates.

Total Organic Emissions from Dagreasing

Cold Cleaning 380
Open Top Vapor Degreasing 200
Conveyorized Degreasers 1co

(25 CND & 75 CVD)
Wiping Losses 20
Contribution to Nzticnal HC Emissions

Degrzasing Emissions (1974) _ 700

Retional HC Emission (1975) ~ 28000 - 2+9%

Degreasing Emissions 700

National HC Emissions from ~ 17000 4.1%
tationary Sources (1975)

Solvent consumption data were collected from several sources and

(A1l units = 10° metric tons/yr)

700

{55%)
(28%)
(14%)

(3%)

The consumption estimates were averaged to estimate

These data were the basis

Salvent Tyre

Halogenzted
Tricnloroethyiene
1.1.1 Tric etf
Ferchloros
Methvlene Chicrids

Alimnazic

Eromatic
bei.2eng
Teiuena
fylens
Cyzlohexans
Heavy hrometics
Total

Dxvgenated
Fetones
hcetone
$iathy] Ethyl ket
kicohols
Buty]
Ethers
Total

iC
Brezkdown:

Vapor Deg.

Cold Clean.



Hﬂnsan..ws.;‘.‘:').1
Tom Hosghsem-1974

4.5. Consumpticn of bec~e,sing Solvents

Table B-1

1974 {ID3 metric tons/yesr)

Report for 1§74

v

£C = Total VL + CC = Total
157 142 + 8 =150
78 = 168 73 +108 = 178
42+ 11 = 54 40+ 19 = 52
10+46= 56 7+18= 25
-= 17 - -z .
225
7
i
i to
¢ Dztz
10
T Mo
3.3 Date
B
26.5

Expectad Accuracy:

Sclvents = YD =

Q percent -

Dow

. Chart
U.5. Tzriff Com.” Dow Final Pesort” for
Survey for 1574 1674

¥D + CC = Total VD Only

ko
Datz

1031 + 39 = 142 143
1L+ 63 =173
41 + 5= 50
7.5 45,3 = 13.8
38 + 18 = 52
730 +135 = 431 2B
H Ho
Date bate
10
g
7
Ranges:

[ B |
LT R ]

1575
i

114
83
£5

8
i)

=0

ho
Deta

Ko
Data

250 to 300 {x 10~ metric ton/yr)

1
215223052500 -

(220 285) +
]

L]
==

[ J
+ 38 to (780 + 285 + 112

£
Cetrex Estimates
Projected

1574
w
124
53
4p
€

_18
T




B.2 COLD CLEAKNER EMISSIONS

B.2.1 Haztional Celd Cleaner Emissions (1974)

Given:

(2) Gross cold cleaning solvent consumption = 450 Gg/yr* 18974
(b) =zbout 5% of this is from wiping operations, which are
not considered coid cleaner (CC) emissions

{c) about 25 Gg/yr of this is from conveyorized non-boiling
degreasers (CND). (See subsection B.4.1)

(d) Waste solvent disposal (WSD) amounts to 280 Gg/yr.
Approximately 7% of this 1is incinerated or landfilled in such

a manner that no emissions occur. (See Section 2.1.4)

Calculate: Cold Cleaner Emissions Estimate

450 = Gross cold cleaning solvent consumption
- 25 = for wiping Tosses
-~ 25 = CND Tosses

ZEE'= Cold cleaner emissions if a1l WSD evaporates
- 20 = conirolled emissions due to proper waste sclvent disposal

(ijﬁﬂ} Gg/yr = estimated emissions from cold cleaners-1974

B.2.2

Emi

Given:

Calculs



Emission Rate Per Cold Cl=aner

dven: (a) 880,000 Maintenance cold cleaners (1974)
340,000 Manufacturing cold cleaners (1974)
1.22 x 10° Total cold cleaners 1974
(b) A manufacturing cold cleaner has twice the average emission
of a maintenance ccld cleaner.
alcuiate: Individual cold cleaner emission rates

(a) 380 (£100) Gg/yr
1.22 x 10°% units

0.31 (+0.08) Mg/yr per unit

RED Tb/yr per unit
% 100 {x20) gal/yr per unit
(b) 1IF: X = average maintenance cold cleaner emission
2X = average manufacturing cold cleaner emission
Tay = nztional maintenance cold cleaner emissions
Tap = national manufacturing cold cleaner emissions

THEN: X x 880 (x10%)

i

Ta1
2X x 340 {x10%)

Taz

Tay + Tay 380 {j]OD)(x103 metric ton/yr) in 1874

AND:

—
]
I

&y = 215 (x103 metric ton/yr)

Ta, = 165 (x103 metric ton/yr}
X = 0,24 metric ton/yr = (490 1b/yr)
2% = 0.48 metric ton/yr = (880 1b/yr)

(c) "Safety Kleen" maintenance cold cleaners and others:

Let Xck = average emission from z Safety Kleen cleaner
A = averace emission from other maintenance cold cleaners
G -

Then
b = 24 ¥ TD3 metric ton/yr 1? metric ton/sk cleanere

= T4T.000




B.2.3 Projected Emission Reductions®

50%, With poor compliance, emissions

Cold Cleaner Svstem A

Assumptions & Estimations:

1. Average typical cold cleaner emits about 0,3 metric tons/yr.
2. An average of 55% of cold cleaning emissions is due to
evaporation of waste selvent. This could he reduced %o

10% with excellent compliance
30% with average compliance
40% with poor compliance.

3. 45% of the emissions occur airactly from the cold cieaner,

20% 1s through bath evaporation (including agitated & spray

evaporation) and 25% is through carry out, Cover closing can reduce

bath evaporation from 20% to 4% with excellent compliance
P . P
8% with average compliznce
18% with poor compliance,

Drainage practice could reduce carry-out from
25% to 5% with excellent compliance

11% with average compliance
18% with poor compliance,

Conclusion:

With excellent compliance system 4 could reduce emissions by 100-10-4-

b

Hith average compliance, emissions could be reduced by 100-30-9-11=

=

could be raduced By 100-4p-16-18=

*The previocus and the following projected est

that can be magde aiven the limited ¢

interpretad as tes detz; thus,

b5

L

Fe

H




tiance would no t vary much

Assumptions & Estimations-~same as for system A except

1, Mechanically assisted covers, the "major control device' and

spray specifications znd agitation restrictions are estimated to

reduce bath evaporatien from 20% to 2% with excellent rompiianﬂe
6% with average cowpz1an5ﬁ
10% with poor compliance

-y

on:

¥ith excellent compliance system B could reduce emissions by 100-10-25=

3%. With average compliance, emissions could be rediyced by 100-20-5-11=
2%, With poor compliance, emissions could be reducad by 100-40-10-18=
2%.

. Lold Cleaners Us'ng High Volat ility Scivent
Recommended cuntrols would effect higher emission reductions on

estimated that with average

-...
=
o
al
aT)
s |
[14]
]
=
-t
w
i
-
(=]
aiz |
]
m
(a9
=
[')
...J-
(=)
=
o
]
A
P
(=9
.
=
(8
b
i
21}
i
m
ot
o
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or system A and to

¥s
able 3-14 in the Dow Report estimates emissions from a typical,

thce cold cieaner, Although the overall emission rates are on the high
'@ percentage of amissions from waste <o lvant evaporstion {refilling),
't and bath evaporation cziculate to 58%, 28%, and 15% respectively,
‘Pares reasonably with the previous estimates of 53%, 25% and 20¢ for
's of cold clezners, {consi idering that manufac turing, cold cleaners
?ays @ higher proportion of bath evaporation than do maintenance
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B.3,1

BE.3 OPEN TQP VAPOR DEGREASER EMISSIONS

National Open Top Vapor Degrezser Emissions (1874)

Gross vapor degreasing solvent consumption is 275 (+25) Gg*/yr.

Approximately 200 (+20) Gg/yr of this is from Open Top Vapor Degresasing (OTVD)
and 75 Gg/yr is from Conveyorized Vapor Degreasing (CVD).

simiiar to previous estimates that CVD emit about 65 Gg/yr and OTVD, 210 Gg/yr.

w

.3.2 Emissions Per Average Unit

1. If there-are 21,000 OTVD (1974), an average OTYD would emit about

200 (+20) Gg/yr + 21,000 = 9.5 MT/yr.

2. 1f an average OTVD has an open area 18 (%3) ftz = 1,67 (+0.3) m2
then emission per area would average 5,7 MT/yr.-m

are within + 25 percent accuracy.)

B.3.3

Projected Emission Reductions

Estimates have been made of the total contrel efficiencies (n.), the centrol

efficiencies from improved cperating practices (né) and control efficiencies

2

(These averages probably

from control equipment (ne) for control systems A and B.

System A System B
Compliance: Compliance:

% poor average excellent poor average excellent

g 15 25 35 20 30 40

n. 20 30 A0 30 45 60

ne 32 47 61 44 62 76
Roprox. ng 30 45 60 45 60 75

Note: (T - =(1-mn,) (1 -ng)

¥ag = 10° metr

ic tons

These estimates are



Emission per controlled unit

oor averags axcellent (mT7yr)
m A g.5 6.5 5.2 3.7
m B 2.5 5.3 3.8 2.4

[y ]
ity

et
]
==
Eel
o
"

i

B.&.3

=
E

efficie



b4 CONYEYQORIZED DEGREASER EMISSIOHS

2.4,7 Hationzl Convevorized Degrsaser Emissions (1974)

Given: (a) Emissions from conveyorized vapor degrsasers {CVD) is
75 Gg*/yr.
(b) It i: estimated that bztwsen 25 to 35 percent of the
conveyorized degreasers are Conveyorizad Hon-Boiling Degreasers
(CNB}.8 This estimatz appears somewhat high. thus choose 25 percent
which is on the Tower end of the range,

Calculate:
{z2) CKD emit 25 8g/yr
(b) €VD emit 75 Gg/yv

(c) Total conveyorized degreaser emission are 100 Gg/yr.

3,4.2 Emissions Per Average Unit

1, Estimate that there are about 3170 CVD and 530 CHD nationally in
1a72,5%:10

2, An average emiseion rate for a CVD would be 75,000 Mg/yr

3,170 units dsibi

» z = E
2, Average emission from a CND would be 2,4300 = 47.2 WT/yr.

3,4,3 Projected Emission Reductions

Estimates have been made of total control efficiencies (n.), the control
=fficiencies from improved operating practices (no} and the control efficiencies

from control eguipment for contrel systems A and B.

Control System & System B
Efficiencies Compliance: Compliance:
(n) (%) poor  average excellent poor  avag. excl.

improved n

operation 20 25 30 20 25 30
Control a, = - ~ 40 50 &0
equipment
Total Ty 20 25 30 52 2.5 72
approximated N = = 50 80 70

Hote: (1-ng) = (1-n.) (1-n.)
*Gg = 103 MT : ¢ B-2
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Emission cantrol for typical units:

Emission rate (MT/yr}

Controlled with Controiled with
Uncortrelled System A System B

weyorized Vapor Deg, 24 i8 {17 to 19) ¢ {7 to 11}

1, Nen-boiling Deg. A8 36 (34 to 38) 18 (13 to 23)

:rage CD 27 20 (13 o 21) 16 (7.5 to 13




Degregsing industry collectiv
Cold cleaners collectively
Maintenance cold cleaners
Manufacturing cold cleaners
Conveyorized vapor degreasers

Open top vapor degraasers

4>
(5]
ot

o
-

50% to 75%
40% to €0%
1G% to 20%
20% to

2.

Manufacturing cold cleaners

(165,000 x .50)

i
(887
(&5

215.00

0
165,000

206,080

o3




45,000 Mt/yr
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LCULATIONS RECATING 7O ADVERSE ENVIRCMNMENT!

Incressed: Bet1gr Enissions-Computation

2 objective is %o determiné the magnitude of incredsed boiler emi.
by use of a carbon adsorber. The carben adsorber gsnerally has the

. energy consumption compared to that of othsr control devices, 'A'
carbaon adsorber could be a Vic #536 AD. According to the J. L. Thompson

ipart by Dow, the steam usage may be 113 1b. per desorption cycle which

s to 113,000 Btu/cycle. Taking an average of two descrpticnigié{égi'

¢+, the consumption becomss sbout 225.003_5tu!dey or 28,000 Biu/hr.

isume that high sulfur fuel oil were to be used to fire the boiler. Take’

11 fuel oil with 2% sulfur content. According to "Compilation cf Air

ion Emission Factors" (AP 42) such fuel combustion would emit the following

ints per 10° gal. fuel oil: 370 1b $0,. 23 1b particulates, 60 1b WO,

) and 3 1b HC (hydrocarbons).

zTate the emissions to an hourly emission rate. To produce 28,000 Btu/hr
conversion efficiency would require 37.000 BRu/hr of fuel. Choosing

1 0il, we have 148,000 Btu/gal. Thus,) Incréased fuel conSumption would

ut 0.25 gal/hr.* Increased pollutant emission would then be 0.08 1b/hr
kg/hr) 502, 0.005 1b/hr (0.002 kg/hr) particulates, 0.008 1b/hr

35 kg/hr) NDX, 0.0005 1b/hr (0.0002 kg/hr) CO and 0.0004 1b/hr

2 kg/hr) HC.

ompare the increased emissions to the emission reduction caused by the

i adsorber. A typical adsorber system that is properly designed and

iined may save 50 gal/wk % 15 1b/hr = 6.8 kg/ar. Thus, the total increased

+ emissions equals about 0.6% of the emission reduction caused by a typical

1 adsorber,

TEF T, o
000 8tufgal 0.25 gal/hr of fuel
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N-Methyl-F
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Tetrahydrefiren
Sec. Butanol .
N-Propanc b

«121 Irichlorcethans

1,2 Bubylene Quise 15
Butylene
Hitroethane non-misc.
Hitromathana 10
3-Methoxy
Propronitrile
1,3-Dioxolane 100
1,4-Dioxane 100
N-Methyl-Pyrroie
Tolusne S
Methyl Ethyl 27-37
Ketone
Isobutyl Alcohol 10
Tertiary Butanol 220
Sec. Butanol 13
Acrylonitrile
Acetonitrile 100
Iscpropyl Nitrate
Tertiary Amyl partizily
Alcohol S

1,3.5 Trioxans
Z Hethyl-3-Butynal-

'§1. = cligntiy and s. = soiuzble
%DL - sra? huinan
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H Fish
Solubility Toxicity 83D-20 Botling Polint
- Anemter. o ppi & of Thaory °’C

T -

i¥lene Chloride

‘ropyiens Oxide 40-50 >100 75 34

tylene Quide

mylene S1.8 30 5

yclohexena 0

fethylene Chloride 2 2100" Test
:hlorosthylene g-lgs " Ve Hane
I?‘“i.vé;y'l oh < -8 'S_i.iiper fa
Morpholina 100 276C 115 I I TR -
-Tertiary Amyl :

Phenal partially 31007 Xt ¥: Elect
3-H-Propoxy

Propionitrile “Rel

isopropyl Alceaol 100 >100 80 82 S
:pichiorohydrin [ 18 50

Hallylamine 112 “Defective control syste

Estimated Stabilizer Emissions into Sewer

% Approximate )
Stabilizers in  Solubility Sewer Em*t‘ssinn Rat
Solvent blend e gal/wk m¥/wk
: B2 40% 1.0 0.004
ge: 2% 30% 0.2 0.0008

Atmospheric Emission Reduction

3
ission Contrel: 50 gal/wk 0.2 m"/uk
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W, Elestric Co.
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B.6.4 Fuel Cost of Incineration for Manutacturing Cold Cleaners

Assume & ventilation rate of 50 cubic ft{minute!ftz of open top area,
2
an average tank area of 6 ft°, 8 hours of operation per weekday and 2 1/2
dollars/million BTU fuel cost. Using an air density of 0.075 1b5{ft2, a

specific heat of 0.25 BTU/1Bs°F for air, and a maximum temperature of 800°F,

an approximate annual fuel cost would be about $1200/year, as summerized Opet

below. Divi
Exhaust volume = 300 cfm x 60 min/hr x 8 hr/day x 240 day/yr = 35 x 10° PP
ft3/yr 3. Ibic

4, HKear

Heazt required = 35 x 10° £t3 x 0.075 1b/ft3 x 0.25 BTU/1b°F x 740°F =
485 x 105 BTU/yr

Annual fuel cost = 485 x 108 BTU/yr x 2.50 51105 BTU = 1215 @ 1200 §/yr
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