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SECTI ON 1
PURPCSE OF DOCUMENT
air

The Environnmental Protection Agency and State and | ocal

pol l ution control agencies are becom ng increasingly aware of the
presence of substances in the anbient air that nmay be toxic at certain
concentrations. This awareness,

inturn, has led to attenpts to

identify source/receptor relationships for these substances and to

devel op control prograns to regulate enissions. Unfortunately, very

l[ittle information is available on the anbient air concentrations of
t hese substances or on the sources that may be discharging themto the

at nospher e.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
documents such as this that conpiles available information on sources
and em ssions of these substances. Prior docunents in the series are
listed bel ow

Subst ance EPA Publi cati on Nunber

EPA- 450/ 4- 84- 007a
EPA- 450/ 4- 84- 007b

Acrylonitrile
Car bon Tetrachl ori de

Chl or of orm

Et hyl ene Di chl ori de
For mal dehyde

Ni ckel

Chr om um

Manganese

Phosgene

Epi chl or ohydrin

Vi nyl i dene Chl oride
Et hyl ene Oxi de

Chl or obenzenes

EPA- 450/ 4- 84- 007c
EPA- 450/ 4- 84-007d
EPA- 450/ 4- 84- 007e
EPA- 450/ 4- 84- 007f
EPA- 450/ 4- 84- 0079
EPA- 450/ 4- 84-007h
EPA- 450/ 4- 84- 007

EPA- 450/ 4- 84- 007]

EPA- 450/ 4- 84- 007k
EPA- 450/ 4- 84- 007

EPA- 450/ 4- 84- 007m



Subst ance EPA Publi cati on Nunber

Pol ychl ori nat ed Bi phenyl s ( PCBS) EPA- 450/ 4- 84-007n
Pol ycyclic Organic Matter (POV EPA- 450/ 4- 84- 007p
Benzene EPA- 450/ 4- 84- 007q

Thi s docunent deals specifically with trichl oroethyl ene and
perchl oroethyl ene. Its intended audi ence includes Federal, State and
| ocal air pollution personnel and others who are interested in
| ocating potential emtters of these conmpounds and maki ng gross
estimates of air em ssions therefrom

Because of the limted anbunts of data avail able on sone
potential sources of trichloroethyl ene and perchl oroet hyl ene
em ssions, and since the configurations of many sources will not be
the sanme as those described herein, this docunent is best used as a
primer to informair pollution personnel about (1) the types of
sources that may emt trichl oroethyl ene and perchl oroet hyl ene, (2)
process variations and rel ease points that nmay be expected within
t hese sources, and (3) available emi ssions information indicating the
potential for trichloroethylene or perchloroethylene to be rel eased
into the air fromeach operation

The reader is strongly cautioned agai nst using the enissions
i nformati on contained in this docunent to try to devel op an exact
assessment of emi ssions fromany particular facility. Because
insufficient data are available to devel op statistical estinmates of
t he accuracy of these emi ssion factors, no estimte can be nmade of the
error that could result when these factors are used to calcul ate
em ssions fromany given facility. It is possible, in sonme extrene
cases, that order-of-magnitude differences could result between actua
and cal cul ated emni ssions, depending on differences in source
configurations, control equipnent, and operating practices. Thus, in
situations where an accurate assessnent of trichl oroethyl ene or
per chl or oet hyl ene emi ssions is necessary, source-specific information
shoul d be obtained to confirmthe exi stence of particular emtting
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operations, the types and effectiveness of control neasures, and the
i npact of operating practices. A source test and/or material bal ance
shoul d be considered as the best neans to determ ne air em ssions
directly froman operation.

In addition to the information presented in this docunent,
anot her potential source of enissions data for perchl oroethyl ene and
trichloroethylene is the Toxic Chemical Rel ease Inventory (TRI) form
required by Section 313 of Title IIl of the Superfund Arendnents and
Reaut hori zati on Act of 1986 (SARA 313).' SARA 313 requires owners and
operators of certain facilities that manufacture, inport, process or
ot herwi se use certain toxic chenicals to report annually their
rel eases of these chemicals to any environnental nmedia. As part of
SARA 313, EPA provides public access to the annual em ssions data.
The TRl data include general facility information, chenica
i nformati on, and emi ssions data. Air em ssions data are reported as
total facility release estimates, broken out into fugitive and point
components. No individual process or stack data are provided to EPA
The TRl requires the use of available stack nmonitoring or neasurenent
of emissions to conply with SARA 313. |If nonitoring data are
unavai |l abl e, em ssions are to be quantified based on best estimates of
rel eases to the environnent. The reader is cautioned that the TR
will not likely provide facility, emissions, and chenical release data
sufficient for conducting detail ed exposure nodeling and ri sk
assessment. I n many cases, the TR data are based on annual estinmates
of emssions (i.e., on emssion factors, material bal ances,
engi neering judgnent). The reader is urged to obtain TRI data in
addition to information provided in this docunment to | ocate potenti al
emtters of perchloroethylene and trichl oroethylene, and to nake
prelimnary estimtes of air em ssions fromthese facilities. To
obtai n an exact assessnent of air em ssions from processes at a
specific facility, source tests or detailed material bal ance
cal cul ati ons shoul d be conducted, and detailed plant site information
shoul d be compi | ed.
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SECTI ON 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State and |ocal air pollution agencies and others who are
interested in locating potential air enitters of trichloroethyl ene and
per chl or oet hyl ene and maki ng gross estimtes of air enissions
therefrom Because of the |limted background data avail able, the
informati on summarized in this docunent does not and should not be
assunmed to represent the source configuration or em ssions associ ated
with any particular facility.

This section provides an overview of the contents of this
document. It briefly outlines the nature, extent and format of the
mat erial presented in the remai ning sections of this report.

Section 3 of this docunent briefly sunmarizes the physical and
chem cal characteristics of trichloroethylene and perchl oroet hyl ene,
and provi des an overview of their production and use. This background
section may be useful to someone who needs to devel op a genera
perspective on the nature of these substances and how they are
manuf act ured and consuned.

Sections 4, 5, 6, 7, and 8 of this docunent focus on mgjor source
categories that may discharge trichl oroethyl ene and perchl or oet hyl ene
air emssions. Section 4 discusses em ssions fromthe production of
trichl oroethyl ene and perchl oroet hyl ene; Section 5 di scusses eni ssions
fromindustries producing trichloroethyl ene and perchl oroethyl ene as a
by- product; Section 6 concerns em ssions fromindustries using
trichl oroethyl ene and perchl oroet hyl ene as chemi cal feedstock; Section
7 concerns enissions fromindustries using these conmpounds as sol vent;
and, Section 8 addresses em ssions from other potential sources.

Based on 1983 data, degreasing operations are the |argest source of
trichloroethyl ene em ssions nationwide; simlarly, dry cleaning
facilities and degreasing operations are the | argest sources of

per chl or oet hyl ene em ssions nati onw de.
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For each mmjor industrial source category described in Sections 4
t hrough 8, exampl e process descriptions and flow di agrans are given,
potential emission points are identified, and avail abl e em ssi on
factor estimates are presented that show the potential for
trichl oroet hyl ene and perchl oroet hyl ene eni ssions before and after
controls enployed by industry. |Individual conpanies are nanmed that
are reported to be involved with either the production or use of
trichl oroethyl ene or perchloroethylene based prinmarily on trade
publi cati ons.

The final section of this docunent sunmarizes avail able
procedures for source sanpling and anal ysis of trichloroethyl ene and
perchl oroethyl ene. Details are not prescribed nor is any EPA
endor senent given or inplied to any of these sanpling and anal ysis
procedures. At this tine, EPA has not generally eval uated these
nmet hods. Consequently, this docunent nerely provides an overvi ew of
appl i cabl e source sanpling procedures, citing references for those
interested in conducting source tests.

Thi s docunent does not contain any di scussion of health or other
environnmental effects of trichloroethyl ene or perchloroethyl ene, nor
does it include any discussion of anbient air |evels or anmbient air
nmoni toring techni ques.

Conments on the contents or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control neasures and em ssions information that woul d
enable EPA to inprove its contents. Al coments should be sent to:

Chi ef, Pollutant Characterization Section (M- 15)
Noncriteria Pollutant Prograns Branch
U S. Environnental Protection Agency
Research Triangle Park, N C. 27711



SECTI ON 3
BACKGROUND

TRI CHLORCETHYLENE

Nat ur e of Pol | ut ant

Trichloroethylene (TCE) is a colorless, sweet snelling,
nonfl anmabl e |iquid at normal tenperatures and pressures.
Trichloroethyl ene is also known as ethylene trichloride,

trichloroethene, and trichlor. The structure of TCE is illustrated
bel ow:
H Cl
\ /
C=2¢C
/ \
Cl Cl

Physi cal and chemical properties of trichloroethylene are presented in
Tabl e 1.

Trichloroethylene is miscible with nost organic |iquids including
such conmmon sol vents as ether, alcohol, and chloroform but is
essentially insoluble in water. It is relatively volatile, with a
vapor pressure of 7.6 kPa at 200C. ! The | ower explosive limt of the
vapor in air is 11 percent, and the upper explosive linmt is 41
percent.? The liquid does not have a flash point.1?

Trichl oroet hyl ene deconposes by at nospheric oxidation and
degradation catal yzed by al umi num chl oride.! The deconposition products
i ncl ude conpounds that are acidic and corrosive, such as hydrochloric
acid. To prevent deconposition, conmercial grades of TCE contain
stabilizers such as am nes, neutral inhibitor m xtures, and/or
epoxi des.?



TABLE 1. PHYSI CAL AND CHEM CAL PROPERTI ES OF TRI CHLORCETHYLENE

Property Val ue

Structural Formula: CHO ,; CHO = Cd,
Mol ecul ar wei ght 131. 39
Melting point, °C -87.1
Boi i ng point, °C 86.7
Density at 20°C, g/niL 1.465
Vapor pressure at 20°C, kPa (mmHg) 7.6 (57)
Viscosity (absolute) at 20°C, nPa S (=cP) 0. 58
Surface tension at 25°C, nmN/'m (=dyn/cn 26. 4
Fl ash point (closed cup), °C None
Upper explosive limt in air, % by volunme 41
Lower explosive limt in air, % by volunme 11
Heat of formation, liquid, M/ (kg nol) 4.18
Heat of formation, vapor, M)/ (kg nol) -29.3
Heat of conbustion, M/ kg 7.325
Solubility in water at 20 °C, 9/1OQ0g water 0. 107
Solubility of water in trichloroethylene at 20°C,

g/ 1 00g trichl oroethyl ene 0. 0225
SOURCE: Ref erences 1 and 2.



The lifetime of TCE in the atnosphere is slightly over four days,
where atnospheric lifetime is defined as the tine required for the
concentration to decay to 1/e (37% of its original value.® This
relatively short lifetine indicates that TCE is not a persistent
at nrospheri c conpound; however, it is continually released to the
atmosphere. The relatively short lifetime of TCE should prevent |ong-
range gl obal transport of significant levels of TCE. The major
nmechani sm for destruction of TCE in the atnosphere is reaction with
hydroxyl radicals.** Some of the anticipated degradati on products
i ncl ude phosgene, dichloroacetyl chloride, and formyl chloride.?

Overvi ew of Production and Use

The commerci al production of trichloroethylene began in the
United States in 1925 for use as a nmetal degreasing and dry cleaning
agent . !

Trichloroethylene is currently produced in the United States by
two conpanies at two nmanufacturing sites.® Donestic production in 1987
was about 91,000 My. Approximtely 23,000 My of trichl oroethyl ene
were exported and 4,500 My inported.® Trichl oroethyl ene production
demand is expected to decrease because of inproved industry recycling
practices involving TCE and the availability of inexpensive inports.
Since 1980, inports have risen steadily and exports have fallen

Trichl oroethyl ene is produced donestically by two processes:
(1)direct chlorination of ethylene dichloride, and (2) oxychlorination
of ethylene dichloride. By varying raw material ratios,
trichl oroethyl ene can be produced separately or as a coproduct of
per chl oroet hyl ene (PCE).*® O the two conpanies currently producing
TCE, one conpany produces TCE separately using the direct chlorination
process (PCE is produced as a by-product); the other produces TCE and
PCE as coproducts using the oxychlorination process."?

Trichl oroet hyl ene may al so be produced as a by-product during
vi nyl i dene chloride or ethylene dichloride/vinyl chloride nononer
manuf acture. ’



Figure 1 presents a chem cal use tree sunmarizing the production
and use of TCE. The mgjor end use of TCE is as an organic solvent for
i ndustrial degreasing; about 85 percent of the TCE supply is used in
vapor degreasing and another 5 percent is used in cold cleaning.® These
processes are used in many industrial processes such as the
manuf act ure of autonobiles, electronics, furniture, appliances,
jewelry, and plunbing fixtures.’

Approximately five percent of the TCE supply is used as a chain-
l ength nodifier in the production of polyvinyl chloride (PVC).® The
remai ning TCE (5 percent) is consuned in other solvent and
m scel | aneous applications. These applications include use (1) as a
sol vent in adhesive formulations; (2) as a solvent in paints and
coatings; and (3) in mscellaneous chem cal synthesis and sol vent
applications. >’

PERCHLORCETHYLENE

Nat ure of Pol | ut ant

Per chl oroet hyl ene (PCE) is a colorless, nonflammable liquid with
an et hereal odor.?° The chem cal nane for perchl oroethylene is
tetrachl oroethylene; it is also known as tetrachl oroethene and perc.

Cl1 1
\ /
C=2¢C
/N
Cl C1
The structure of PCE is illustrated bel ow

Perchl oroethylene is practically insoluble in water, but is mniscible
with the chlorinated organic solvents and nost other common sol vents
such as ethanol, diethyl ether, and oils. It is a solvent for many

substances, including fats, oils and tars.® At 20°C, PCE has a vapor

pressure of 1.87 kPa (14 mHg).? Table 2 summari zes the physical and
chem cal properties of PCE
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Production

r— Use Percent
: " : Organic Solvent Cleaning

Ethylene Dichloride + Chilorine >
{CICH.CH.Cl) (Cl.) Vapor Deg(easlng 85
Cold Cleaning 5
T”‘ig’a’a’gg;ﬂfne 1 Polyvinyt Chioride Manufacture 5

2
Other Solvent and

Ethylene Dichloride + Chiorine or Hydrogen Chioride + Oxygen Miscellaneous 5
{CICH,CH,C)) [Clz or HCI) {O.) | 100
o
@
g
. . . by
Figure 1. Chemical use tree for trichloroethylene.*’ c



TABLE 2. PHYSI CAL AND CHEM CAL PROPERTI ES OF PERCHLORCETHYLENE

Property Val ue
Structural Formula: &4d, d, d,C= Cd,
Mol ecul ar wei ght 165. 83
Mel ting point, °C -22.7
Boi i ng point, °C 121.2
Density at 20 °C, g/nL 1. 62260
Vapor pressure at 20 °C, kPa (mrHg) 1.87 (14)
Viscosity at 25 °C, nPa S (=cP) 0. 839
Surface tension at 15 °C, miNVm (=dyn/cm 32. 86
Heat of formation, liquid, kJ/(nol) 12.5
Heat of formation, vapor, kJ/(nol) -25
Heat of conbustion at constant pressure

with formation of ag HCl, kJ/(nol) 679.9
Solubility in water at 250C, ng/l OOy wat er 15
Solubility of water in perchloroethylene at 25°C

ng/ 120g per chl or oet hyl ene 8

SOURCE

Ref erences 2 and 9.
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In the presence of light and air, perchloroethylene slowy
aut ooxi di zes to trichl oroacetyl chloride. Stabilizers, such as ani nes
or phenols, inhibit the deconposition process to extend solvent life
and protect equi prment and materials. Conpared to other chlorinated
et hanes and ethylenes, PCE is relatively stable, and generally
requires only small amounts of stabilizers.?®

The maj or mechani smthat renoves perchl oroethylene fromthe air
is reaction with hydroxyl radicals.** The degradation products include
phosgene and chl oroacetyl chlorides. The atnospheric lifetime of PCE
is estimated to range from 119 to 251 days, where atnospheric lifetine
is defined as the time required for the concentration to decay to 1l/e
(37% of its original value.® The relatively long lifetime of PCE in
t he at nosphere suggests that |ong-range global transport is likely.
Moni tori ng data have shown the presence of PCE in the atnosphere
wor | dwi de and at | ocations renoved from ant hropogeni ¢ em ssi on
sources. Rempoval of PCE fromthe air can al so occur by washout.

Overvi ew of Production and Use

Per chl or oet hyl ene was first prepared in 1821 by Faraday from
hexachl or oet hane. ® I ndustrial production began in the United States in
about 1925. Perchloroethylene is currently produced by four conpanies
at six locations. The total donestic production was about 200,000 My
in 1987.1° The total inports of PCE in 1987 were 54,000 My/yr, and the
total exports were 27,000 My/yr.* Perchl oroethyl ene production denmand
is expected to remain the same or decline slightly over the long term

Per chl or oet hyl ene is produced donestically by three processes.
These are (1) the direct chlorination of ethylene dichloride, (2) the
oxychl orinati on of ethylene dichloride, and (3) hydrocarbon
chlorinolysis. In the first two processes, PCE can be produced
separately or as a coproduct of TCE with the raw material ratios
determ ning the proportions of PCE and TCE.® In the third process, PCE
is manufactured as a coproduct with carbon tetrachloride. !
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Per chl or oet hyl ene may al so be formed as a by-product during ethyl ene
di chl ori de/vinyl chloride nmonomer manufactures Perchl oroethylene is

produced in purified, technical, USP, and spectronetric grades. The
vari ous grades are produced for dry cleaning, technical, industrial,
and vapor - degreasi ng uses, respectively.

The current uses of PCE are listed in Figure 2, along with the
percentage of the total product devoted to each use.
Perchl oroethyl ene is comrercially inmportant primarily as a chlorinated
hydr ocarbon sol vent and as a chemical internediate. The mgjor end use
of PCEis as a dry cleaning solvent. Perchloroethylene |argely
repl aced carbon tetrachloride (which is no |Ionger used) in conmercial,
coi n-operated, industrial and garnent-rental dry cleaning operations.
Sone PCE is also used in textile processing as a scouring solvent and
as a carrier solvent. Together these uses account for about 50
percent of total donmestic demand for PCE.!° Approxi mately 25 percent of
the PCE supply is used as a chemcal internediate in
chl or of | uorocarbon production (nmostly for chlorofluorocarbon 113).1°
Anot her 15 percent is consumed in organic solvent cleaning operations
such as vapor degreasing and netal cleaning.!® The renaining 10 percent
of the PCE supply is primarily consunmed in other solvent applications.
These applications include use (1) as a solvent in paints, coatings,
and adhesives, (2) as a solvent in aerosol fornulations, and (3) in
m scel | aneous sol vent applications.?
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Production

Ethylene Dichloride + Chlorine
{CICH,CH.CH (Cl2)

Ethylene Dichloride + Chlorine or Hydrogen Chioride + Oxygen —
(O:)

(CICH,CH,Cl) (Ci; or HCY)

Hydrocarbons + Chiorine
{e.g. CaHe) (8Cl2)

= Perchloroethylene —m

{CCI.CCl,)

L

Figure 2. Chemical use tree for perchloroethylene,’-#:1°

Use Percent
Dry Cleaning and Textile 50
Chiorofluorocarbons Manufacture 25
Organic Solvent Cleaning 15
Other Solvent and
Misceilaneous 10
100
o
3
b
@
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SECTI ON 4
EM SSI ONS FROM TRI CHLOROETHYLENE AND PERCHLORCETHYLENE PRODUCTI ON

Sour ces of atnospheric em ssions of trichloroethylene and
perchl oroet hyl ene related to their production are described in this
section. Process flow diagranms are included as appropriate and the
specific streanms or vents in the figures are |abeled to correspond to
the discussion in the text. Em ssion factors for the production
processes are presented when avail abl e and control technol ogies are
described. It is advisable for the reader to contact specific sources
in question to verify the nature of the process used, production
vol une, and control techniques in place before applying any of the
em ssion factors presented in this report.

TRI CHLORCETHYLENE PRODUCTI ON

Trichloroethylene (TCE) is currently produced domestically by
either direct chlorination or oxychlorination of ethyl ene dichloride
(EDC) or other chlorinated ethanes. Trichl oroethylene, CC=CHO,6 can
be produced separately or as a coproduct of perchloroethyl ene (PCE),
a,C= Cd, by varying raw material ratios.?

Trichl oroet hyl ene was once manuf actured predom nantly by the
chlorination of acetylene. However, because of the high cost of
acetyl ene, EDC chlorination becanme the preferred nmethod for producing
TCE. No donestic plants currently use the acetyl ene-based process to
produce TCE. 2

Process Descriptions

Et hyl ene Dichloride Chlorination Process--

The maj or products of the EDC chlorination process are TCE and
PCE. Hydrogen chloride (HCl) is produced as a by-product. The direct
chlorination process involves the reaction of EDC with chlorine to
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yield a crude product from which market abl e-grade TCE and PCE are
derived followi ng distillation and purification. The EDC chlorine
rati o determ nes which product (TCE or PCE) will be produced in the
greatest quantity. The follow ng chem cal equation characterizes the
EDC chl ori nation process:

_ 0
d CHCHA + 02%%?%1032%?%%2%%@% +d,ccHd + 4 ,ccd,
latm

EDC Chl ori ne TCE PCE

Basi ¢ operations that may be used in the production of TCE and
PCE by EDC chlorination are shown in Figure 3. Ethylene dichloride
(Stream 1) and chlorine (Steam 2) vapors are fed to a chlorination
reactor. The chlorination is carried out at a high tenperature (400
to 450°C), slightly above atnospheric pressure, without the use of a
catalyst. Qher chlorinated C, hydrocarbons or recycled chlorinated
hydr ocar bon by-products may be fed to the chlorinator.?

The product streamfromthe chlorination reaction consists of a
m xture of chlorinated hydrocarbons and HJ. Hydrogen chloride (Steam
3) is separated fromthe chlorinated hydrocarbon m xture (Steam 4) and
used in other processes. The chlorinated hydrocarbon m xture (stream
4) As neutralized with sodi um hydroxi de solution (Stream5) and is
then dried. Spent caustic is transferred to a wastewater treatnment
pl ant.?

The dried crude product (Stream7) is separated by a PCE TCE
colum into crude TCE (Stream 8) and crude PCE (Stream 9). The crude
TCE (Stream 8) is fed to a TCE colum, where |ight ends (Stream 10)
are renmoved overhead. Bottonms fromthis colum (Stream 11),
contai ning TCE and heavies, are sent to the finishing colum, where
TCE (Stream 12) is renoved overhead and sent to TCE storage. Heavy
ends (Stream 13) are conbined with |light ends (Stream 10) fromthe TCE
colum and stored for eventual recycling.?

The crude PCE (Stream 9) fromthe PCE/ TCE colum is fed to a PCE
col um, where PCE (Stream 14) goes overhead to PCE storage. Bottons

fromthis colum (Steam 15) are fed to a heavy ends colum. Overheads
18
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fromthe heavy ends colum (Stream 16) are recycled and bottons,
consisting of tars, are incinerated.?

Et hyl ene Dichloride Oxychl orination Process--

The maj or products of the EDC oxychlorination process are TCE
PCE, and water. Side reactions produce carbon di oxi de, hydrogen
chl oride, and several chlorinated hydrocarbons. The EDC
oxychl orination process is based on the use of a single step
oxychlorination where EDC is reacted with chlorine and/or HO to from
TCE and PCE. This reaction can be illustrated by the follow ng
chem cal equation

430°¢C
CICH,CH,C1 + €1, + HCT + 0, ——  C1,CCHCT + H,0 + C1,CCCT,
CuC12
EDC TCE PCE

The crude product contains 85 to 90 wei ght percent PCE plus TCE and 10
to 15 wei ght percent by-product organics. Essentially all by-product
organi cs are recovered during purification and are recycled to the
reactor. The process is very flexible, so that the reaction can be
directed toward the production of either PCE or TCE in varying
proportions by adjusting the EDC to HC1l/d, ratio.?

Figure 4 shows basic operations that may be used for EDC
oxychlorination. Ethylene dichloride (Stream 1), chlorine or hydrogen
chloride (Steam 2), oxygen (Stream 3), and recycl ed by-products are
fed to a fluid-bed reactor in the gas phase. The reactor contains a
vertical bundle of tubes with boiling liquid outside the tubes to
mai ntain the reaction tenperature at about 425°C. The reaction takes
pl ace at pressures slightly above atnospheric. Copper chloride
catal yst is added continuously to the tube bundle. The reactor
product (Stream4) is fed to a water-cool ed condenser and then a
refrigerated condenser. Condensed material and catal yst fines drain
to a decanter. The noncondensed inert gases (Stream5), consisting of
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carbon di oxi de, hydrogen chloride, nitrogen, and a small anount of
uncondensed chl ori nated hydrocarbons, are fed to a hydrogen chloride
absorber, where HO is recovered by absorption in process water to
nmake by-product hydrochloric acid. The renmining inert gases are
purged (Vent A).'

In the decanter, the crude product (Stream7) is separated from
an agueous phase. The aqueous phase, containing catalyst fines
(Stream 8), is sent to a waste treatnent plant (G. Crude product is
fed to a drying columm where dissolved water is renoved by azeotropic
distillation. The water (Stream9) fromthe drying colum is sent to
the waste treatnment plant (G and the dried crude product (Stream 10)
is separated into crude TCE (Stream 11) and crude PCE (Stream 12) in a
PCE/ TCE col umm.?

Crude TCE (Steam 11) is sent to a TCE colunm, where the |ight
ends (Stream 13) are renoved overhead and stored for recycle. The
bottons (Stream 14) are neutralized with anmonia and then dried to
produce finished TCE (Stream 15), which is sent to storage.?

The crude PCE (Stream 12) fromthe PCE/ TCE is fed to a heavy ends
colum where PCE and |ight ends (Stream 16) are renoved over head.
Heavy ends (Stream 17), called "hex wastes," are sent to an organic
recycle system where the organics that can be recycled (Stream 18)
are separated fromtars, which are incinerated. The PCE and |ight
ends (Stream 16) fromthe heavies colum are fed to a PCE col um,
where the light ends (Stream 20) are renoved overhead and sent to the
recycle organic storage tank. The PCE bottons (Stream 21) are
neutralized with ammonia and then dried to produce finished PCE
(Stream 22) which is sent to storage.?

Em ssi ons
The maj or sources of em ssions from EDC chl orination are storage

tanks, equi prment |eaks (fugitives) and handling operations. Oher
potential sources of em ssions include process vents, equipnent
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openi ngs, and secondary sources. Potential sources of TCE and PCE
process em ssions for the EDC chlorination process (see Figure 3) are
the neutralization and drying area vent (Vent A), which rel eases inert
gases fromthe chlorine and EDC feeds, and the distillation colum
vents (Vents B), which rel ease noncondensi bl e gases. Storage em ssion
sources (Vents C) include recycle storage and product storage.
Handl i ng emi ssions (Vents D) can occur during loading into druns, tank
trucks, tank cars, barges, or ships for shipment. The majority of

em ssions from production of TCE and PCE from EDC chl ori nati on result
from process fugitives or equi pnment |eaks. Fugitive em ssions (E)
occur when | eaks develop in valves or in punp seals. Wen process
pressures are higher than the cooling-water pressure, VOCs can | eak
into the cooling water and escape as fugitive em ssions fromthe
guench area. One conpany reported that contam nant and i medi ate

pi ckup procedures are practiced to control fugitives. Secondary

em ssi ons can occur when wastewater containing VOCs (including TCE and
PCE) is sent to a wastewater treatnent system or |agoon and the VOCs
evaporate (F). Another source of secondary em ssions is the
conbustion of tars in the incinerator where VOCs are emtted with the
flue gases (G. %3

The maj or sources of emnmi ssions from EDC oxychl ori nation are
equi pnent | eaks (fugitives) and secondary sources. Oher potential
em ssi on sources include process vents, storage tanks, handling
operations, and relief device discharges. |In the EDC oxychlorination
process (see Figure 4), the hydrogen chloride absorber vent (Vent A),
which rel eases the inert gases fromthe oxygen, chlorine, and hydrogen
chloride feeds, is a potential source of EDC process em ssions. O her
potential sources of EDC process em ssions are the drying colum vent
(Vent B) and the distillation colum vents (Vents C), which rel ease
primarily noncondensi bl e gases, and the TCE and the PCE neutralizer
vents (Vents 0), which relieve excess pressure of the nitrogen pads on
the systens. The process vents are typically controlled by water
scrubbers, and the relief vent is uncontrolled. Storage eni ssion
sources (Vents E) are recycle storage and product storage tanks. At
one facility, the storage tanks are fixed roof tanks that range in
size from 13,500 gallons to 430,000 gallons with an average size of
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55,000 gallons. The tanks are controlled by condensers with reported
efficiencies ranging from75 to 77 percent. Handling em ssions (F)
can occur during product |oading into druns, tank trucks, tank cars,
barges, or ships for shipnent. Al of the handling operations except
drum handling are controll ed by subnerged pipe filling technol ogy.
Fugi tive em ssions (G occur when | eaks develop in valves or in punp
seals. Some of the fugitive em ssions resulting frompressure relief
val ves are controlled by rupture disks at one facility. Secondary
em ssions (H and 1) occur as described above for the chlorination
process (see Vents F and Gin Figure 3). No controls are reported for
reduci ng secondary eni ssions.?

Table 3 presents TCE and PCE em ssion factors for the only
exi sting plant producing TCE by the EDC chlorination process (PCE is
produced as a by-product only). Table 4 presents TCE and PCE em ssi on
factors for the only existing plant produci ng TCE and PCE as
coproducts by the EDC oxychlorination process. Each table lists
vari ous eni ssion sources, the control techniques used to reduce
em ssions from each source, and the correspondi ng em ssion factor.
The em ssion factors were derived fromestimates of the annua
em ssion rate and the total production capacity for each plant in
1983. %45 As such, the factors reflect the overall |evel of control at
each plant in 1983. The EPA does not have nore recent data on
em ssions or control devices at these plants.

The controls currently used at each plant may differ. For
exanpl e, process vent emnissions could be reduced by as nmuch as 98
percent through incineration. Fugitive em ssions could be reduced
t hrough an inspecti on/ mai ntenance (I/M program Storage tank
em ssions could be reduced by installing internal floating roof tanks
with primary and/ or secondary seals and by adding a refrigerated
condenser system The reader is encouraged to contact plant personnel
to confirmthe existence of emtting operations and control technol ogy
at a particular facility prior to estimating em ssions therefrom
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TABLE 3. TRI CHLOROETRYLENE AND PERCHLORCETHYLEME EM SSI ON FACTORS FOR AN EXI STI NG
PLANT PRODUCI NG TRI CHLORCETHYLENE BY ETHYLENE DI CHLORI DE CHLORI NATI ON-P

Type of Em ssion/ Trichi oroet hyl ene Per chl or oet hyl ene
Sour ce Cont rol Techni que Em ssi on Factor® Cont rol Techni que Eni ssi on Factor?
Process Vents

Distillation colum None 0. 003 kg/ My NR NR

Q her * 0. 001 kg/ My NR NR
St or age 0.23 kg/ My * 0. 002 kg/ My
Handl i ng None 0.19 kg/ My Scr ubber? 0 kg/ My¢
Process Fugitive®f None 24.1 Myl yr None 5. 5My/ yr
Equi prent Openi ngs None 0. 004 kg/ My Mor e 0. 0008 kg/ My
Secondary None 0. 0002 kg/ My * 0. 000007 kg/t4g

a

Any given trichlorethyl ene production plant nmy vary in configuration and | evel of control fromthis particular facility. The

em ssions and control device information in this table is based on 1983 data. The EPA does not have nore recent data for this plant.
The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating em ssions therefrom

This facility produces TCE; PCE is produced as a by-product only. Emission factors for PCE production by ethylene dichloride
chlorination are presented in Table 6.

Em ssion factors in terms of kg/My refer to kilogramof trichloroethylene emitted per megagram of trichl oroethyl ene production
capacity. Based on estinmated annual emi ssions from Reference 3 and estimated total production capacity of 54,000 My/yr from Reference

Em ssion factors in termof kg/ M refer to kil ogram of perchloroethyl ene emtted per nmegagram of trichloroethyl ene production
capacity. Based on estinmated annual em ssions from Reference 4 and estimated total production capacity of 54,000 My/yr from Reference
5.

Fugi tive emi ssion rate independent of plant capacity.

Based on the average emnission factor for estimating em ssions from equi prent | eaks. Used the equi pment count provided by the plant
and SOCM equi pnent | eak emi ssion factors. Mrre accurate enission estimtes can be obtained by using other nethods such as the

| eak/ no-1eak or the three-strata em ssion factor method. Mre accurate em ssion estimtes can be obtai ned by using other nethods
such as the | eak/no-teak or the three-strata em ssion factor nmethod. These methods use other data to obtain better em ssion estimtes
and are described in Protocols for Generating Unit-Specific Enmission Estimates for Equi pnent Leaks of VOC and VHAP ( EPA- 450/ 3- 88-
010) .

At this facility, the PCE by-product is transported in railcars which are |oaded through the donme of the car's dip tube. The cars
are then vented to a scrubber to contain the vapors. The conpany reported that the scrubber was 100 percent effective at controlling
the PCE eni ssions.

* = The conpany considered this to be confidential information.
NR = Not reported.



TABLE 3. TRI CHLOROETRYLENE AND PERCHLOROETHYLEME EM SSI ON FACTORS FOR AN EXI STI NG PLANT PRODUCI NG TRI CHLOROETHYLENE
AND PERCHLCROETHYLENE BY ETHYLENE DI CHLORI DE OXYCHLORI NATI ON?

Type of Em ssion/ Tri chi oroet hyl ene Per chl or oet hyl ene
Sour ce Control Techni que Em ssi on Factor® Control Techni que Emi ssion Factord
Process Verts Yater—scrubber® O 0r2—kyrvg Water—scrubber® O 00tT—Rkyrvg
St or age Condenser" 0.14 kg/ My None or Condenser! 0.10 kg/ My
Handl i ng Subnerged fill pipe? 0. 030 kg/ My Submerged fill pipe? 0. 0072 kg/ My
Process Fugitive®f None 32.1 149/ yr nor e 23.5 Myl yr
Equi pnrent Openi ngs Pur ged( N,) washed( H,0) , or 0.016 kg/ My Pur ged( N,) washed( H,0 , or 0. 002 kg/ ny

cl eaned at high-tenp prior cl eaned at high-tenp prior

to openi ng? to openi ng?

Rel i ef Device None 0. 0002 kg/ My None 0. 001 kg/Kg
Secondary Nor e 0. 039 kg/ My NR NR
a Any given trichloroethylene production plant my vary in configuration and | evel of control fromthis particular

9
h
i

i

facility. The emi ssions and control device information in this table is based on 1983 data. The EPA does not have
are recent data for this plant. The reader is encouraged to contact plant personnel to confirmthe existence of
emtting operations and control technology at a particular facility prior to estinmating em ssions therefrom

Em ssion factors in termof kg/My refer to kilogramof trichloroethylene emtted per megagram of TCE and PCE

producti on capacity. Based on estinmated annual em ssions from Reference 3 and estinmated total production capacity of
180,000 My/yr from Reference 5. In cases where a particul ar source designation applies to multiple operations, these
factors represent conbined em ssions for all (not each) of these operations within the facility.

Em ssion factors in termof kg/My refer to kilogram of perchloroethylene emtted per nmegagram of TCE and PCE
production capacity. Based on estimated annual emi ssinms from Reference 4 and estimated total production capacity of
180,000 My/yr from Reference 5. In cases where a particular source designation applies to nmultiple operations, these
factors represent conbined em ssions for all (not each) of these operations within the facility.

Al'l storage tanks are equipped with fixed roofs.
Fugitive emi ssion rate independent of plant capacity.

Based on the average emission factor for estimating em ssions from equi pnent | eaks. Used the equi pment count

provi ded by the plant and SOCM equi prent | eak emi ssion factors. Mre accurate em ssion estimtes can be obtained by
usi ng other methods such as the | eak/no-leak or the three-strata em ssion factor nethod. More accurate emn ssion
estimates can be obtained by using other nethods such as the | eak/no-teak or the three-strata em ssion factor nethod.
These met hods use other data to obtain better emission estimates and are described in Protocols for Generating Unit-
Specific Enission Estinmates for Equi pnent Leaks of VOC and VHAP ( EPA- 450/ 3-88-010).

The control efficiency of this control technique was not specified.

The plant reported condenser control efficiencies ranging frm75 to 77 percent.

The plant reported comser control efficiencies of about 80 percent.

Ei ghty-ni ne percent of the PCE storage em ssions were fromuncontrolled storage tanks.

NR = Not reported.



Sour ce Locations

Table 5 presents a published Iist of najor producers of TCE

PERCHLORCETHYLENE PRCDUCTI ON

Per chl or oet hyl ene (PCE) is produced donestically by three
processes. Two of the processes involve the chlorination and
oxychl orinati on of ethylene dichloride (EDC) or other chlorinated
hydr ocar bons having two carbon atons. Perchl oroethyl ene and TCE are
manuf act ured separately or as coproducts by the chlorination or
oxychl orination process with the raw material ratios determ ning the
proportions of PCE and TCE.! Perchl oroet hyl ene is al so manufactured as
a coproduct with carbon tetrachloride by the chlorinolysis of
hydrocar bons such as propane and propyl ene.’

Per chl or oet hyl ene was once manufactured predom nantly by the
chlorination of acetylene. However, as acetyl ene production declined,
EDC chl orinati on and hydrocarbon chl orinolysis becane the preferred
nmet hods of production. No donestic plants currently use the
acetyl ene-based nethod to produce PCE. 2

Process Descriptions

Et hyl ene Dichloride Chlorination Process--

A di scussion of the EDC direct chlorination process for producing
PCE and TCE is presented in the subsection titled TRI CHLOROETHYLENE
PRODUCTI ON. A di agram of the process is shown in Figure 3.
Et hyl ene Dichloride Oxychl orination Process--

A di scussion of the EDC oxychl orination process for producing PCE

and TCE is presented in the subsection titled TRI CHLOROETHYLENE
PRODUCTI ON. A di agram of the process is shown in Figure 4.
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TABLE 5. DOVESTI C PRODUCERS OF TRI CHLORCETHYLENE | N 19883 °

Manuf act ur er Locati on Process
Dow Cheni cal, USA Freeport, TX Chl orination of Ethylene
Di chl ori de
PPG I ndustries, Inc. Lake Charles, LA Oxychlorination of Ethylene
Di chl ori de

NOTE: This listing is subject to change as narket conditions change,
facility ownershi p changes, plants are closed down, etc. The
reader should verify the existence of particular facilities by
consulting current |istings and/or the plants thenselves. The
| evel of PCE or TCE enissions fromany given facility is a
function of variables such as capacity, throughput and control
neasures, and shoul d be determ ned through direct contacts with
pl ant personnel. These operating plants and | ocations were
current as of January 1988.
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Hydr ocar bon Chl orinol ysis Process--

The majority of PCE produced in the United States is forned by
t he hydrocarbon chlorinolysis process. This process involves the
si mul t aneous chl orination and pyrolysis of hydrocarbons in which
chlorine is reacted with chlorinated hydrocarbon derivatives or with a
hydr ocarbon such as net hane, ethane, propane, or propylene. The major
products of the hydrocarbon chlorinolysis process are PCE, carbon
tetrachl ori de, and hydrogen chloride. The process yields a crude
product from which marketable PCE is derived followi ng distillation
and purification. The reaction can be represented by the foll ow ng
equati ons:

500°

C3H8 + C12 E;;fb‘ C12C = CC'[2 + CC14 + HCI1

500°
+Cl, — Cl
cat

C.H C = ccCl +CC14+HC'|

2 2

Basi ¢ operations that may be used in this process are shown in
Figure 5. Preheated hydrocarbon feed material (Stream 1) and chl orine
(Stream 2) are fed to a chlorinolysis reactor, which is a fluid-bed
reactor maintained at about 500°C. 7 The reaction products, consisting
of carbon tetrachloride, PCE, HCl1l, and chlorinated hydrocarbon by-
products (Stream 3), pass through a cyclone for renoval of entrained
catalyst and then are sent to a condenser. Uncondensed materials
(Stream 4), consisting of hydrogen chloride, unreacted chlorine, and
some carbon tetrachloride, are renoved to the hydrogen chloride
purification system The condensed nmaterial (Stream5) is fed to a
hydr ogen chl ori de and chl orine renoval colum, with the overheads
(Stream 6) fromthis colunm going to hydrogen chloride purification
The bottons (Stream 7) fromthe colum are fed to a crude storage
tank. Material fromcrude storage is fed to a distillation colum,
whi ch recovers carbon tetrachl oride as overheads (Stream 8). The
bottonms (Stream 10) fromthe carbon tetrachloride distillation colum
are fed to a PCE distillation colum. The overheads (Stream 11) from

29



¥90/53r

1]

7

Coaomal

STABILIZER

®

‘ YHeaves 1o Loanine (©)
DISPOSAL
CHLORINGL YSIS HCI B Cly CRUDE CARBON CARBON PERCHLOROE THYLENE PERCHLORO-
REACYOR REMOVAL STORAGE  TETRACHLORIOE TETRACHLORIDE DISTILL ATION ETHYLENE
COLUMN usmun% STORAGE STORAGE
2 OTHER SOURCES

CARBON TETRACHLORIDE '

FROM METHANGL h

HYDROCHLORINATION 3 @

AND ME THYLCHLORIDE B

CHLORINATION PROCESS Ho0 CAUSTIC

B @ CAUSTIC '
SCRUBBER
FUGITIVE
EMISSIONS
OviEnaLL
PLANT
@ CHLORINE HCI 8Y-PRODUCT Y
ABSORPTION ABSORBER HC
COLUMN STORAGE
NOTE: The mmbers in this figure refer to process

streams, as discussed In the text, and the
letters designate process vents. The heavy
Vines represent final product streams through
the process.

Figure 5. Basic operations that may be used for the production of perchloroethylene by
" hydrocarbon chlorinolysis. ?



the PCE distillation colum are taken to PCE storage and | oadi ng, and
the bottons are incinerated.’

The feed streans (Streans 4 and 6) to hydrogen chloride
purification are conpressed, cool ed, and scrubbed in a chlorine
absorption colum with chilled carbon tetrachloride (Stream9) to
renove chlorine. The bottons and condensabl e overheads (Stream 12)
fromthis colum are conbi ned and recycled to the chlorinolysis
reactor. Uncondensed overheads (Stream 13) fromthe chlorine
absorption colum are contacted with water to produce a hydrochloric
acid solution. This solution is stored for eventual reprocessing and
use in a separate facility. Overheads fromthe absorber and vented
gases from by-product hydrochloric acid storage are conbi ned
(Stream 14) and passed through a caustic scrubber for renoval of
resi dual hydrogen chloride. Inert gases are vented fromthe scrubber.’

Enm ssi ons

The majority of PCE emitted fromall three processes originate
fromfugitive em ssions. Storage tanks are the second | argest source
of PCE em ssions. Potential em ssion sources for the EDC chlorination
and oxychl ori nati on processes are shown in Figures 3 and 4,
respectively, and are discussed in the TRI CHLOROCETHYLENE PRODUCTI ON
subsecti on.

Potenti al em ssion sources for the hydrocarbon chlorinolysis
process are shown in Figure 5. Process enission sources originate at
t he carbon tetrachl oride and PCE distillation condensers and caustic
scrubber (Vents A). Fugitive em ssion sources (F) include process
punps, valves and conpressors. Corrosion problenms caused by chlorine
and hydrogen chloride can increase fugitive em ssions. Storage
em ssion sources (B) are crude and final product storage. Several
facilities reported using fixed roof tanks; a couple other facilities,
however, considered storage tank information to be confidential.
Handl i ng em ssions (C) can occur during product |oadings into druns,
tank trucks, tank cars, barges, or ships for shipnent. Secondary
em ssions of PCE can result from handling and di sposal of process
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waste liquids. Two sources of secondary em ssions fromthe

hydr ocar bon chl ori nol ysis process are the bottons fromthe PCE
distillation colum (D), commonly called hex wastes, and the waste
caustic fromthe caustic scrubber (E).’

Per chl or oet hyl ene em ssion factors for the EDC oxychl orinati on
process are shown in Table 4 and discussed in the TRI CHLORCETHYLENE
PRODUCTI ON subsection. Perchl oroethyl ene enission factors for PCE
production by the EDC chlorination and hydrocarbon chlorinolysis
processes are shown in Tables 6 and 7, respectively. For the EDC
chlorination process, the enission factors presented are based on two
facilities for which em ssions informati on was avail able. Control
information is considered confidential and is not listed for either
facility, except for control of handling em ssions by subnmerged fill
pi pes. Perchl oroet hyl ene em ssions could be reduced by using
condensers on process vents. For the chlorinolysis process, the
em ssion factors are based on five facilities. Emssion factors for
each individual plant were derived fromthe estimated annual em ssion
rate and the estinmated PCE production capacity for that plant in
1983.4° As such, the factors presented in Tables 6 and 7 reflect the
overall level of control at PCE production facilities in 1983. The
EPA does not have nore recent data on em ssions or control devices at
t hese pl ants.

I ndi vidual plants vary in the nunber of em ssion points reported
and the types of controls used. Em ssions from process vents can be
controll ed by scrubbers; fixed roof tanks by installation of internal
floating roofs with primary and/ or secondary seals and addition of
refrigerated condenser system handling by use of subnerged fill pipe
t echnol ogy; equi pnment openi ngs by purgi ng/ washi ng/ cl eaning prior to
openi ngs; fugitive sources by enploying an |I/M program and secondary
sources by steamstripping and incineration. The reader is encouraged
to confirmthe existence of emtting operations and control technol ogy
at a particular facility prior to estimating em ssions therefrom
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TABLE 6. EM SSI ON FACTORS FOR THE RELEASE OF PERCHLORCETHYLENE
FROM PERCHLORCETHYLENE PRCDUCTI ON BY ETHYLENE DI CHLCORI DE
CHLORI NATI ON

Em ssi on Factora?®

Type of
Em ssi on/ Sour ce Range Aver age
Process Vents 0.12 - 0.29 kg/ My 0.21 kg/ My
St or age 0.23 - 1.0 kg/ My 0.62 kg/ My
Handl i ng 0.001 - 0.051 kg/ My 0. 026 kg/ My
Process Fugitive®¢ 80 - 138 My/yr 110 My/ yr
Equi prent Openi ngs® 0. 003 kg/ My 0. 003 kg/ My
Secondary 0.0" - 0.001 kg/ My 0. 0005 kg/ My

Em ssion factors in terns of kg/ My refer to kilograns of PCE enitted
per negagram of PCE production capacity.

Based on em ssion factors calculated for two facilities. Emssion
factors for each facility were based on the estinmated annual

em ssion rate from Reference 4 and the estimted PCE production
capacity from Reference 5. The emi ssion factors reflect the total
em ssion rate fromboth uncontrolled and controll ed sources at the
two facilities in 1983. The nunber of enission points and the types
of controls used at each plant differs. The EPA does not have nore
recent data on em ssions or control devices at these plants. The
reader is encouraged to contact plant personnel to confirmthe

exi stence of enitting operations and control technology at a
particular facility prior to estimting em ssions therefrom

Fugi tive em ssions rate i ndependent of plant capacity.

Based on the average em ssion factor nmethod for estimating em ssions
from equi prent | eaks. Used the equi prent count provided by plants
and SOCM equi pnent | eak em ssion factors; represents a relatively
uncontrolled facility where no significant | eak detection and repair
prograns are in place to limt fugitive em ssions. Mre accurate

em ssion estimates can be obtai ned by using other nethods such as
the |l eak/ no-leak or the three-strata em ssion factor nmethod. These
nmet hods use other data described in Protocols for Generating Unit-
Specific Em ssion Estimates for Equi pnent Leaks of VOC and VHAP

( EPA- 450/ 3- 88- 010) .

Uncontrol | ed; based on data from one plant only.

Val ue reported by facility.
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TABLE 7. EM SSI ON FACTORS FOR THE RELEASE OF PERCHLOROETHYLENE FROM
PERCHLORCETHYLENE PRCDUCTI ON BY HYDROCARBON CHLORI NOLYSI S

PROCESS
Em ssion Factor®?®
Type of
Em ssi on/ Sour ce Range Aver age
Process Vents <0. 00004 - 0.20 kg/ My 0.06 kg/ My
St or age 0.013 - 0.69 kg/ My 0.4 kg/ My
Handl i ng 0.03 = 0.89 Kg/M 0. 06 Kg/ Mg
Process Fugitive® 0.41 - 60 My/yrd 34 wmy/yrd
Equi prent Openi ngs 0. 00006 - 0.054 kg/ My 0. 02 kg/ My
Secondary 0.0025 - 0.013 kg/ My 0. 008 kg/ My

a

C

d

Em ssion factors in terns of kg/My refer to kilograns of PCE emtted
per negagram of PCE production capacity.

Based on em ssion factors calculated for five facilities. Em ssion
factors for each facility were based on the estimated annual

em ssion rate from Reference 4 and the estimted PCE production
capacity from Reference 5. The em ssion factors reflect the total
em ssion rate fromboth uncontrolled and control | ed sources at the
five facilities in 1983. The nunber of em ssion points and the
types of controls used at each plant differs. The EPA does not have
nore recent data on enissions or control devices at these plants.
The reader is encouraged to contact plant personnel to confirmthe
exi stence of emtting operations and control technology at a
particular facility prior to estimting em ssions therefrom

Fugi tive em ssions rate i ndependent of plant capacity.

At one facility, fugitive em ssions were estinated to be 0.41 My/ yr
based on em ssions testing. At four other facilities, fugitive

em ssion estimates ranged from 13.6 to 60 My/yr PCE. These
estimates were based on the average em ssion factor nethod for
estimati ng eni ssions from equi pnent | eaks. The equi prent counts
provi ded by plants and SOCM equi prent | eak em ssion factors were
used. More accurate emi ssion estinates can be obtai ned by using

ot her methods such as the | eak/no-leak or the three-strata em ssion
factor nethod. These nethods use other data to obtain better

em ssion estimates and are described in Protocols for Generating
Unit-Specific Em ssion Estimates for Equi pnent Leaks of VOC and VHAP
( EPA- 450/ 3- 88- 010) .
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Sour ce Locations

Table 8 presents a list of perchloroethyl ene production facilities,
their locations, and production process.
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TABLE 8. DOMESTI C PRODUCERS OF PERCHLORCETHYLENE I N 1988*°

Manuf act ur er Locati on Process
Dow Chemni cal, USA Pittsburg, CA Chlorinolysis
Pl aguem ne, LA Chlorinolysis
Ccci dental Petrol eum Deer Park, TX Chl orination of Ethylene
Cor poration, Cccidental Di chl ori de

Chem cal Corporation,
subsi di ary; el ectro-
chem cal s, detergent,
and specialty products

PPG I ndustries, Inc. Lake Charles, LA Oxychlorination of
Chem cal s G oup Et hyl ene Di chl ori de
Vul can Materials Co. Gei smar, LA Chlorinolysis
Vul can Chemicals Div. Wchita, KS Chl orinolysis
NOTE: This listing is subject to change as market conditions change,

facility ownership changes, plants are closed down, etc. The
reader should verify the existence of particular facilities by
consulting current listings and/or the plants thenselves. The
| evel of PCE or TCE emi ssions fromany given facility is a
function of variables such as capacity, throughput and control
nmeasures, and shoul d be determ ned through direct contacts with
pl ant personnel. These operating plants and | ocations were
current as of January 1988.
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SECTI ON 5
EM SSI ONS FROM | NDUSTRI ES PRODUCI NG TRI CHLOROETHYLENE
OR PERCHLORCETHYLENE AS A BY- PRODUCT

This section discusses TCE and PCE emissions fromtwo processes
where TCE and/or PCE are produced as a by-product. Trichloroethylene
is produced as a by-product and may be emitted from vinylidene
chl oride production. Trichloroethyl ene and PCE are produced as by-
products and may be enitted during the production of vinyl chloride
nmononer by the bal anced process. Emi ssion sources are identified and
em ssion factors are presented as available. The reader is advised to
contact the specific source in question to verify the nature of the
process, production volume, and control techniques used before
appl ying any of the emission factors presented in this report.

VI NYLI DENE CHLORI DE PRODUCTI ON

Trichloroethylene is forned as a by-product in the manufacture of
vinylidene chloride (VDC). Vinylidene chloride is produced
domestically by the dehydrochlorination of 1,1,2-trichloroethane with
sodi um hydroxide. | Two plants in the U S. produce VDC, each of these
produces a nunber of other chlorinated hydrocarbons by a variety of
processes. 2

Process Description

Vi nylidene chloride is produced by the action of caustic on

1,1, 2-trichloroethane. The raw material 1,1, 2-trichloroethane is

produced as a coproduct in the chlorination and oxychlorination of
et hane, ethylene, and ethylene dichloride (1,2,-dichloroethane) to
produce chlorinated C, species.® The reaction for the
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dehydrochl orination of 1,1,2-trichloroethane to produce VDC is as

foll ows:
H Cl H Cl H C1
\ / water \ / /
CT—C-C—H+NaOH———o> cC=¢C +NaC1+H20+ c=¢C
/ \ 100°C / \ / \
H Cl H C1 o Cl
1,1,2-tri- sodium vDC TCE
chlorcethane hydroxide

The reaction is carried out with 2 to 10 percent excess caustic and
product yields range from85 to 90 percent.?

Basi ¢ operations that may be used in the production of VDC from
1,1, 2-trichl oroethane are shown in Figure 6. Concentrated sodi um
hydroxide (Stream 1) is diluted with water (Stream 2) to about 5 to 10
wei ght percent and is nmixed with the 1,1,2-trichloroethane feed
(Stream 3) and fed (Stream 4) to the dehydrochlorination reactor. The
reaction is carried out in the liquid phase at about 100°C wi t hout
catal ysts. Because the aqueous and organic reactants are not
m scible, the reaction is carried out in a liquid dispersion. The
dehydrochl orination reactor is continuously purged with nitrogen
(Stream5) to prevent the accumul ati on of nonochl oroacetyl ene inpurity
in the product VDC. The nitrogen is discharged from Vent A!

The VDC-contai ning product fromthe dehydrochl orination reactor
(Stream 6) is separated in a decanter into an aqueous phase (Stream 7)
and an organi c phase (Stream 8). The aqueous phase, conprising a
sodi um hydr oxi de/ sodi um chl ori de solution, is divided. One fraction
(Stream 9) is recycled (Stream4) to the hydrochl orination reactor,
and the other fraction (Stream 10) is steamstripped to renove
organics and is discharged to a wastewater treatnent system (D scharge
F).?!

The organics fromthe aqueous phase (Stream 11) are conbined with
t he organic phase fromthe decanter (Stream 8). The conbi ned organics
(Stream 12) are fed to a drying columm, where residual water is
renoved as a bottonms stream (Stream 13). The water renoved fromthe
drying colum is fed to the streamstripper with the aqueous
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stream fromthe product decanter (Stream 10).'

The organic streamfromthe drying columm (Stream 14) is fed to a
distillation columm, which renmoves unreacted 1,1, 2-trichl oroethane as
overheads (Stream 15). The unreacted trichloroethane is recycled to
t he dehydrochl orination reactor. Purified VDC product, renoved as
bottonms fromthe finishing colum (Stream 16), is used onsite or
stored in pressurized tanks before being shipped to users.!?

Eni ssi ons

Trichl oroethyl ene can be forned as a by-product during VDC
production. Potential sources of process em ssions (Figure 6) are the
dehydrochl orination reactor purge vent (A) and the distillation colum
vents (B), which release prinmarily noncondensi bl e gases. Storage
em ssions (Source C) result fromthe storage of VDC product and
i nternmedi ates containing TCE. Handling em ssions (Source D) result
fromthe |oading of VDC into tank trucks and railroad tank cars.
Fugitive emissions (E) result fromleaks in valves, punps,
conpressors, and pressure relief valves. Wen process pressures are
hi gher than the cooling water pressure, VOC can |eak into the cooling
wat er and escape as fugitive em ssions fromthe cooling tower.!?
Secondary TCE emi ssions can occur from desorption of VOCs during
wast ewat er treatnent.?

Em ssions of TCE in 1983 have been estimated for one VOC
manufacturing facility.* The major source of TCE em ssions at the
facility was equi pnent |eaks (fugitive emssions). Using the average
em ssion factor nethod for estimating em ssions from equi pnent | eaks,
uncontrol l ed fugitive em ssions were estimated to be about 2.3 M/ yr
TCE based on an equi prrent count provided by the plant and SOCM
equi pnent | eak em ssion factors.* More accurate em ssion estinmates can
be obtai ned by using other nethods such as the | eak/no-leak or the
three-strata em ssion factor nmethod. These methods use other data to
obtain better em ssion estimates and are described in Protocols for

Cenerating Unit-Specific Em ssion Estinmates for Equipnent Leaks of VOC
and VHAP ( EPA- 450/ 3-88-010).
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The plant reported that a nonitoring systemwas already in place
that detected 75 to 80 percent of all equipnent |eaks.* I nsufficient
i nformati on was provi ded, however, to determine the effectiveness of
the nmonitoring systemin controlling fugitive emssions. It was
estimated that a formal | eak detection and repair programwoul d reduce
fugitive em ssions by about 50 percent.*

Trichl oroet hyl ene em ssions from one process vent and one
pressurized storage tank at the facility were estimated to be I x 10-
7 My/yr and 4 x 10- 6 My/yr, respectively.* The facility considers
further information regarding the process vent and storage tank to be
confidential.* Production capacity data for the facility are al so
considered to be confidential. Therefore, insufficient data are
avail able to estimate TCE enission factors for the process and storage
vents at this facility. No TCE em ssions from other sources were
reported. The EPA does not have nore recent data on emnissions or
control devices at this facility.

Vi nyl i dene chloride production plants may vary in configuration
and | evel of control. The reader is encouraged to contact plant
personnel to confirmthe exi stence of emtting operations and control
technology at a particular facility prior to estimating em ssions
t heref rom

Sour ce Locations

Maj or vinylidene chloride producers and production |ocations are
listed in Table 9.2

ETHYLENE DI CHLORI DE/ VI NYL CHLORI DE MONOVER PRCODUCTI ON
Trichl oroethyl ene and PCE nmay be formed as by-products during the

production of vinyl chloride nononmer (VCM by the bal anced process.
The bal anced process involves two steps. In the first step, ethylene

43



TABLE 9. DOVESTI C PRODUCERS OF VI NYLI DENE CHLORI DE I N 19882

Manuf act ur er Locati on

Dow Cheni cal, USA Freeport, TX

PPG | ndustries, |nc.
Chem cal s Group Lake Charles, LA

NOTE: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed, etc. The reader
shoul d verify the existence of particular facilities by
consulting current listings and/or the plants thenselves. The
| evel of TCE emi ssions fromany given facility is a function of
vari abl es such as capacity, throughput and control neasures, and
shoul d be determ ned through direct contacts with plant
personnel. These operating plants and | ocations were current as
of January 1988.
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dichloride (EDC) is produced from ethyl ene and chl orine by direct
chlorination, and from et hyl ene and hydrogen chl oride (HCl) by
oxychlorination. In the second step, EDC is dehydrochlorinated to
yield VCM and by-product HCl. The by-product HCl from VCM production
via the direct chlorination/dehydrochlorination process is used in the
oxychl ori nati on/ dehydrochl orinati on process.

Process Descriptions

Et hyl ene Di chl ori de Production--

The bal anced process consists of an oxychlorination operation, a
direct chlorination operation, and product finishing and waste
treatnent operations. The raw materials for the direct chlorination
process are chlorine and ethylene. Oxychlorination involves the
treatnent of ethylene with oxygen and HCl. Oxygen for oxychlorination
generally is added by feeding air to the reactor, although some plants
use purified oxygen as feed material.® Trichloroethyl ene and PCE are
fornmed as by-products of oxychlorination as shown in the follow ng
equati on:

C H4 + HC1 + 02 —> C]CHZCHZC] + C]CHCC]2 + C12CCC1

2
CuC12

2
EDC TCE PCE

Basi c operations that may be used in a bal anced process using
air for the oxychlorination step are shown in Figure 7. Actual flow
di agranms for production facilities will vary. The process begins with
ethylene (Stream 1) being fed by pipeline to both the oxychlorination
reactor and the direct chlorination reactor. In the oxychlorination
reactor the ethylene, anhydrous hydrogen chloride (Stream 2), and air
(Stream 3) are mixed at nolar proportions of about 2:4:1,
respectively, producing 2 noles of EDC and 2 nol es of water. The
reaction is carried out in the vapor phase at 200 to 315°C in either a
fi xed-bed or fluid-bed reactor. A mxture of copper chloride and
other chlorides is used as a catal yst.®
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The products of reaction fromthe oxychlorination reactor are
guenched with water, cooled (Stream 4), and sent to a knockout drum
where EDC and water (Stream 5) are condensed. The condensed stream
enters a decanter, where crude EDC is separated fromthe aqueous
phase. The crude EDC (Stream 6) is transferred to in-process storage,
and the aqueous phase (Stream 7) is recycled to the quench step.

Ni trogen and other inert gases are released to the atnosphere (Vent
A). The concentration of organics in the vent streamis reduced by
absorber and stripper colums or by a refrigerated condenser (not
shown in Figure 7)%¢

In the direct-chlorination step of the bal anced process,
equi mol ar amounts of ethylene (Stream 1) and chlorine (Stream 8) are
reacted at a tenperature of 38 to 49 0 C and at pressures of 69 to 138
kPa. Mst commercial plants carry out the reaction in the liquid
phase in the presence of a ferric chloride catal yst.® Trichl oroethyl ene
and PCE are formed as by-products in the foll ow ng equati on:

38-49°¢C
CHy + C1y —Fe—m—» CICH,CH,CT + CICHCCT, + C1,CCCT, + HCT
3 EDC TCE PCE

Products (Steam 9) fromthe direct chlorination reactor are
cool ed and washed wth water (Stream 10) to renove dissol ved hydrogen
chl oride before being transferred (Steam 11) to the crude EDC storage
facility. Any inert gas fed with the ethylene or chlorine is rel eased
to the atnosphere fromthe cooler (Vent B). The waste wash water
(Stream 12) is neutralized and sent to the wastewater steam stripper
along with neutralized wastewater (Stream 13) fromthe oxychlorination
guench area and the wastewater (Stream 14) fromthe drying col unm.
The overheads (Stream 15) fromthe wastewater steam stripper, which
consi st of recovered EDC, other chlorinated hydrocarbons, and water,
are returned to the process by adding themto the crude EDC (Stream
10) going to the water wash.?®

a7



Crude EDC (Stream 16) fromin-process storage goes to the drying
colum, where water (Stream 14) is distilled overhead and sent to the
wast ewat er steam stripper. The dry crude EDC (Stream 17) goes to the
heads col um, which renoves |ight ends (Stream 18) for storage and
di sposal or sale. Bottons (Stream 19) fromthe heads columm enter the
EDC fi ni shing colum, where EDC (Stream 20) goes overhead to product
storage. The tars fromthe EDC finishing colum (Stream 21) are taken
to tar storage for disposal or sale.®

Several donestic EDC producers use oxygen as the oxidant in the
oxychl orination reactor. Figure 8 shows basic operations that nay be
used in an oxygen-based oxychlori nati on process as presented in the
literature.® For a balanced process plant, the direct chlorination and
purification steps are the sane as those shown in Figure 7, and
therefore, are not shown again in Figure 8. Ethylene (Stream 1) is fed
in large excess of the anmount used in the air oxychlorination process,
that is, 2 to 3 tines the amount needed to fully consune the HO feed
(Stream 2). Oxygen (Stream 3) is also fed to the reactor, which may
be either a fixed bed or a fluid bed. After passing through the
condensation step in the quench area, the reaction products (Stream 4)
go to a knockout drum where the condensed crude EDC and water (Stream
5) produced by the oxychlorination reaction are separated fromthe
unreacted ethylene and the inert gases (Stream 6). Fromthe knockout
druns the crude EDC and water (Stream 5) go to a decanter, where
wastewater (Stream 7) is separated fromthe crude EDC (Stream 8),
whi ch goes to in-process storage as in the air-based process. The
wastewater (Stream7) is sent to the steamstripper in the direct
chlorination step for recovery of dissolved organics.?®

The vent gases (Stream 6) fromthe knockout drumgo to a caustic
scrubber for renoval of HClI and carbon dioxide. The purified vent
gases (Stream 9) are then conpressed and recycled (Stream 10) to the
oxychlorination reactor as part of the ethylene feed. A snmall anount
of the vent gas (Vent A) fromthe knockout drumis purged to prevent
bui l dup of the inert gases entering with the feed streans or forned
during the reaction.?®
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Et hyl ene Di chl ori de Dehydrochl ori nati on- -

A typical flow diagramfor EDC dehydrochl orination is shown in
Figure 9. Ethylene dichloride (Stream 1) is introduced into the
pyrolysis furnace where it is cracked in the vapor phase at
tenperatures of 450 to 620°C and pressures of 450 to 930 kPa.® About 50
to 60 percent conversion of EDCto VCMis achieved in the reaction.’
The reaction is presented in the follow ng equati on:

450-620°C
CICH,CH) L1 —————  CH,CHCT + HC)
450-930 kPa
EDC VCM

No PCE or TCE are forned in this step.

The product gas streamfromthe furnace (Stream 2), contai ning
VCM EDC, and HO is quenched with liquid EDC, and fed to a condenser.
Hydrogen chloride is renoved fromthe condenser in the gas phase, and
is recovered for use onsite, generally in EDC production. The liquid
streamfromthe condenser (Stream4) is fed to a distillation colum,
where it is separated into VCM product, unreacted EDC, and heavy ends.
The unreacted EDC (Stream5) is recycled either to the gquench col um
or to the finishing section of the EDC production process (generally
onsite).® The vinyl chloride product is stored in pressurized vessels
for eventual shipnment to polyvinyl chloride (PVC) plants or other
facilities using vinyl chloride. |In instances where the PVC plant is
very close to the vinyl chloride producers, vinyl chloride can be
del i vered by pipeline.” Heavy ends are incinerated.?®

Em ssi ons
Potenti al sources of TCE and PCE process em ssions are the
oxychl orination vent (Vent A Figures 7 and 8) and the direct

chlorination vent (Vent B, Figure 7). Qher potential sources of
process em ssions are gases rel eased fromcolum vents (Vent C, Figure
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7), which include vents fromthe wastewater steam stripper, the drying
col um, the heads columm, and the EDC fini shing colum.® Many pl ants

i ncinerate vent gases fromthe oxychlorination reactor, direct
chlorination reactor, and columm vents to reduce atnospheric em ssions
of volatile organics.*%8?

St orage em ssion sources include in-process, |iquid-waste
stream and product storage (Sources D and E, Figures 7 and 8; source
not shown in Figure 9). Refrigerated condensation, conpression
and/ or incineration may be used to control storage emissions.*>% In
addition, vinyl chloride product is generally stored in pressurized
tanks.’ Handl i ng em ssions may occur during waste by-product | oading
operations.*® Fugitive em ssions (Source Fin Figure 7) result from
| eaks in process valves, punps, conpressors, and pressure relief
val ves. Secondary emi ssions can result fromthe handling and di sposal
of process waste-liquid streans (Source Gin Figure 7).°

Tabl e 10 presents TCE and PCE em ssion factors for three
exi sting EDC VCM pl ants. The table lists various em ssion sources,
the control techniques used to reduce enissions fromeach source, and
t he correspondi ng em ssion factor. The em ssion factors were derived
fromesti mtes of the annual em ssion rate and annual VCM production
capacity for each plant in 1983.%°%1 The EPA does not have nore recent
data on em ssions or control devices at these plants.

Insufficient informati on was avail able to cal culate TCE or PCE
em ssion factors for fugitive enissions at the three plants. Fugitive
em ssions of TCE and PCE may be minor at EDC/ VCM pl ants, however,
because of control neasures which are taken to prevent em ssions of
vinyl chloride.’

It is uncertain whether the em ssion factors for the three
plants presented in Table 10 are typical for the EDC/VCM i ndustry.
These plants may vary in configuration and | evel of control. The
reader is encouraged to contact plant personnel to confirmthe
exi stence of enitting operations and control technology at a
particular facility prior to estimting em ssions therefrom
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TABLE 10. TRI CHLOROETHYLENE AND PERCHLOROETHYLENE EM SSI ON FACTORS FOR THREE PLANTS PRODUCI NG ETHYLENE DI CHLORI DE/ VI NYL CHLORI DE

MONOVER?
Tri chi oroet hyl ene Per chl or oet hyl ene
Sour ce Pl ant Control Techni que Emi ssion Factor?® Control Techni que Em ssi on Factor®
(kg/ My) (kg/ My)
Process Vents A I nci ner at i on? 8 x 1077 I nci ner at i on? 5 x 10°°
B NR NR * 5.58 x 10?2
C NR NR NR NR
St or age Ae None or Conpression/|ncinerationf 3 x 104 None or Conpression/ | ncinerationf 6.2 x 104
B NR NR * 2 x 10°¢
c I nci neration® 4 x 108 Pressure vessel /I ncineration 3 x 108
Handl i ng A None 1 x 105 None 1 x 10°%
B NR NR NR NR
C NR NR NR NR
Secondary A 5 x 10° NR NR
B NR NR NR NR
C NR NR NR NR

Any given EDC/ VCM pl ant may very in configuration and | evel of control fromthese plants. The emi ssions and control device
information in this table is based on 1983 data. The EPA does not have nore recent data for these plants. The reader is
encouraged to contact plant personnel to confirmthe existence of enmitting operations and control technology at a particul ar
facility prior to estinmating em ssions therefrom

Em ssion factors refer to kilogramof trichloroethylene enmtted per negagram of vinyl chloride nmononer produced. For plants A and
B, enmission factors are based on estimated annual em ssimrate frmReference 4 wid estinted @ production capacity from Reference
10. For plant c, which has an acetyl enebased VCH prodwti on unit and an ethyt @based VCN production nit, mission factors are based
an estimated @ mission rate frm Reference 4 aw estimated @ prodxtion capacity for the ethytene-based unit from Reference 11.

Em ssion factors refer to kil ogram of perchloroethyl ene enmitted per negagram of vinyl chloride nmononer produced. For Plants A and
B, emission factors are based on estimated annual em ssion rate from Reference 9 and estimated annual production capacity from
Ref erence 10. For plant C, which has an acetyl ene-based VCM production unit and an ethyl ene-based VCM production unit, emi ssion
factors are based an estinmated annual emission rate from Reference 9 and estimated annual production capacity for the ethyl ene-
based unit from Reference 11.

The plant reported an incinerator control efficiency of greater than 98 percent.
Al storage tanks at this plant were equipped with fixed roofs.
The plant reported a conpression/incineration systemcontrol efficiency of greater than 98 percent.

Ni nety-ni ne percent of the TCE storage em ssions and 96 percent of the PCE storage em ssions were fromone uncontrolled storage
t ank.

This plant reported enissions for EDC production process only.

The plant reported an incinerator control efficiency of 99.99 percent based on sanpling data.
I ncl udes by-product storage enissions only.

Based on reported emi ssions fromtransfer of heavy ends from EDC distillation to tank trucks.

The company considered all information concerning this em ssion source to be confidential

NR = Not reported.



Sour ce Locations

A list of vinyl chloride production facilities and |ocations is
presented in Table 11.
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TABLE 11. DQOVESTI C PRODUCERS OF VI NYL CHLORI DE MONOMER | N 19882
Manuf act ur er Locati on
Borden Chem cals and Pl astics Gei smar, LA

Dow Chem cal, USA

Fornosa Pl astics Corporation, USA

Ceorgia @il f Corporation

The BF Goodri ch Conpany
BF Goodrich Cheni cal

G oup

Ccci dental Petrol eum Cor poration

Qcci dental Chem cal

Cor por ati on,

PVC Resins and Fabricated Products

PPG | ndustries, |nc.

Chem cal s Group

Vi sta Cheni cal Conpany

Subsi di ary

Oyster Creek, TX
Pl aguem ne, LA

Bat on Rouge, LA
Poi nt Confort, TX

Pl aguem ne, LA

Calvert City, KY
La Porte, TX

Deer

Park, TX

Lake Charl es, LA

Lake Charl es, LA

NOTE: This listing is subject to change as market conditions change,

facility ownership changes,

pl ants are cl osed,

etc.

The reader shoul d

verify the existence of particular facilities by consulting current

listings and/or the plants thensel ves.

The | evel

of TCE and/ or PCE

em ssions fromany given facility is a function of variables such as
capacity, throughput and control neasures, and shoul d be determ ned
t hrough direct contacts with plant personnel.
and | ocations were current as of January 1988.
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SECTI ON 6
EM SSI ONS FROM | NDUSTRI ES USI NG TRI CHLOROETHYLENE
OR PERCHLORCETHYLENE AS CHEM CAL FEEDSTOCK

Em ssions fromindustrial processes using TCE and/or PCE as a raw
material are described in this section. These processes include
chl or of | uor ocar bon production and pol yvinyl chloride production.

CHL OROFLUOROCARBON PRCDUCT! ON

Perchl oroet hyl ene is used as a chemical internediate in the
synthesis of CFC- 113 (trichlorotrifluoroethane), CFC 114
(di chl orotetrafl uoroethane), CFC- 115 (chl oropent afl uoroet hane), and
CFC- 116 (hexafluoroethane). CFC- 113 is used mainly as a sol vent, but
also as a refrigerant. The other CFC conpounds are used chiefly as
refrigerants. 2 The use of CFCs as aerosol propellants was prohibited
in 1979 because of their potential to contribute to stratospheric
ozone depl eti on.

CFC- 113 and CFC-114 are co-produced as part of an integrated
process within the sane facility. The only comrercially inportant
domesti c process used to produce these two conpounds involves the
i qui d- phase catalytic reaction of anhydrous hydrogen fluoride (HF)
with PCE.® A portion of CFC 114 produced by this nmethod can be isol ated
for consunption in a separate reaction wth anhydrous hydrogen
fluoride to yield CFC- 115 and CFC- 116.“ These reactions are illustrated
by the follow ng chem cal equations:

45-200°C
100-3500 kPa
C1pCECT, + HF + Cly — b C;C13F3 + CC1,F, + HCI
5 CFC-113  CFC-114
CZCIZF4 + C12 —_—p C2C1F5 + CZFB + HC1
CFC-114 CFC-115  CFC-116
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No ot her data were found on the CFC 115/ CFC- 116 production process or
em ssions therefrom Therefore, this section will focus on the
production of CFC- 113 and CFC 114.

Process Description

Basi ¢ operations that may be used in the chl orofl uorocarbon
production process are shown in Figure 10. Perchl oroethyl ene (Stream
1), liquid anhydrous HF (Stream 2), and chlorine (stream 3) are punped
fromstorage to the reactor, along with the recycled bottons fromthe
product recovery colunn (Stream 15) and the HF recycle stream (Stream
9). The reactor contains antinony pentachloride catalyst and is
operated at tenperatures ranging from45 to 200°C and pressures of 100
to 3,500 kPa.?®

Vapor fromthe reactor (Stream4) is fed to a catal yst
distillation colum, which renoves hydrogen chloride (HCl), the
desired fluorocarbon products, and sone HF overhead (Stream 6).

Bott ons cont ai ni ng vapori zed catal yst, unconverted and

underfl uorinated species, and sonme HF (Stream5) are returned to the
reactor. The overhead streamfromthe colum (Stream 6) is condensed
and punped to the HCl recovery colum.?

Anhydr ous HCl by-product is renoved overhead (Stream7) fromthe
HCl recovery columm, condensed, and transferred to pressurized storage
as a liquid. The bottons streamfromthe HO recovery colum (Stream
8) is chilled until it separates into two imrscible phases: an HF
phase and a denser fluorocarbon phase. These are separated in a phase
separator. The HF phase (Stream 9), which contains a snmall anount of
di ssol ved fluorocarbons, is recycled to the reactor. The denser phase
(Stream 10), which contains the fluorocarbons plus trace amounts of HF
and HCLl, is evaporated and ducted to a caustic scrubber to neutralize
the HF and HCl. The streamis then contacted with sulfuric acid and
subsequently with activated alumna to renove water.?3
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The neutralized and dried fluorocarbon m xture (Stream 11) is
compressed and sent to a series of two distillation colums. CFC 113
is taken off the bottomof the first distillation colum and sent to
pressurized storage (Stream 13). The overheads fromthe first
distillation (Stream 12) are sent to the second distillation colum,
where CFC-114 is renoved overhead and sent to pressurized storage
(Stream 14). The bottons fromthe second distillation (Stream 15) are
recycled to the reactor.® The actual configuration of the distillation
train for recovery of CFC- 113 and CFC-114 may differ fromthe two-
col um operation presented in Figure 10.

There are a nunber of process variations in chlorofluorocarbon
production. For exanple, HF is commonly separated from product
chl or of | uor ocar bons prior to hydrogen chloride renoval. |In addition,
the HCO renpoval systemcan vary with respect to the nethod of renoval
and the type of by-product acid obtained.?

Enm ssi ons

No PCE em ssions have been reported from process vents during
chl or of | uor ocar bon manufacture. Vents on the product distillation
colums enit only fluorocarbons.®*%% A vent on the hydrogen chloride
recovery colum accurul at or purges noncondensi bl es and smal |l anounts
of inert gases which enter the reactor with the chlorine feed stream
No PCE em ssions fromthis vent have been reported.®5¢

One mmj or source of PCE enissions during CFC 113/ CFC 114
production is raw material storage (Ain Figure 10). The PCE
feedstock is generally stored in fixed-roof tanks.®>® Table 12 presents
uncontrol l ed em ssion factors for storage em ssions reported by one
facility. Al so presented in this table are potentially applicable
control techniques and associated controlled enission factors. The
uncontrol l ed em ssion factor, 0.28 kg/ My, was cal cul ated froma PCE
storage em ssion rate of 4,400 kg/yr7 and an associ ated CFC 113
production rate of 16,000 My/yr (calculated as shown in Appendi x A).
| if em ssions were controlled by a contact internal floating roof,
the estimated PCE em ssion factor woul d be
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0. 0075 kg/ My CFC- 113 produced. This estinmate is based on a controlled
PCE em ssion rate of 660 kg/yr’ and the associ ated CFC- 113 production
rate of 16,000 My/yr.! If em ssions were controlled by a refrigerated
condenser, the estimated PCE em ssion factor would be 0.041 kg/ My CFC
113 produced. This enmission factor was calculated fromthe
uncontrol l ed PCE em ssion factor and an assumed condenser contro
efficiency of 85 percent. ’

The ot her mmj or sources of PCE em ssions during
chl or of | uor ocar bon manufacture are | eaks from equi prment conponents,
such as punps, valves, conpressors, safety relief valves, flanges,
open-ended |ines, and sanpling connections.’ Table 12 presents PCE
em ssion rates from equi pnent |eaks for two CFC- 113/ CFC-114 production
pl ants.’ Based on an equi prent count provided by each plant and SOCM
equi pnment | eak emi ssion factors, the uncontrolled equi prent |eak
em ssion rates were estimted using the average em ssion factor
met hod. Mbre accurate em ssion estinmates can be obtained by using
ot her met hods such as the | eak/no-leak or the three-strata em ssion
factor nethod. These nethods use other data to obtain better em ssion
estimates and are described in Protocols for Generating Unit-Specific
Em ssion Estimates for Equi pnent Leaks of VOC and VHAP ( EPA- 450/ 3- 88-
010) .

The control options avail abl e for equi pnent |eaks include a
mont hly | eak detection and repair program venting conpressor
degassi ng reservoirs to a conbustion device, using rupture discs on
pressure relief devices, using closed-purge sanpling, and cappi ng
open-ended lines. For the two plants in Table 12, the inplenentation
of all these control options would reduce equi prent | eak em ssions
overal | by roughly 60 percent.’

O her potential sources of PCE em ssions include |oading/handling
operati ons and equi pnent openi ngs. One chl orofl uorocarbon pl ant
reported no em ssion fromthese sources.®’” Another plant reported
annual PCE enissions in 1983 of 0.02 My and 0.03 My from handling and
equi pnment openi ngs, respectively.®® These em ssi ons together
represented | ess than one percent of the total estinmated PCE em ssions
fromthat facility. Production data were not available to cal culate
em ssion factors for the plant.
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TABLE 12. ESTI MATED CONTROLLED AND UNCONTROLLED PERCHLOROETHYLENE EM SSI ON FACTCRS
FOR EXI STI NG FACI LI TI ES PRODUCI NG CHLOROFLUOROCARBON 113 and 11448

Uncontrol | ed

Em ssion PCE Eni ssion Potentially Applicable % Control |l ed PCE
Factore® Control Techni que Reducti on Em ssi on Factor®
St or age 0. 28 kg/ Wy Refri gerated condenser 85 0. 041 kg/ My®
Contact internal floating roof 97 0. 0075 kg/ My
Equi prment 7.3 My/yrh Mont hly LDAR on val ves and punp 58 3.1 My/yr
Leak®f seal s, vent conpressor degassing

reservoir to conbustion device

rupture discs on relief devices,

cl osed- purge sanpling; on open-
ended |ines!

aAny gi ven chl orof | uorocarbon plant may vary in configuration and | eval of control. The enissions information presented
inthis table is based on 1983 data. The EPA does not have nore recent data for these plants. The reader is encouraged
to contact plant personnel to confirmthe existence of emtting operations and control technology at a particular
facility prior to estinmating em ssions therefrom

bBased on emi ssions information presented in Reference 7.

°Emi ssion factors in terns of kg/ My refer to kil ogram of PCE per nmegagram of CFC- 113 produced

ISt orage emission factors based on information obtained for one existing plant only.

°Equi pnent | eak emi ssion rate independent of plant capacity.

"Emi ssion estimtes represent average for two existing CFC-113/ CFC-114 production facilities. Uncontrolled equi pnent

| eak enmissions for two facilities range from®6.7 to 7.9 My/yr PCE, Controlled equiprment |eak emi ssions range from2.6 to
3.7 My/yr PCE.

9Cal cul ated by applying control efficiency to the uncontrolled emi ssion factor.

hBased on equi pment count provided by plants and SOCM equi prent | eak emission factors.

"LDAR=| eak detection and repair.



Source Locations

Alist of facilities producing CFC 113 and CFC-114 is presented
in Table 13. One plant producing CFC 115 and CFC-116 is also listed.

POLYVI NYL CHLORI DE ( PVC) PRODUCTI ON

Trichloroethylene is used in PVC production as a reaction chain
transfer agent to create | ow nol ecul ar wei ght polyners. The PVC
suspension process is the only process that uses TCE in this manner.
Trichloroethyl ene is used by about 15 percent of the conpanies
enpl oyi ng the suspension process.® Mdst of the TCE is destroyed in the
chain transfer reaction

Process Descri ptiont°

The suspensi on process for producing PVC resins is characterized
by the formati on of polynmers in droplets of the liquid vinyl chloride
nmononer (or other co-nononers) suspended in water. These droplets are
formed by agitation and the use of protective colloids or suspending
agents. Protective colloids are water-soluble polynmers such as
nmodi fied cellul ose or partially hydrolyzed pol yvinyl acetate.

A fl ow di agram for the suspension process is shown in Figure 11.
This process is represented by the follow ng equation

CHZCHC1 + CZHCHOCOC3H + Hy0 + CZHC13 — [-CHZCHC1:CH2CHC1:CH CHCT-]

2
VCM Vinyl Acetate TCE PVC

Water, vinyl chloride nmononer (VCM and protective colloids are
charged to the polynerization reactor. Trichloroethylene is also
added to the reactor in suspension processes using TCE as a chain
transfer agent. The initiator is usually the last ingredient charged
to the reactor. The initiators are soluble in VCM and all ow formati on
of PVC in the nononer droplets.
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TABLE 13. FACI LI TI ES PRODUCI NG CHLOROFLUOROCCARBONS
113, 114, 115, AND/OR 116 I N 1988

Compounds Pr oduced

Conpany Locati on CFC- 113 CFC- 114 CFC-115 CFC-116
Al lied-Signal, Inc. Bat on Rouge, LAXx X X
Al lied Chem ca
Cor p.
E.I. dupont Deepwat er, NJ X X
de Nenours and
Co., Inc.
Corpus Christi, TX X X
Mont ague, M X

NOTE: This list is subject to change as market conditions change,
facility ownership changes, or plants are closed down. The
reader should verify the existence of particular facilities by
consulting current lists or the plants thenselves. The |evel of
em ssions fromany given facility is a function of variables such
as throughput and control measures, and shoul d be deterni ned
t hrough direct contacts with plant personnel. These operating
pl ants and | ocations were current as of January 1988.

SOURCE: Reference 5.
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I ngredi ents charged to the reactor nust be carefully neasured
prior to charging because a |level indicator for reactors has not been
devel oped conmercially. 1In sonme cases, the reactor is on a scale and
the anount of material charged is weighed in the reactor. More often
a separate weight tank is used to neasure materials charged to the
reactor. Reactor operators manually charge additives that are used in
snmal | proportions.

After all materials are in the reactor, the batch is brought up
to the reaction tenperature by passing steamthrough the reactor
jackets which allows free radical initiators to be formed. Reaction
tenperatures are varied to produce a resin grade of a particul ar
nmol ecul ar weight. Once polynerization is initiated, the reaction
becones exotherm ¢ and cooling water nust be circul ated through the
reactor jacket to renove the heat of reaction

After approximately 6 hours in the reactor, the batch tenperature
and pressure drop. This signifies that nearly all the VCM has reacted
(75 percent to 90 percent of the VCM usually reacts).

Pol yvi nyl chloride resin, unreacted VCM (in the water, in the
headspace, and trapped in the resin) and water are the constituents
remai ning in the polynerization reactor. Generally, this polyner
slurry (Stream1l) is stripped of unreacted VCM (Stream 2) using steam
and vacuum This can be done in the reactor itself or in a separate
vessel. The unreacted VCMis purified and recycled (Stream 3), and
noncondensi bl e gases are vent ed.

After stripping, the batch (Stream4) is transferred to bl end
tanks which mx the batch with other batches to insure product
uniformity. The nixed batches (Stream5) are then fed to a conti nuous
centrifuging operation that separates the polyner fromthe water in
the slurry. Both m xing tanks and centrifuges are vented to the
at mosphere if stripping is used. The centrifuge water is recycled
back to the process or discharged to the plant's wastewater treatnent
system
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The wet cake (Stream 6) fromcentrifuging is conveyed to a rotary
dryer for further renoval of the remaining (usually 25 percent)
noi sture. Counter-current air tenperatures in the dryer range from 65
OC to 1000C. Drying time is generally short, but |arge volunes of air
are released. After drying, the resin (Stream 7) may be screened to
renove aggl onerates. The resin (Stream8) is then bagged or stored in
piles for bulk shipnent by trucks or rail car.

Enm ssi ons

Potential TCE enission sources during the PVC suspension process
i ncl ude: 1213

TCE unl oadi ng and st or age,

openi ng of equi pnent for cleaning and mai nt enance,

pressure relief device discharges,

process vents, such as bl ending tank vents, nononer recovery
system vents, and dryer exhaust vents,

equi pnent | eaks from val ves, flanges, punps, conpressors,
relief devices, sanple connections, and open-ended |ines, and
secondary sources such as wastewater

To maintain conpliance with NESHAP requirenments for vinyl chloride,
many of these em ssion sources are controlled at PVC production
plants. This has the indirect and added benefit of controlling
potential TCE emi ssions to sone extent. Table 14 identifies control

t echnol ogi es that can be applied to reduce em ssions fromPVC plants. °

An estimated 130 My of TCE were enmitted in 1978 from PVC
production processes using TCE as a reaction chain transfer agent.12
The total TCE used in 1978 by these processes was estimted at 6,500
My. Fromthese two values, total TCE emi ssions per unit TCE used in
PVC production are estimated at 0.02 My/My. Data are not avail able on
the derivation of the total annual TCE enm ssions estimate, nor are
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TABLE 14. POTENTI AL EM SSI ON CONTROLS FOR PVC PLANTS!Y

Process Step Pot enti al Em ssion Points Control Technol ogy
VCM unl oadi ng and storage Loadi ng |ines; VCM storage, m xing, weighing Purged to nononer recovery system
and hol ding tank vents foll owed by incineration, solvent

absorption or carbon adsorption

Pol yreri zati on Pol yneri zation reactor opening |oss Sol vent cl eani ng, steam piston
W&t er piston, reactor purge air
bl ower, steam purge, etc., used
bef ore opening

Vented to atnosphere or nononer
recovery system

Pol yneri zation reactor relief valve Shortstop, containnent, instrunen-
di schar ges tation, inproved operator training
etc.
Stripping Stripping vessel vent Vented to nononer recovery system

foll owed by incineration, solvent
absorption or carbon adsorption

Mononer recovery system Recovery system exhaust vents Gashol ders used in sone instances
knock- out pot to collect all recovery vents and/or
refrigeration to condense VCM
foll owed by incineration, solvent
absorption or carbon adsorption

Bl endi ng, m xi ng, wei ghing and Slurry bl end tanks and hol di ng tank Stripping
hol ding after stripping operation vents
Drying, mxing, screening Centrifuge vents, dryer vent stacks, Stripping

storage silos, baghouse vents
screeni ng operation vents

PVC | oadi ng and storage St orage sil os strippi ng
“lI nprocess" wastewater stripper Wast ewat er storage tank VCM renoved from wast ewat er by steam
Wast ewat er stripper colum stripping in colum or bath vessel

vented to nonomer recovery system
foll owed by incineration, solvent
absorption or carbon adsorption

Al'l of the above process steps Fugi tive em ssions sources Doubl e nechani cal seal s, doubl e out-
board seals, rupture discs or equivalent
equi pment; cl osed systens and equi pnent
purging to nononer recovery system
foll owed by incineration, solvent ab-
sorption or carbon adsorption; area
nonitors, portable nonitors, routine
| eak surveys and mai ntenance prograns.



sufficient data avail able to determ ne the | evel of control that the
em ssions estimate refl ects.

Ref erence 12 presents annual enissions estinates for one facility
using TCE as a reaction chain inhibitor during the production of vinyl
chloride/ vinyl acetate co-polyner. Total TCE em ssions fromthe
facility in 1983 were estimated to be 1.1 My. O this, about 55
percent were secondary em ssions, about 45 percent were equi pnent
| eaks, and about 2 percent were from TCE storage. Equi pnment opening
em ssions and relief device discharges each contributed | ess than one
percent of total plant emissions. None of the em ssion sources were
reported to be controlled. The facility also reported that a process
vent was controlled with an incinerator and quench tank systemw th a
control efficiency of greater than 98 percent. However, no TCE
em ssions were reported for this process vent.

The EPA does not have nore recent data on en ssions and contro
devices at PVC production facilities using TCE as a reaction chain

transfer agent.

Source Locations

Table 15 lists producers of PVC resins. Data are not avail able
to identify which facilities use TCE as a chain transfer agent.
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TABLE 15. FACI LI TI ES PRODUCI NG POLYVI NYL CHLORI DE RESINS | N 1988

Company Locati on

Air Products and Chem cals, |nc.
I ndustrial Chemicals Division Calvert City, KY
Pensacol a, FL

Borden Chem cals and Pl astics

Cei smar, LA

IIliopolis, IL
Certai nTeed Corporation Lake Charl es, LA
Fornosa Pl astics Corporation USA Del aware City, DE

Poi nt Confort, TX

Ceorgia @il f Corporation Del aware City, DE
Pl aguem ne, LA

The BF Goodri ch Conpany

BF Goodrich Chenical G oup Avon Lake, COH
Deer Park, TX
Henry, IL

Loui sville, KY
Pedri ckt own, NJ
Pl aguem ne, LA

The Goodyear Tire & Rubber Conpany
Chem cal Division Ni agara Falls, NY

Keysor - Century Cor poration Saugus, CA

Ccci dental Petrol eum Cor poration
Ccci dental Chemi cal Corporation, Subsidiary
PVC Resins and Fabricated Products Addi s, LA
Burlington, NJ
Burlington, NJ
Pasadena, TX
Pott st own, PA
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TABLE 15. (Conti nued)

Company Locati on

SHI NTECH | ncor por at ed Freeport, TX

Uni on Car bi de Corporati on
Sol vents and Coating Materials Division Texas City, TX

Vi sta Chem cal Conpany Aber deen, M5

kl ahoma City, K
VWygen Cor p. Asht abul a, OH
NOTE: This list is subject to change as market conditions change,

NOTE:

facility ownership changes, or plants are closed down. The
reader should verify the existence of particular facilities by
consulting current lists or the plants thensel ves. These
operating plants and | ocations were current as of January 1988.

Em ssions only occur when TCE is used as a chain transfer agent.
Data are not available to identify which facilities use TCE. The
| evel of em ssions fromany given facility that uses TCE is a
function of variables such as throughput and control neasures,
and shoul d be determ ned through direct contacts with plant

per sonnel .

SOURCE: Reference 5.
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SECTI ON 7
EM SSI ONS FROM | NDUSTRI ES USI NG TRI CHLOROETHYLENE
AND PERCHLORCETHYLENE AS SOLVENT

This section discusses enissions from maj or processes using TCE
and/ or PCE as a solvent. These processes include organic sol vent
cl eaning; dry cleaning; paints, coatings, and adhesives manufacture
and use; and aerosol products manufacture and use. In the United
States, organic solvent cleaning (vapor) is the primary source of TCE
em ssions and dry cleaning is the major source of PCE em ssions.

TRI CHLOROETHYLENE AND PERCHLOROETHYLENE USE | N ORGANI C SOLVENT
CLEANI NG

Organi ¢ solvent cleaning (degreasing) is an integral part of many
i ndustrial categories such as autonobile manufacturing, electronics,
furniture manufacturing, appliance nmanufacturing, textiles, paper,
pl astics, and gl ass manufacturing. Organic solvent cleaners use
organi c solvents to renove water-insoluble soils (such as oils,
greases, waxes, carbon deposits, fluxes, tars, or other debris) from
surfaces prior to processes such as painting, plating, repair,
i nspection, assenbly, heat treatnment or nachining. Various solvents,
i ncluding petroleumdistillates, chlorinated hydrocarbons, ketones,
and al cohols, are used alone or in blends for solvent cleaning
operations.! About 90 percent of the TCE and 15 percent of the PCE
supply in 1987 was used in solvent cleaning.?3® Both PCE and TCE are
especially applicable to cleaning and drying netal parts in the
i ndustries nentioned above.

Process Description

There are three basic types of solvent cleaning equi pnment: open
top vapor cleaners (OIVC), conveyorized (often called in-line)
cl eaners and col d cl eaners.
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A typical OTVC consists of a tank equi pped with a heating system
and cooling coils. Heating elenents on the inside bottomof the tank
boil liquid solvent, generating the vapors needed for cleaning.
Cooling coils located on the inside perineter of the tank above the
liquid |l evel condense the solvent vapors, creating a controlled vapor
zone whi ch prevents vapors fromflow ng out of the tank. Soiled
objects are lowered into the vapor zone where sol vent condenses on
their surfaces and dissolves the soils. Only hal ogenated sol vents are
used in the vapor phase for cleaning (or other applications) because
t hey have excellent cleaning properties, are essentially nonflammbl e,
and the heavy vapors produced can be easily contained within the
machi ne. 4

In-line cleaners feature automated conveyi ng systens for
conti nuous cl eaning of parts. In-line machines clean either by cold
or vapor cleaning, although nost use the latter. The sanme basic
cl eani ng techni ques are used for in-line cleaning as with OTVC but
usually on a larger scale. Although in-line cleaners tend to be the
| argest, they enmit |ess solvent per part cleaned than other types of
cl eaners because they are usually encl osed systens, operate
continuously, and feature automated parts handling.**

Col d cleaners are usually the sinplest and | east expensive type of
cl eaner. Spraying, flushing, w ping, and i mersion are often enpl oyed
with these cleaners to enhance cleaning ability. It should be noted,
however, that TCE and PCE use in cold cleaning appears to be |imted.
Di scussions with the major cold cleaner manufacturers indicate that
TCE and PCE are not used in cold cleaning to a significant extent.
None of these manufacturers currently sells, or has recently sold,
units for use with solvents other than nmethyl ene chloride (part of a
carburetor cleaner solution) and nonhal ogenat ed sol vents. Al though
there may be sone older units that use other hal ogenated solvents, the
total nunber of these units nationw de is negligible.
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Eni ssi ons

Sol vent evaporation occurs both directly and indirectly with all
types of sol vent cleaning equipnent. Mjor causes of em ssions
i nclude | oss of solvent vapor fromthe tank due to diffusion and
convection, and evaporation of solvent on cleaned parts as they are
wi t hdrawn fromthe machine. Leaks fromthe cl eaner or associated
equi pnment and | osses from sol vent storage and transfer are other
significant sources of em ssions. The quantity of em ssions varies,
dependi ng upon the type, design, and size of equipnent, the hours of
operation, operating techniques, and the type of material being
cleaned. Emissions are ultimately a function of solvent use,
t herefore, techniques and practices designed to conserve sol vent use
are beneficial in reducing atnospheric em ssions.

Potential control methods for organic sol vent cleaners include
add- on equi pnent and i nproved operating practices. Add-on equi prment
can be as sinple as adding covers to equi pnment openi ngs, encl osing
equi pnent, increasing freeboard height, adding freeboard refrigeration
devi ces, and using automated parts handling systens. These devices
l[imt diffusional and convective | osses from sol vent tanks and
evaporative | osses due to solvent carry-out. Mre sophisticated
control techniques include carbon adsorption systens to recover
sol vent vapors.

Operating practices can be inproved to limt solvent em ssions
from sol vent cleaning. These inprovenents, characterized by practices
that reduce sol vent exposure to the atnosphere, include: mnimzing
open surface area, keeping cleaner covers closed, fully draining parts
prior to renmoval from cl eaner, maintaining noderate conveyor speeds,
keepi ng ventilation rates noderate, using a coarse spray or solid
stream of solvent instead of a fine spray, not using conpressed air
sprays to blowdry parts or to m x cleaning baths, and by placing w pe
rags in a closed contai ner and reusi ng them whenever possible. The
em ssion reductions achi evabl e through the use of control devices vary
dependi ng on the operating schedul e of the machine. For exanple, an
OrVvC that is used constantly throughout the
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day will have a greater reduction in total em ssions froma contro
t hat reduces working em ssions (such as an automated parts handling
systen) than an OTVC that is idle for the majority of the day.

In vapor cleaning, inproper heat balance, air currents, high water
content, and solvent degradation are the primary factors that cause
sol vent | osses and necessitate greater virgin solvent use. Equipnent
configurations and operational practices that abate the problenms wll
be useful in reducing potential solvent em ssions from vapor cleaning.
Conservation practices for vapor cleaners as recommended by a maj or
cl eani ng sol vent manufacturer are sumari zed bel ow. ®

1. Use | east anmpbunt of heat necessary to keep solvent at a boil
and provi de adequate vapor producti on.

2. Regul ate cooling | evel by water tenperature or flow rate
adj ust ment s.

3. Moni tor water jacket tenperature and flow rate to prevent
m gration of hot solvent vapor up cleaner side walls.

4. Use cold coil traps to | essen vapor | osses.

5. Use covers, especially during idle periods, on open-top
cl eaners.

6. Avoi d drafts over the cleaner by locating the unit to

mninize natural drafts or use baffles to prevent vapors
from bei ng di sturbed.

7. Extend the freebound hei ght of the cl eaner

8. Spray in the vapor zone of the cleaner to mnimze the
generation of a vapor-air mxture and the disruption of the
vapor interface.

9. Use m ni mum exhaust vel ocity necessary to provide proper
vapor control in the work area.

10. Arrange air novenent in the roomto mnimze wnd tunne
ef fects.

11. Avoid rapid parts or basket nmovenment in the vapor zone.

12. Mnimze the | evel of dissolved water in the sol vent.
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13. Mnimze the introduction of water to prevent the depletion
of solvent stabilizers.

14. Have a separate water trough for refrigerated coils.

15. Mnimze corrosion and renove visible signs of it to
m ni m ze sol vent deconposition

16. Mnitor and maintain solvent stabilizers, inhibitors, and
acid acceptors.

17. Renove netal parts, fines, and sludge to prevent stabilizer
depletion and in turn sol vent deconposition

18. Avoid high oil concentration buil d-up
19. Mnimze solvent carry-out on parts.

20. Bring parts to vapor tenperature prior to renoval to
m ni nmi ze dragout.

21. Do not overload the cleaning capacity of the cl eaner

22. Use properly sized baskets in the cleaner to reduce vapor-
air m xing.

23. Do not expose heating coils to solvent vapor

24. Use only clean or non-porous materials in the cleaning
pr ocess.

25. (Qperate a cleaner |eak detection and repair program

Tables 16 and 17 present uncontroll ed eni ssion factors,
appl i cabl e control techniques, their associated control efficiencies,
and controlled em ssion factors for each type of solvent cleaner.1,6
Table 16 presents control efficiencies and controlled em ssion factors
for solvent cleaners that are used for a relatively small fraction of
the day (Schedule A). Table 17 presents control efficiencies and
controll ed em ssion factors for solvent cleaners that are used nore
regularly. The controlled em ssion factors were derived using a
mat eri al bal ance approach based on the uncontroll ed eni ssion factors
reported in Reference 5 and control efficiencies reported in Reference
1. See Appendix A for an exanpl e cal cul ation.
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TABLE 16. TRI CHLOROETHYLENE AND PERCHLORCETHYLENE EM SSI ON FACTORS FOR ORGANI C SOLVENT CLEANI NG, SCHEDULE A2®

Uncontrol | ed Em ssi on Control |l ed
Em ssi on Factor® Reducti on Emi ssion Factoref
(ka/ kq) Efficiency(%¢ (ka/ kq)

Cl eaner Type TCE PCE Potential Control System TCE PCE TCE PCE
orvc 0.93 0.93 Hoi st at 11 fpm Freeboard 40- 50 40- 50 0. 89 0. 87
Refrigerati on Device (bel ow

freezing), 1.0 FBR“X
Hoi st at 11 fpm Encl osed 70- 80 70- 80 0. 80 0.73
Desi gn; Sunp Cooling
Hoi st at 11 fpm Autonated 30-40 30-40 0. 90 0. 89
Cover

Hoi st at 3 fpm Freeboard 50- 60 50- 60 0.87 0.84
Refrigeration Device, (below
freezing), 1.0 FBR
Hoi st at 3 fpm Encl osed 80- 90 80- 90 0.73 0.57
Desi gn; Sunp Cooling
Hoi st at 3 fpm Autonated 40-50 40-50 0. 89 0.87
Cover

Conveyorized Vapor C eaning 0.96 0.96 Freeboard Refrigeration Device 50 50 0.92 0.92
Car bon Adsorption 50 50 0.92 0.92
Car bon Adsorption, Sunp Cooling 65 65 0. 89 0. 89
Freeboard Refrigeration Device 65 65 0. 89 0. 89
Sunp Cool i ng
Hot Vapor Recycle or Superheated 70 70 0.88 0.88
Vapor; Sunp Cooling
Freeboard Refrigeration; Hot 70 70 0. 88 0. 88

Vapor Recycle or Superheated
Vapor




TABLE 16. TRI CHLORCETHYLENE AND PERCHLOROETHYLENE EM SSI ON FACTORS FOR ORGANI C SCLVENT CLEANI NG, SCHEDULE AxP

( CONTI NUED)
Uncontrol | ed Em ssi on Controlled
Em ssion Factor® Reducti on Eni ssi on Factor®f
(kal/ kag) Efficiency(%¢ (ka/ kg)

Cl eaner Type TCE PCE Potential Control System TCE PCE TCE PCE
Col d O eaner’i 0.84 0.78 0.7 Freeboard Rati o and Drai nage, 15 13 0. 82 0.76

Rack with 15-second Drain Tinelk

Wat er Cover and 15-second Drain 50 40 0.72 0. 68

Ti e

Ref erence 6.

DTVC Schedule A; 6 hours idling; 2 hours working; 16 hours downtine; 5 days/week; 52 weeks/year.
In-l1ine Schedule A: 8 hours working; 16 hours downtine; 5 days/week; 52 weeks\year.

Emi ssion factors in terns of kg/kg refer to kilogranms of solvent emtted per kilgramof fresh solvent used. Al factors
account for the recovery, and reuse of solvent contained in cleaner waste sol vent streans.

Emi ssion factors in terms of kg/ kg refer to kilograms of solvent enmitted per kilogramof controlled fresh solvent use. Al
factors account for the recovery and reuse of solvent containted in cleaner waste solvent streans.

Ref erence 7.

Controlled emi ssion factors were derived using a material bal ance approach based on the uncontrolled emi ssion factors and
control efficiencies reported in Reference 6. See Appendix A for an exanple cal cul ation.

An uncontrolled OTVC is assuned to have a manual cover and 0.75 freeboard ratio. An uncontrolled cold cleaner is assuned to
have a 0.4 freeboard ratio, a 5-second drain tine and a cover.

Freeboard refrigeration devices are additional cooling coils above the primary coils to further inhibit the diffusion of
sol vent vapors to the atnosphere.

The use of PCE and TCE in cold cleaners is negligible.
This control scenario is equivalent to controls required by State regul ati ons based on CTG control system B.
Freeboard ratio is an index for freeboard height and is equal to the freeboard hei ght divided by the cleaner width. The

freeboard height is the distance fromthe liquid solvent surface or top of the vapor to the lip of the tank. Increasing the
freeboard hei ght decreases drafts, and thereby solvent diffusion , within the cleaner.



TABLE 17. TRI CHLOROETHYLENE AND PERCHLORCETHYLENE EM SSI ON FACTORS FOR ORGANI C SOLVENT CLEANI NG SCHEDULE B* "
Uncontrol | ed Em ssi on Control | ed
Em ssi on Factor® Reducti on Emi ssion Factoref
(ka/ kq) Efficiency(%¢ (ka/ kq)

Cl eaner Type TCE PCE Potential Control System TCE PCE TCE PCE

orvc 0.93 0.93 Hoi st at 11 fpm Freeboard 50-70 50-70 0. 80-0. 87 0. 80-0. 87
Refrigeration Device, (below
freezing), 1.0 FBR"X
Hoi st at 11 fpm Encl osed 70- 80 70- 80 0.73-0.80 0.73-0.80
Desi gn: Sunp Cool i ng
Hoi st at 11 fpm Autonated 50- 60 50- 60 0. 84-0.87 0. 84-0.87
Hoi st at 3 fpm Freeboard 50 80 0.73 0.73
Refrigeration Device, (below
freezing), 1.0 FBR
Hoist t 3 fpm Enclosed 90 90 0.57 0.57
Desi gn; Sunp Cooling
Hoi st at 3 fpm Automated 80 80 0.73 0.73
Cover

Conveyorized Vapor C eaner 0.96 0.96 Freeboard Refrigeration Device 60 60 0. 90 0. 90
Car bon Adsorption 60 60 0.90 0.90
Car bon Adsorption, Sunp Cooling 60 60 0.90 0.90
Freeboard Refrigeration Device 60 60 0.90 0.90
Sunp Cool i ng
Hot Vapor Recycle or Superheated 85 85 0.78 0.78
Vapor; Sunp Cooling
Freeboard Refrigeration; Hot 85 85 0.78 0.78

Vapor Recycle or Superheated
Vapor



TABLE 17. TRl CHLORDETHYLENE AND PERCHLORCETHYLENE EM SSI ON FACTORS FDR ORGANI C SOLVENT CLEANI I C, SCHEDULE B &P

( CONTI NUED)
Uncontrol | ed Em ssi on Controlled
Em ssion Factor® Reducti on Eni ssi on Factor®f
(kal/ kag) Efficiency(%¢ (ka/ kg)

Cl eaner Type TCE PCE Potential Control System TCE PCE TCE PCE
Col d O eaner® 0.84 0.78 0.7 Freeboard Ratio and Drai nage, 15 13 0.92 0.76

Rack with 15-second Drain Timel kK

Wat er Cover and 15-second Drain 50 40 0.72 0.68

Ti me

Ref erence 6.

OTVC Schedule B: 4 hours idling; 12 hours working; 8 hours downtinme; 5 days/week; 52 weeks/year.
In-1ine schedule B: 16 hours working; 8 hours downtinme; 7 days/week; 52 weeks/year.

Em ssion factors in terns of kg/kg refer to kilogramof solvent enmtted per kilogramof fresh solvent used. Al factors account
for the recovery and reuse of solvent contained in clear waste solvent streans.

Em ssion factors in terms of kg/kg refer to kil ogram of solvent emtted per kilogram of controlled fresh solvent use. Al factors
account for the recovery and reuse of solvent contained in cleaner waste solvent streans.

Ref erence 7.

Controlled em ssion factors were derived using a material bal ance approach based on the uncontrolled em ssion factors and contro
efficiences reported in Reference 6. See Appendi x A for an exanple cal cul ation.

An uncontrolled OTVC |s assuned to have a manual cover and 0.75 freeboard ratio. An uncontrolled cold cleaner is assuned to have
a 0.4 freeboard ratio, a 5-second drain tine, and a cover

Freeboard refrigeration devices are additional cooling coils above the primary coils to further inhibit the diffusion of solvent
vapors to the atnosphere.

The use of PCE and TCE nn cold cleaners is negligible.

This control scenario is equivalent to controls required by State regul ati ons based on CTG control system B.

Freeboard ratio is an index for freeboard hei ght divided by the cleaner width. The freeboard height is the distance fromthe

liquid solvent surface or top of the vapor to the lip of the tank. Increasing the freeboard hei ght decreases drafts, and thereby
solvent diffusion, within the cleaner



Al the em ssion factors presented in Tables 16 and 17 are based
on fresh solvent input. These factors account for the recovery and
reuse of solvent contained in cleaner waste solvent streans. This
recycling of waste solvent results in a reduction in the anmount of
fresh solvent required for a given cleaning application, but the
percentage of fresh solvent usage that is ultimtely emtted fromthe
cl eani ng process is higher.®

The controll ed em ssion factors, |ike the uncontroll ed factors,
are expressed as kg solvent enmtted per kg fresh solvent used. It is
i mportant to note; however, that the enission controls for sol vent
cl eaners cause both a reduction in solvent use and a reduction in the
fraction of solvent that is emtted to the air (as illustrated in
Appendi x A, Section A-2). The controlled em ssion factors refer only
to kg solvent emtted per kg of controlled fresh sol vent used;
therefore, these factors should not be applied to estinates of
uncontrol l ed solvent use to derive estimates of controlled em ssions.

Sour ce Locations

Five major industry groups use TCE and PCE in degreasing
operations. These are furniture and fixtures (SIC 25), fabricated
nmetal products (SIC 34), electronic and el ectronic equi prent (SIC 36),
transportati on equi pnent (SIC 37), and niscell aneous manufacturing
industries (SIC 39).78 Because of the |arge nunber of vapor degreasers,
the locations of individual facilities are not identified.

DRY CLEANI NG

Approxi mately 50 percent of the PCE consunmed in the United States
is used as a dry cl eaning solvent.?
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Process Description %1

The principle steps in the PCE dry cl eaning process are identi cal
to those of laundering in water, except that PCE is used instead of
soap and water. Two types of machines are used for PCE dry cl eaning:
transfer and dry-to-dry. For transfer nachines, clothes are washed in
one unit and then transferred to a separate unit to be dried. For
dry-to-dry machi nes, clothes are washed and dried in a single unit,
which elimnates the clothing transfer step.

A typical PCE dry cleaning plant is shown schematically in Figure
12. The dry cl eaning process involves the follow ng najor process
steps: chargi ng, washing, extraction, drying, and aeration. Before
the cl eaning cycle begins, small anmounts of detergent and water are
added to the cleaning solvent in the charging step. The detergent and
wat er renmove water-soluble dirts and soils fromfabrics during
washi ng, and thus, inprove the cleaning capability of the solvent.

To begin the washing step, clothes are | oaded nmanually into the
perforated steel drumof the washer. Charged solvent is added and
then clothes and solvent are agitated by rotation of the drum After
the washing step is conplete, the drum spins at high speeds to renove
t he solvent through perforations in the drum This step is called
extraction.

Next, the clothes are tunbled dry. 1In this step, recircul ating
warm ai r causes nost of the renaining solvent in the clothes to
vaporize. The PCEl aden drying air streamis condensed by the water
condenser and recycled to the tunbler, with no exhaust gas stream
vented to the atnosphere. Recovered solvent is returned to the pure
solvent tank for recycle. After drying, fresh anbient air is passed
t hrough the machine to freshen and deodorize the clothes. This
process is called aeration. The PCE-laden air fromthis step may be
vented to a control device or emtted directly to the atnosphere.
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Figure 12. Schematic of perchloroethylene dry cleaning plant. ®
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Most machi nes are equi pped with inductive fans that are turned on
when the washer and dryer doors are opened. During the | oading and
unl oadi ng of clothes, these fans divert the PCE-|aden vapors away from
dry cl eaning operators and pull themthrough the dry cl eani ng machi ne.
The gas streamis then either vented directly out the stack or through
a control device.

Efficient operation of dry cleaning plants necessitates at | east
partial recovery and reuse of used solvent. There are several pieces
of auxiliary equi pnent used at nost dry cleaning plants for recovery
and purification of PCE. These include filters that renove dirt from
the PCE circulating through the washer, and stills that purify the PCE
by distillation.

As shown in Figure 12, dirty PCE fromthe washer is typically
passed through a filtration system The filtration process renoves
nmost insoluble soils, nonvolatile residue and dyes. For plants using
regenerative or tubular filters, the solids or "nuck" are renoved from
the filters each day. The nmuck contains solvent that is recovered by
distillation in a nmuck cooker. The recovered PCE is condensed,
separated, and then returned to the solvent storage tank. The muck
solid waste is stored and then di sposed of. For plants using
cartridge filters, spent filters are generally drained and then
di sposed of.

Following filtration, the solvent may either flow back to the
sol vent storage tank or to the distillation unit. Distillation
renoves soluble oil, fatty acids, and greases not renoved by
filtration. During distillation, the PCE is vaporized and the
residues are retained in the distillation bottons. The vaporized PCE
i s condensed, separated, and then returned to the sol vent storage
tank. The distillation bottons are stored prior to di sposal

Eni ssi ons

Pot enti al sources of process enissions include | osses during
aeration and emi ssions ducted out the stack during clothing transfer.

87



There are no process enissions during other parts of the dry cleaning
cycle (i.e., wash cycle, dry cycle) because exhaust gases are not
vented to the atnosphere during those operations. Two contro

techni ques used by the industry for process em ssions are refrigerated
condensers and carbon absorbers. Carbon adsorbers reduce process vent
enm ssi ons by about 95 percent or nore,® and refrigerated condensers
reduce em ssions by about 70 percent.

Fugi tive em ssions include PCE | osses from | eaky process
equi pnent (punps, val ves, flanges, seals, etc.), enissions of PCE from
spent cartridge filters and PCE-1aden solid waste, and in-plant
evaporative | osses of PCE during clothing transfer and handl i ng.
Q her potential emissions include | osses fromwater separators,
em ssions fromdistillation units and nuck cookers, and | osses from
sol vent retained in discarded solid wastes.®!° The control techniques
used for fugitive em ssions include housekeepi ng procedures such as
detecting, repairing, and preventing | eaks, and ninimzing the
exposure of PCE-laden clothes to the atnosphere. These procedures
have been detailed in References 9 and 12 and are reported to be
wi dely used. 1°

Table 18 presents emi ssion factors for transfer and dry-to-dry
machi nes. The factors are shown for three |l evels of process em ssion
control: uncontrolled trolled, refrigerated condenser-controlled, and
carbon adsorber-controlled. Neither the anpbunt of solid waste
generated nor fugitive em ssions are affected by the addition of
process vent controls, so they are equal for controlled and
uncontrol | ed machi nes.

Sour ce Locations

The dry cleaning industry is conposed of three sectors:

commercial, industrial, and coin-operated. Conmercial plants are
classified under Standard Industrial Cdassification (SIC) code 7216.
I ndustrial and coin-operated plants are classified under SIC 7218 and
SI C 7215, respectively. Because of the |arge nunber of facilities in
the United States, no attenpt has been nade to identify the |ocations
and nanmes of facilities.
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TABLE 18. EM SSI ON FACTORS FOR THE PERCHLOROETHYLENE DRY CLEAN NG | NDUSTRY#

(kg PCE/ 100 kg cl ot hes cl eaned)

Enm ssi on Source

Machi ne Process Vent
Type Control Status Process Solid Waste Fugitive Tot al
Dry-to-dry Uncontrol | ed 5.26 0. 62 2.06 7.94
Refri gerated Condenser?® 1.58 0. 62 2.06 4.26
Car bon Adsor ber® 0. 26 0. 62 2.06 2.94
Transfer Uncontrol | ed 5. 26 0.62 4.12 10. 00
Refri gerated Condenser® 1.58 0.62 4.12 6. 32
Car bon Adsor ber®© 0. 26 0. 62 4.12 5. 00

2 Reference 11

b Solvent retained in discarded solid wastes; it

rel eased to the atnosphere.

¢ Fugitive emissions were assuned to equa

wast e.
¢ Based on 70 percent control

¢ Based on 95 percent control

efficiency.

efficiency.

t ot al

i's assumed t hat

em ssi ons m nus

this sol vent

is eventual ly

process eni ssions and solid



Commercial facilities account for 71 percent of the PCE used in
dry cleaning; industrial facilities for 11 percent; and coi n-operated
for 18 percent. Coin-operated facilities are usually small self-
service facilities that are associated wi th nei ghborhood | aundromat s.
Only synthetic cleaning solvents (no petrol eum solvents) are used at
coi n-operated plants and PCE is the primary solvent used. Al coin-
operated plants have dry-to-dry units where cl othes are washed and
dried in a single unit. Commercial dry cleaners are typically smnal
facilities offering non-self service cleaning, including snall
nei ghbor hood shops, franchi se shops, and specialty cleaners. O
commercial dry cleaners, 73 percent use PCE, 24 percent use petrol eum
sol vents, and 3 percent use trichlorotriflouroethane. Mst nachines
are transfer machi nes where clothes are washed in one unit and
transferred to a separate unit for drying. Industrial cleaners are
large facilities that clean itens for rental services. Forty to 45
percent of industrial cleaners have dry cleaning equi prent and 50
percent of these use PCE. A typical industrial facility has one 250
kg per load capacity washer/extractor and three to six 38 kg capacity
dryers.

PAI NTS, COATI NGS, AND ADHESI VES

Both TCE and PCE are used as solvents in paints, coatings, and
adhesives. |In 1983, approximately 520 My of TCE and 1,700 My of PCE
were used to nanufacture paints and coatings. 1In addition, an
estimated 420 My of TCE and 2,800 My of PCE were used to nanufacture

adhesi ves. 8183

Sol vent emi ssions from paints, coatings, and adhesives occur
t hrough evaporation upon application. Therefore, it is estinmated that
all TCE and PCE used in these applications is eventually emtted to
t he atnosphere. 78

No data were found on the em ssions of TCE or PCE during the
manuf act ure of paints, coatings, and adhesives. The Standard
Industrial Classification (SIC) code for paint and allied product
manuf acturing is 285; the SIC code for adhesives and seal ants
manuf acturing i s 2891.
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AERCSOLS

Per chl or oet hyl ene is used as a solvent and carrier in aerosol
products such as spray paints and cl eaners. ' Facilities packagi ng
aer osol s consuned about 2,630 My of PCE in 1985.! Sone aeroso
products contain TCE, but insufficient data exist to quantify the
extent of TCE use. Overall, TCE use in these products is believed to
be negligible.' Therefore, this section discusses only PCE em ssions
during aerosol packagi ng and use.

The total PCE emitted in 1985 fromfive packaging facilities
usi ng PCE was about 5.4 My. ! The total PCE consunmed by these
facilities was about 1,470 My.!® Fromthese two val ues, the
uncontrol l ed em ssion factor for aerosol packaging is estimated to be
3.7 kg/ My consuned. O the uncontrolled em ssions, approximtely 81
percent were fromhandling (primarily m xing tank) operations, 17
percent were from equi pnent |eaks, and 2 percent were from storage
tanks. 15 Qther potential sources include wastewater em ssions and
acci dental rel eases.

Duri ng use of aerosol products, PCE is rel eased by evaporation
after application (or by direct rel ease in the gaseous phase).
Consequently, it is assuned that 100 percent of PCE used in aeroso
applications is emtted to the atnosphere.’
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SECTI ON 8
OTHER POTENTI AL SOURCES OF TRI CHLORCETHYLENE
AND PERCHLCORCETHYLENE EM SSI ONS

This section sumrarizes information on other potential sources of
TCE and PCE emi ssions. These sources include (1) distribution
facilities, (2)publicly owned treatnment works (POTW, and (3)
unidentified or m scell aneous uses.

DI STRI BUTI ON FACI LI TIES 2

Roughly 70 percent of PCE and nearly all TCE produced is sold
t hrough chem cal distributors. There are an estimted 300 chemi ca
di stributors handling chlorinated solvents. Table 19 presents the
five largest TCE distributors and the three | argest PCE distributors.
Data are not available to identify all distribution facilities
handl i ng these sol vents.

In general, distributors maintain as few as three to as many as
65 regional distribution facilities spread out across the nation.
Each regional distributor receives chemcals directly fromthe
producer by tank truck or railcar. Transportation is provided by the
distributor. The received chemicals are stored by regi ona
distributors in 8,000 to 20,000 gallon fixed-roof storage tanks. The
storage tanks used by the regional distributor include vertical,
hori zontal , and underground tanks. Turnover tinmes for storage tanks
typically range fromtwo weeks to a little over a nonth. Although the
exact nunber of distributors and distribution facilities that handle
TCE is not known, it is estimated that there are 96 TCE storage tanks
and 270 PCE storage tanks owned by distributors.

Em ssions fromdistribution facilities can be categorized as two
types: storage and handling. Storage enissions include breathing and
wor ki ng | osses fromtanks. Handling em ssions result from vapor
di spl acenment when druns and tanks are filled.
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TABLE 19.

SUWMVARY OF MAJOR TRI CHLOROETHYLENE AND

PERCHLOROETHYLENE DI STRI BUTORS

Nurmber of Nunmber of TCE Nunmber of PCE
St or age St or age St or age

Company Facilities Tanks Tanks
Ashl and 61 52 37
McKesson 63 6 6
Chem Centr al 31 15 10
Det rex 25 10 - -
Thonpson- Haywar d 26 6
SOURCE: Ref erences 1 and
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In References 1 and 2, storage and handling enissions from
distribution facilities were estinmated using AP-42 em ssion factors
and data supplied by major distributors. An estimated 21 My of TCE
and 27 My of PCE were emtted by uncontrolled storage tanks at
distribution facilities nationwide in 1983. Approxinmately 65,700 My
of TCE and 162,000 My of PCE were sold through distributors in 1983.
From t hese val ues, uncontrolled storage em ssion factors are
calculated to be 0.3 kg/My and 0.2 kg/ My for TCE and PCE,
respectively.

Total handling em ssions at distribution facilities in 1983 were
estimated at 18 My/yr for TCE and 23 My/yr for PCE. Using the TCE and
PCE distribution esti mates above, the uncontrolled em ssion factors
for handling operations are calculated to be 0.3 kg/My and 0.1 kg/ My
for TCE and PCE, respectively.

PUBLI CLY OAWNED TREATMENT WORKS ( POTWE)

Trichl oroet hyl ene and PCE nmay be emitted from publicly owned
treat nent works, depending on the type of waste streans received. The
primary source of these enissions is believed to be industrial
di scharges containing TCE and PCE. A recent study used eni ssions
nodel ing to estimte conpound-specific em ssion factors for a
hypot heti cal average POTWthat treats industrial wastewaters
At nospheric enissions of TCE fromthe hypothetical POTWwere estimated
to be 62 percent of the TCE in the POTWi nfluent; atnospheric
em ssions of PCE were estimated to be 70 percent of the influent PCE

Characteristics of the hypothetical POTWwere based on data
obtained in a previous study of 1,600 POTW nationwi de identified as
treating industrial discharges. The hypothetical POTWi ncl uded the
four nobst common major unit operations identified in the database of
1,600 industrial POTWS: 1) aerated grit chanber, 2) prinmary clarifier,
3) nechanically aerated basin, and 4)chlorine contact chanber. The
average flowate of the 1,600 POTW was 0.5906 cubic neters per
second, so this was the flowate selected for the hypothetical POTW
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UNI DENTI FI ED OR M SCELLANEQUS SOURCES OF TRI CHLOROCETHYLENE AND
PERCHLORCETHYLENE

Trichl oroet hyl ene and PCE are used in m scel |l aneous chem cal
synt hesi s and sol vent applications. For exanple, TCE is used as a
reactant to produce pesticide internediates. An estimated 3,670 My of
TCE were consuned for this purpose by the pesticide industry in 1984.4
Trichl oroethyl ene may al so be used in the chem cal synthesis of flamne-
retardant chemicals; as a solvent in pharmaceutical manufacture; as a
solvent in waterless preparation, dying, and finishing operations in
the textile industry; and as a carrier solvent in fornulated consuner
products such as insecticides, fungicides, typewiter correction
fluids, paint renovers, and paint strippers. 58

The known m scel | aneous uses of PCE primarily include sol vent
applications. The pharmaceutical industry consuned about 7 My of PCE
solvent in 1985.7 In textile processing, PCE functions as a scouring
solvent, renoving oils fromfabrics after knitting and weavi ng
operations, and as a carrier solvent for fabric finishes and water
repell ents, and for sizing and desizing.® Perchloroethylene is mscible
wi th other conmon solvents and is an ingredient in blended sol vents.
Perchl oroethylene is used as a carrier solvent in many products such
as printing inks, cleaners, polishes, lubricants, and silicones.®® It
is also used as a recyclable dielectric fluid for power transformers,
heat transfer nedium and pesticide internediate.

No specific enmission factors were found for TCE and PCE em ssi ons
fromthese m scell aneous uses of TCE and PCE. National em ssions of
t hese compounds from pestici de and pharnaceuti cal nanufacture have
been reported to be negligible.*” It is assuned that all TCE and PCE
used in consumer products is eventually emtted to the atnosphere.

Both TCE and PCE nay al so be enitted during solid and hazar dous
waste treatnent, storage and disposal. Emni ssions of TCE and PCE have
been reported from hospital waste incineration, waste oil combustion,
sewage sludge incineration, and landfills.* The quantity of
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em ssi ons depends on waste type and di sposal techni ques. The reader
is encouraged to investigate specific sites to determ ne the potenti al
for TCE or PCE em ssions fromthese sources.
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SECTI ON 9
SOURCE TEST PROCEDURES

Trichl oroet hyl ene and perchl or oet hyl ene eni ssi ons can be neasured
usi ng EPA Reference Method 18, which was added in the Federal Reqgister
on Cctober 18, 1983.! This nethod applies to the anal ysis of

approxi mately 90 percent of the total gaseous organics emtted from
i ndustrial sources.?

In Method 18, a sanple of the exhaust gas to be anal yzed is drawn
into a Tedlarg or alum zed Myl ar® bag as shown in Figure 13. The bag
is placed inside a rigid | eak proof container and evacuated. The bag
is then connected by a Tefl on® sanpling line to a sanple probe
(stainless steel, Pyrex® glass, or Teflon® at the center of the
stack. Sanple is drawn into the bag by punping air out of the rigid
cont ai ner.

The sanple is then anal yzed by gas chronat ography (GC) coupl ed
with flame ionization detection (FID). Analysis should be conducted
wi thin seven days of sanple collection. The GC operator should sel ect
the colum and GC conditions that provide good resol ution and m ni mum
anal ysis time for the conpounds of interest. One reconmended col um
is 3.05 mby 3.2 nmstainless steel, filled with 20 percent SP-
2100/ 0.1 percent Carbowax 1500 on 1001120 Supel coportg.' Zero helium or
nitrogen shoul d be used as the carrier gas at a flow rate that
optim zes good resol ution

The peak areas corresponding to the retention times of
trichl oroethyl ene and perchl oroet hyl ene are nmeasured and conpared to
peak areas for a set of standard gas mixtures to determne the
trichl oroet hyl ene and perchl oroet hyl ene concentrations. The detection
range of this nethod is fromabout 1 ppmto the upper limt governed
by GC detector (FID) saturation or colum overl oadi ng; however, the
upper limt can be extended by diluting the stack gases with an inert
gas or by using smaller gas sanpling | oops.
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A-1.
(1) -

(2) -

APPENDI X A
DERI VATI ON OF EM SSI ON FACTORS

DERI VATI ON OF CFC-113 PRCDUCTI ON RATE AT ALLI ED CHEM CAL FACI LI TY

U S. sales of CFC-113 and CFC-11 = 125 x 10 6 I bs in 1983*
CFC-113 is estimated to account for 95 percent of the sal es?

DuPont supplies about 70 percent of the CFC solvtnt market, with
Allied Chem cal selling the remaining 30 percent

Allied Chem cal has only one facility that produces CFC- 113
Cal cul ate CFC-113 production in 1983 at the Alied Chem cal,

Bat on Rouge, Louisiana, plant as foll ows:

(125 x 10° Ibs) (0.95) (0.30) ( My ) = 16,000 My CFC- 113
2205 1 b

A- 2. EXAMPLE CALCULATI ON: RELATI VE SOLVENT USACGE AND EM SSI ON FACTORS
FOR CONTROLLED VS. UNCONTROLLED CLEANERS

. The controll ed and uncontroll ed em ssion factors are rel ated as

fol |l ows:
eo =l - N (Equation 1)
(1 - eun
wher e,
€c controlled em ssion factor (kg emtted per kg fresh sol vent

f eed)

uncontroll ed em ssion factor (kg emtted per kg fresh sol vent
f eed)

efficiency of control device



. The rel ative anount of fresh solvent used by a controlled cl eaner
relative to the anbunt used by an uncontrolled cl eaner is:

r = %__;__Eﬂ = relative solvent factor (Equation 2)
- €c
Exanpl e Case: Open Top Vapor Degreaser (OTVD)

. Consider a situation where a cleaning job requires |I kg/hr of fresh
solvent in the uncontrolled situation. The uncontrolled em ssion

factor (wth recycle) for OIVD using PCE is 0.93 kg emtted per kg
fresh sol vent used.

Emissions .93 kg hr solvent

T

Degreaser

¥

Fresh Solwvant
1.0 kg/hy

Unrecaverable waste 0.07 kg/hr solvent

. Now assune controls are applied (refrigerated freeboard chiller) at
a control efficiency of 40 percent. Enissions are reduced by 40
percent but the amount of unrecoverable waste sol vent does not

change.
Em ssions 0.93 x (1 - .40) 0.56 kg/ hr sol vent
Emissions 0.93 x {1 - .4Q) = D.56 kg/hr =olvent
Fresh Solvent - » | Degreasar
? kg/hr

Unrecaverahle waste 0,07 kg/hr aolvent

New sol vent usage = 0.56 + 0.07 = 0.63 kg/hr

New eni ssion factor (e ¢ ), fresh solvent basis = 0.56/0.63 = 0.89 kg/ kg
Rel ati ve sol vent usage, controlled vs. uncontrolled (r) = 0.63/1.0 =
0.63



Check Equations | and 2:
0.93 (1 - .40)

€c = = 0.89 kg/ kg, which checks with the exanple
(I - 0.93 x 0.40) cal cul ation
1- 0.93
r = ——— = 0.63, which checks with the exanpl e cal cul ation
1 - 0.89
A- 3. DERI VATI ON OF EQUI PMENT LEAK EM SSI ON FACTORS AS A FUNCTI ON OF

PRODUCTI ON CAPACI TY FOR SELECTED PRODUCTI ON PROCESSES

The fugitive em ssion rate is generally independent of plant
capacity. Therefore, Sections 4, 5, and 6 of this docunment present
equi pnent | eak em ssions as a function of tinme (My/yr) rather than
capacity (kg/Mj). |In sone cases, however, the reader may find it
necessary to use equi prent | eak em ssion factors expressed as a function
of capacity. These can be cal cul ated based on the estimated annual
em ssion rate and the estimated total production capacity. Table A1
presents TCE and PCE emission factors (in kg/My) for TCE, PCE, and CFC
113 production processes. A sanple calculation is shown bel ow for TCE
production by ethylene dichloride chlorination:

Esti mated TCE production capacity at one plant in 1983: 54,000 My/yr*

Esti mat ed TCE equi pnent | eak enissions fsomplant in 1983 (contro
status is considered confidential) = 24.1 My/yr?3

Cal cul ate equi prent | eak emi ssion factor as follows:

(24.1My/yr) (1000 ka/My)= 0.45 kg TCE em tted/ My TCE production capacity
(54,000 My/yr)




TABLE A-1. TRl CHLORCETHYLENE AND PERCHLORCETHYLENE EM SSI ON FACTORS FOR EQUI PMENT LEAKS FROM SELECTED PRODUCTI ON PROCESSES*

Trichl oroet hyl ene Per chl or oet hyl ene
Em ssion Factor Em ssion Factor

Producti on Process Control Techni que (kg/ My) Control Techni que (kg/ My)
TCE Production

Et hyl ene Dichl orLde Chlorination * 0. 45° None 0.10°
TCE and PCE Production

Et hyl ene Di chl ori de Oxychl ori nation None 0.18°¢ None 0.13¢
PCE Producti on

Et hyl ene Di chl oride Chlorination --- None --- 1. 7¢

Hydr ocar bon Chl orinol ysi s --- --- Uncertai n? 0. 8%9
Chl or of | uor ocarbon 113 Production --- --- None 0. 49"

Mont hly LDAR on val ves and punp seal s;
vent conpressor degassing reservoir to
conbustion device; rupture discs on
relief devices; closed-purge sanpling;
cap openended |ines

2Ref erences 1-5.

ki | ogram of trichl oroethylene or perchloroethylene enitted per megagram of trichloroethyl ene production capacity. Based on data from one plant only.

°Ki | ogram of trichloroethylene enmtted per negagram of TCE and PCE producti on capacity. Based on data from one plant only.

dKi | ogram of perchl oroot hyl ene enitted per megagram of TCE and PCE production capacity. Based on data fromone plant only.

®Ki | ogranms of PCE enmitted per negagram of PCE production capacity.

fRepresents average of emnission factors calculated for two facilities.

CEni ssion factor represents average of emission factors calculated for five facilities. At three facilities, no fugitive enission controls were used.
The other two facilities considered fugitive em ssion control Information to be confidenti al

"Ki | ogram of PCE per megagram of CFG 113 produced. Based on data fromone plant only.

*The conpany considered this to be confidential information.
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