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SECTICN 1

PURPOSZI OF DOCUMENT

EPA, States and local air pollurion contiol agemcies are becoming
increasingly aware of the presence of substances in the agbiest air that
may be toxic at certain corcentrations. This awareness, in turn, has
led co attempts to identify source/receptor relationships for these
substances acd to develcp control programs to regulate emissicus.
Unfortunately, very litcle {nformation is available on che ambiernt air
cozcentrations ¢f these substances or on the sources that cay Gce
<ischarging them to the atmospnere,

To assist groups interested irn jnventoryiag air esissions of
various potentially toxic substances, EPA is preparing a series of
documents such as this that compiles available information ou sources
acd exissiocs of these subscances. This docucent specifically deals
with vioy lidene c¢hloride. 1Its intesded audience includes Federal, Stcte
and local air pollution personnel and others who are interested in
locating potential enitters of vinylidene chlcride and making
preliminary estizates of air emissions therefronm.

Because of the limited amounts ¢Z data available on vinylidene
chloride emissions, and since the configuration of many sources will not
be the same as those described herein, this dccument is bYest used as a
primer to inform air pollution persomcel about 1) the types of sources
that may emit vioylidene chloride, 2) process variations and release
points that may be expected within these sources, and 3) available
ezissions information indicatiag the potential for vinylidene chloride
to be released into the air from each uperation.

The reader is stromgly cautioned against using the emissions
information contained in this cocument o try to develop .in exact
assessment of emissions from amy particular facility. Siace

insufficient data are available to develop statistical estimates of the
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accuracy of these emission factors, no estimate can be made of the error
that could result vhen these factors are used to calculate emissions
from any given facility. It is possible, in some extreme cascs, that
orders-of-magnitude differences could result between actual and
caiculated emissions, depecding oo differences in source configurations,
control equipment and operating practices. Thus, in situations whore an
accurate assesscent of vinylidene chloride emissions is necessary,
source-specific information should be obtained to confirm the existence
of particular emitting operations, the tvpes and effectiveness of
control measures, and the .mpact of operating practices. A scurce test
and/or material balance shculd be considered as the best mears to

determine air emissions directly from an operation.




SECTION 2

CVERVIEW OF DOCUMENT CONTENTS

As aoted in Sectionm 1, the purpose of this document is to assist
Federal, State and local air pollution control agencies and others who
sre interested in locating potential air emitters of vinylidene chlcride
and caking prelimipnary estimates of air emissions therefrom. Because of
the limited background data available, the icformation summarized in
this document does not and should not be assumed to Tepresent the source
configuration cr emissions associated with any particular facility.

This section provides an overview of the conterts of this document.
It briefly outlioes the nature, extent and format of the material
presected in the remaicing sectious of tkis report.

Section 3 provides a brief suxmary of the physical and chemical
characteristics of vinylidene chloride, its commonly occurring forss and
an overview of its production and uses. A chemical use tree suxmarizes
the quantities of vinylidene chloride consuned in various end use cate-
gories in the United States, This background section may be useful to
someone who needs to develop a general perspective on the nature of the
substance and vhere it is manufactured and coosumed.

Section & focuses on major industrial source categories that say
emit vipylidene chloride to the air. This section discusses the pro-
duction of vinylidene chloride, its use as an industrial feedstock, ind
processes which produce viaylidene chleride as a byproduc:. For esch
major industrial source category described in Section 4, example process
descriptions and flow diagrams are given, potential emission peints are
identified, and available emission factor estimates are presented that
show the potential for vinylidene chloride emissions before and after
contvols employed by industry. Using trade publications and other
sources, individual companies are identified that are reported to be

iovolved with either the production or use of vinylidene chloride.
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The fizal sectionm of this document summarizes available prucedures

for source sampling and analysis of vioylidene chloride. Details are
not prescribed nor is any EPA endorsement given or implied to amy cf
these sanpling and analysis procedures. Ac tkis time, EPA gererally has
not evaluated these methods. Cozsequently, this document zerely
provides an overview of applicable source sampling procedures, citing
references for those interested in conducting source tests. \
This »cument does not cootain apy discussion of health or other
environme 41 effects of vinylidene chloride, nor does it imclude any
discussion of ambient air levels or ambient air conmitorisg techniques.
Comments on the contents or usefulress of this docuzent aze

velcomed, as is ary information on process descriptions, opcratink

L]

practices, control zeasures and ezissiocs information tha: would srab
IPA to improve its corntents. All comcents should be sent to:

Chief, Source Analysis Section (MD-14)
Air Management Technology Branch

U.5. Environmental Protectios Agency
Research Triangle Park, N.C, 27711
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SECTION 3

BACKCROUND

NATURE OF POLLUTANT

Vinylidene chioride (VDC) is a clear liquid with low viscosity at
TOOC temperature, It has 2 sueel odor similar to other chlorinated
hydrocarbons, which can be detected at concentrazions of about 500
ppuﬁ The chexzical nacze for vinylidere chloride is 1,1-
dichloroetkylene; it is also refered to technically as vimylidene

dichloride. The structure of VDC is illustrated below:

Vinylidene chloride is praczically insoluble in water, but is soluble in
Zost other polar and nonpolar solvents. It is very soluble in
ehleroform and ether, «nd is soluble in benzene, acetone, and ethanol.
Chemical and physical properties of VDC are sumzarized in Table 1.1,2

In the presence of air or oxygen, vinylidene chloride can form &
peroxiae coupound that is violently explosive. The peroxide also
icitistes pulywerization of the bulk VDC. Coummercial grades of VDC
typically contain about 200 ppm of hydroquinone monowethyl ether (MEHQ)
ighibitor, which prevents the formation of peroxide and spomtaneous
polymerization, Other impurities in commercial grade vinylidene
¢hloride include trans-l,2~dichloroechylene (900 ppa), viryl chloride
(850 ppm), 1,l,1-trichloroethane (150 ppm), cis=1,2=dichlorocthylene (10
ppm), l,1~dickloroethane (<10 ppm), ethyleme chloride (<10 ppm), snd
trichloroecthylene (<10 ppu).l'2

Vinylidene chloride liquid is very volatile, with a vapor pressure
of 660 wm Hg at room tempersture. Its vapor burmns readily when ignited.
The flash poiot of the liquid is about -15°C, the lower explosive limit

of the vapor io air is 7 percent, and the upper explosive limit is 16
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TABLE 1. P ./3ICAL AND CHEMICAL PROPERTIES OF VINYLIDENE CHLORIDE?

Synonyms: VDC, 1,l,~dichloroethylene, 1,l-dickloroethere, vinylidene

dichloride

Cheoizal forzula
CAS registry nucber
Molecular weight, g/mole
Density (20°C liquid), g/ca
Bciling peint, *C
Melting peinc, °C
Flash poiztz, °C

open cup

closed cup
Autoignitien tecperature in air, °C
Flacmable lizits in air, voluce percent
[aten: heats, kJ/mola

vaporization (at boiling goint}

fusion (at freezing point
Heat of combustion (25°C liquid), kJ/mole
Heat of polymerization (25°C), kJ/mole
Heat cf feormativa, kJ/mole

liquid

vapor
Heat capacity, J/mole-K

liquid

vapor (25°C)
Critical properties

Temperature, °C

Pressure, §Pa

Volume, cm-/mole
Vapor pressure, kPa

0°C

10°C

20°C
30°C

L

Water solubilicties at 20°C, g/100g
Vinylicene zhloride in vater
Water in vinylidene chloride

Uielectric constant (16°C liquid)

Viscosity (20°C), centipoise

C1C = CEg

75=35=4
96.9
1.2137
31.56

-122.56

~-16

-8

5132

5.6-16.0
26,48
6.51

1095.9

-75.3

280.8
5.2
218

28.92
44.54

66.34
95.91

0.25
0.035
4.67
0.33

3YDC scabilized by MEWQ.
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percent. The decomposition products of VDC exposed to oXygen include
formaldebyde, phosgene, and hydrogen chloride.lr?

The residence time of vinylidene chloride io the atmosphere is
about 23 hours, where residence time is defined as the time required for
the concentration to decay to l/e (37%) of its original value. The
@a jor mechanisw fcr destruction of VDC in the atmosphere is reaction
wvith hydroxyl radicals. The principal reaction products ar: formic
acid, carbon monoxide, chloroacetyl chloride, hydroges chloride,
phosgene, and for-.:aldehyde.3'A

Vinylidene chloride can also be polymerized to produce
polyvinylidene chloride (PVDC) polymer chains made up of monomer units
joired head to rail:

g c1a cie o
A
H C1E Cl 8 CI
Viaylidene chloride can &lso be polyuerized with other monomers to

produce polyvizylidene chloride copolymers.
OVERVIEW OF PRODUCTION AND USES

Viny lidene chloride was firsc used in the late 1930's by Dow
Chemical Company. VDC is produced commercially by the dehydrochlorina-
tiom of 1,1,2-trichloroethane with lime or caustic.d It may also be
recovered as a byproduct of chlorination and oxychlorination reacticns
to produce other con:poundl.6 Today, production of VDC in the United

2 Exact production

States exceeds 90,700 megagrams (Mg) per year.
figures are not available because the producers of VDC consider these to
be proprietary.

Figure 1 gives a chemical use tree surmarizing the production and
use of VDC.2'315"7 e main use of VDC is in the production of VDC
copolymers. About 68,000 Mg of VYDC are consumed annually in the pro-~

2 In the United States, the generic

duction of polymers containing VDC,
term “Saran” is used to refer to high VDC-content polymers. Saran
formerly vas a trademark of the Dow Chemical Compaoy and is still a Dow
trademark in other countries. PVDC homopolymer (Saran &) is difficulte

to fabricate and for this reason is not used. However, copolymers of
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viny lidene ehloride with vioyl chloride (Saram B), alkyl acrylates
(Saran C), and acrylonitrile (Saran F) are widely used. Polymers con-
taiping VDC are resistant to photodegradation and chemical attack, and
because of their high demsity and crystallinity, they are impermeable to
3 vide range of gases. The low permeability of VDC copolymers to water
and oxygen is the main reasor for the commercial izportance of
vinylideze chloride,%:8

In addition to the production of Saran polymers, VDC is also used as
a chezmical intermeciate in the production of chloroacetyl chloride.’
Chloroacetyl chloride is a chemical intermediate in the production of
pharmacectical products and tear gas.7 Formerly, a major use of VDC
(about 60,000 Mg/yr) was as an igtermediata in the production of I,1,1-
trichlorocethane. Hcwever, the VuC~based prccess for 1,1,1-
trichloroethane was only used at ome plant, and was replaced in the .ate

1970's by & vipyl chloride based process.lo
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VINYLIDERE CALORIDE EMISSION SQURCES

This section discusses vinylidene chlcoride emissions iren
prozesses where the chemical is predused, processes where it is used as
a chemical iacerzediate, and processes where it is produced as a
bvproduct. Process and emissions data are presected for each source
category.

The foilowizg industrial processes have been identified as

potential sources of VDC emissions:

o vianylidene chloride production,
. perchloroethylene and trichloroethylene production,
° 1,1,1=¢crichloroethane productios,

) YDC pelymerization,

. use of VDC in specialty chemical production,

] VDC copolymer fabrication, and

. volatilization from waste treatment, storage, and disposal,
VDC is a byproduct of perchloroethylene aad trichloroethylene production

and of 1,1,l~trichloroechane production from ethane.
7INYLIDENE CHLORIDE PRCDGCTION

Vinylidene chloride is produced domesticaliy by the
dehydrochlorination of 1,1,2-trichloroethane with sodium hydroxide.z'll
Three plants in the U.S, produce VDC; each of these produces a number
of other chlorinated hydrocarbons by a variety of prccas;e:.lo The raw
material 1,1,2~trichloroethane is produced as coproduct ip the
chlorication and oxychlorination of ethane, ethylene, and ethylene

dichloride (1,2,-dichloroethane) to produce chlorinated c, species.lz

At the plants using the l,1,2-cricaloroethane dehydrochlorination

o1, 063638
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process, additiomal YDC may also be recovited as a byproduct of various
chlorination and oxychlorination pro:esles.lz These processas ar

discusded in later sections.

Procegs Description

Tre reaction for the dehydrochlorimation of 1,1,2-

trichlorocetbate to produce VDC is as follows:

H C1 ¥ C1
Cl~ :C - C:- .| + NaOH —————m :L = C: + NaCl  + EH,0
H c1 H Cl
1,1,2-crt sodium voe
chlorcethane hydroxide

The reaction is carried out with 2 to 10 percent excess caustic and
product yields ranging from 85 to 90 perccnt.ll Bssic operstions that
=3y be used in the production of VDC from },1,2-trichloroethare are
chown in Figure 2. Concentrated sodium hycroxide (Stream 1) is diluted
vith water (Streaw 2) to atout § to 10 veight percent and is mixed with
the 1,1,2-trichloroethane feed (Stream 3) and fed (Stream 4) to the
dehydrochlorination reactor. The reaction is csrried out in the liquid
phase at about 100°C v chout catalyst. Because the aqueous and orgsnic
reactants are not miscible, the rea:gion is carried out im a liquid
dispersion. The dehydrochlorination reactor is continuously purged with
nitrogen (Stream 5) to prevent the accumulation of monochloroacetylene
impurity in the product VDC., The citrogen is discharged from Vent Al

The VDC~-containing product from the dehydrochloripation reuc:oi
(Stresm 6) is sepevated in a decacter into an aqueocus phase (Stream 7)
and an organic phase (Stresm 8). The aqueous phase, cowprising a sodium
bydivoxide/sodium chloride sclution, is divided. Que fractionm
(Stream 9) is recycled (Stream 4) to the hydrochlorination reactor, sud
the other fraction (Stresm 10) is steam stripped to remove organics
and discharged to a wastewater treatment system (Discharge F) 1!

The organics from the aqueous phase (Stream 1]) are combined with
the organic phase from the decanter (Stream 8). The combined organics
(Stream 12) are fed to & drying column, where residual water is removed

as a bottoms stream (Stream 13). The water removed from the drying
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column is fed to the steam stripper with the aqueous stream from the
y. 4l

product decanter (Stream 0

The organic stream from the drying column (Stream 14) is fed to a
distillation column, which removes ucreacted 1l,1,2-trichloroethane as
overheads (Stream 13). The unreacted trichloroethane is recycled to the
dehydrochlorination reactor. Purified VDC product, removed as bottcms
from the finishing column (Scream l6), is used onsire or stored in

pressurized taunks before being shipped to users.ll

Enissions

Uncoatrolled VDC emission facters for VDC production are given in
Table 2. The table also lists potentially appiicable control techniques
and associated controlled emission factors. The emission factors were
developed based on publiched data for individual plants and for general
processing techniques. Because of variationm in process design, age of
t¢quipment, ard other process paraneters, actual emissions vary for each

plant,
Process Vent Ex’ssions~-

Process vents which are sources of VDC emissions include the
reactor nitrogen purge vent {Vent A, Figure 2) and the distillation
column vents (Vents B, Figure 1), Uncontrolled VDC emission factors are
estimated at 6.2 kilograms VDC per megagram VDC produced (kg/Mg) for the
reactor vent, ard 0.7 kg/Mg for the distillation vents.13

Exissions from the reactor vent can be controlled by incineration
with an efficienmcy of about 98 perceat or higher.14'15’39 The major
products of VDC inciceration are €O, and BCl. Howvever, under poor
incinerator operating conditioss, other products may be formed, in-
¢luding formic acid, carbon monoxide, chleoroacetyl chloride, phosgene,
and formaldehyde, Incineration destruction efficiency varies with emis=-
sion stream properties and incinerator operating parameters. The 98
percent efficiency level is 3 conservative estimate of the control that
may be expected at a temperature of at least 870°C anc a residence time
of at leas: 0.75 seconds.l$39 The emission reduction nay be greater

than 98 percent for iacimeratiom of VDC with these operating parameters,

SL

063641




91

TABLE 2. ESTIMATED CONTROLLED AND UNCONTROLLED VINYLIDENE CILORIDE EMISSION FACTORS
EP. A HYPOTHETICAL VINYLIDFENE CHLORIDE PRODUCTION FACILITY?

Bacontsolled Potentisldy Contrvolled
Source ¥DC emission appliceble Percant YUC emlosion
Euisslon source designstion? factor® conlrols reduct lon tactos
Reactor wemt A 6.2 hging fuclinerstor L1 9 .12 nging
nad " 0.061-0.0%0 kg/Mg
Distiilstion vents | ] 0.7 hglMyg Agqueoue srvubber *0 0.010 g
Relrigerated condemeer L] 0.070 hging
" n 0.18-0.38 kglvyg
Btocsge and haadiing® ] [ I} Peessuriized tank wh
Refcigeratled condenser s nA
A ¥A 0.056 hgfNg
Fupitive pracessd [ | 0.% hg/he@  Quacterly I/N% . 0.76 hgl/hs
Monthiy 1/ 19 0.10 hgthr

Honthly 1/H; deunle
seals on pumps; and
ruplure dishs oun
saliel valvas e 0.12 wg/hr

Spay glvea vinylldens chlerids plant may vary in configuratios snd level of contrsl from this hynotlerical faciliny.
The tesdar o escouraged ta cantact plaat personnel to confirm the exletenre of emililng operntions and contrul
techuology st s particuler fscility prier te eatimating emlasions thercliom.

SLetters vefer to vents designated in Flgurs 1.

€taiseion factores im terms of hy/Mg veler ts hilogram of vinylidene chlorida emitted per megagram of vinglidene
chlovide produced. 1la cssed where » particular sourca decignation spplies to sultiple operations, these (sctors
reprasest combined eminslons ler all, not esch, of thase operatinue within the byputhetlcal Cacitiny,

duot svellable. )
®nandling relere te losding of becgas, truchs, rallesre, eote.

foerivetions of emisalon rotes sad potentisl enission veducilons ere given in the Appendin. Fugitive calssion rate
is imdependent of plant copacity.

SThis rete represents s relatively uncontsol led Faci ity vhere ne significant Jesh detectivn and vepaic pragrams are
ia ploce te Limit fugltive emissions.

Pi/N referes to Inspection snd maintensnre. Industry reporis that wore sisingent 1/M progeams are praciiced tham are
rel lecied im the reductions im this teble. (See text for discuasion.) thrse mure stringent messuscs resulbt in
fugitive emisaion control efficiencice sn high ss 90 te 95 percent.®®:
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and would also increase at higher temperatures and longer residence
times.dd A 98 percent reduction of reactoy venr emissions corresponds
to a controlled VDC factor of about 0.12 kg/ Mg VDC produced. Con-
trolled reactor vent emissions reported for specific plants range frow
0.063 kg/Mg to 0.090 kg/Mg.i®

VDC e=issions from the distillation column vents can be controlied
either by aqueous scrubbing or by refrigerated vent condensers with an
efficiency of about 90 perce::.14'17 The distillarico column vents can
2lsc be corbined vith reactor emissions and controlled by incineration
with a 98 percent or greater c¢onctrol efficiency.39 The ¢ontrol
efficiency attainatle usiag these techniques is dependent om operating
parameters and emission stream characteristics. A 90 percen: reductios
of distillation column vent emissions corresponds to a comtrolled smis-
sicn factor of abour 0.07 kg/Mg VDC produced. Coontrolled VDC emissious
reported.for distillation vents at specific plants range froom 0.18 kg/Mg
to 0.38 kg/Mg.l®

Storage snd Handliog Emissions--—

Vinylidene chloride emissions result from the storage of VD¢
product and intermediates containiog VDC (Source D, Figure Z).
VDC emissions also occur where YDC product is loaded to tank cars of
trucks. Insufficient data vere available to estimate umcootrolled
¢emissions of VDC from srorage snd handling., Controlled storage and
handling emissions of VDC reported for two specific facilities were
about 0.036 kg/Mg VDC produced.16 The types of controls used to attain
this emission rate are not koown. Controls typically used to reduce
storage and handling emissions include pressurized storage tanks and .

tefrigerated vapor condensers.
Process Fugitive Emissicns~—-

Fugitive emissions of VDC, 1,],2~¢richlorcethane, and o*her
volatile orgsnic compounds result from leaks in process valves, pumps,
compressors, and pressure relief valves (Source D, Figure 2). Fugitive
ezissious from a typical VDC plant vere estinsted based on process flow

diagrams, process operation data, ard emission factors developed by EPA

SL 063643




"-..-.g=p'-lFIIHIHHIUIIUHH-FIIF.HHQ‘
e S :

for typical jprocess emission sources. The techniques used to estircate
the oumbers of various fugitive emission scurces and the total fugitive
emission rate are described in detail in the Appeandix.

The estimated uncontrolled fugitive erission rate for VDC
producticn from 1,1,2-trichlorcethane is about 0.96 kg ¥DC/hr. Fugitive
enission rates differ frem plant to plant depending on the rumber of
valves, pumps, flanges, etc., the age of the equipment, and the level of
emission control used. Chemical process streass in the production of
chlorinated hydrocarbons such as VDC gemerally contain chlerine and HCI,

as well as hydrocarbons. These compounds are extremely corrosive and

irritating when expcsed to the moisture in ambient air. Thus, i: is
general practice to control such fugitive exissions in order to prevent
corrbsion of ocutside equipment and gereratios ¢f urpleasant odors.18
Table 2 gives contrcl efficiencies for preventative maintenacce
prograzs, the use of double mecharical seals of purps, and the vae of
rupture disks with reljief valves. Other controls wkich may be used
include the use of welded pipe in place of flanges, special construction
materials for piping and valves, enclosure of pumps, and jutensive
preventative maintenance during plant shutdown. In additicw, inspection
and maintenance programs practiced at some plants may be much more
intensive than those shown on Table 2, such that most leaks are repsired
withi-. a3 lictle as | éay. With these additional comtrols, industry
reports fugitive emission cantrol efficiencies as high as 90 to 95

pe:cenc.ls'lg

Secondary Emissious--

Secondary emissions result frow the handling and disposcl of
process vaste streams. In VDC production from 1,l,2-trichlorcethane,
vastevater from the VDC production reaciion (Source F, Figure 2) is a
potential source of secondary VDC emissions. Specific dats vere not
available to estimate emissions from the tresatment and aisposal of this
strean. Figure 2 shows that a vastevater stripper typically is
incorporated as part of the VDC production process to reduce

VDC wissions and for product tecovery.ll Emissions from treatment of

16 gL 063644




contamizated wastewater are discussed ir further detail in the sectics
ectirled VOLATILIZATION FROM WASTE TREATMENT, STORAGE, AND DISPOSAL

Source Llocations

Major vinylidene chloride producers aad production locatioss are

. bl
listed in Table 3.20
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TABLE 3. PRODUCERS OF VINYLIDENET CHLORIDEZ0

B e e —

Manufacturer Location

Dov Chemical U.S.A. Freeport, TX

Plaquecine, 4

PPG Ipdustries, Ipec,
Chezicals Group

Chemical Divisioen Lake Charles, L4
Note: This listing is subject to change as market conditiosns change,

facility ownership changes, plants are closed, etc. The reader
should verify the exiscance of particular facilities by comsult-
ing eurrent listings apd/or the plants thewselves. The level of
VDC emissions from any given facility is a functicn of variables
such as capacity, throughput and control aeasures, and should be
determined through direct contacts with planc perscozes.
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PERCBLCROETHTLENE AND "RICHLOROZTJYLENE PRODUCTICH

Perchloroethy lene (PCE) and trichloroethylene (TCE) are producec

separately or 1s coproducts by either chlorination or oxycolerinatisn of

ethylene dichloride (EDC) or other Cy chlorinated hydrocarbons. A

-
ba

wzter af byproducts are produced im each of :these zesctions, lpsl.ding
viaylidene chloride (VDC),

These byproducts =3y be isolated and
refized, recycled to the process,

or dischaged in various waste streacs.

For iastazce, in a2 case where VDG

is produced from 1,i,2-tri.tloroethare

at a facility which also produces TCE and PCE, the VIC bvproduct may be

recovered aad purified by distillation in the VDC finishi=g section of

the L,l,2-trichicroechane prccesa.lz Raw material ratios and reasctor

cozditiozs determine the relative prozortions of PCE, TCE, znéd any
byproducts produced.

Prz: gorixsicns

Ethylene Dichloride Chiorination Process~-

The overall reactions for the chlorination of EDC to produce TCE
acd PCE, are &3 follows:

ci 1 ¢l c1
/ \ 4
HeC-C-H + 3C1,-heat
! \ 2

———ge 0w

/
1 H
ECC

+ 4HCl + Dbyproducts

Cl Cl

\ / A ]
BE-=C~C-H o zc12l’-&!£—*F-c\ o 3ECL o+
’ ]
i B

cl H
EDC TCE

byproducts

VDC is among the byproducts produced in these reactions. Basic

operaticos thsat may be used in the EDC chlorinaticn process are shown in
Figure 3.21

Fthylene cichloride (St:ream |) and chlorine (Stream 2) are
vaporized and fed t2 the reactor.

Other chlorinated €, hydrocarbons or
recycled chlorinated hydrocarbon byproducts may also be fed to the
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Teactor. In the reactor, a ¢hlorizmation reacticn is carried our at 4C0°
to 430°C, slightly above atmospheric prassure. The reaction produces
the desired products TCE ‘and PCE, as well as byproducts, including
vinylidene chloride and hydrogen chloride, Hydrogen chloride byproduct

(Streaz 3) is removed as an overhead s:ream frem the chloripated
Qydrocarbon mixture (Streaz 4) produced im the teactor. The chlorinated
hydrocarbon mixture (Stream 4) is neutralized vith sodium hydrox:de
solution (Stream 5) and dried.?!

The dried c¢rude product (Stream 7) is separated by a distillation
colume into crude TCE (Stream 8) and crude PCE (Stream 9). The crude
TCE (Streaz 8) is fed to two colunns in series which rezove light ends
(Streax 10) acd heavy ends (Stream 13), TCE (Stream 12) is taken
overhead Irom the heivy ends column acd sent to ICE storage; the heavy
exnds (Stream 13) and the 1light ends (Stream 10) are cembined, stored,
and recytled-21

The crude (Stream 9) from the PCE/TCE separation column is secmt to
the PCE column, where PCE (Stream l4) is removed as an overhead stream
to PCE storage. Bo:itoms from this column (Stream 15) sre sent tb a
beavy ends column and separated into heavy ends and tars, Heavy ends

(Stream 16) are stored and recycled, and tars sre incineraced.2!
Etbylene Dichloride Oxychlorination Process—-~

The overall reactions for the production éf pexchloroethylene and

trichloroethylene by EDC oxychlorination are as fcllows:

Cl Ci Cl Cl
\ 1 CuClz \ !
H-C=-C-H + (Cl ¢+ 0y ——>tw C=xC + 2B,0 + byproducts
/ \ 2 2 / \ 2
H H €1 C1
Cl Fl cuct Cl\ ¢l
\ u i
BH-C-C-H+1/2Cl, + 1/40, —ARsw C=C +3/28,0+ byproducts
7
-4 B Cl H

Tae crude product contains 85 to 90 weight percemt PCE plus TICE,
and 10 to 15 weight percent byproduct organics, imcluding VDC. Essen-

tially all byproduct organics are recovered during purification and are

SL 063649




recycled to the reactor. The process is very flexible, so that the
reaction can be directed towvard the production of either PCE or ICE in
varying proportions. Side reactions produce carbon dioxide, hydrogen
chloride, and several chlorinated hydrocarboms. Figure 4 shows basic
opera:ions that may be used ic oxychlorination.lo

Ethy lene dichloride (Stream 1), chlorine or nydrogen chloride
(Streaw 2), and oxygen (Stream 3) are fed in the gas phase to a fluid
bed reactor. The reactor contains & vertical bundle of tubes with
boiling ligquid outside the tubes wvhich maintains rthe reaction tempera-~
ture at abour 425°C. The reactor is operated at a pressure slightly
above atzospheric, and the catalyst, which contains copper chloride, is
continuously added to the tube bundle with the crude prcduc:.21

The reactor product stream (Stream 4) contains the desired producg,
TCE and PCE, as vell as byprcducts including VDC, This streac is fed
serially .o a water cooled condenser, a refrigerated cosdernser, and a
decante~. The gnoncondensed inert gases (Stream 5), comsisting of carb n
diczide, hydrogen chleride, pitrogen, and a small amount of uncondensed
chlorinated hydrocarbons, are fed to an absorber, vhare hydrog;n
chloride is recovered by absorprion in process wvater to make byvproduct
hydrochloric acid (Stream 6). The remaining inert gases are purged
(venr A)., 21

In the decanter, the crude product (Stream 7) is separated from the
aqueous phase and catalyst fines (Stream 8) and sent to the drying
column for removal of dissolved water by azeotropic distillation. The
dried «zv. product (Stream 10) is separated into crude ICE (Stream l1)
and crude /CE (Stream 12) in a PCE/TCE column. The aqueous phase from
the decanter (Stream 8) apd the water from the drying colvam (Stream 9)
are sent to vaste treatment.Zl

The crude TCE (Streaw 11) is semt to the TCE column, vhére lighe
eads (Stream !3) are removed to be stored and recycled. The bottoums
(Stream 14), containing mainly ICE, are neutralized with ammonia and
then dried to produce finished TCE (Stream 15) which is seat to the TCE
s:orage.21

The crude PCE (Stream 12) frow the PCE/TCE separaticn column is fed

to a heavy ends removal column where PCE and light ends (Stream 16) go

22 SL 063650
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overhead to a PCE finishing column, and the heavy ends {Stiesm 17)
remaining as the bottoms are sent to the organic recycle system. Here,
the organics that can be recycled (Streaw 18) are separated from tars
and sent to the recycle organic storage. The tars are incinerated. The
PCE and light ends (Stream 16) from the heavy ends column are fed to a
light ends removal columan. Light ends (Stream 20) are removed cverhead
and are stored and recycled. The PCE bottoms (Stream 2l) are
geutralized with ammoria anod then dried to obtain finished PCE

(Stream 22) which is sent to PCE ltorage.21

Exisgions
Process Vent Enissions--

Table 4 Zives enissiocs data for process vents in PCE and TICE
production processes which mav contain VDC, The table iists:
uncontrol led VDC emission factors, pocentially applicable control
techniques, and associated coutrolled VDC emission factors.2? These
emissions data vere developed based on published iaformation for general
operations used in the production of PCE and TCE. Variations it process
design, feed materials, and reaction conditions have & substantial
effect on amounts of VDC and other byproducts prod::ed by PCE and TCE

production processes. As a resulc, VDC emissions vary for each plant,

Chlorination process~ Vents containing YDC in the EDC chlorination
process include the peutralization and drying vent (Vent A, Figure 3),
and distillation column vents (Vents B, Figure 3). Uncontrolled VDC
emission factors are estimated at 2.5 kilog.ams per megagram PCE and
TCE produced (kg/Mg), for the neutralization and drying vent, and 0.106
kg/Mg PCE and TCE, for the distillation vest.??

Emissions from both of these sources can be zomtrolled by
refrigerated vapor :ondensers with an efficiency of about 80 percen:.lk
The control efficiency attainable using refrigeration ir 'ependect on

enission stream characteristics and conderser operating Lemperatures.

Qxychlorinstion procegs - Vent streams countaining VOUC in the EDC

oxychlorisation process include the reactor vent (Vent A, Figure 4), the

drying column vent (Vent B, Figure 4) and the distillation column vents

24
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TABLE 4.  ESTIMATED CONTROLLED AND UNUCONTROLLED VINYLTDENE CHLORTDE EMISS{ON FACTORS FOR
HYPOTHET 1CAL PERCHLOROETHYLENE/ TR LCLOROEHINLENE PRODUCTION PROCESSES™

Uncontrolled totentialiy Contruiled
Source YU cmivsion applicable Percent VU cmjssion
Estssion source desigostion factor (hging)c conteule reduct tun tasctor {(kging)
thlesinagion
Neutrs)ization and dryiag went A 2.5 felrigeraled condenser 1)) vy
Distiilation vemts [} 0.106 Rufvigerated condenucs [.D)] V.02l
Uxychiogination
o Reactor vent & 3.8 Thermsl oxidation 98 .02
v Diying column vent 1 0.4 Micrswal oxidalivm Yo+ BRI
Dastillation vemts c 0.098 Aquevus scrubbing Yo G.020

SAny given perchilorvethylenefirichlorcethylans plant may vary in ronfiguration aud bevel ol contivl tiom these
hypothetical facilities. The vesder is encouraged to contact plact prisnunel to confsim the enistence of cmitiing
operatiuns snd control technology st & particuler lecillily prior 1o estimatiug emiesivns Lheratvom

bietters refer to vents designsted in Figure ) for chlorinstion aud Figure & for vaychlorination.
CEmissson factors in terws of kgf/Mg refer 1o kilogrem of vinylidene chloiide emitied per mcgagram ol perchinrorilylene

aod trichloroethylene produced. In casece where s particular sunrce designat ion applies Lo multiple operalions, theae
factors represent combined emissions tor all, pot each, of Lhese operativne williin the byputhetival laciliny.
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(Vent C, Figure 4). Uncontrolled VDC amission factors have been
estinazed at 0.4 kg/Mg PCE and TCE produced, for the drying column vent,
and 0.098 kg/¥g PCE and TCE, for the distillation ¢olumn vest, 22

The uncoutrolled emissiou rate given in Table & for the reacror
vent was calculated based oo a tocgl chlorinated hydrocarbon emission
factor for the reactor vent of 21.3 kg chlorinated hydrocarbon emitted
per megagram PCE and TCE produced.zz It vas assumed that the fracticn
of the total chlorinated hydrocarbons comprised by VDC in the reactor
vent is the same as the fraction of chlorinated hydrocarbons comprised
by VDC ia the drying eolumn vent., In the drying column veat, VDC
comprises about 18 percert of totz! chlorinated hydrocabon emissions.??

Thus, VDC exissions from the reactor vent were estimated as follous:
(213 kg C1 species/Mg) x (0.18 kg VDC/kg Cl species) = 3.8 kg VDC/Mg

Ezissions frem the reactor and drying column vents can be
centrol led by incineration with an efficiency of about 98 percent or
higher.!®13 Ezissions from the distillation column vent can be
controlled by aquecus sc¢rubbing with an efficiency of about 50

percen:.la

Cther Emission Sources--

In addition to process vents, pote tial VDC emission sources froc
PCE and TCE producticm include storage and hzndling operatioms, process
fugitive sources, and treatzent and disposal of process vastes. VDC is
expected to be exitted from recycle storage tanks in both the
chlorinrcion and oxychlorination processes for PCE and TCE production

(Vent C in Figure 3, and Vent D in Figure 4). VDC is also emitted from
any pumps, compressors, flanges, and valves which are exposed to streams
containing VDC (Source E in Figure 3 and Source I in Figure 4).
Insufficieut information is aveilable to estizate VDC emissions from

these souzrces.

Source locations

Major producers of perchlorcethylene and/or trichloroethylene are
listed in Table 5.2°

26 SL 063654

4t--------IIIIIIIII.III.IIIIIII.I..I‘




i, A AL S

TABLE 5. FACILITIES PRODUCING PERCHLOROETHYLENE
AND/OR TRICELOROETHYLENEZ2D

—r— ——

Chemical
produced
Company Location PCEd Tceb
Diamond Shamrock Corp, Deer Park, IX X
Dow Chemical U.S.4. Freeport, TX X X
Pittsburg, CA X
Plaguemize, 14 X
£.1. duZont de Nemours
and Co. Corpus Christi, IX X
P2G Industries, Inc, lake Charles, 1A X X
Stauffer Chemical Co. Louisville, KY© X
Vilean Materials Co. Geiswar, LA X
Wichita, KS X

3PCE = perchloroethylene
STCE = trickloroethylena
€Plant has been nn standby since 1981,

Note: This is a list of wajor facilities producing perchloroethylene
apd/or trichloroethylene by any production process. Current
information on which of these facilities produce these chemicals
by ethylene dichloride chlorination or oxychlorination is not
available, This list is subject to change as market conditions
change, facility ownership changes, or plants are closed down.
The reader should verify che existence of particular facilities
by consulting current listings or the plants themselves, The
level of emissions frow any given farility is 2 function of
veriables, such as operating conditions, product slate,
throughput and control measures, and should be determined through
direct contacts vith plant persononel, Under some operating
conditions, byproduct VDC production may be negligible, resulting
in negligible or zero VDC emissions. For imstance, Dow chemical
has indicated that VDC oyproduct is oulg produced in trace
quantities at all of its tiree plants.!
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1,1, 1-IRICHLOROETHANE PRODUCTION

Most l,l,l-trichloroethace produced in the U.S. is made from vinoyl
chloride. An ethane-based process currently is used to a lesser extent,
Also, a process starticg from VDC formerly was used tc produce 1.1,1-
trictloroechane.l?123  This secticn discusses VDC emissions froc the
ettare process, which produces VDC as a byproduct. VDC is not produced

a5 & byproducr of the vinyl chloride procass.

Process Description

In the ethane process for 1l,l,l~trichloroethane production, ethare
is chlerinated to produce the product l,),l-trickloroethane and a nucher
of byproducts. The czain reactions in the chlerination process are as
follows:

CHj-CHy =+ Cl, S CHi-CH,CL » ECI

ethane ethyl chloride hyrodgen ckloride

CH1-CH,Cl + Cl, 2w CH;-CHCl, + HCI
l,1-dichloroechane

CHy~CH,C1 -Somm CHymCH, + HCI
ethy lene

Ja
t:l-l:‘-CElCI2 - c12+-ca34c13 + HC1
1,1,1-trichleoroethane

cn_.,-cumzA..caz-cncx + HC1
vinyl chloride

CRy-CC1, L= CR,=CCl, + HCL
vinylidene chloride

Minor quantities of 1,2-dichloroethane and 1,],2-trichloroethane are
also produced. Raw material ratios and reactor conditions determine the
relative pror -tioms of 1,l,l-trichloroethane and byproducts produced.
If 1,1,1-tric roethane is the only product desired, etkyl chloride and
l,1=-dichloroe. .se cao be recycled to the chlorination reactor, and
vipyl chloride and VDC can be catalytically hydrochlorinated to yield

l,l1-dickloroethane and 1,1,l-trichloroethane, respec:ively:23
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FeCl
CHy=CHCl + HC] ~——d CH3=CACI,

CHy=CCly + ac1ﬂcn3-cc13

Basic operations vhich may be used in the ethane process for l,1,1-
trichloroethane are shown in Figure 523 1a this process, byproduct
chlorinated spccies, includimg VDG, are recycled and converted to 1,1,1=
trichloroethane.?? Chlorine (Stream 1} and ethane (Stream 2) are fed o
the chloripation reactor alozg vith recycle streams of 1,l-
dichloroethane (Stream 13) and ethyl chloride (Stream 17). The reactor
is adiabatic, with a residence time of about 1% seconds, and is
Taintained at a pressure of about 600 xiloPascals (5.9 stmospneres) arnd
an average temperature of atout 400°C. No catalyst is used.

The reactor exit stream (Stream 3) is a gas containing ethane,
ethylerne, vinyl chloride, ethyl chloride, VDC, 1,l-dichloroethane,
1,Z«dichloroechane, 1,1,2-tricklor.ethane, 1,l,l=trichloroethane, hydrc-
gen chloride, and migor amounts of other chlorinated hydrocarboms. This
stream enters a quench column, where if is cooled, 40d a residue com=
prising mainly tetrachlcroethanes and hexachloroethane is removed
(Stream 4).

The overhead stream irom the quench column (Stream 5) is fed to a
hydrogen chloride columm, im which ethane, ethylene, and HCl are removed
from chlorinated hydrocarbons. A portion of the overheads (Stream $)
contaioing HCl is used to provide the HC! requirements for VDC and viny!
chloride hydrochlorination im a lster step. The remaicder (Stream 7) is
purified for use in other processes.

The bottoms from the HCl column (Stream 8), containing chlorinated
hydrocarbons, are fed to a heavy ends column, where a bottoms streanm
(Stream 9), comprising maimly 1,2-dichloroechane and 1,!,2~-
trichloroethane, is removed for use in other processes. Overheads from
the heavy ends column (Stream 10), czontsicing 1,l,l-trichloroethane,
vinyl chloride, VDC, ethyl chloride and l,l-dichloroethane, are fed to

the 1,1,l-trichloroetnane column, which removes the product as a botroms

stream (Stream 11).
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Overheads from the product recovery column (Stream 12) are fed to

another column, wvhere l,l1~dichloroethane is removed as bortoms

(Stream 13) and recycled to the chlorization reactor. Uverheads frem
this column (Stream 14), containing mainly vinyl ehleoride, VDC and echyl
chleride, are fad alcog with the KCi byproduct stream (Stream 6) to a
hydrochlorinatior reactor. 7This reactor operates at a4 temperature of
about 65°F, a pressure of about 430 krz, and with ferric chicride
catalyst., Alternatively, these bvproducts may De used io other
processes at the plant,

The hydrochlorination reactor converts vicyl chloride aand VIC to
l,1-dichloroethare, and 1,!,l-trichloroethane, respectively. Thus, the
reactor product stream (Streac 13) conmsists of unreacted ethvl chleride
and 1,l-dichloroethans and 1,1,l=-tricklorcechane. This product streic
is mixed with azmonia to neutralize residual HC! and catalyst. Spent
neutralized catalyst is remcved in a4 filzer and the product is then fec
to a product recovery column. The bottoms from this column (Stream 16),
zostly l,l,l-trichlcroethane, are recycled to the 1,l,l-trichloroethane
column, Overneads (Stream 17), composei of ethyl chloride and 1,1~

dichlorcethane, are recycled to the ¢hlurinacion reactor.?d

Ezissions

Potential VDC ecission sources from the ethane process fer 1,1,1-
trichloroechane include (1) the vents for the I,l,l~trichlorcethane and
l,1-¢ichleoroethane distillation columns (fource A) and (2) process fugi-
tive sources, suck as valves, flaoges, pumps, relief valves, aad draias,
located between the chlorination rractor and the hydrochlorination
reactor. Data from ooe plant indicate that the comcentration of VDC in
the distil lation column vents is uegligible.24 Data are pot avazilable

to estimate fugitive emissions of VDC from the ethane process,

Source Locatjons

Major producers of 1,1,1-trichlorocth.ne are listed in
Table 6.10,20 Information is pot availal.? on which of these plants use

the vinyl chloride process and which use the ethace process,
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TABLE 6. FACILITIES PRODUCING l,1,l-TRICHLOROETHANZLO, 20
—ﬂ_—m———_’_“_“_—“——"—m—*—-____w—-—-_—#_%__h:_ﬁ_—m———“

Company Location
! Dow Chemical U.S.A. Freeport, IX
PPC Industries, Ine. Lake Charles, LA
Vilcan Chenicals Geismar, LA

Wete: This is a list of major facilities producimg 1,1,.-
trichloroethare by any sroductien process. Currenr infer=iticza
on which of these facilities preduce this chezical frem echaae or
vinyl chloride is not availabje. This list is subject to zhange
a4s carker conditiors change, facility ownersktip changes, or
flants are closed down, The reader shoulid verify the existerce
of particular facilities by consultizg currest listings or the
plants themselves., The level of enissions from any given
facility is a function of variables, such as throughp.: and
coz.ro’ measures, and itouic Se deterzined through diree:
cootaces with plant personnel.
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POLYMERIZATION OF VINYLIDENE CRLORIZE

Vinyliderce chloride ocnomer is polymerized with a variety of other
Bonosmers to produce copolymers with special properties. VDC copolymers
cac be civicecd intd high VDC polyzers, geoerally contaising 70 to 95
percent VOC, azd low L OJC polyners, gezerally coccaizning 1€ 22 70 erczent
vDe.

High V2C pclyzers are unique iz :their low perseabilities tc oxygen,
water vazor, and other zases. They also have good clarity and a glossy
appearacce., High VDC polymers tysically are used as vapor parrier
ceatings oo various film substrates, such as paper, polyester,
polypropy lece, or polyethylene. High VIC poivmers are also used to make
Saran fil=s wrnich can be used ailoce or lacinated to other plastic films,
The comonomers cost comzoniy used to produce high VDC polymers are vinyl -
shlorice, astylic acid, acrvlic esters ane ucryloni::ile.z'zs':é

iz low VOC polymers, the VLC mcoczer generally is added to impreve
tne flace retardant properties of the finisted polymer. Low VDC
polyzers are used as flaze resistanc coatings, saturants, dipping
compounds, and sdhesives. They can also be sprayed onto fibers and
textiles. Typical comonomers used in these applications include ascrylic
esters, vinyl acecate, and vinyl chloride. VDC is used with styrene and
butadien: monomers to produce a flame retardant styreme-butadiene latex
for carpet backing. VDC is slso used with scrylonitrile to preduce
wodacrylic sycthetic fibers.2123:2%

Emissions from VDC polymerization are discussed in this section.
Enissions of residual VDC ponomer from the subsequent processing and
fabrication of VDC in polywers are discussed in a later section,
Copolymer preduction and fabrication generally are carried out at

separate facilities,

Process Descrijption

The resctions involved in the producticn of vinylidene chloride
copolysers are illustrated in Figure 6, The major process used to
produce VDC copolymers is emulsion polymerization. This polymerization

techpique cac be used to produce both latex resin and dried resins.zs
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Suspension polymerization is also used to produce dried resics, and

solution polymerization is used to produce copelymers for synthetic
fiber producticn.25’26 Table 7 summarizes the types of VDC copoly=mers
produced and identifies production processes, typical comornomers used,

VDC conteats, and major applications for each resin :YP8-25'26

Zzulsion Polyserization--

3asic operations which may be used in emulsion and suspensicn
polymerization of VDC copolymers are shown in Figure 7.542%  yDC monomer
(Strea= !), coconomer (Stream 2), and water (Stream 3) are merered and
charged to a bYatch reactor along with surfacramts azod icitiater
(Strea= 4). The batch is agitated, resulticg ic the formatioc of am
eculsicn of agueous and orgacic phases. After charzing, the batch is
heated, causircg the activation of the initiater. Initiators gererally
usag iz enulsicn polymerization are water sclutle peroxides wiich
dissociate to form free radicals wioen heated. The initiatcr radicals,
on coztacting the organic monciser phase, initiate the polyzerization of
VIC and the comenomer. 7The polymerization reacrion is excthermic;
therefore, after the reaction has cocmenced, the reactor must be cocled.
In ezulsion polymerization, the reactor temperature typically is held at
about 30°C and the reaction duration is about 7 to 8 hours. Additional
monomer and initiator may be fed to the reactor during the course of the
reaction., The degree of completion is 95 to 98 percen:.2'25

Generally, the polymerized batch (Stream 5) is stripped of
unreacted Donomers (Stream 6) using steam and vacuum. This can be done
either ip the rTeactor itself or in a separate stripping vessel. The
unreacted monower is recycled if possible (Stream 7). For some types of
copolymers, coctamination of VDC with other comonomers precludes the
recycle of VDC, Stripped polymer (Stream 8) is transferred to a holding
tapk, where it Day be mixed vith other polymer batches to ensure product
unifozmi:y.26

Emulsion polymerization can be used to produce either a latex
(Stream 9) or a dry product (Stream 10)., A latex is ap emulsioc of
polymer particles in water, vhich is sold or used undried. 1If a dried

product is desired, water is removed by coagulation and devatering,
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TABLE 7.

VINYLIDENE CHLORIDE COPOLYMERS, PRODUCTION METHODS,
AND APPLICATIONS23.24

Typical
Production VDC content Comonomers
Polymer description processes {percent) used Applications
High ¥YDC latex Emuleion 90 Acrylic esters Barrier coatings for
Acrylic ecid pachaging filwa and
Acrylonitrile paper pachages
Vinyl chloride
Thermoplastic resin Emulsion, 70-85 Vinyl chloride Packaging film,
Suspension compusite {multilayered)
packaging filus,
swnufilaacncs
Solvent soluble resin Emulsion 90-05 Vinyl chloride Porrier cuvating for
Acrylic eslers cel lophane
Acrylic acid
Low VDC latex Emulsion 40-70 Acrylic esters Flame retavdant
Viny) acetate coatings, dipas,
Vinyl chloride odhesaiven, eic.,
Styrene-butadiene carpet backing
Modacrylic resin Solutien 30 Acrylunitrile Synthetic fibers

suspension
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Figure 7. Basic cperations that may be used for the production of vinylldene chloride copolymers,
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followed by dryimg with hot air. 7The dried product comprises polvmer

particles. The particle diameter produced by emulsion polymerizatioc is

100 to 150 nanometers.?2s23
Suspension Polymerizatiog--

The same basic steps aTe used in suspensioz poiyzerization as in
emulsion polymerization (Figure 7).! VIC (Streaz 1), comomomer
(Stream 2), and wvater (Stream 3) are mectered and charged to a batch
reactor along with surfactant and initiator (Stream 4). In suspension
polymerization, the iritiator used is soluble ir the organic phase. The
batch is agitated to produce a suspension of the organic phase in the
water phase. After charging, the batch is heated to activate the
initiator, which causes polvmerization. The reactor must then be cooled
to rezcve the heat of polynerizatio:.z'zs

Suspersion polvoerization generall, is carried out zt about 50°C,
The duration of the reaction is 30 to 60 hours and the degree of
completion is about 85 to 90 percenc.z After the polymerization
reaction has reached the desired degree of completion, the poiymer
(Stream 5) generally is stripped of unreacted monomer (Stream 6) by
steam and heat, either in the reactor or in a separate vessel.
Unreacted monouer is recycled (Stream 7) or vented to s control system
The batch is then transferred to a holding tank (Stream 8) and dried
(Stream 11) with hot air to produce dry polymer particles. Typical
particle dismeters produced by suspensioca polymerization range from 150

to 59%0 micronmz'zs

Solution Polymerization--

As noted above, solution polymerization is used on the production
of vimylidene chloride copolymer synthetic fibers. These fibers
typically have a low VDC content, 22526 Information is not available
on the specific steps used in the solution polymerization of VDC
copolymers; however, the general reaction steps are expected to be
similar to those used in the soluticn polywerization of other resins.

In a solution polymerization process, the polymerization reaction

.il carried out in a solvent which dissolves both the monomers and the

38
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finished polywer. Monomers, initiators, and solvents are charged to a
polymerization reactor where the reaction typically is carried out uader
elevated temperature and pressure, The process can be carried cut
either ic a batch process or a continuous orccess. In either case, the
product is a homogenecus mixture of solvent, polymer, and unreacted
monczers. Usreacted mocomer may bde stripped S -om the polyzer/snlvent
mixture by the use of steam and neat. In a Satch process, the seripping
step may be cartied out either in the resaction vessel or in a separate
stripping vessel. In a contiruous process, a separate sirifping vessel
is requi:Ed.27'28

The resultiag polymer soluticn is used in a "spinomicg” process to
produce the product synthetic fiber. In this step, polymer [ibers are
extruded into a zcoe of hot vapor or water, vhere the fibers are
solidiiieqg acd solvent and residual monomer are removed. This scep is
discussed in the subsequent section on the fabrication of VIC cepolyser

|4
- o
produc:s.“ﬁ"'""8

Ezxissions

Potential VDC emissions sources a3t VDC polymerizatisn plants

ioclude:
. VDC unleading and storage;
. opening and clesning of mixing, weigking, holding, and
reaction vessels;
o telief valve discharges;
» stripper and wonomer recovery Ssystem vents;
. evaporation of residual VDC from the finished copolymer; and
. process fugitive sources, including valves, flanges, puaps,

compressors, relief valves, and process drains.

Data are not available to estimate uncontrol led VDG emissirz: from
these sources. However, in response to previous EPA surveys, several
polymerization plants have reported total controlled emissions of
vinylidene chloride and controlled emissions from a number of individual

lources.lﬁ'25

Controiled VDC emission rates reported for VDC
polymerization are giver in Table 8.
Emission factors given in Table 8 for reactor emissions, monower

Tecovery emissions, storasge and trapsportation emissions, and total

39
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TABLE 8. ESTIMATED CONTROLLED VINYLIDENE CHLORIDE EMISSION FACTORS
FOR A HYPOTHETICAL VINYLIDENE CHLORIDE POLYMERIZATION PLANT®

e . —
Controlled
Source VOC emission
Emission source designationb factor®
Reactor 3 3.8 kg/Mzd
Monomer recovery D 0.33 xg/Mgd
Unloading/storage A 2.1 kg/Mgd
Process fugitive G 2.8-11 kz/Mg®
Total 1.4-7.0 kg/Mgd

A0y given plant may vary in configuration and level of contrel from
this nypocthetical facility. The reader is encouraged to contact plant
personnel to coniirm che existence of emitting operations and comtrol
technology at a particular facility prior to estizating emissions
therefrom.

YLetters refer to vents designaced in Figure 7.

CEmission factors in terms of kg/Mg refer to kilogram of vinylidene
chloride emitted par megagram of vinylidene chloride polymerized., In
cases where a particular source designation applies to multiple
operaticos, these factors represent combired emissions for all, not
each, of these operations within the hypothetical facility. The types
of controls employed vere not reported.

d8ased on icdustry esticates,

€Based on EPA projections of monomer emissions from small and medium
sized generic polymerization plants with quarterly inspection and
maintenances of valves, pumps, compressors, f langes, relief valves, and
process drains.?9 Industry reports that more stringent inspection and
maintenance programs are practiced than are reflected in the factors
cited in this table. (See text for discussion.) These more stringent
measures result in fugitive emissioo control efficiercies as high as 90
to 95 percent from an upcontrolled situation where no siganificant
Deasures are taken for leak detection and re-air.l&l
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plant emissions are based oo industry estimates in response to EPA
surveys.16'25 Data are not available on the specific controls used to
attaiz the reported emission rates. Techniques which can be used to
¢control process and storage emissions of monomers from polywerizaticn
plants are identified in Tadle 9.30

The emission rates given ir Table 8 for process fugizive sources
are based on EPA estimates of emissions from typical small to mediup
sized generic polyﬁerization facilities using monthly inspection and
mainterance of fugitive sources?’ The comrrel efficiency of monthly
inspection and maintenance for fugitive erissions is about 30 percent.
adcitional comtrols which might be used include double cecharical seals
on pusps, enclosure of pumps, rupture disks ¢o relief valves, use of
welided pipe instead ¢f flanges, special construction materials for
piping and valves, and intensive preventative maintenance during plant
shutdown, In additio~, ictemsive imspection and mzintecapce progracs
practiced at some plants can insure repair of most leaks within ! day
instead of 1 mooth. With these :dditional controls, many plants have
achieved fugitive emission control efficiencias as high as 90 to 95

percent.la’lg

Source locations

Table 10 lists producers of VDC copolymers. The table also gives

plaot location and identifies the types of VDC copelymer produced at
25,26,31

each facility.
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TABLE 9. POTENTIAL EMISSION CONTRULS FOR LOLYMER PLANTSIO

Bource
Process stap Potantisl enisslon pointas dusignation® Coutsol Lechurloyy
¥OC unlosding and storsge Loading lines, ¥C storags tauk, F Purged Lo mononss fecovery
mining, weighing and holding syat-a, lucinarstilon, solv at
tank veante abasvrption or carkonm
adeozprLive
Palymerization Palymerilsstion reactor opesing [ | ; Bolvent clesning, ostesm platon,
lass uster platon, reaclog purge sir
Lluwer, slesm purge, sic., used
before openiag
Yunted Lo slmusphese or monemer
recovery syslsa
Pelymarizatlion rescier selief [ ] Bhivitisivp, containsent,
valve dlachargas instrumeuistion, improved
operstor trsluimg, eic.
Stripping Stripping vensal wvemt c Veuled Lo sonomes recovery oystem
lul lowed by lucinerstion, solveut
sbsurption or cachun sdecepllon
Hosomar recovery syestem Azcovery aysiem srhaual wveuls 1) Gasholders used in avee
sad hmock-oul put ivetances to callevt sl
recovery vents andfor refrigera-
tion to condanue VIC Llulloved by
incinerstion, solveut absuspiion
or catbon adsorpiiva.
Polymer holding tamhs, Tank vents [ 4 Stuipping
wiasing
*
Dewstering, drying Centrifugn veats, doyer vent ¥ Sirippiug

stachs

Stetters vefer ie sources desigaaled in Figure 7. MNote thsl Lhess weasures 40 mol coves fugitive ¢siasious from

valvas, pumps, [lsnses, sic.
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/ TABLE 10, FACILITIES PROUDUCING POLYVINYLIDENE cittoningi8,20,25,26,31

1

i - -

Manufacturer Lucation Producte?® |
American Cyanamid Co. Pace, FL syothetic {ibers \
t
Borden Cheaical Div. Campton, CA ‘
1lliopolis, IL 3
]
Dow Chewical Co. Daltou, GA low VDU latex !
Hidland, MI high VUC latex, fuw VDU latex, thermoplastic resin
E.X. DuPout de Hemours and Co. Circleville, OHl high VOC latex, thermoplastic resin
W.R. CGrace and Co.
Dewey and Almy Chemical Div, Ouwensbore, KY high VUG latex
-
b Honsanto Co. Decatur, AL synthetic fibera
Horton Chemical Co. Ringwood, IL high VUC latex 1
Mational Starch and Chem. To. Heredowia, 1L low VIC latex i
0lin Corp. Pisgah Foreat, NC  Ligh VIC laiex
Reichhold Polywers, Inc. Cheswold, DE low ¥YDC larex
Roha and llass, Inc. Bristol, PA low VDE latex
Knoxville, N low VhU latex
A.E. Staley Manufocturing Co. Lemont, 1L Ligh VDU latex
4
Spolyvinylidane chioride copolymer ftormulations snd uses are susmarized in Toeble fi.
Mots: This listing ia subject Lo change es marhal ronditions change, facility ownership changes, plante
ors closed, etc. The reader should verify the avistence of particular facilities by consuliing
curtent listings sadfor the plants themaslves. The level ol YUL emisnionn from auy given failiny
ie o function of varisblea such o2 copacity, throughpul aud contcol messures, and shuuld ba
determinegd thiough dicect contacta with plent persomned.
L,
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USE JOF VINYLIDENE CHLORIDE IN SPECIALTY CHEMICAL PRCDUCTION

Vinylidene chloride is used as & chemical intermediate in the
production of chloroacetyl chloride. This use of VDC is minmor in
comparison with its use in production of VDC copolymers. The structure

cf chicrsaceryl chleride is as follows:

€L O
[
d-C-¢C
!
B Cl

Its zain use is in the marufacture of chlorcacetophencse, the priccipal

‘ingredient ip tear gas. It is also used in the manufacture of

pharmaceu:icals.7'9

Process Description and Zmissjons

Inforzation oo the process used to produce chloroacetyl chleride
from VDC is oot available, nor sre data available to estiuite VDC
emissions from the process. Dow Chemical reports o. losses of VDC to
the envirouzent from the process used in chlorcacetyl ckloride

produc:ion.9

S ce loecations

The VDC process for chloroacetyl chloride is used by the Dow
Chemical U.S5.A, of Midland, Hichizan.9 Production facilities are
located at Dov Chemical's Michigan Division plant at Midland.l®
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VINYLIDENEZ CHLORIDE COPOLYMER FABRICATION

Whea VDC is polymerized to produce VDC copolyrers, some residual
VDC nooomer remains in the polymer. During subsequent fabrication, when
the polyvmer is heated, dissolved, or otherwise trested, some of this
Tasiiual zogomer evaporaces, resuitiag iz VIC esissicos. The leve. cf
VOC residue in the pcolymer, and hence the magniiude of VI2C exmissionms, i3
dependent ¢n the type of polymer, the comooomer used, and whether
stripping techoology is used at the polvmerizatiom planet.

As soted iz the previous section entitled PCLYMERIZATION CF
VINYLIDENE CHLORIDE, VDC ccpolymers cac be divicded izto Ttwo groups:
22zh=VDC copolyvers (79 tec 9C percent) used to form =cisture and vapur
barrier ccatings apd filas; and lcw=VDC copolyzers (IC te 70 percent),
where VDC is added mainly to improve the £lame retardant properties of
the Zicished pcliymer. VIC copclvmers are also praduced iz a ruzber ef
forms: dried suspension resin, dried emulsion resin, latex, and Jolymer
solution. The types of VDC cocpolyvmers produced, production methocs
used, and applications ¢f the different types were sugmarized iz Tahle 7
in the section entitled POLYMERIZATION OF VINYLIDENE CYLORIDE.
Sererally, copolymer fabricaticn and copolymer production are carried

out at separate facilities.

Pyocess Descrjptiocns

Process descriptions are presented below for three methods of
fabricating high~VDC resins: coating of cellophane with copolymer
solution, coating of paper or plastic film with latex, and extrusion of
dried emulsiod or suspension resin. Information was nct available on

tke specific methods used to fabricate Lcw-VDC resins,
Cellophace Coating with Copolymer Solutiouns--

Basic operations that may te used in the coating of cellophane with
VDC copolymen are shows in Figure 832 The inputs to this process are a
dried, Bigh-VDC copolymer and pretreated cellophane film The VDC
noly=er is first dissolved in a solvent wixture in a closed tank. The

solvent mixture includes methyl ethyl ketone and tetrabydrofuran as the
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Figure 8. Basic operations ¢hat way be wied dn the coat bng of
cellophane with hipgh-vne copolymer, 32
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prizary solvents and zoluere a3 a diluent. Followizg the cissolutica

step, addizives such &8s wax, talc and silica are adced in a c¢losed

bleoder. The polymer soluiica is thez fed to a dip task, through which

"

a8 cellophaze £ilz strip is drawn.

I

'L

Afrer passing threugh the dip tann, the cellephane, how locted wi
VoC cspelymer sclution, is zus through a 2ryer coosisting of wo
chazbers. Ia the first, dry air at 90 to l40°C is ;assec over tre filgz
resclting ic rezoval of the solvent.’® In the second chazber, the filz
is sozgitizned io wars aupiz air.

Sclver:t laden vagor is collected from the drying chazber and ducted
T2 cirbon absorption beds. Solvernt stripped from the beds is purified
by distiliacion and recycled to the process. Heatizg air Irom ite

second drring chazber i4 vezted 10 the atrmosphere.

Trasizg wits Latex Cojclyser~-

T7 A= Tapy te Py

A$ nofed in the eariier sectict of POLYMERTZATICN QF VINTLIIENT
CHLCRIDE, a latex is a polyver emulsic. iz water., Materials typically
coated with high~VDC latex include paper yroducts snd plastic filzs.3?

The latex =ay first be tlended wit® sdditives, such as wax or
Fignents, or diluted with additional wvater in a vented mixing tark, The
latex is pumped from the =ixing tazv to a helding tack and thes to the
dij tank., The holdirg tank allows reducticon of any foam that zay fors
during mixiag. The zmscerial to be coated is rolled through the dip tank
and then to & dryizg oven, In the dryirg oven, water 1s rezoved f.om
the latex acd the latex forms a8 darrier file. Bcth the ¢ip tank and the

dryiog over sre vented to the ;::os;hcre.32

Ixtrusion of Thermeplastic Copolyrer~-

The rav material for extrusioo is dried emulsion or tuspensicn
resin ic the forz of & powder or small granules. The pclymer is zmixed
vith additives such as plasticizer io & high-intensity “lender.
Mechaoical energy dissipated in the bdlender heats the resin 2o sbout
170°¢.32  The blender is vented through s hood, usually to a roof stack
From the Bigh-ictensity blender, the resin is feod to a ribbon blender,

where 1t is hecogern.zed further anc cooled. The blended resio may be
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stored pr.or to extrusion, or may be sxtruded immediz:iely alter
blending.32
The extrusion process used os high-VDC cogolymers is a blowr-filn

procers. 7The resin compound is fed to an extruder, and is extruded
throeugh a die ic the fors of a tube, becozing colter it the extrusica
process., ioe ecd of the tube is then picched off, asd air Is [lcwe inio
the tudbe, expazding it inzo a bubble. The bubble is ther cocled by
agother blast of air and {lattened before undergcing further processicy

to forz a £L1=.32

Exissicn sources Srom VIC copolyser £a.-icatior incluge: polyzer
storage vents, pclyzer mixing and blending vents, and ficisted ;olvemer
drving, Emissions from individual sources have not been quantified.
Zcwever, total VIC emissions frcn copolymer fadbricatios caz Se estingtec
by mass balance from the concentrations of residual VDC gponomer ic the
polyzer enteriszg azd leaving the pr:cesn.32 i

B e € - G

vhers £’ = the overall yncoctrolled emissicn faceor for the
fabrication process, g VYDC/Mg copolymer processed,

C. = the concentration of residual VDC monomer it the cozolymer
enctering the dissolver (Figure 8) ppuw, and

C. = the coecentration of residual VDC oonomer in the copolymer
leaving the dryer (Figure 8),ppumv.

Table 1! sumparizes data on residual VDC levels in rav ard fabricated
Ligh-VDC copolycers, and presents estizates of uncontrolled VDC emission
factors for high=VDC copolymer fabrication processes, Data are not
available on the residual VDC levels in low=-VDT copolyzers.

It should be noted that the mass balance techoique of estizmating
enissions iovolves the assumpticn that the only renoval mechacism for
"DC frcm the copolymer is by emissions to the atmosphere. Thus,
emissions estimates developed by the mass balance technique would be
vorst case estimates. Ib high temperature fabrication processes and

drying procasses, some of the residual VYDC may be polymerized.

-3
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TARLE 1l. ESTIMATES OF UNCONTROLLED EMISSION FACTORS FRCM KIGE-VDC
COPOLYMER FABRICATION PROCESSES

e R R e L
R e —— et Sy

Copolymer VDC

gconceptrations (ormw)d Istimated

Raw Processed upcortrolled
resin® resin€ ezission
Process (e;) (cq) factor (g /Mg ¢
Celophacze coatiag 10-i2¢ neg® 19-120
Latex ¢oating 50-2000 g=500 50=1i3500
Ixtrus:ion 2-25 neg® 2-25

dReference 32,
®Resin entering the dissclver (Figure 8).
tResir leavizg :the dryer (Figure 8).

SCalculated froo recidual VIC leve's. Eoissions are expressed in Cerms
of gracs of VDC per Mg of copolyzer preces.ed.

®reg = pegligibie,

-9
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VDC emissions from copolymer fabrication genmerally are
uccontrolled. In the first stage of the drying operation for cellophage
coating, emissions coutaining solvent are captured and ducted to a
carbon adsorption syst.a The solvent is then desorbed and recycled to
the polyzer dissolving operation. Some of the VDC vaporizing in the
drying process: would be captured on the adsorbers. However, unless some
process is used to separate the captured VDC from the solveag, the VIC
wvould be recycled to the process and eventuaily emitted from the second
stage of the drying process, from the adsorber vent, or from another

vent.

Sour~e locacrjors

Table 12 gives a list of plants fabricating high-VDC copolymers,
along with plant locations.31 32 e list iccludes plants that produce
PYIC-coated cellophane, plants that apply 2VDC barrier-coatad o paper
and plastics, and placts that extrude VDC copotlywar.

Information is noc available op the locations of fabrications of
low=VDC polymers. Such plants would be classified under Standard

Industrial Classification (SIC) code 282.

50
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TABLE 12,

FACILITIES FABRICATING HIGE VINYLIDENE CHLORITE

COPOLYMERS3L,32
m%——-——wﬂ—m—m
Processes
Lellophane Barrtier FResin
Company Plant locacion coating costing extrusion
Allied Chezical Corp. Pizzaville, 24 &
Acerican 3ag and Paper Philacdelyhia, PA DS
Anerican Cac Co. Neenan, WwI X X
Amtech, Ine. Oderton, MD X
Consolidated Paper Wiscoasin Falls, WwI X
Creown Zellerhach Jortlaad, QR
Crvovac Div. of
w. R. Grace Icwa Park, IX X

Sizpscoville, SC X

Curwood Div. of
3ex1s New London, WI X

Cariels Rhinelander, WI X
Diversa=Pak St. Petersburg, FL X
Dow Chemical Midland, MI X
E.I. dupont de Kemours Richmond, VA X

Circleville, 0OH X

Clinton, IA X

Tecumseh, KS X
™MC Corp. Fredericksburg, VA X

Marcus Hook, PA X
Gordon Cartons Baltimore, MD X
Creen Bay Packaging Creen Bay, WI X
Hercules Covington, VA X
Interstate Folding Box Middletown, OH X

Coutinyed
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TABLE 12. (Cone'd.) FACILITIES FABRICATING HIGH VINYLIDENE CHLORILE

copoLyMeERS31,32
Procegses
Cellophane BarTier Resin
Company Plant Location ccating coating  extrus.on

Michigan Carton Co. Battle Creex, MI X

Milpriat Milwvaukee, WI £

Minnescta Mining and

Mapufacturizg Decatur, AL X

Olin Corp. Pisgah Forest, NC X
Covingtonm, IN

Qliokraft West Monroe, LA X

Oscar Mayer Chicago, Il X
Davinpore, lIa X
Los Angeles, Ca X
Madison, Wl X
Nashville, IN X
Philadelphia, PA X

Rexban Memphis, TN X

Riipelander Div, &f

St. Regis Rhipelander, WI X

Sealed Air Corp. Fairlawn, NJ X

Standard Packagicg Clifton, NJ X

Ihiloany Kaukauna, WI X

Ynion Carbide Corp. Centerville, IA X

Zuzbril Cinecinnati, OM X

Note: This listing is subject to change as market conditions change,
facility ownership changes, planfts are ¢losed, etc. The reader
should verifv the existence of particular facilities by consulting
current list.ngs and/or the plants themselves. The level of VDC
enissions from apy given facility is a function of variables such as
capacity, throughput and control measures, and should be determined
through direct contacts vith plant personnel.
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VOLATILIZATION FROM WASTZ TREATMENT, STORAGE, AND CISPOSAL

Considerable potential exista for emissions of volatile substances,
iccluding VDG, from waste treatmene, storags, and disposal facilities,
VIC is exyzectad to be present in the $allowing wastes: stiil bottoms

nd wasrevater Irom VDC production, perchlergethylene and
trichlozostly lene production, and trichlocoethane production; vastewater

-specificatios polymer frce Y2C polymerization; and st1ll bettoms

w
n
(=%
o
o
th

and wastewater frem specialty chemical production precesses where VDO is
used as a feedstock. (See separate sections cs exissicns from these
Frocesses.) Ico addition, VIC cay be present ir wastes from othes

Trocesses,

Potentizi Scurzies

VIC zay be exitted when waste corntaicing VOC is presect in suriace
icpoundrents for trestment and storage of wastevater, open tresztzect and
stcrage tanks, and land-treatment greas for iolid vastes and sludges.
ihe above treatzent and storage facilitlies may be located at the site of
generation of the waste, or at a2 separate commercial waste treatzent
plant. In addition, publicly owned treattent works (POTWs) may emit VDC

- if they receive wvastewater from plants producing VDC either as a main
product or as a byproduct, or from plants using VDC as an intermediate.
Volatile compounds also may be emitted from solid vastes duricg and even
after disposal in & covered landfill. Referonce 33 sumnarizes general
theoretical models for estimating volatile substence emissions from
generic waste treatment, ~«ge, and dispossl operaticas, including
turface impounduents, landfills, land treacment (landfarming),
wastewater freatment, and drum handling and storage operatioms. If
facilities of the above types are known to handle wastes containicg VDC,

the potential for air ewissions should be comsidired.

Emissions3a

A pilot-scale study vas conducted by EPA to evaluate the partioning
of severa. volatile organic pollutants, including VDC, in convectional

wastevater treatmen: processes. The tested wistewater treatment systes
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consisted of & sequecce of primar- clarifier, aeratioa basin, and
secondary aeratiom basin. Wast er influect contained an average of
10.7 parts per billion (ppb) VDC. Over 98 percent of the VDC entering
the pilot treatment system was found to evaporate, with about 65 percerct
evaporatirg frov the primary clarifier and 33 percent from the aeratics
Sasin. The 98 percernt evaporatior rate corresponds to an emissioc
factor of 0.98 grams VIC per gram VDC in the wastewater feed. It should
be notec thal these tests were conducted at lov VDC corncentracions

(about 10 »pb); +he emissicn ractor 23y chacge at higher ccocentrations.
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SECTION 5

SOURCE TEZST PROCEDURES

Vioylidese chleride ezissions can be zeasured usicg IPA Reference
Method 23, which was proposed in the Federal Register on June ll,
1980.35 The nethod has zct been validated by EPA for vinylidene
chloride, put a sizilar analytical procedure has been used tdH measure
occuparional exposures to voc,36:37

In Metbod 23, 8 sample of the exhaust gas to be analyzed is dravn
izto a Tedlar or alumirized Mylar bag as shown in Figure 9. Tedlar is
cossidered a oore reliable bag material thazo Mylar for vee3d The bag
is placed inside a rigic leak proof container and evacuated. The bag is
then connected by a Teflcz';9 sanplicg lice to a sampling prode (staicless
steel, Pyrex glass, or Teflons) at the center of the stack. The saxnple
is drawn izco the bag by pumping air out of the rigid container.

The sample is then analyzed by gas chromatography (GC) coupled with
flame ionization detection (FID). Analysis should be conducted withic
one day of sample collection. The recomnended GC column is 3.05 a by
3.2 om srainless steel, filled with 20 percent $P-2100/0.1 percent
Carbowax 1500 on 100/120 Supelcoport. This column normally provides ac
adequate resolution of halogenated organics. (Where resolution
interferences are epccuntered, the GC cperator should select the colucn
best suited to the analysis.) The column temperature ahould be set at
100°C., Zero helium or nitrogen should be used as the carrier gas at a
flow rate of approximately 20 ml/min.

The peak area corresponding to the retention time of vimnylidene
chlor._.4e is measured and compared to peak areas for a set of standard
gas mixtures to determine the VDC concentration. The range of the
method is 0.1 to 200 ppw; hovever tbe upper lirit can be extended by
extending the calibratiog range or dilutiny the sample. To avoid

absorption oi VDC by the Tedlar bag, the sample should be aoalyzed as
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80on as posible after collection, preferably on tbe same day. The

method does not apply vhen vinylidene chloride is contained in
particulace matter,
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APPENDIX A
PROCESS FUCITIVI EMISEICN CALCULATICNS
FOR VINYLIZENE CHLCRIZE PROISUCTION
faCM 1,1, 2=-TRICHLCRCETRANE

Fugitive ezissiccs of visylidezeschleride (VIC) and other velatile
organics res.lt {70t leans ibn process va.ves, puc;y seals, cozpressors,
sazyle cocnections, open—ended lices and pressure relief valves., Fugzi-
tive VOC exiss.on rates fror these sources were tased O 2 Frocess flcw
€iagra= (Figure 1), process operation data, 3 fugitive source izversory
for a hypothetical pl;n:.l and EPA ecission factors for process fugitive

-
scurces.*

The first step iz estizaticg fugitive emissicns ¢f Vi€ was to list
the Zrocess streams ir the hypeothetical plent. heir phases (i.e.,
dasecus or liguid) vere then icentified frca the process flcw dizgras
snd their cocpositions esiizated. For the resctor product streas, the
composition was estizmated based oo reacticn completion data. For a
strear froc a distillatior cclumn or other separator, the compesition
was estizatcc based on the composition of the input streaz to the unit,
the upit description, and the gecera] description of the stream of
icterest (i.e. overheads, bottoms, or sidedrsv).

After the process streams vere characterized, the number of valves
per streac vere esticated by d1viding the total nusber of valves at the
plact equally asong the process streams. Similarly, puzpe wvere
apportioned equally among 1iquid process stre.ss, and relief valves vere
apportioned equally among all reactors, columns, and other separators.
The locatiocs of any compressors vere determined from the process flow
diagram. Although the above sources probadbly are not apporticaed
equally amcng the process lines at an actual planc, the equal
spportiormect aigorithm provides the best estimate of the number of
sources per line given the available data.

Emissioss were thew calculated for pumps, compresscors, valves in

l1quid and fas lice service, and relief valves. Imissions from flanges

A=l
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and draizs are minor in comparison with these sources and vere therefore
peglected. Fugitive exissions from & particular component were assucec
to bave the sace compositicn as the process f£luid flowizg through each
comporect. For valves in liquid service, for instacce, VDC exissiors
vere deter=ined by taking the product of: (l) the total zumber of
liguid vaives 1o V3C service; (2) the average VDC conteni of tne streacs
Fassizg thrcugh these valves; acd (J) the average fugitive ezission rate
7er valve per uzit tize as ceasured by EPA, Izissions fro= vaives ia
ias service, pumps and coupressors were calculated ir the saze canper.
For rel.ef valves, fugitive ezissions vere assuced €O tave the compoui-
ticn ¢f the overhead streas from the reactor or colucn served by the
relief valve, Izissions f{rcc the various fugitive source types vere
suz=ed 1o cbtain tota) process fugitive esissions of VOC.

Because ezissions from process fugitive scurses do ot desend on
LhelT slZe¢, Dut om.y ot their zumber, total process Iugilive ecias1cs3
are not dependect on plant capacity, Thus, the overall emissions are

ex;ressed in terzs ¢t kilogra=s zer hour of opesation.
HYPOTHETICAL PLANT FUQITIVE SOURCE INVINTCRY

o 725 process valves

¢ 15 pumps (not including spares)
e 2 compressors

o 25 safety relief valvas

PROCESS LINE COMPOSITION AND FUGITIVE SCURCE INVENTORY

0f the approximately 16 major process lines in the production
process, 9 contain at least some fractios of volatile organics cozpounds
(VOC) and 6 contain vioylidene chloride (VDC). Compositions of the
caior process streams (identified in Figure 2 ip the section or VINYLI-
DENE CHLORIDE PRCDUCTION) are estimated in Table A-l,

A fugitive emission equipment count was cot avsilable for g VDC
production plast. However, studies of other synthetic orgacic chexical
panufacturiog plants indicate that & typical fugitive equipyment count is

as follous:l




N TABLE A-1. ESTIMATED PROCESS LINE COMPOSITION IN VDC PRODUCTION!
e e e e e e e e e e e e e e e e e e Sttt

Stream -~—=Stream composition (weight fraction)e——
pusberd Phase Water NaOH HaCl ClaHC~-CHaCL vDC Other
1 Liquid 0 1.000 0 0 0 0
- Ligquizd +.CO ¢ 0 0 ] C
3 Liquid 9 0 0 1.000 0 0
4 Liquid 0.7% 0.061 Q 0.191 ¢ 0
5 Liquid 0 0 0 0 0 1.00
- Liquid 0.77 0.0.i1 0.073 0.024 0..21 0
I Liguid 0.50 0.012 0.086 o ] 0
8 Liguid 0 0 0 0.164 0.336 9
L) tiguid 0.%0 0.012 0.086 0 0 0
19 Liquid 0.90 0.012 C.086 0 0 0
I Liquid 0 0 0 0.164 0.836 0
12 Liquid 0 0 0 0.164 0.836 0
13 Liquid 0.90 0.012  0.086 0 0o 0
. 14 Vapor 0 0 0 0.164 0.836 0
15 Liquid 0 0 0 1.000 0 0
16 Liquid 0 0 0 0 1.000 0

8Stresam numbers correspond to those shown in Figure 2.
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15 process valves per major process line,

1 pump (not including spares) per major liquid process line,
1 compressor for each gas line requiring pressurization, and

2 relief valves per pressure vessel or columm.
EMISSION CALCULATIONS

VEC emissicos fres valves iz liquid and zas secvice, and for puxps

were calculatad a3 follows:
{(Total VOC emission rate for :cream type) =

(4 of streans) X

(Average VDC ccntent for stream type) X

(4 of puzps or valves per streaz) X

(Zmission rate for individual rate for iadividual puzps cr

valves)
Thes2 caliulaticns ave si=zarized in Table av2. Sizilarly, ezissioos
froc relief valves were zalculated fcr each vessel ¢r coluzn precessing
vDC:
(VDC ecissions raze) =

(2 relief valves per vessel) X

(VDC fraction iz vessel overheads) X

(0.104 kg emissions/hr/relief valvy)
These calculations are sumrarized in Table A-3, No compressors are
expected to be in VDC service ic the VDC-from=1,1,2-trichloroethacse
process,

Total uncontrolled process fugitive emission rates for VDC
preduction are given in Table A=-4, slong with controlled emission rates
for various cocbirnations of emission reduction techniques. The emission
reduction techniques stucdied vere quarterly and monthly inspection of
valves and pumps, the use of double mechsnical sealed pumps, and the use

of rupture disk- in tandem with or ino place of relief valves.

sL 063692

-~




TABLE A-2. ESTIMATED VDC EMISSIONS FROM VALVES AND PUMPS

B e e S
Number Average Number Source VOC
of VDC weight of emission rate< Emissions
Soutce type streams fractiond sourcea (kg,/ hr=source) (kg/br)
4 Valves

vager ot 0.8 ac 0.0n56 .10

liquid 3 0.50 45 0.0071 0.161
Puzps 3 0.60 3 0.0494 0.C89

TCTAL 0.42

4Fracticn of VOC streaw in each source type comprised of VDC.

A=5
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TA3LE A-3. ESTIMATED VDC EMISSIONS FROM RELIEF VALVES
——e— e

Number of VDC weight
relief fractien in Emissionsd
Vessel valves overheads (kg/tr)

Reactor

Phase sepnrater
frying column
Fizisnizcg column
Strizping coluz=n

TO0TAL

A2elief valve ezis8i02 rate of 0,104 %z'hr=valve was used %o calculate
amissiczs. -
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TABLE A-4. FUGITIVE EMISSION CONTROLS AND ESTIMATED CONTROLLED EMISSTON RATES

Controlled cmission rates

Monkthly I/M
double seals;

Quarterly 1/H2 Honthly 1/M rupture disks
Uncontrolled  —-o-r-v-ommomcociian e rh 0 e e
VIC emission Percent Emissions Perceant Emissions Percent Evigsions
Source clasa raie {kg/ur) control (kgfr) cuntrol {kg/hr) contrul {(kpfhr)
Vspor valves 0.140 64.0 0.051 13.0 0.038 73.0 0.038
Liquid valves 0.191 44 .0 0.107 39.0 0.078 59.0 0.08
3
| ~
~ * Pumps 0.089 32.5 0.060 60.8 0.035 100.0 0
Relief valves €.57) 0 0.545 0 0.545 100.0 0
OVERALL 0.965 1.0 0.262 29.0 0.696 B8.0 0.116

—————

®1/M refers to inspection and maintenause of valves and pumps. Control percentsges are from Reference 2.
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