United States Office of Air Quality EPA-450/4-84-007b
Environmental Protection Planning And Standards March 1984

Agency Research Triangle Park, NC 27711

AIR

$ EPA

LOCATING AND ESTIMATING AIR
EMISSIONS FROM SOURCES OF
CARBON TETRACHLORIDE

L& E




EPA-450/4-84-007b
March 1984

Locating And Estimating Air Emissions
From Sources Of Carbon Tetrachloride

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office Of Air And Radiation
Office Of Air Quality Planning And Standards
Research Triangle Park, North Carolina 27711



This report has been reviewed by the Office Of Air Quality Planning And Standards, U.S. Environmental
Protection Agency, and has been approved for publication as received from GCA Technology. Approval does
not signify that the contents necessarily reflect the views and policies of the Agency, neither does mention of
trade names or commercial products constitute endorsement or recommendation for use.



CONTENTS

Fi gures .

Tabl es

1.
2.
3.

Pur pose of Docunent e
Overvi ew of Docunent Content
Background .

Nat ur e of PoIIutant . .
Overvi ew of Production and Lbe
Carbon Tetrachl oride Em ssion Sources
Carbon Tetrachl ori de Production
Fl uor ocar bon Producti on .o
Car bon Tetrabrom de Production
Li qui d Pesticide Fornul ation
Phar maceuti cal Manufacturing

Use of Pesticides Containing Carbon Tetrachlorlde

Et hyl ene Di chl ori de Production .

Per chl or oet hyl ene and Trlchloroethylene
Production . . e

O her Potenti al Sources of Carbon Tetrachloride
Em ssi ons

5. Source Test Procedures .

Ref er ences

Appendi x -

Ref erences for Appendi x

65

73
80

82

En1s§|on Factors for Carbon Tetrachlorlde Productlon A1

A- 32



Nurmber
1 Chemcal use tree for carbon tetrachloride

2

10

11

12

13

FlI GURES
Page

Basi ¢ operations that may be used in carbon
tetrachl oride production by the hydrocarbon
chl ori nolysis process

Basi ¢ operations that may be used in carbon
tetrachl oride production by the methane chlorination
process e

Basi c operations that may be used in carbon tetrachloride
production by the carbon disulfide chlorination
process

Basi c operations that may be used in the nethano
hydrochl ori nati on/ met hyl chloride chlorination
process

Basi c operations that nmay be used in the production of
fl uorocarbons 11 and 12

Basi ¢ operations that may be used in carbon
t et rabr of ni de production

Basi c operations that may be used in synthetic
phar maceuti cal manufacturing

Resi dual carbon tetrachl oride fum gant as a function
of the nunber of days grain is aired

Basi ¢ operations that nmay be used in ethylene dichloride
producti on by the bal anced process, with air-based
oxychl orination S

Basi c operations that nmay be used in ethylene dichloride
producti on by the bal anced process, oxygen-based
oxychl orination step Ce e

Basi c operations that may be used in perchl oroethyl ene
and trichl oroethyl ene production by chlorination of
et hyl ene di chl ori de

Basi ¢ operations that may be used in perchl oroethyl ene
and trichl oroethyl ene production by oxychl orination of
et hyl ene di chl ori de Coe

10

13

15

17

19

27

33

40

51

57

59

66

68



Fi gures (continued)
Nunmber
14 Method 23 sanpling train
A-1 Process flow diagramfor hypothetical plant using
hydr ocar bon chl ori nol ysis (perchl oroet hyl ene

coproduct) process

A-2 Process flow diagram for hypothetical plant using
met hane chl ori nati on process e

A-3 Process flow diagram for hypothetical plant using
met hanol hydrochl orination/ methyl chloride
chl ori nati on process

Page

81

A-22

A- 26

A- 29



TABLES

Nurmber Page

1

2

10

11

12

13

14

15

16

Physi cal Properties of Carbon Tetrachl oride, CCi,

Control l ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Carbon Tetrachl oride
Production Facility (Hydrocarbon Chlorinolysis Process)

Control l ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Carbon Tetrachl oride
Production Facility (Methane Chlorination Process)

Control l ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Carbon Tetrachl oride
Production Facility (Carbon Disulfide Chlorination
Process) 23

Control l ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Facility Using the Methano
Hydr ochl ori nati on/ Met hyl Chl oride Chlorination Process

Carbon Tetrachl ori de Production Facilities

Control l ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Facility Producing
Fl uor ocarbons 71 and 12 . . .

Facilities Produci ng Fl uorocarbons 11 and 12

Carbon Tetrachl ori de Production Facilities

Regi strants and Applicants for Registration of Pesticidal
Products Contai ni ng Carbon Tetrachl ori de

Carbon Tetrachl ori de Fumi gant Brand Nanes .

Fum gant Application Rates

On-Farm Grain Storage .

O f-Farm Grain Storage

Controll ed and Uncontrol |l ed Carbon Tetrachl ori de Em ssion
Factors for a Hypothetical Facility Producing Ethylene

Di chl oride by the Bal anced Process . . . .

Et hyl ene Dichl oride Production Facilities .

21

22

24

25

29

31

34

36

43

50

53

55

61

64



Tabl es (conti nued)
Nurmber Page
17 Controll ed and Uncontrol |l ed Carbon Tetrachl ori de

Em ssi on Factors Reported by a Plant Producing
Per chl or oet hyl ene by Et hyI ene Dichloride

Chlorination . . e 4 ¢
18 Facilities Produci ng Perchl oroethyl ene and/ or

Trichloroethylene . . . . . . . . . . . . . . . . . . . . .. 12
19 Chlorine Production Facilities . . . . . . . . . . . . . . . . 74
20 Phosgene Production Facilities . . . . . . . . . . . . . . . . 78

A-1 Summary of Cal cul ati ons of Carbon Tetrachl ori de Em ssion
Factors . . . . . . . . . . . . . . . . . . . ... ... A6

A-2 Storage Tank Paraneters for Hydrocarbon Chlorinolysis
(Perchl oroet hyl ene Coproduct) Process . . . . . . . . . . A7

A-3 Summary of Conposition Calculations for Hydrocarbon
Chl ori nol ysis (Perchl oroet hyI ene Coproduct) - Crude
Product Storage Tank . . . .. .. .. A9

A-4 Storage Tank Paraneters for Methane Chlorination Process. . A-11

A-5 Summary of Conposition Cal cul ations for Methane
Chlorination - Crude Product Tank . . . . . . . . . . . . A12

A-6 Storage Tank Paraneters for Methanol Hydrochl orination/
Met hyl Chloride Chlorination Process . . . . . . . . . . A13

A-7 Summary of Conposition Cal culations for Methanol
Hydr ochl ori nati on/ Met hyI Chl oride Chlorination-Crude
Product Tank . . . e o X

A-8 Summary of Conposition Cal culations for Methanol
Hydr ochl ori nati on/ Met hyI Chl oride Chlorination-Surge
Tank Ce e Y U A<

A-9 Storage Tank Paranmeters for Carbon Disul fide
Chlorination Process . . . . . . . . . . . . . . . . . . A1l6



SECTION 1
PURPCSE OF DOCUMENT

EPA, States and | ocal air pollution control agencies are
becom ng increasingly aware of the presence of substances in the
anbient air that may be toxic at certain concentrations. This
awareness, in turn, has led to attenpts to identify source/receptor
rel ati onships for these substances and to devel op control prograns to
regul ate em ssions. Unfortunately, very little Information is
avai |l abl e on the anbient air concentrations of these substances or on
the sources that may be discharging themto the atnosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunent specifically deals
with carbon tetrachl ori de. Its i ntended audi ence i ncludes Federal,
State and | ocal air pollution personnel and others who are interested
in locating potential emtters of carbon tetrachl oride and naking
gross estimates of air em ssions therefrom

Because of the |limted anounts of data avail abl e on carbon
tetrachl oride em ssions, and since the configuration of many sources
will not be the sane as those descri bed herein, this docunent is best
used as a priner to informair pollution personnel about 1) the types
of sources that may emt carbon tetrachl oride, 2) process variations
and rel ease points that may be expected within these sources, and 3)
avail abl e em ssions information indicating the potential for carbon
tetrachloride to be released into the air fromeach operation

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical estinmates of
the accuracy of these emi ssion factors, no estimate can be made of



the error that could result when these factors are used to cal cul ate
em ssions fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations, control equipnment and operating practices. Thus, in
situations where an accurate assessnent of carbon tetrachloride

em ssions is necessary, source-specific Information should be
obtained to confirmthe exi stence of particular emtting operations,
the types and effectiveness of control neasures, and the inpact of
operating practices. A source test and/or material bal ance should be
consi dered as the best neans to determine air em ssions directly from
an operation.



SECTION 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 emtters of carbon tetrachloride
and maki ng gross estimtes of air enissions therefrom Because of
the |limted background data available, the information summarized in
thi s docunent does not and should not be assunmed to represent the
source configuration or em ssions associated with any particul ar
facility.

Thi s section provides an overview of the contents of this
docunent . It briefly outlines the nature, extent and format of the
material presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of carbon tetrachloride, its
commonly occurring fornms and an overview of its production and uses.
A chemical use tree sunmarizes the quantities consuned in various end
use categories in the United States. This background section may be
useful to someone who needs to devel op a general perspective on the
nature of the substance and where it is manufactured and consuned.

Section 4 of this docunent focuses on major industrial source
categories that may di scharge carbon tetrachl oride air em ssions.
Thi s section di scusses the production of carbon tetrachloride. its
use as An industrial feedstock, and processes which produce carbon
tetrachl oride as a byproduct. For each major industrial source
category described in Section 4, exanple process descriptions and
fl ow di agrans are given, potential em ssion points are identified,
and avail able em ssion factor estimates are presented that show the
potential for carbon tetrachloride em ssions before and after
control s enmployed by industry. |Individual conpanies are naned that
ire reported to be involved with either the production or use of
carbon tetrachloride, based primarily on trade publications.



The final section of this document sunmmarizes avail abl e
procedures for source sanpling and anal ysis of carbon tetrachl oride.
Details are not prescribed nor is any EPA endorsenent given or
inplied to any of these sanpling and anal ysis procedures. At this
ti me, EPA has generally not eval uated these nethods. Consequently,
this docunent nerely provides an overview of applicable source
sanpling procedures, citing references for those interested in
conducting source tests.

The appendi x | ocated at the end of this docunent presents
derivations of carbon tetrachloride em ssion factors for carbon
tetrachl ori de production processes which are presented in Section 4.
The devel opnent of these enmission factors is discussed in detail for
sources such as process vents, storage tank vents, liquid and solid
waste streanms, handling, and | eaks from process val ves, punps,
conpressors, and pressure relief val ves.

Thi s docunent does not contain any discussion of health or other
environnental effects of carbon tetrachl oride, nor does it include
any di scussion of anmbient air |levels or anbient air nonitoring
t echni ques.

Comrents on the contents or useful ness of this docunent are
wel coned, as |Is any information on process descriptions, operating
practices, control measures and em ssions information that would
enable EPA to inprove its contents. All comrents should be sent to:

Chi ef, Source Analysis Section (MD14)
Ai r Managenent Technol ogy Branch
U.S. Environnmental Protection Agency
Research Triangle Park, N C. 27711



SECTION 3
BACKGROUND

NATURE OF POLLUTANT

Carbon tetrachloride, CCl149 is a clear, colorless, nonflammabl e
liquid at normal tenperatures and pressures. Physical properties of
carbon tetrachloride are presented in Table 1.

Carbon tetrachloride is mscible with nost organic solvents, but
is essentially insoluble in water. It is relatively volatile, with a
vapor pressure of 11.94 kPa at 200C.! Due to its high thernal
capacity, carbon tetrachloride increases the | ower explosion limts
of gaseous mi xtures and has an extinctive effect on flanmes. The
density of carbon tetrachloride vapor is over five tinmes that of air;
thus, in cases where concentrated gaseous eni ssions occur, the plune
will tend to settle to the ground before dispersing into the anbi ent
air.?

Carbon tetrachl ori de deconposes in fires to phosgene. Thernal
deconposition of carbon tetrachloride occurs very slowy at
tenperatures up to 4000C. At tenperatures of 900 to 13000C,
extensi ve di ssoci ation occurs form ng perchl oroet hyl ene,
hexachl or oet hane, and sone chl ori ne. Reacti on of carbon
tetrachloride with steam at high tenperatures results in the
formati on of chl oromet hanes, hexachl oroet hane, and perchl oroet hyl ene.?

Carbon tetrachloride is very stable in the atnosphere, with a
residence time of about 30 years. Residence tine is defined as the
time required for the concentration to decay to I/e of its origina
value (e - 2.7183).3% The nmjor nechanisns that renove carbon
tetrachloride fromthe air are ultraviolet photolysis and reaction
wi th oxygen radicals in the stratosphere.* The mgjor products of
carbon tetrachl ori de photo-oxidati on are phosgene and chl ori de
radi cal . 23



TABLE 1. PHYSI CAL PROPERTI ES OF CARBON TETRACHLORI DE, CC1,!

Property

Synonyns: Tetrachl oronet hane, nethane tetrachl ori de,

benzi nof orm

Val ue

per chl or or et hane,

CAS Regi stry No. 56-23-5
Mol ecul ar wei ght 153. 82
Mel ting point, -C -22.92
Boi li ng point, -C 76. 72
Refractive i ndex, 15-C 1. 46305
Specific gravity

20/ 4-C 1.59472
Aut oi gnition tenperature, -C >1, 000
Fl ash point, OC None
Vapor density, air - 1 5.32
Surface tension, nm\ nm(adyn/cm

oC 29. 38

20-C 26. 77

60-C 18. 16
Speci fic heat, J/kg

20-C 866

30-C 837
Critical tenperature, -C 283. 2
Critical pressure, MPa 4.6
Critical density, kg/m 558
Thermal conductivity, mW (m K)

Li qui d, 20-C 118

Vapor, bp 7.29
Average coefficient of volune expansion,

0-40-C 0. 00124
Di el ectric constant
Li qui d, 20-C 2.205

Li quid, 50GC 1.874

Vapor, 87.6-C 1. 00302
CONTI NUED



TABLE 1. (conti nued)

Property Val ue

Heat of formation, kJ/nol

Li quid -142

Vapor -108
Heat of conbustion, liquid, at constant

vol unme, 18.7°C, kJ/ nol 365
Latent heat of fusion, kJ/nol 2.535
Latent heat of vaporization, kJ/kg 194. 7
Viscosity, 20°C, npa-s 0. 965
Vapor pressure, kPa

oC 4.410

20°C 11.94

40°C 28.12

60°C 58. 53

150°C 607. 3

200°C 1. 458
Solubility OF CCl4 in water, 25°C,

g/ 100 g H,0 0. 08
Solubility of water in CCl4, 250C,

g/ 100 g CC # 0. 013




OVERVI EW OF PRODUCTI ON AND USE

Carbon tetrachloride was first manufactured on a large scale In
the United States in 1907, primarily as a drycl eaning agent and for use
in fire extinguishers.!?

Carbon tetrachloride is currently produced in the United States by
five conpanies at nine manufacturing sites. Domestic production in
1980 was 710 mllion pounds. Approximately 95 mllion pounds of carbon
tetrachl ori de were exported and 7 mllion pounds inported.?®

Carbon tetrachloride is produced donestically by three processes:
chl orinolysis of hydrocarbons, nethane chlorination, and carbon
di sul fide chlorination. Hydrocarbon chlorinolysis (perchloroethylene
coproduct), the predom nant manufacturing process, involves the
chl orination of hydrocarbons at high tenperatures to yield carbon
tetrachl ori de and perchl oroet hyl ene, which are then separated by
distillation. The relative amounts of these two coproducts depend on
the nature of the hydrocarbon starting material and conditions of
chlorination. ?

In the nethane chlorination process, nethane is chlorinated at a
tenperature of about 4000C and a pressure of about 200 kPa to produce
carbon tetrachl oride, methyl chloride, methylene chloride and
chloroform The chl oronet hane coproducts are separated by four
sequential distillations. The methyl chloride In the overheads fromthe
first colum can be recycled to the chlorination reactor to enhance the
yield of the other chloronethanes.?®

In the carbon disulfide chlorination process, a solution-of carbon
di sul fide and sulfur chloride In carbon tetrachloride is fed to a
chlorination reactor where chlorine is sparged through the solution to
yield a m xture of product carbon tetrachloride and sul fur chloride.
The sulfur chloride is then reacted with carbon disulfide, producing
carbon tetrachloride and el enental sulfur. The carbon tetrachloride
produced in this reaction and excess carbon disulfide are recycled to
the chlorination reactor.”’



Carbon tetrachloride may al so be produced as a byproduct of the
manuf acture of nethyl chloride, nethylene chloride, and chl oroform by
t he met hanol hydrochl orination/ nmethyl chloride chlorination process.-
However, the crude carbon tetrachl oride-containing bottons fromthis
process conmmonly are used on-site in the chlorinolysis process for
manuf acturi ng carbon tetrachl oride and perchl oroet hyl ene. 8

The current uses of carbon tetrachloride are listed in Figure |
with the percentage of carbon tetrachloride consuned for each use. The
maj or end use of carbon tetrachloride is in the production of
trichl orofl uoronethane (fluorocarbon 11) and di chl orodifl uoronet hane
(fluorocarbon 12), which accounted for 81 percent of 1981 consunpti on.
Prior to the restriction by the Environnental Protection Agency on the
use of fluorocarbons as aerosol propellants, both fluorocarbons 11 and
12 were widely used for this purpose. Currently, fluorocarbon 12 is
used as a refrigerant and fluorocarbon 11 is used as a blow ng agent in
t he manufacture of plastic foamns.?®

M scel | aneous and sol vent applications of carbon tetrachloride
accounted for 7 percent of 1981 consunption. These applications
i ncl ude use as a feedstock in carbon tetrabron de manufacture;? in
pesticide fornul ati ons; as a solvent in pharnmaceutical manufacture; and
as a solvent and thinner in shoe and furniture polishes, paints,
| acquers, printing inks, floor waxes, and stains.® The use of carbon
tetrachloride in fire extingui shers has been disconti nued because of
its tendency to deconpose and form phosgene when sprayed into flanes. ’



PRODUCTION USE

pmmnns,

AYOROCARBONS  + CHLORTNE FLUOROCARRON 11
(eg. C4Hg) (8C1,) FLUOROCARBON 12
METHANE + CHLORINE CARBON TETRACHLORIDE ————1  [yonor
(CHy) (2€1,) (cc1,)
CARBON DISULFIDE + CHLORINE MISCELLANEOUS
(cs,) (2C1,)

Figure 1. ‘Chemical use tree for carbon tetrachloride.?

PERCENT
- 26
- 55
- 12
-7

100



SECTI ON 4
CARBON TETRACHLORI DE EM SSI ON SOURCES

Thi s section di scusses carbon tetrachl oride em ssions fromdirect
sources such as carbon tetrachl oride production, fluorocarbon

producti on, carbon tetrabrom de production, liquid pesticide
formul ati on, pharmaceutical manufacture, and the use of pesticides
containing carbon tetrachloride. Indirect em ssion sources are also
di scussed. Indirect sources of carbon tetrachloride include ethylene

di chl ori de production and the manufacture of perchloroethyl ene and
trichloroethylene. Process and em ssions information are presented for
each source for which data are avail abl e.

CARBON TETRACHLORI DE PRODUCTI ON

In the nost widely used carbon tetrachl oride production process,
the chlorinolysis process, hydrocarbons are chlorinated at or near
pyrolytic conditions to produce a m xture of carbon tetrachloride and
perchl or oet hyl ene. A second process involves the direct chlorination
of methane to produce chl oronet hanes, including carbon tetrachl oride.
Direct chlorination of nmethane is used currently at only one plant.?°
Another facility formerly enployed this process but has changed to a
di fferent production process. The details of this new process are not
currently avail able.!! Carbon tetrachloride is also produced by the
chlorination of carbon disulfide at one facility. In addition, carbon
tetrachloride is formed as a byproduct in the manufacture of chloroform
and net hyl ene chloride by the hydrochlorination of methyl chloride in
t he met hanol hydrochl orination/ nmethyl chloride chlorination process.
This process is included in this section because it is integrated at
many facilities with the chlorinolysis process. At these facilities,
the inmpure carbon tetrachloride frommethyl chloride chlorination is
frequently used as feedstock for the chlorinolysis process. 2

11



Process Descriptions

Hydr ocar bon Chl ori nol ysis (Perchl oroet hyl ene Coproduct) Process --

The mgj or products of the chlorinolysis process are carbon
tetrachl ori de and perchl oroethyl ene. A variety of hydrocarbons and
chl ori nated hydrocarbons may be used as feed materials including crude
carbon tetrachl ori de, ethylene dichloride, acetylene, ethylene,
propyl ene, paraffinic hydrocarbons of up to four carbons, and
napt hal ene. 18

Basi c operations that may be used in the chlorinolysis process are
shown in Figure 2. Preheated feed material (Stream 1) and chlorine
(Stream 2) are fed to the chlorinolysis reactor, a fluid bed reactor
mai nt ai ned at about SOOOC whi ch contai ns copper and barium chloride on
graphite as a catal yst.?®

The reaction products (Stream 3) pass through a cyclone for
removal of entrained catal yst and then on to a condenser. Uncondensed
materials (Stream 4), consisting of hydrogen chloride, unreacted
chl orine, and sone carbon tetrachloride, are renoved to the hydrogen
chloride purification system The condensed reactor products (Stream
5) are fed to a hydrogen chloride and chlorine removal colum, with the
overheads (Stream 6) fromthis colum going to the hydrogen chloride
purification operation. The bottons (Stream7) fromthe colum are fed
to a crude storage tank. Material fromcrude storage is fed to a
series of two distillation colums. The first columm extracts carbon
tetrachloride (Stream 8) which is transferred either to a storage and
| oadi ng operation or to the hydrogen chloride purification system
(Stream 9) for use as a scrubber liquid. The bottons (Stream 10) from
t he carbon tetrachloride distillation colum are fed to a
perchl oroet hyl ene distillation colum. 1In this colum,
perchl oroet hyl ene is extracted as overheads (Stream 11) and transferred
to storage and | oading. Bottoms fromthe perchl oroethyl ene
distillation colum are incinerated.?

The feed streans (Streans 4 and 6) to the hydrogen chloride
purification operation are conpressed, cool ed, and scrubbed in a
chl orine absorption colum with chilled carbon tetrachloride (Stream 9)
to renove chlorine. The bottons and condensabl e over heads (Stream 12)
fromthis colum are

12



CHLORINDLYSIS.
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HCl 8.Ct,
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Figure 2.

Basic operations that ma
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The numbers in this figure refer to process
streams, as discussed in the text, and the
letters designate process vents, The heavy
Yines represent final product stresss through
the process.

y be used for carbon tetrachloride production

by the hydrocarbon chlerinolysis {perchloroethylene coproduct) process.B



conmbi ned and recycled to the chlorinolysis reactor. Uncondensed

over heads (Stream 13) fromthe chlorine absorption colum are water-
scrubbed in the hydrogen chl ori de absorber. Hydrochloric acid solution
Is rennmpved fromthe bottomof this absorber to storage for eventua
reprocessing or for use in a separate facility. Overheads fromthe
absorber and vented gases from byproduct hydrochloric acid storage are
conmbi ned (Stream 14) and passed through a caustic scrubber to renpve
resi dual hydrogen chloride. |Inert gases are vented fromthe scrubber.?

Met hane Chl ori nati on Process --

In the nethane chlorination process, carbon tetrachloride is
produced as a coproduct with methyl chloride, methylene chloride and
chloroform Methane can be chlorinated thermally, photochem cally, or
catalytically, with thermal chlorination being the nost commonly used
met hod. ©

Figure 3 presents basic operations that may be used in the nethane
chlorination process. Mthane (Stream 1) and chlorine (Stream 2) are
m xed and fed to a chlorination reactor, which is operated at a
tenperature of about 4000 C and a pressure of about 200 kPa. Gases
exiting the reactor (Stream 3) are partly condensed and then scrubbed
with chilled crude product to absorb npst of the product chl oronet hanes
fromthe unreacted nethane and byproduct hydrogen chloride. The
unreact ed net hane and byproduct hydrogen chloride fromthe absorber
(Stream 4) are fed serially to a hydrogen chloride absorber, caustic
scrubber, and drying colum to renove hydrogen chloride. The purified
met hane (Stream 5) is recycled to the chlorination reactor. The
condensed crude chl oronmet hane stream (Stream 6) is fed to a stripper
where It is separated into overheads containing hydrogen chlori de;
met hyl chl ori de and sone hi gher boiling chl oromethanes; and bottons
cont ai ni ng net hyl ene chloride, chloroform and carbon tetrachloride.?

Overheads fromthe stripper (Stream7) are fed to a water
scrubber, where nost of the hydrogen chloride is renoved as weak
hydrochloric acid (Stream 8). The offgas fromthe water scrubber is
fed to a dilute sodi um hydroxi de scrubber solution to renove residual
hydrogen chloride. Water is then renmoved fromthe crude chl or omet hanes
in a drying colum.

14
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the process.

Basic operations that may be used for carbon tetrachloride production

by the methane chlorination process.b



The chl oronet hane m xture fromthe drying colum (Stream9) is
conpressed, condensed, and fed to a nethyl chloride distillation
colum. Nothyl chloride fromthe distillation colum can be recycled
back to the chlorination reactor (Stream 10) to enhance the yield of
t he other chl oronethanes, or condensed and then transferred to storage
and | oading as a product (Stream 11).°

Bottons fromthe stripper (Stream 12) are neutralized, dried, and
conmbined with bottonms fromthe nmethyl chloride distillation columm
(Stream 13) in a crude storage tank. The crude chl oronethanes (Stream
14) pass to three distillation colums in series which extract
met hyl ene chloride (Stream 15), chloroform (Stream 17), and carbon
tetrachloride (Stream 19). Condensed nethyl ene chloride, chloroform
and carbon tetrachloride product streans are fed to day storage tanks,
where inhibitors may be added for stabilization. The product streans
are then transferred to storage and |loading facilities. Bottons from
the carbon tetrachloride distillation colum are incinerated.?®

Carbon Di sul fide Chlorination Process --

Basi c operations that may be used in the carbon disulfide
chlorination process are shown in Figure 4. A solution of carbon
disulfide (Stream 1) and sul fur chloride in carbon tetrachloride is fed
to a chlorination reactor where chlorine (Stream 2) is sparged through
the solution. The reaction products, carbon tetrachl oride and sul fur
chloride (Stream 3), are punped to a distillation colum. The carbon
tetrachl ori de overhead streamfromthe colum (Stream4) Is treated
with caustic and then fed (Stream6) to a distillation colum where it
is dried via a carbon tetrachl oride-water distillation. Product carbon
tetrachloride (Stream 7) is then punped to storage tanks.?®

Sul fur chloride in the bottonms fromthe crude product distillation
colum (Stream5) is transferred to a dechlorinator where it is m xed
and reacted with carbon disul fide producing carbon tetrachl ori de and
el emental sulfur. The carbon tetrachl oride and unreacted carbon
disulfide (Stream 8) are distilled off (Stream9) and recycled to the
chlorination reactor. Residual sulfur and sulfur chloride (Stream 10)
are punped to
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a water scrubber where the sulfur chloride is renoved fromthe sul fur
The sul fur byproduct (Stream 12) is transferred to a hol ding tank and
fromthere as needed to a sulfuric acid plant. Sulfur chloride (Stream
11) is scrubbed with caustic and the residual is vented to the

at nospheres. ?®

Met hanol Hydrochl orination/ Methyl Chloride Chlorination Process --

Carbon tetrachloride is produced as a byproduct of the nethano
hydrochl ori nati on/ methyl chloride chlorination process. The mgjor
products are chloroform nethyl chloride. and methyl ene chl ori de.

Basi ¢ operations that may be used in nethanol
hydrochl ori nati on/ methyl chloride chlorination are shown in Figure 5.
Equi nol ar proportions of gaseous nethanol (Stream 1) and hydrogen
chloride (Stream 2) are fed to a hydrochl orination reactor, maintained
at a tenperature of about 350°C. The hydrochlorination reaction is
catal yzed by one of a nunber of catalysts, Including alumna gel,
cuprous or zinc chloride on activated carbon or pum ce, or phosphoric
acid on activated carbon. Methanol conversion of 95 percent is
typical . *?

The reactor exit gas (Stream 3) is transferred to a quench tower,
wher e unreacted hydrogen chl oride and met hanol are renpoved by water
scrubbing. The water discharged fromthe quench tower (Stream4) is
stripped of virtually all dissolved nethyl chloride and nost of the
met hanol , both of which are recycled to the hydrochlorination reactor
(Stream5). The outlet liquid fromthe stripper (Stream 6) consists of
di lute hydrochloric acid, which is used in-house or is sent to a
wast ewat er treatnment system 12

Met hyl chloride gas fromthe quench tower (Stream7) is fed to the
drying tower, where it is contacted with concentrated sulfuric acid to
renove residual water. The dilute sulfuric acid effluent (Stream8) is
sol d or reprocessed. *?

A portion of the dried nmethyl chloride (Stream 9) is conpressed,
cool ed, and liquefied as product. The remainder (Stream 10) is fed to
the chlorination reactor along with chlorine gas (Stream 11). The
met hyl chl oride and chlorine react to form nethyl ene chlori de and
chloroform along with hydrogen chloride and a small anpunt of carbon
tetrachl ori de. 12
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The product streamfromthe chlorination reactor is condensed and
then stripped of hydrogen chloride. The hydrogen chloride is recycled
to the nethanol hydrochlorination reactor (Stream 12). The crude
m xture of methylene chloride, chloroform and carbon tetrachloride
fromthe stripper (Stream 13) is transferred to a storage tank, and
then fed to a distillation colum to extract nethylene chloride.
Bottons from nethylene chloride distillation (Stream 15) are distilled
to extract chloroform The chl orof orm and net hyl ene chl ori de product
streans (Streans 14 and 16) are fed to day tanks where inhibitors are
added and then sent on to storage and loading facilities. Bottons from
chloroformdistillation (Stream 17) consi st of crude carbon
tetrachloride which is stored for subsequent sale or used onsite in a
chlorinolysis process (described previously).?1?

Em ssi ons

Carbon tetrachloride em ssion factors for the hydrocarbon
chl orinolysis process, the methane chlorination process, the carbon
di sul fide chlorination process, and the nethano
hydrochl ori nati on/ methyl chloride chlorination process are presented,
respectively, in Tables 2 through 5. Each table lists uncontrolled
em ssion factors for various sources, potentially applicable contro
techni ques, and controlled em ssion factors associated with the
identified em ssion reduction techniques. The derivations of these
em ssion factors are presented in Appendix A As described in the
appendi x, the em ssion factors were based on hypothetical plants.
Actual em ssions for a given facility may vary because of such factors
as differences In process design and age of equi pnent.

Source Locati ons

Table 6 presents a published |list of major producers of carbon
tetrachl ori de.

20



TABLE 2. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS FOR A HYPOTHETI CAL
CARBON TETRACHLORI DE PRODUCTI ON FACI LI TY ( HYDROCARBON CHLORI NOLYSI S PROCESS) #

Uncontrol | ed Control |l ed
carbon carbon
tetrachl ori de tetrachl ori de
Sour ce em ssion Potentially applicable % em ssion
Em ssi on source desi gnati on® factor® control technique® reduction factor®
Distillation colum A 0. 008 kg/ My None --
St or age
Crude tank B 0. 098 kg/ My Refri gerated condenser 87 0.013 kg/ My
Day tanks (2) C 0.45 kg/ My Refri gerated condenser 93 0.032 kg/ My
Carbon tetrachl oride tank D 0.58 kg/ My Refri gerated condenser 85 0. 087 kg/ My
Handl i ng® E 0. 24 kg/ng Refri gerated condenser 85 0. 036 kg/ | og
Secondary 5
Hex waste handling and F 0. 0046 kg/ My Vapor bal ance and 4.6 x 10"~ kg/ My
di sposal and waste refrigerated condenser
hydr ocar bon storage "
Waste caustic G 0. 0029 kg/ My Stem stri pper 96 1.2 x 1007 kg/ My
Process fugitivef 1.5 kg/ hr Quarterly I/M of punps and 48 0. 78 kg/ hr
and val ves
Monthly 1/ M of punps and 64 0. 54 kg/ hr
and val ves
Monthly 1/ M of val ves; 73 0. 41 kg/ hr

doubl e nechani cal seats on
punps; rupture disks on
relief valves

dAny gi ven carbon tetrachloride production plant my vary in configuration and |level of control fromthis hypothetical facility.
The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control logy at a
particular facility prior to-estimating em ssions therefrom

bLetters refer to vents designated in Figure 2

°Emi ssion factors in terms of kg/ My refer to kilogram of carbon tetrachloride emtted per nmegagram of carbon tetrachl oride
produced. In cases where a particular source designation applies to nultiple operations. these factors represent conbined
em ssions for all, not each. of these operations within the hypothetical facility.

dFor refrigerated condensers, renoval efficiency is based an a condenser operating tenperature of -15°C and uncontrolled mi ssion
tenperatures of 20°C for product storage and handling of 38°C for crude storage, and of 35°C for day storage tanks..G eater
renmoval efficiency can be achieved by using | ower operating tenperatures. For secondary m ssions, potentially applicable contro
t echni ques and associated mi ssion reductions are fromreference S. For fugitive mssions. the derivations of the m ssion
reductions associated with the control alternatives fromreference 13 are given in Appendi x A

¢Loadi ng of trucks, tank cars, barges.
fFugitive enission rate is | ndependent of plant capacity.

9/Mrefers to inspection and nmintenance



TABLE 3. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS FOR A HYPOTHETI CAL
CARBON TETRACHLORI DE PRODUCTI ON FACI LI TY ( METHANE CHLORI NATI ON PROCESS) A

Uncontrol | ed Control | ed
carbon carbon
tetrachl ori de tetrachl ori de
Sour ce em ssion Potentially applicable % em ssion
Em ssi on source desi gnati on® factor® control technique® reduction factor®
Recycl ed net hane inert
gas purge vent A <0. 042 kg/ng None - --
Distillation area
emergency inert gas vent C 0. 052 kg/ My None - --
St or age
Crude tank B 0. 057 kg/ My Refri gerated condenser 92 0. 0046 kg/ My
Day tanks (2) D 0. 36 kg/ My Refri gerated condenser 23 0. 025 kg/ 1l4g
Pr oduct tank E 0. 64 kg/ My Refri gerated 85 0. 096 kg/ My
Secondary F 0.018 kg/ My None - --
Handl i ng® G 0.24 kg/ My Refri gerated condenser 85 0.036 kg/ My
Process fugitivef 2.56 kg/ hr Quarterly I/M of punps
and val ves? 49 1.6 kg/hr

Monthly 1/ M of punps and
val ves 64 1.1 kg/hr

Monthly 1/ M of val ves;
doubl e mechani cal seal s
on punps; rupture disks
on relief valves 75 0. 74 kg/ hr

@ Any given caftan tetrachl oride production plant ny vary in configuration and |level of control fromthis hypothetical facility.
The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating mssions therefrom

b Letters refer to vents designated In Figure 3

€ Emission factors In terns of kg/My refer to kilogram of carbon tetrachloride emtted per negagram of carbon tetrachl oride

pr oduced. In cases where a particular source designation applies to nultiple operations, these factors represent conbined

em ssions for all, not each, of these operations within the hypothetical facility.

4 For refrigerated condensers, renoval efficiency is based on a condenser operating tenperature of -15°C and uncontrolled m ssion
tenperatures fromreference 6 of 20°C for product storage and handling and of 35°C for the crude and day storage tanks.

G eater renmoval efficiency can be achieved by using a | ower operating tenperature. For fugitive em ssions, the derivations

of the em ssion reductions associated with the control alternatives fromreference 13 are given In Appendi x A

¢ Loadi ng of trucks, tank cars, barges.

f Fugitive emission rate is independent of plant capacity.



91/Mrefers to Inspection and nmai nt enance

TABLE 4. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS FOR A HYPOTHETI CAL
CARBON TETRACHLORI DE PRODUCTI ON FACI LI TY ( CARBON DI SULFI DE CHLORI NATI ON PROCESS) A

Uncontrol | ed Control | ed
carbon carbon
tetrachl ori de tetrachl ori de
Sour ce em ssion Potentially applicable % em ssion
Em ssi on source desi gnati on® factor® control technique® reduction factor®
Chl ori nat or A 116 kg/ My Refri gerated condenser 95 5.8 kg/ My
St or age B 0.76 kg/ My Refri gerated condenser 85 0.11 kg/ My
Handl i ng® C 0. 24 kg/ My Refri gerated condenser 85 0.036 kg/ My
Process fogitive 0. 60 kg/ Mf Quarterly I/M of punps 46 0.32 kg/ My
and val ves?
Monthly 1/ M of punps and 63 0.22 kg/ My
val ves
Monthly 1/ M of val ves: 76 0.14 kg My

doubl e mechani cal seal s
on punps; rupture disks

an—ral i of /ol v ac
1+

@dAny gi ven carbon tetrachloride production plant may vary in configuration and |level of control fromthis hypothetical facility.
The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating enm ssions therefrom

bLetters refer to vents designated to Figure 4.

°Emi ssion factors in terms of kg/ng refer to kilogram of carbon tetrachloride emtted per nmegagram of carbon tetrachl oride
produced. |In cases where a particular source designation applies to nultiple operations, these factors represent conbined
m ssions for all, not each. of these operations within the hypothetical facility.

dFor refrigerated condensers. renoval efficiency is based on a condenser operating tenperature of -15°C and uncontrolled mi ssion
tenperatures of 20°C for product storage and handling. Geater renoval efficiency can be achieved by using | ower operating
tenperatures. For process fugitives, control techniques were derived from Reference 13. Because information on the nunber of
process fugitive m ssion sources was not available, the calculation of mssion reduction achievable In this process was not
possible. The mission reductions were estinmated as the averages of achi evabl e mi ssion reductions cal culated for the other carbon
tetrachl ori de producti on processes.

¢Loadi ng of trucks, tank cars, barges.
Ref erence 14.

9/Mrefers to Inspection and nmintenance



TABLE 5. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE PRODUCTI ON
EM SSI ON FACTORS FOR A HYPOTHETI CAL PLANT USI NG THE METHANOL
HYDROCHL ORI NATI ON/ METHYL CHLORI DE CHLORI NATI ON PROCESS

Uncontrol | ed Control | ed
carbon carbon
tetrachl ori de tetrachl ori de
Sour ce em ssion Potentially applicable % em ssion
Em ssi on source desi gnati on® factor® control technique reduct i on? factor®
St or age
Crude tank A 0. 040 kg/ My Refri gerated condenser 97 0. 0012 kg/ My
Sur ge tank B 0. 057 kg/ My Refri gerated condenser 96 0. 0023 kg/ My
Carbon tetrachl ori de and
heavi es tank C 1.39 kg/ My Refri gerated condenser 85 0.21 kg/ My
Handl i ng® D 0.52 kg/ My Refri gerated condenser 85 0.078 kg/ My
Process fugitivef 0.48 kg/ My Quarterly I/M of punps
and val ves? 42 0. 28 kg/ hr
Monthly 1/ M of punps
and val ves 60 0. 19 kg/ hr

Monthly 1/ M of val ves;
doubl e mechani cal seals
on punps; rupture disks
on relief valves 81 0.091 kg/ hr

@Any gi ven carbon tetrachloride production plant may very in configuration and |level of control fromthis hypothetical facility.
The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating emnm ssions therefrom

bLetters refer to vents designated in Figure 5

°Emi ssion factors in terms of kg/ My refer to kilogram of carbon tetrachloride emtted per nmegagram of carbon tetrachl oride
produced. In cases where a particul ar source designation applies to nultiple operations, these factors represent conbined
em ssions for all, not each, of these operations within the hypothetical facility.

dFor refrigerated condensers, renoval efficiency is based on a condenser operating tenperature of -15°C and uncontrolled enission
tenperatures fromreference 8 of 40°C for carbon tetrachl oride byproduct storage and handling, of 35°C for crude storage, and of
40°C for the surge tank. Geater renpval efficiency can be achieved by using | ower operating tenperatures. For fugitive

m ssions, the derivations of the em ssion reductions associated with the control alternatives fromreference 13 are given in
Appendi x A

®Emi ssion factor for |oading of trucks, tank cars, and barges devel oped for cases in which inpure byproduct carbon tetrachloride
is not transferred for further processing at hydrocarbon chlorinolysis cofacility.

fFugitive nission rate is independent of plant capacity.
91/H refers to inspection and nmi ntenance



TABLE 6. CARBON TETRACHLORI DE PRODUCTI ON FACI LI TI ES

Pr oducti on

Conpany Locati on process
Dow Chemi cal U.S. A Freeport, TX NA
Pittsburg, CA Hydr ocar bon chl ori nol ysi s
Met hane chl orination
Pl aquem ne, LA Hydr ocar bon chl ori nol ysi s
Met hyl chl oride chlorination
E.|. dupont de Nenours Corpus Christi, TX Met hane and et hyl ene chlorination with
and Co.? per chl or oet hyl ene copr oduct
LCP Chemicals and Plastics, Inc. Moundsvill e, W Met hane chl ori nati on

St auf f er

Chemi cal Co

Loui svil |l e,

Lenmoyne,

AL

KY

Met hyl

chloride chlorination

Car bon disul fide chlorination

Met hane chl orination

Met hyl chl oride chlorination
Vul can Materials Co. Gei smar, LA Hydr ocar bon chl ori nol ysi s
Met hyl chl oride chlorination
Wchita, KS Hydr ocar bon chl ori nol ysi s
Met hane chl orination
Met hyl chl oride chlorination
Di anmnd Shanrock Corp Belle W/ Methyl chloride chlorination

aThe duPont facility is actually located in Ingleside

perchl oroet hyl ene as a coproduct but does not
NA = Not avail abl e

Note: This list is subject to change as narket
down.

neasur es,

The | eve
and shoul d be determ ned through direct

condi tions change,

contacts with plant

TX. 1 This plant
use a chlorinolysis process.”’

produces carbon tetrachloride with

facility ownership changes,
The reader should verify the existence of particular facilities by consulting current

t hensel ves. of em ssions fromany given facility is a function of variables such as throughput

per sonnel

or plants are closed
listings or the plants
and contro



FLUOROCARBON PRODUCTI ON

The primary use for carbon tetrachloride Is as a feedstock for
t he production of dichlorodifluoronmethane (fluorocarbon 12) and
trichl orofl uoronethane (fluorocarbon 11). Currently. fluorocarbon 12
is used as a refrigerant and fluorocarbon 11 is used as a bl ow ng
agent in the manufacture of plastic foamns.?®

Process Description

Fl uor ocarbons 11 and 12 are produced by the |iquid-phase
reacti on of anhydrous hydrogen fluoride (HF) and carbon
tetrachloride. Basic operations that nay be used in the fluorocarbon
producti on process are shown in Figure 6. Carbon tetrachloride
(Stream 1), liquid anhydrous HF (Stream 2), and chlorine (Stream 3)
are punped from storage to the reactor, along with the recycl ed
bottonms fromthe product recovery colum (Stream 15) and the HF
recycle stream (Stream 9). The reactor contains antinony
pentachl oride catal ystl 8 and is operated at tenperatures ranging from
0 to 2000C and pressures of 100 to 3,400 kPa.?®

Vapor fromthe reactor (Stream4) |Is fed to a catal yst
distillation colum, which renoves as overheads hydrogen chloride
(HCl'), the desired fluorocarbon products, and sonme HF (Stream 6).

Bott ons contai ni ng vaporized catal yst, unconverted and

underfl uorinated species, and sone HF (Stream 5) are returned to the
reactor. The overhead streamfromthe colum (Stream 6) is condensed
and punped to the HCl recovery col umn. 8

Anhydrous HCl byproduct is renoved as overheads (Stream 7) from
the HC recovery col umm, condensed, and transferred to pressurized
storage as a liquid. The bottons streamfromthe HCl recovery col unm
(Stream 8) is chilled until it separates into two inm scible phases:
an HF phase and a denser fluorocarbon phase. These are separated in
a phase separator. The HF phase (Stream 9), which contains a small
anmount of dissolved fluorocarbons, is recycled to the reactor. The
denser phase (Stream 10), which contains the fluorocarbons plus trace
anmobunts of HF and HCl, is evaporated and ducted to a caustic scrubber
to neutralize the HF and HCI. The streamis then contacted with
sul furic acid and subsequently with activated alumna to renpve
wat er . 18
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The neutralized and dried fluorocarbon m xture (Stream 11) is
conpressed and sent to a series of two distillation colums.
Fl uorocarbon 12 is taken as overheads fromthe first colum. dried
with activated alum na, and sent to pressurized storage (Stream 12).
The bottonms fromthe first distillation (Stream 13) are sent to the
second distillation colum, where fluorocarbon 11 is renpved
overhead, dried with activated alum na, and sent to pressurized
storage (Stream 14). The bottons fromthe second distillation
(Stream 15) are recycled to the reactor.?®

There are a nunber of process variations in fluorocarbon
production. HF may be separated from product fl uorocarbons prior to
hydrogen chloride renoval. The HCO renoval systemcan vary with
respect to the nethod of renoval and the type of byproduct acid
obtai ned. After anhydrous HCl has been obtained as shown in Figure
6, it can be further purified and absorbed in water. Alternatively,
t he condensed overhead fromcatal yst distillation (Stream 6) can be
treated with water to recover an aqueous sol ution of HCO contan nated
with HF and possibly some fluorocarbons. |In this case, phase
separation of HF and products, and HF recycle are not carried out.
This latter procedure is used at many ol der plants in the industry.?®

Em ssi ons

Uncontrol | ed carbon tetrachl oride em ssion factors for the
fluorocarbon 11 and 12 production processes are listed in Table 7
with potential control techniques and associated controlled em ssion
factors. Potential sources of carbon tetrachl oride em ssions include
process vents, carbon tetrachloride storage tanks, and fugitive
em ssi on sources such as process valves, punps, conpressors, and
pressure relief valves. However, one facility has reported fugitive
em ssions of carbon tetrachloride to be negligible. 2

Process Em ssions --

As indicated in Figure 6, there are three sources of process
em ssions in the manufacture of fluorocarbons. Vents on the product
recovery colums emt only fluorocarbons. A vent on the hydrogen
chl oride recovery colum accunul ator (Vent A, Figure 6) purges
noncondensi bl es and small anounts of inert gases which enter the
reactor with the chlorine feed stream This vent streamis not
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TABLE 7. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS
FOR A HYPOTHETI CAL FACI LI TY PRODUCI NG FLUOROCCARBONS 11 and | 22

Uncontrol | ed Control |l ed
carbon carbon
tetrachl ori de tetrachl ori de
Sour ce em ssion Potentially applicable % em ssion
Em ssi on source desi gnati on® factor® control technique® reduction factor®
React or venting A 0. 042 kg/ Kg Vacuum j et @ 0 0 042 kg/ My
Distillation colum B NA Refrigerated condenser & carbon NA 0. 023 kg/ 149
carbon tetrachl ori de scrubbers
St or age C 0.19f to 0.749 Refri gerated condenser" 85 0.029 to 0.11
kg/ My

@dAny gi ven flurocarbon production plant ny vary in configuration and level of control fromthis hypothetical facility. The reader
is encouraged to contact plant personnel to confirmthe existence of enmtting operations and control technol ogy at a particul ar
facility prior to estinmting em ssions therefrom

bLetters refer to vents designated to Figure 6.

CEmi ssion factors In ternms of kg/ My refer to kilogram of carbon tetrachl oride per nmeqgagram of flurocarbon 11 and 12 produced. In
cases where a particular source designation applies to nmultiple operations, these factors represent conbi ned em ssions for all,
not each, of these operations within the hypothetical facility.

dOne facility controls enmissions fromreactor venting with a vacuum Jet, which renoves ttF and HCI fromthe mission strem but not
carbon tetrachl ori de.

®One facility controls em ssions fromthe fluorocarbon 11 distillation vent with a condenser and cari)on tetrachl ori de scrubber;
to carbon tetrachloride enissions result fromthe use of the scrubber.

fRef erence 18.

9Ref erence 20.

"For the refrigerated condenser applied to storage enissions, the renoval efficiency Is based on an assunmed uncontrol |l ed enission
tenperature of 200C and a condenser operating tenperature of -15'C. Greater efficiency can be achieved by using a | ower operating

t enper at ure.

NA - not applicable.



reported to contain carbon tetrachloride during typical process
operation. During nechanical maintenance operations, the fluorination
reactor is vented through the HClI columm accunul ator, and at these
times the vent stream contains carbon tetrachloride. The
uncontrol |l ed carbon tetrachloride em ssion factor for reactor venting
is fromreference 21. This reference did not indicate the frequency
of reactor venting or the duration and enission rate associated with
each such occurrence.

At one facility, a carbon tetrachl oride scrubber is used to
renove fluorocarbon em ssions fromthe fluorocarbon 12 distillation
vent (Vent B, Figure 6). The vent streamfrom the scrubber contains
carbon tetrachloride. The em ssion rate for this source was 0.17
kg/ hr at a fluorocarbon production rate of 7.6 My/ hr.® The extent of
the us-e of this control technique at other facilities is unknown.

St orage Emi ssions --
The uncontroll ed enmi ssion factors for carbon tetrachloride
feedstock storage in fixed roof tanks (Vents C, Figure 6) are from

references 18 and 20.

Source Locati ons

Alist of facilities producing fluorocarbons 11 and 12 is
presented in Table 8.
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TABLE 8. FACI LI TI ES PRODUCI NG FLUOROCARBONS 11 AND 121520.22,23

Conpany

Locati on?

Allied Chem cal Corp.?

E. 1. dupont de Nenours
and Co., Inc.

Essex Chem cal Corp
(Racon Inc., Subsidiary)

Kai ser Al um num and
Chemi cal Corp.

Penwal t Corp.

Danville, IL
El Segundo, CA

Anti och, CA

Deepwat er, NJ
Mont ague, M

Wchita, KS

Granercy, LA

Calvert Cty, KY

This list is subject to change as market
facility ownership changes,

or

condi ti ons change,

pl ants are cl osed down. The

reader should verify the existence of particular facilities by
consulting current lists or the plants thensel ves. The |evel
of em ssions fromany given facility is a function of

vari abl es such as throughput
be determ ned through direct
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contacts with plant personnel.

measur es, and shoul d



CARBON TETRABROM DE PRODUCTI ON
A smal |l proportion of carbon tetrachloride is used as feedstock
for the manufacture of carbon tetrabrom de. Less than 25 My of

carbon tetrabrom de 2 was produced in the United States in 1975.2

Process Description

Carbon tetrabrom de is produced by a chlorine displ acenent
process. In this process, carbon tetrachloride and anhydrous
hydrogen brom de (HBr) are reacted in a series of batch reactors.
Basi c operations that may be used In the production of carbon
tetrabrom de by chlorine displacenent are shown in Figure 7. Three
reaction vessels are charged with a solution of alum numtribrom de
catalyst in the starting chlorocarbon, which in the case of carbon
tetrabrom de production is carbon tetrachloride. Gaseous anhydrous
HBr is fed into Reactor | belowthe lilquid surface. Gas evol ved
fromReactor 1 is passed into the liquid in Reactor 2, and gas from
Reactor 2 is passed into the liquid of Reactor 3. The gas from
Reactor 3 is primarily hydrogen chloride and is vented to an acid
scrubber. \When the contents of Reactor 1 are sufficiently converted
to carbon tetrabrom de, the HBr streamis diverted to Reactor 2 and
the contents of Reactor | are discharged for product recovery. The
crude product is washed with water to renove the catalyst and is
dried. Reactor | is then recharged with chlorocarbon and catal yst
and becones the third vessel in the reaction series.?

Em ssi ons

Potential sources of carbon tetrachloride in the manufacture of
carbon tetrabrom de include the storage of carbon tetrachloride
feedstock, the vent scrubber, and fugitive em ssions. I nsufficient
information is available for the devel opnent of carbon tetrachloride
em ssion factors for carbon tetrabrom de production.

Source Locati ons

Table 9 lists conpanies and their |ocations that produce carbon
tetrabrom de
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TABLE 9. CARBON TETRABROM DE

PRODUCTI ON FACI LI TI ES

Pl ant Locati on

D anond Shanr ock Corp

I ndustrial Chens. and Pl astics

Unit, Electro Chemi cals D vision Deer Park, TX
G eat Lakes Chem cal Corp. El Dorado, AK
adin Corp.

Ain Chemcals Goup Rochester, NY
NOTE:

This list is subject to change as market conditions change,

facility ownership changes, or

pl ants are cl osed down.

The

reader should verify the existence of particular facilities by

consul ting current

lists or the plants thensel ves.

The | evel

of em ssions fromany given facility is a function of variables

such as throughput and contro
determ ned through direct
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LI QUI D PESTI Cl DE FORMULATI ON

Carbon tetrachloride is used in a nunber of liquid pesticide
formul ations, primarily in fum gants. These fornulations generally
are m xtures of carbon tetrachloride and other active ingredients
such as ethyl ene di brom de, sul fur dioxide, and carbon disulfide. 2°

Process Description

Pesticide formul ation systens are typically batch m xing
operations. Technical grade pesticide is usually stored in its
original shipping container in the warehouse section of the plant
until it is needed. If the material is received in bulk, it is
transferred to holding tanks for storage. Solvents are normally
stored in bul k tanks. 28

Bat ch m xi ng tanks are typically cl osed vessels. The conponents
of the formulation are fed into the tank, neasured by weight, and
m xed by circulation with a tank punp.?” The fornmulated material is
then punped to a hol ding tank before being put into containers for
shi pnent . 26

The blend tank is vented to the atnosphere through a vent dryer,
whi ch prevents noisture fromentering the tank.?  Storage and hol di ng
tanks and container-filling lines are typically provided with an
exhaust connection or hood to renmove any vapors. The exhaust from
the systemls vented to a control device or directly to the
at nosphere. 26

Em ssi ons

Sources of carbon tetrachloride em ssions from pesticide
formul ati on include storage vessels, mxing vessel vents, and | eaks
from punps, valves, and flanges. Insufficient information is
avai |l abl e for the devel opnent of carbon tetrachl oride em ssion
factors for liquid pesticide formulation facilities.

Source Locati ons

Regi strants and applicants for registration of pesticidal
products containing carbon tetrachloride are listed in Table 10.
Some of the |listed conpanies may buy a prefornul ated or prepackaged
product from | arger producers and therefore nmay not be actual sources
of emssions. |In addition, this |list may change as facility
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owner shi p changes or plants are cl osed down.
TABLE 10. REG STRANTS AND APPLI CANTS FOR REQ STRATI ON OF PESTI CI DAL
PRODUCTS CONTAI NI NG CARBON TETRACHLORI DE?®

Conpany Location
Sout hl and Pearson & Co. Mobil e, AL
Cardi nal Chem cal Co. San Franci sco, CA
Coyne Chem cal Co. Los Angeles, CA
Hockwal dchem Division of Oxford Chem cal s Bri sbane, CA
St auf fer Chem cal Co. Ri chnond, CA
M F. Canle & Co. Tanpa, FL
Dett el bach Chemi cal s Corp. Atl anta, GA
Hi Il Manufacturing, Inc. Atl anta, GA
Lester Laboratories Atl anta, GA
Nomar, | nc. Atl anta, GA
Oxford Chem cal s Atl anta, GA
The Selig Chem cal Industries Atl anta, GA
St ephenson Chem cal Co., Inc. Col | ege Park, GA
Wool f ol k Chem cal Works, Inc. Ft. Valley, GA
ZEP Manuf acturi ng Co. Atl anta, GA
Ri ver dal e Chem cal Co. Chi cago Heights, IL
Brayt on Chem cals, Inc. West Burlington, A
MFA O | Co. Shenandoah, 1A
M dl and Laboratories, Inc. Des Moi nes, | A
Bartel s & Shores Chem cal Co. Kansas City, KS
Chemi Sol Chem cals & Sal es Co. Hut chi son, KS
I ndustrial Fum gant Co. a at he, KS
PBI - Gor don Cor p. Kansas City, KS

CONTI NUED

36



TABLE 10. (conti nued)

Conpany

Locati on

Resear ch Products Co.
Thonmpson- Haywar d Chemi cal Co.
Vul can Materials Co., Chemicals Division
Weevi | -ci de Co.

G ain Conditioners, Inc.
Quinn Drug & Chem cal Co.
Dow Cheni cal USA

Haertel Walter Co.

E.H Leitte Co.

Uni ver sal Cooperatives, Inc.
Dougl as Chemi cal Co.

Farm and | ndustries, Inc.

Fer guson Fum gants

Sal i na, KS

Kansas City. KS

Sal i na, KS

Wchita, KS

New Ol eans,

G eenwood, MS

M dl and, M

M nneapol i s,

St. Paul,

VN

M nneapol i s,

Li berty, MO

Kansas City,

LA

VN

VN

MO

Hazel wood, MO

The Huge Co., Inc. St. Louis, MO
Knox Chem cal Co. St. Louis, MO
Patterson Chem cal Co., Inc. Kansas City, MO
Steward Sanitary Supply Co., Ltd. St. Louis, MO
Techne Cor p. Kansas City, MO
Falls Chem cals, Inc. Geat Falls, M
War r en- Dougl as Cheni cal Co. Omha, NB
Agway, Inc., Chem cal Division Syracuse, NY
Prentis Drug & Chemical Co., Inc New Yor k, NY
Bernard Sirotta Co., Inc. Br ookl yn, NY
CONTI NUED
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TABLE 10. (conti nued)
Conpany Locati on
West Chem cal Products, Inc. Lynbr ook, NY
Lystad, Inc. Grand Forks, ND

D anond Shanr ock Agricul tural Chem cals

Big F Insecticides, Inc.
Wei| Chem cal s Co.

J-Chem A Division of Fumigators, Inc.
Soweco, | nc.
The Staffel Co.

At omi ¢ Chem cal Co.

Cl evel and, OH

Menphis, TN
Menphis, TN
Houst on, TX

Amarillo, TX
San Antonio, TX

Spokane, WA

The conpanies |isted are registrants of pesticidal
Some of these conpani es may

contai ning carbon tetrachl ori de.
buy a perfonul ated or
not be actual sources of em ssions.
subj ect to change as narket
owner shi p changes, or

pr epackaged product
In addition,
condi ti ons change,
pl ants are cl osed down.

product s
and, therefore may
the list Is
facility

The reader

shoul d verify the existence of particular facilities by

consul ting current
| evel
vari abl es, such as throughput
be determ ned through direct
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PHARMACEUTI CAL MANUFACTURI NG

Carbon tetrachloride is used as a solvent in the manufacturing
of pharmaceutical products by chem cal synthesis.?®

Process Description

Synt hetic pharmaceuticals are normally manufactured in a series
of batch operations, many of which involve the use of solvents.
Figure 8 presents basic operations that may be used in a batch
synthesis process. To begin a production cycle, the reactor is water
washed and dried with a solvent. Air or nitrogen is usually used to
purge the tank after it is cleaned. Solid reactants and sol vent are
then charged to the reactor. After the reaction is conplete, any
remai ni ng unreacted volatil e compounds and sol vents are renpoved from
the reactor by distillation and condensed. The pharmaceutica
product is then transferred to a holding tank. 1In the holding tank,
the product may be washed three to four times with water or solvent
to renove any renmmi ning reactants and byproducts. The sol vent used
in washing generally is evaporated fromthe reaction product. The
crude product may then be dissolved In another solvent and
transferred to a crystallizer for purification. After
crystallization, the solid material is separated fromthe remaining
sol vent by centrifuging. Wiile in the centrifuge, the product cake
may be washed several times with water or solvent. Tray, rotary, or
fluid-bed dryers are enployed for final product finishing.?®

Em ssi ons

Where carbon tetrachloride is used as a solvent in the
manuf acture of a pharmaceuti cal product, each step of the
manuf act uri ng process may be a source of carbon tetrachloride
em ssions. The magnitude of emnissions varies widely within and anong
operations; therefore, it is inpossible to cite typical em ssion
rates for various operations. 8ased on an industry w de nass
bal ance, ?® at the current |evel of control, about 11 percent of the
carbon tetrachloride used in the industry is emtted to the air.
Thus, the industry-wi de controlled em ssion factor is about 110
kil ograms per megagram of carbon tetrachl oride used.
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An approxi mate ranki ng of em ssion sources has been established
and is presented below in order of decreasing em ssion significance.
The first four sources typically account for the majority of
em ssions froma plant. 28

1. Dryers

2. Reactors

3. Distillation units

4. Storage and transfer

5. Filters

6. Extractors

7. Centrifuges

8. Crystallizers

Condensers, scrubbers, and carbon adsorbers can be used to
control em ssions fromall of the above em ssion sources. Storage
and transfer em ssions can al so be controlled by the use of vapor
return lines, conservation vents, vent scrubbers, pressurized storage

tanks, and floating roof storage tanks.?2®

Source Locati ons

The Standard |Industrial Classification (SIC) code for
phar maceuti cal preparations is 2834. There are approxi mately 800
phar maceutical plants producing drugs in the United States and its
territories. Mst of the plants are small and have | ess than 25
enpl oyees. Nearly 50 percent of the plants are located in 5 States:
12 percent In New York, 12 percent in California, 10 percent In New
Jersey, 5 percent in Illinois, and 6 percent in Pennsylvania. These
States also contain the largest plants in the industry. Puerto Rico
has had the greatest growth in the past 15 years, during which 40
pl ants have | ocated there. Puerto R co now contains 90 plants or
about 7.5 percent of the total. EPA s Region Il (New Jersey, New
York, Puerto Rico, Virgin Islands) has 340 plants (28 percent of the
total); Region V (Illinois, Mnnesota, M chigan, Chio, Indiana,
W sconsin), 215 plants (20 percent); and Region I X (Arizona,
Cal i fornia, Hawaii, Guam Anerican Sanpa), 143 plants (13 percent). 2®
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USE OF PESTI Cl DES CONTAI NI NG CARBON TETRACHLORI DE

The primary use of carbon tetrachloride in pesticides is as a
conmponent of fum gant m xtures. These fum gants are applied to
control insect infestations in grains during storage, transfer,
mlling, distribution, and processing.25 It has been estimted that
98 percent of liquid fum gant fornul ati ons containi ng carbon
tetrachloride is used on stored grain while 2 percent is used in the
fum gation of grain m |l equipnment. 2°

Carbon tetrachloride is used in over 98 percent of the grain
fum gant m xtures available for application to stored grain. 30 O her
i ngredi ents of these m xtures include ethylene di brom de, ethylene
di chl ori de, sulfur dioxide, and carbon disulfide. The npst conmpbn
grain fum gant fornul ations are:

Carbon tetrachl ori de 80 percent, carbon disulfide 20 percent;

Carbon tetrachloride 80.9 percent, carbon disulfide 16
percent, ethylene dibromde 1.2 percent, sulfur dioxide 1.5
percent, and pentane 0.4 percent;

Carbon tetrachloride 77 percent, carbon disulfide 15.4
percent, ethylene dibromde 5 percent, sulfur dioxide 1.5
percent, and pentane 0.4 percent;

Carbon tetrachl ori de 60 percent, ethylene dichloride 35
percent, and ethyl ene dibronm de 5 percent; and

Carbon tetrachloride 75 percent, ethylene dichloride 25
per cent .
Table 11 |lists brand names of fum gant products containing carbon

tetrachl ori de.

Carbon tetrachloride fum gant fornul ati ons are used at farns; at
off-farmgrain elevators including subtermnal, term nal, and port
el evators; at mll holding facilities; and in transport vehicles. In
1977-78, 3.6 mllion liters of fum gants containing 3,900 My of
carbon tetrachloride were applied to grains stored on farns, while
7.6 mllion liters containing 8, 900 My of carbon tetrachl oride were
used at off-farmfacilities. Carbon tetrachloride fornulations are
nmore widely used at smaller grain elevators than at | arge el evators.
About 70 percent of the grain stored at |arge grain el evators such as
term nal elevators are treated with al um num phosphi de fornul ati ons,
whi ch do not include carbon tetrachl oride. ?®
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TABLE 11. CARBON TETRACHLORI DE FUM GANT BRAND NAMES 2%

Acritet 34-66

Agway Ser af ume

Big F'ILG" Liquid Gas Fum gant

Best 4 Servis Brand 75-25 Standard Fum gant

Brayton 75-25 Grain Fum gant

Brayt on Fl our Equi prent Fumi gant for Bakeries
Brayton EB-5 Grain Fum gant

Bug Devil Fum gant

Car di nal Fume

Chem -Funme Fum gant Type B

Co-op Activated 80-20 Grain Fum gant Fire Inhibited
Co-op New Activated Weevil Killer Fum gant

Crest 15 Grain Fum gant

De- Pester Weevil Kill

De Pester Fumi gant No. 2

De- Pester Grain Conditioner and Weevil Killer

De Pester Super Fum gas

De- Pester Fumi gant No. |

De- Pester Fumi gant 82 FR

Di anmond 75-25 Grai n Fum gant

Di weevi |

Dougl as Tetrafunme Weevile Killer & Grain Conditioner
Dougl as Tetrakil Wevil-Killer and Gain Conditioner

Dougl as Suffokato #3 Grain and MI| Spot Fum gant

CONTI NUED
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TABLE 1'1. (continued)

Dougl as Tetrakote Liquid Gain Protectant
Dougl as Topkote #77 Insect Killer

Dougl as G ai nkot e

Dougl as Proteckote

Dowf unme EB- 15 | nhi bit ed

Dowf une 75

Dowf une EB-5 Effective G ain Fum gant
Dowf une C

Dowf unme F

Dowf une EB- 59

Dow Vertifunme S

Dynaf unme

Excel ci de Excel fune

Extraf unme

FC-14 Formula 82-H Grain Fumi gant 80-20 M xture
FC-7 Grain Fum gant

FC-4 SX Grain Storage Fum gant

FC-13 M1 Machinery Fum gant

F.I.A "80-20" Gain Fum gant

Fire Retarded MIIfume No. | Gain Fum gant with Sul fur Di oxide
Formul a 815 (FC-3) Grain Fum gant

Formul a 635 (FC-2) Grain Fum gant

Fume- O-Death Gas No. 3

Fum sol

CONTI NUED
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TABLE 11. (continued)

Gar - be-ci de Special MII| Spray
Gas- o-ci de

Grai nex New Grain Fum gant

Grai n Fum gant

G ai nfunme MB

Hll's Hilcofume 75

Hydr ochl or Fum gant

Hydrochl or GF Liquid Gas Fumi gant
I nfuco 80-20 with 502 Grain Fum gant
I nfuco 80-20 Grain Fum gant

I nfuco Bin-fune G ain Fum gant
Infuco 50-50 Spot Fum gant

I nfuco Two-in-One Grain Fum gant

I nfuco Fum gant 75

| so- Fune

J- Funme- 20

J- Fume 80- 20

J- Fume- 75

J- Funme-C

J- Fune 80-20 Liquid Gain Fum gant
Larvaraci de 15 Liquid Gain Fum gant
Leitte Spotfune 60

M F. A. I nhibited 80-20 Plus

Max Spot Kill Machinery Fum gant

CONTI NUED
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TABLE 11. (continued)

Max Kill 10 Liquid Gain Fum gant

Max Kill H gh Life Liquid Gain Fum gant
Max Kill 75-25

Max Kill Spot - 59 Spot Fum gant for MIIs and MIling Ma chinery
Momar M || -X Fum gant

Momar Grain-Guard Grain Protectant in Liquid Form
Par son Let hogas Fum gant

Patterson's Wevil Killer

Pearson's Fumigrain P-75

Pi oneer Brand Grai n Fum gant

Pr ot eckot e

Ri ver dal e Fum gant

Selig's Gainfunme

Selig's Sel cofune

Selig's Grain Fum gant No. 15

Selig's Grain Storage Fum gant

Ser funme

Sirotta's Sircofunme Liquid Fum gating Gas
Spray-Trol Brand Insecticide Fum -Trol
Spot Fum gant

St andard 75-25 Fum gant

Staffel's Grain Fum gant

Stauffer 80-20 G ain Fum gant

Stauffer Chemcals F.I.A. "80-20"

CONTI NUED
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Tabl e 11 (conti nued)

Grain Fum gant wth S02

St ephenson Chem cals Stored G ain Fum gant

St ephenson Sure-CGuard Brand Liquid Grain Protectant and Fum gant
Sure Death Brand M I | fune "66"

Sure Death Brand M I | funme No. 2

T-H Vault Fum gant T-H Grain Fumigant No. 7 Weevil Killer and Grain
Condi ti oner

Term nal Grain Fum gant (FC-15)

Toxi - Fog

Trifume A Grain Fum gant

Uni co Prem um Grai n Fum gant

Vertifunme

Vul can Forrmul a 635 (FC-2) Grain Fum gant
Vul can Forrmula 72 Grain Fum gant

Waco- SO

Warl asco Grain Fum gant No. 3

Wasco Grai n Fum gant

Weevi | - Ci de

914 Weevil Killer and Grain Conditioner

Zep-0-Fume Grain M|l Fum gant Process Description
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Process Liquid

Liquid grain fum gants are used on approximtely 12 percent of
the grain grown in the United States. Fum gants are used during
bi nning (placenment in storage) and turning (shifting from one storage
facility to another) operations and at other times during storage
when infestation occurs. Fum gants have a period of effectiveness of
only a few days. Thus, they kill existing insect popul ations but do
not prevent later reinfestation. Newy harvested grain typically is
fum gated 6 weeks after binning. Corn grown in the southern regions
of the U S. usually is fum gated |Inmedi ately follow ng binning
because of field infestation by weevils. 3!

A variety of structures are used for grain storage. Farmgrain
storage facilities are nostly metal with sone wooden bins of flat,
ol der, and | oosefitting construction. Country elevators are of two
types: small banked concrete silos and flat storages. At mlls,
banked silos are predom nant. Term nal elevators are banked sil os.
Grain transportation vehicles include trucks, rail cars (box,
freight, hopper), inland barges, ocean barges, and ships.
Subterm nal and term nal el evators and shipholds are usually al nost
air tight, while farmgrain storage facilities generally all ow
considerable air flow 30,31 On-famfacilities typically have a
capacity of about 3,000 bushels, while country elevators using carbon
tetrachl oride fum gants have a capacity of about 300, 000 bushels.
Term nal elevators have an average capacity of 4 nillion bushels. 3!

Grain fum gants are applied primarily by the "gravity
di stribution" nmethod by either surface application or layering. This
method is practiced both on-famand off-farm A second net hod of
fum gant application is "outside of car" application, where the
fum gant is either poured froml- or 5-gallon containers through
vents located in the roof of the car or sprayed into the car with a
power sprayer. s

Equi pnent used to apply fum gants includes common garden
sprinkling cans with spray heads renmpoved; 3- to 5-gallon capacity
conpressed air sprayers fromwhich the nozzl es have been renpved,
hi gh capacity notor driven punps to apply |arge volunes of |iquid
materials directly fromlarge druns; netering devices to treat
streanms of noving grain; and distribution tube and pressure reduction
val ve systens for discharging of |iquids stored under pressure.?3!
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The rate of application of fum gants is dependent on the type of
grain and the type of storage facility. Table 12 presents genera
application rates for various types of grain for both on-fam and off-
farm storage. The application rates for off-farm storage are | ower
since these types of facilities are typically nore tight-fitting than
on-fam st orage.

After application of fum gants, grain generally is left
undi sturbed for at |least 72 hours. The usual practice is to | eave
the grain for a nuch | onger period. Fumigants are often left on the
grain until the normal turning procedure |Is undertaken.
Alternatively, the grain may be aerated by turning after conpletion
of the required treatnent period. |In tight-fitting facilities
equi pped with recirculation or forced distribution blowers, the
fumgant is ventilated fromthe grain with fresh air by operating the
bl owers for 3 to 4 hours. 3!

Em ssi ons

Em ssi ons of carbon tetrachloride fromfum gant m xtures will
occur during fum gant application and when fum gated grain is exposed
to the atnosphere, for instance, during turning or |oading. Because
of the relatively high vapor pressure of carbon tetrachloride, it is
estimted that essentially all carbon tetrachloride used in fum gants
evaporates. However, the tine rate of emissions is highly variable
and depends on the application rate, the type of storage (whether
| oose or tight-fitting), the manner in which the grain is handl ed,
and the rate of release of fum gant residues on and in the grain.
Figure 9 presents the results of a laboratory study of the |evel of
resi dual carbon tetrachloride fum gant on wheat as a function of the
nunmber of days since aeration.3® The grain was fum gated and aerat ed
under conditions conparable to comrercial fum gation and aeration
condi tions. 25

Source Locati ons

The Standard Industrial Classification (SIC) codes for farms at
whi ch grain nay be stored are as foll ows:
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TABLE 12. FUM GANT APPLI CATI ON RATES®®

Application rate
(gal /103 bu)

Grain On-fam Of-fa-m
Vheat 3 -4 2 -3
Corn 4 - 5 3-4
Ri ce, Cats, Barley, Rye 3 -4 2 - 3
Grain sorghum 5-6 4 - 5
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RESIDUAL FUMIGANT
AS PERCENT OF FUMIGANT APPLIED
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Figure 9.
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Residual carbon tetrachloride fumigant as a
function of the number of days grain is aired.
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0111 - Agricultural production of wheat

0112 - Agricultural production of rice

0115 - Agricultural production of corn

0116 - Agricul tural production of soybeans
0119 - Agricultural production of other grains
0191 - Ceneral farns

Table 13 lists the on-farmgrain storage capacity by State and the
percentage of total U S. capacity by region.

SIC codes-for off-fam storage facilities, are as foll ows:

4221 - Grain elevators, storage only

5153 - \Whol esal e grain nerchants includes country and
term nal elevators and other nerchants marketing
grain

4463 - Marine cargo handling - term nal el evators.

Table 14 |lists the nunber of off-famgrain storage facilities and the
total capacity of these facilities by State.

52



TABLE 13. ON- FARM GRAI N STORAGE*®

Regi on capacity Regi onal
and State (103 bu) per cent age
Nor t heast : 142, 698 2%
Mai ne 2, 866
New Hanpshire 0
Ver nmont 0
Massachusetts 9, 654
Rhode I sl and 0
Connecti cut 222
New Yor k 39, 204
New Jer sey 5,190
Pennsyl vani a 62, 498
Del awar e 2, 057
Mar yl and 21, 007
Lake States: 1,357,597 17% ,
M chi gan 116, 462 *
W sconsi n 244,827 *
M nnesot a 996, 338 *
Corn Belt: 2,982, 755 37% / -80%
Ghio 225, 279 *
I ndi ana 429, 981 *
Illinois 947, 208 *
| owa 1, 071, 203 *
M ssour i 309, 084 *
Nort hern Pl ains: 2,132, 264 26% -
Nort h Dakot a 681, 397
Sout h Dakot a 394, 381
Nebr aska 715, 594
Kansas 340, 892
Appal achi an: 236, 607 3%
Virginia 37,554
West Virginia 5, 685
North Carolina 100, 938
Kent ucky 49, 237
Tennessee 43, 193
Sout heast : 159, 132 2%
Sout h Carolina 31, 437
Ceorgi a 87,720
Fl ori da 12, 145
Al abama 27, 830
CONTI NUED
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TABLE 13. (continued)

Regi on capacity Regi ona
and State (103 bu) per cent age
Delta States: 131,593 1%

M ssi ssi ppi 41, 588
Ar kansas 50, 095
Loui si ana 39, 910
Sout hern Pl ai ns: 315, 160 4%
Okl ahoma 76, 685
Texas 238,472
Mount ai n: 507, 357 6%
Mont ana 278, 783
| daho 77,960
Wom ng 19, 519
Col or ado 97, 216
New Mexi co 9, 136
Ari zona 6, 404
Ut ah 15, 220
Nevada 3,119
Pacific: 151, 622 2%
Washi ngt on 60, 011
Oregon 33, 552
California 58, 059
Tot al 8, 116, 815 100%
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TABLE 14. OFF- FARM GRAI N STORAGE?®

Nunber of Capacity
State facilities (103 bu)
Al abama 37, 290 178
Ari zona 33, 890 76
Ar kansas 179, 180 283
California 115, 710 226
Col or ado 91, 500 209
Del awar e 17, 200 27
Fl ori da 6, 070 27
Ceorgi a 56, 700 344
| daho 64, 070 231
Illinois 775, 260 1,177
I ndi ana 245, 550 804
| owa 635, 000 1, 141
Kansas 830, 000 1, 086
Kent ucky 49, 580 202
Loui si ana 87,010 131
Mar yl and 36, 940 64
M chi gan 90, 240 351
M nnesot a 366, 440 894
M ssi ssi ppi 76, 350 183
M ssour i 204, 140 611
Mont ana 54, 000 298
Nebr aska 484, 600 740
Nevada 300 4
New Jer sey 2,200 24
New Mexi co 17, 550 27
New Yor k 70, 270 243
North Carolina 63, 420 465
Nort h Dakot a 140, 070 580
Chio 228, 800 713
Gkl ahoma 203, 520 400
Oregon 65, 530 238
Pennsyl vani a 26, 900 337
Sout h Carolina 33,470 177
Sout h Dakot a 83, 820 386
Tennessee 43, 180 106
Texas 720, 350 896
Ut ah 17, 170 65
Virginia 29, 920 241
Washi ngt on 186, 370 324
West Virginia 530 9
W sconsi n 118, 920 428
Wom ng 5, 580 49
O her States 5,170 80
Tot al 6, 600, 030 15, 065
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ETHYLENE DI CHLORI DE PRODUCTI ON

Carbon tetrachloride is formed as a byproduct during the
producti on of ethylene dichloride (EDC). Ethylene dichloride is
produced from et hyl ene and chlorine by direct chlorination, and
et hyl ene and hydrogen chloride (HC) by oxychlorination. At nost
production facilities, these processes are used together in what is
known as the bal anced process. This section discusses carbon
tetrachloride em ssions fromthis process.

The bal anced process generally is used wherever EDC and vi nyl
chl ori de mononer (VCM are produced at the sane facility. About 81
percent of the EDC produced donestically is used in the manufacture
of VCM 3 I n VCM production, EDC is dehydrochlorinated to yield VCM
and byproduct HCl. In the bal anced process, byproduct HClI from VCM
production via the direct chlorination/dehydrochlorination process is
used in the oxychl orination/dehydrochl orinati on process.

Process Description

The bal anced process consists of an oxychlorinati on operation, a
direct chlorination operation, and product finishing and waste
treatnment operations. The raw materials for the direct chlorination
process are chlorine and ethylene. Oxychlorination involves the
treatnment of ethylene with oxygen and HCl. Oxygen for
oxychl orination generally is added by feeding air to the reactor,
al t hough sone plants use purified oxygen as feed material .3

Basi c operations that may be used in a bal anced process using
air for the oxychlorination step are shown in Figure 10. Actual flow

di agrans for production facilities will vary. The process begins
with ethylene (Stream 1) being fed by pipeline to both the
oxychl orination reactor and the direct chlorination reactor. In the

oxychl orination reactor the ethyl ene, anhydrous hydrogen chloride
(Stream 2), and air (Stream 3) are m xed at nolar proportions of
about 2:4:1. respectively, producing 2 noles of EDC and 2 nol es of
wat er The reaction is carried out in the vapor phase at 200 to 3150C
In either a fixed-bed or fluid-bed reactor. A mxture of copper
chloride and other chlorides is used as a catal yst.?3*
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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 (Stream5) 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. Nitrogen and other inert gases are released to the atnosphere
(Vent A). The concentrations of organics in the vent streamis
reduced by absorber and stripper columms or by a refrigerated
condenser (not shown In Figure 10).27.34

In the direct-chlorination step of the bal anced process,
equi nol ar amounts of ethylene (Stream 1) and chlorine (Stream 8) are
reacted at a tenperature of 38 to 490C and at pressures of 69 to 138
kPa. Mst conmercial plants carry out the reaction in the liquid
phase in the presence of a ferric chloride catalyst. 3

Products (Stream9) fromthe direct chlorination reactor are
cool ed and washed with water (Stream 10) to renove dissol ved hydrogen
chloride before being transferred (Stream 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
oxychl orination quench area and the wastewater (Stream 14) fromthe
drying colum. The overheads (Stream 15) fromthe wastewater steam
stripper, which consist of recovered EDC, other chlorinated
hydr ocar bons, and water, are returned to the process by addi ng them
to the crude EDC (Stream 10) going to the water wash.3

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) from the heads columm enter
the EDC finishing 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. 3

Several donestic EDC producers use oxygen as the oxidant in the
oxychl orination reactor. Figure 11 shows basic operations that nmay
be used In an oxygen-based oxychl orination process as presented in
the literature. For
figure 11.
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bal anced process plant, the direct chlorination and purification
steps are the sane as those shown in Figure 10, and, therefore, are
not shown again in Figure 11. Ethylene (Stream 1) is fed in |l arge
excess of the ampunt used in the air oxychlorination process, that
is, 2to 3 tines the anount 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 wat er
(Stream 5) produced by the oxychlorination reaction are separated
fromthe unreacted ethylene and the inert gases (Stream6). Fromthe
knockout druns the crude EDC and water (Stream5) go to a decanter,
where wastewater (Stream 7) is separated fromthe crude EDC (Stream
8), which goes to in-process storage as in the air-based process.
The wastewater (Stream 7) |s sent to the steam stripper for recovery
of dissolved organics. *

The vent gases (Stream 6) fromthe knockout drumgo to a caustic
scrubber for renoval of HCI and carbon dioxide. The purified vent
gases (Stream 9) are then conpressed and recycled (Stream 10) to the
oxychl orination reactor as part of the ethylene feed. A small anpunt
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. *

Em ssi ons

Uncontrol |l ed carbon tetrachloride em ssion factors for the
bal anced process of EDC production are listed in Table 15. Also
listed in this table are potentially applicable control techniques
and associ ated em ssion factors for controlled em ssions. Because of
variations in process design and age of equi pnment, actual em ssions
vary for each plant.

Carbon tetrachl oride em ssion factors were devel oped for process
vents and the storage of liquid wastes. Insufficient information was
avail able for the cal culation of carbon tetrachloride em ssion
factors for secondary em ssions of carbon tetrachloride from
wastewater treatment or for fugitive em ssions fromleaks in process
val ves, punps, conpressors, and pressure relief valves.
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TABLE 15. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS FOR A HYPOTHETI CAL
FACI LI TY PRODUCI NG ETHYLENE DI CHLORI DE BY THE BALANCED PROCESS?

Uncontrol | ed Control | ed
carbon carbon
tetrachl ori de Potential ly tetrachl ori de
Sour ce em ssion appl i cabl e % em ssion
Em ssi on source desi gnati on® factor® control technique® reduction factor (kg/ M)®
Oxychl orination vent
Air process A 0.29 to 1.2 Ther mal oxi di zer 98+ <5.8x1 0% to 2.4x102
Oxygen process A 0.0" to 0.18 Ther mal oxi di zer 98+ <8xl1 0%to 3.6x|03
Col um vents B 0.14 Thermal oxi di zer 96+ <2.8xl O3
Li qui d waste storage C 0. 0051 Refri gerated condenser 85 7.7x1 O*

@ Any given EDC production plant may vary in configuration and | evel of control fromthis hypothetical facility. The reader is
encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a particul ar
facility prior to estiming mssions therefrom

bLetters refer to vents designated to Figure 10. except for the oxygen-based oxychl orinator vent which I's shamin Figure 11.

cem ssion factors in terms of kg/ng refer to kilogramof carbon tetrachloride emtted per nmegagram of EDC produced by the bal anced

process. In cases where a particular source designation applies to nultiple operations, these factors represent conbined
m ssi ons
for all, not each, of these operations within the hypothetical facility.

9The control efficiency for incineration varies depending on the design of the incinerator and the conpound which is burned. The
98

percent level is an estimation of the control efficiency on an incinerator with a residence tine of about 0.75 seconds and a
tenperature of about 870°C, for a conpound which is difficult to incinerate. |Incinerators operating at |onger residence tinmes
and hi gher tenperatures nay achi eve hi gher efficiences.* Refrigerated condenser as control technique for em ssions fromliquid
wast e storage and associ ated reduction of 85%fromreference 34.



Process Emi ssions --

Carbon tetrachloride proces s em ssions originate fromthe
purging of inert gases fromthe oxychlorination vent (Vent A Figures
10 and 11) and fromthe rel ease of gases fromthe colum vents (Vent
B, Figure 10). primarily the heads colum. Carbon tetrachloride was
not detected In an enmi ssions test of a direct chlorination vent.?3

The range of emission factors for the oxychlorination vent in
the air based process was deternm ned from carbon tetrachl oride
em ssion rates and associ ated EDC production rates reported by three
facilities. The |owest em ssion factor, 0.29 kg/My. was cal cul at ed
froma carbon tetrachloride enmi ssion rate of 14,000 kg/yr3® and an
associ ated EDC production rate of 60,000 My/yr.37 The hi ghest
em ssion factor, 1.2 kg/ M), was calculated froma carbon
tetrachl oride em ssion rate of 116,000 kg/yr and an associ ated EDC
production rate of 99,800 My/yr.* An internediate value, 0.42 kg/ M,
was cal cul ated froma carbon tetrachl ori de enm ssion rate of 35, 000
kg/yr® and an EDC production rate of 83,000 My/yr.4°

Data on the carbon tetrachloride concentration in the
oxychl orination vent em ssions fromthe oxygen-based process were not
avail abl e; therefore, the em ssion factor for this process was
cal cul ated using eni ssion conposition data fromthe air-based
process. It was assuned that the percentage of carbon tetrachloride
in total chlorinated hydrocarbon em ssions is the sane for the air-
based and oxygen-based processes. However, according to conposition
data for oxychlorination vent em ssions for hypothetical plants of
the two processes, chlorinated hydrocarbons are a smaller conponent
of total VOC in the oxygenbased process (9.6 percent) than in the
air-based process (64 percent).® Thus, the ratio of these two
percentages (0.15) was used to acc ount for the smaller proportion of
chl ori nated hydrocarbons in the em ssions fromthe oxygen-based
process.

The em ssion factor for the col umm vents (Vent B, Figure 6) was
based on a published carbon tetrachloride em ssion factor for t@
heads col umm of 41 0.30 kg of carbon tetrachloride emtted per My EDC
produced by oxychl orinati on.

The carbon tetrachloride em ssion factor for the bal anced
process was calculated by nmultiplying by the hypothetical plant EDC
producti on by oxychl orination of 46.3 percent of total EDC

producti on. 34
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Many plants incinerate vent gases fromthe oxychlorination,
reactor and columm vents.to reduce atnospheric em ssions of volatile
organics. This includes plants using the air-based as well as the
oxygen-based oxychl ori nati on processes. 4 Thermal oxidation is
estimated to reduce chl orof orm emn ssions by 98 percent or greater.

I ncineration destruction efficiency-varies with em ssion stream
properties and incinerator operating paranmeters. The 98 percent
efficiency |level is based on incinerator operation at 870*C and 0.75
second residence tine for a conmpound which is difficult to
incinerate. % The em ssion reduction may be greater for |onger
residence times or higher operating tenperatures.

St orage Emi ssions --

The uncontrol |l ed carbon tetrachloride em ssion factor for the
storage of waste-liquid light ends (Vent D, Figure 10) was cal cul ated
froma VOC em ssion factor of 0.030 kg/My. 34 It was assuned that the
gaseous em ssions fromthis source have the same concentration of
carbon tetrachloride as the Iight ends (17 percent).

Source Locati ons

Maj or EDC producers and production locations are listed in Table
16.
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TABLE 16.

ETHYLENE DI CHLORI DE PRODUCTI ON FACI LI TI ES 1527

Manuf act ur er

Locati on

Atlantic Richfield Co.

ARCO Chem Co., div. Port Arthur, TX
D anbnd Shanr ock Deer Park, TX
Dow Chem U.S. A Freeport, TX

E.1. duPont

Conoco I nc., subsid.

de Nemours & Co.,

Oyster Creek, TX
Pl aquem ne, LA

I nc.

Conoco Chens. Co. Div. Lake Charles, LA
Et hyl Corp.
Chenms. G oup Bat on Rouge, LA
Pasadena, TX
Formpsa Plastics Corp., U S A Bat on Rouge, LA
Poi nt Confort, TX
CGeor gi a- Paci fic Corp.
Chem Div. Pl aqueni ne, LA
The BF Goodrich Co.
BF Goodrich Chem G oup La Porte, TX
Calvert Cty, KY
Convent, LA
PPG | ndust., Inc.
| ndust. Chem Div. Lake Charles, LA
Shel | Chem Co. Deer Park, TX
Uni on Car bi de Cor p.
Et hyl ene Oxi de Derivatives Div. Taft, LA
Texas City, TX
Vul can Materials Co.
Vul can Chens., div. Gei smar, LA
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 thensel ves. The |evel
of em ssions fromany given facility is a function of

vari abl es, such as throughput and control neasures, and should
be determ ned through direct contacts with plant personnel.
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PERCHLOROETHYLENE AND TRI CHLORCETHYLENE PRODUCTI ON

Carbon tetrachloride is formed as a byproduct during the
producti on of perchl oroethylene (PCE) and trichl oroet hyl ene (TCE)
PCE and TCE are produced separately or as coproducts by either
chl orination or oxychlorination of ethylene dichloride (EDC) or other
C2 chlorinated hydrocarbons. The relative proportions of the two
products are determined by raw material ratios and reactor
condi tions. 40

Process Descriptions
Et hyl ene Dichloride Chlorination Process

The maj or products of the EDC chlorination process are TCE, PCE,
and hydrogen chloride. Basic operations that may be used in EDC
chlorination are shown in Figure 12.

Et hyl ene dichloride (Stream 1) and chlorine (Stream 2) are
vapori zed and fed to the reactor. Oher chlorinated C2 hydrocarbons
or recycled chlorinated hydrocarbon byproducts nay also be fed to the
reactor. The chlorination is carried out at 400 to 4500C, slightly
above atnospheric pressure. Hydrogen chloride byproduct (Stream 3)
is separated fromthe chlorinated hydrocarbon m xture (Stream 4)
produced in the reactor. The chlorinated hydrocarbon m xture (Stream
4) is neutralized with sodi um hydroxi de solution (Stream5) and
dried. *

The dried crude product (Stream 7) is separated by a
distillation colum into crude TCE (Stream 8) and crude PCE (Stream
9). The crude TCE (Stream 8) is fed to two colums in series which
renove |light ends (Stream 10) and heavy ends (Stream 13). TCE
(Stream 12) is taken overhead fromthe heavy ends columm and sent to
TCE storage; the heavy ends (Stream 13) and the |ight ends (Stream
10) are conbined, stored, and recycled. %

The crude PCE (Stream 9) fromthe PCE/ TCE separation colum is
sent to the PCE colum, where PCE (Stream 14) is renopved as an
over head streamto PCE storage. Bottons fromthis colum (Stream 15)
are sent to a heavy ends colum and separated into heavy ends and
tars. Heavy ends (Stream 16) are stored and recycled, and tars are
i nci nerated. %
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Et hyl ene Di chl ori de Oxychl ori nati on Process --

The mgj or products of the EDC oxychl orination process are TCE,
PCE, and water. The crude product contains 85 to 90 wei ght percent
PCE plus TCE and 10 to 15 wei ght percent byproduct organics.
Essentially all byproduct organics 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 PCE and
TCE in varying proportions. Side reactions produce carbon dioxide,
hydr ogen chl ori de, and several chlorinated hydrocarbons. Figure 13
presents basic operations that may be used in EDC oxychl orinati on.

EDC (Stream 1), chlorine or hydrogen chloride (Stream 2), and
oxygen (Stream 3) are fed in the gas phase to a fluid-bed reactor.
The reactor contains a vertical bundle of tubes with boiling liquid
outside the tubes which maintains the reaction tenperature at about
425 OC. The reactor is operated at pressures slightly above
at nrospheric, and the catalyst, which contains copper chloride, is
continuously added to the tube bundle with the crude product.

The reactor product stream (Stream4) is fed serially to a water
cool ed condenser, a refrigerated condenser, and a decanter. The
noncondensed inert gases (Stream 5), consisting of carbon dioxide,
hydr ogen chl ori de, nitrogen, and a small anount of uncondensed
chl ori nated hydrocarbons, are fed to an absorber, where hydrogen
chloride is recovered by absorption in process water to meke
byproduct hydrochloric acid. The remaining inert gases are purged
(Vent A).%

In the decanter, the crude product (Stream7) is separated from
t he aqueous phase and catal yst fines (Stream 8) and sent to the
drying colum for renoval of dissolved water by azeotropic
distillation. The dried crude product (Stream 10) is separated into
crude TCE (Stream 11) and crude PCE (Stream 12) in a PCE/ TCE col um.
The aqueous phase fromthe decanter (Stream 8) and the water fromthe
drying colum (Stream 9) are sent to waste treatnment.?

The crude TCE (Stream 11) is sent to the TCE col umm, where |ight
ends (Stream 13) are renoved to be stored and recycled. The bottons
(Stream 14), containing mainly TCE. are neutralized with ammonia and
then dried to produce finished TCE (Stream 15) which is sent to the
TCE storage. *#°
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The crude PCE (Stream 12) fromthe PCE TCE separation colum is
fed to a heavy ends renoval colum where PCE and |lights (Stream 16)
go overhead to a PCE finishing colum and the heavies (Stream 17)
remai ning as the bottons are sent to the organic recycle system
Here the organics that can be recycled (Stream 18) are separated from
tars and sent to the recycle organic storage. The tars are
incinerated. The PCE and |ight ends (Stream 16) fromthe heavy ends
colum are fed to a light ends renoval columm. Light ends (Stream
20) are rempoved overhead and are stored and recycled. The PCE
bottonms (Stream 21) are neutralized with ammonia and then dried to
obtain finished PCE (Stream 22) which is sent to the PCE storage.*

Em ssi ons

Pot enti al process sources of carbon tetrachl oride emni ssions for
the EDC chl orination process (Figure 12) are the neutralization and
drying area vent (Vent A) and the distillation colum vents (Vents
0). Oher carbon tetrachloride em ssion sources include the recycle
organi c storage tank (Vent C) and process fugitive em ssion sources.*

In the EDC oxychl orination process (Figure 13), potenti al
process sources of carbon tetrachloride em ssions are the hydrogen
chl ori de absorber vent (Vent A), the drying colum vent (Vent B), the
distillation colum vents (Vents C), the TCE and the PCE neutrali zer
vents (Vents D), and the organic recycle systemvent (Vent E). O her
carbon tetrachl ori de em ssion sources include the recycle organic
storage tank (Vent F) and process fugitive em ssion sources.

Tabl e 17 presents uncontrol |l ed carbon tetrachl oride em ssion
factors for a plant which produces perchloroethyl ene by the
chlorination of ethylene dichloride. Also listed in this table are
control techniques used at this facility and associ ated eni ssi on
factors for controlled em ssions. Enmission factors for process and
storage enissions were calculated fromhourly carbon tetrachl oride
em ssion rates and a daily perchloroethyl ene production rate of 91 My
reported by plant personnel, * assum ng 24 hours per day operation
The carbon tetrachloride enmission rate for fugitive sources was
calculated froma VOC enission rate of 11 My per day“* reported by the
pl ant, assum ng the fugitive enm ssions to be the same conposition as
total process em ssions (0.61 percent).
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TABLE 17. CONTROLLED AND UNCONTROLLED CARBON TETRACHLORI DE EM SSI ON FACTORS REPORTED BY A PLANT
PRODUCI NG PERCHLOROETHYLENE BY ETHYLENE DI CHLORI DE CHLORI NATI O\

Uncontrol | ed Control |l ed
car bon car bon
tetrachl oride tetrachl oride
em ssi on Cont r ol % em ssi on
Em ssi on source factor® t echni que reducti on® factor ®
Process
Neutralization 0.016 kg/ My None -- --
Dryi ng col um 0. 063 kg/ My Condenser 92 0. 0050 kg/ My
Distillation colum 0. 027 kg/ My None -- --
Li ght ends/ heavy ends
m x tank - 0. 039 kg/ My Condenser 44 0. 022 kg/ My
Storage - light ends 0.11 kg/ My Condenser 99 0. 0012 kg/ My
Process fugitive 2.8 kg/ hr None -- -—

@ Any given perchl oroethyl ene and/or trichoroethyl ene production plant may vary in configuration and | evel of control from
this particular facility. 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

b Emission factors in terns of kg/ My refer to kilogramof carbon tetrachloride enmitted per nmegagram of perchl oroet hyl ene
pr oduced.

¢ Em ssion reduction of control techniques reported by the plant.

4 Fugitive enmi ssion rate independent of plant capacity.



It should be noted that carbon tetrachl oride em ssions may vary from
pl ant to plant depending on the product m x produced. Thus, carbon
tetrachl oride em ssions from other plants produci ng perchl oroet hyl ene
and/or trichloroethylene may differ fromthose presented in Table 17.

Source Locati ons

Maj or producers of perchloroethylene and/or trichloroethylene for are
presented In Table 18.
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TABLE 18. FACI LI TI ES PRODUCI NG PERCULOROETHYLENE
AND/ OR TRI CHLOROETHYLENE?!®

Chem cal
pr oduced
Conpany Locati on PCE2 TCEP
Di amond Shanr ock Cor p. Deer Park, TX X
Dow Chem cal U. S. A Freeport, TX X X
Pittsburg, CA X
Pl aquem ne, LA X
| . E. duPont de Ner Mours
and Co., Inc. Corpus Christi, TX X
PPG | ndustries, Inc. Lake Charles, LA X X
St auf fer Chem cal Co. Loui svill e, KY®
Vul can Materials Co. Gei smar, LA X
Wchita, KS X

aPCE - perchl oroet hyl ene
PTCE - trichloroethyl ene
°Pl ant has been on standby since 1981.

Note: This is a list of major facilities producing perchloroethyl ene and/ or
trichl oroet hyl ene by any production process. Current information on
whi ch of these facilities produce these chem cals by ethyl ene
di chloride chlorination or oxychlorination is not available. This
list is subject to change as market conditions change, facility
owner shi p changes, or plants are closed down. The reader should
verify the existence of particular facilities by consulting current
listings or the plants thenselves. The |level of em ssions from any
given facility Is a function of variables, such as throughput and
control neasures, and should be determ ned through direct contacts
with plant personnel.
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OTHER POTENTI AL SOURCES OF CARBON TETRACHLORI DE EM SSI ONS

Thi s section summari zes information on other potential sources of
carbon tetrachloride air em ssions. These source categories were
identified using an em ssion inventory that reported carbon tetrachloride
em ssions for individual plants. It is not known whether these plants are
representative of other facilities within the source category.

Chl ori ne Production

Chlorine is produced primarily by the electrol ysis of aqueous brine
solution. The electrolysis produces a stream of chlorine gas saturated
with water vapor. This gas |Is cooled to condense out the water and is
further dried by scrubbing with sulfuric acid. The resultant dry chlorine
gas may be purified further by scrubbing with liquid chlorine. The
purified chlorine is conpressed and all or part of it may be further cool ed
by refrigeration to produce liquid chlorine. 4

One conpany has devel oped a system using carbon tetrachloride as a
recirculating solvent to recover chlorine fromresidual gases fromthe
i quefaction process, handling, and storage.“* The use of carbon
tetrachloride as a scrubbing solution results in atnospheric em ssions of
carbon tetrachl oride.

Maj or producers of chlorine for which | ocation and production data
are available are presented in Table 19. It is not known whet her these

facilities use carbon tetrachl ori de.

Phosgene/ | socynat e/ Pol yur et hane Pr oducti on

Phosgene i s produced by reacting chlorine gas and carbon nonoxide in
the presence of activated carbon at 200°C. Hot reactor offgases are
condensed to remove nost of the phosgene and are then scrubbed with a
hydrocarbon sol vent to renove entrai ned phosgene.® Al npost all of the
phosgene produced donestically is used directly in other operations in the
sane plant. The principal use is in the manufacture of isocyanates which
are used in making pol yurethane resins. >

One tol uene diisocyanate plant reported carbon tetrachl oride
em ssions in 1980.4% This nay be due to carbon tetrachloride scrubbing of a
phosgene process stream which would be considered part of the isocyanate
process.
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TABLE 19. CHLORI NE PRODUCTI ON FACI LI TI ES*®

Conpany Locati on
Al um num Co. of Anerica Poi nt Confort, TX
AMAX | nc.
AMAX Specialty Metals Corp.,
subsi d. Row ey. UT

BASF Wandotte Corp-
I ndust. Chems. G oup

Basi ¢ Chens. Div. Geismar. LA
Brunswi ck Pul p & Paper Co.
Brunswi ck Chem Co., div. Brunswi ck, GA

Chanmpi on Internat'l Corp.
Chanmpi on Papers Div. - Chens.
& Associ at ed Products Cant on, NC
D anond Shanr ock Corp
I ndust. Chens. and ilastics Unit
El ectro Chens. Div. Deer Park. TX
Del aware City, DE
La Porte, TX
Mobi | e, AL
Muscl e Shoal s, AL
Dow Chem U.S. A Freeport, TX
M dl and, M

Oyster Creek, TX

Pittsburg, CA

Pl aquem ne, LA
E.l. duPont de Nenpurs & Co., Inc.

Chens. and Pignents Dept. Ni agara Falls, NY
Petrochens. Dept.
Freone Products Div. Corpus Christi, TX

Et hyl Corp.

Chenms. G oup Bat on Rouge, LA
FMC Cor p.

I ndust. Chem G oup Sout h Charl eston, W
Fornmosa Pl astics Corp. U S. A Bat on Rouge, LA
Fort Howard Paper Co. Green Bay, W

Muskogee, K
Gen. Electric Co.
Engi neered Materials G oup

Pl asti cs Busi ness Operations Mount Vernon, IN
CGeor gi a- Paci fic Corp.
Chem Div. Bel I i ngham WA

Pl aquem ne, LA
The BF Goodrich Co.

Convent Chem Corp., sudsid. Calvert Cty. KY
Convent, LA
Her cul es | nc. Hopewel | , VA
CONTI NUED
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TABLE 19.

(Conti nued)

Conpany

Locati on

Kai ser Al wni num & Chem Cor p.
Kai ser I ndust. Chefns. Div.

Li nden Chens. & Plastics, Inc.
LCP Chens. Divisions

Mobay Chem Cor p.
I norgani c Chens. Div.

Monsant o Co.
Monsant o Chem | nternedi ates Co.
Ccci dental Petrol eum Cor p.

Hooker Chem Corp., subsid.
I ndust. Chems. G oup

adin Corp.
Adin Chens. Goup

Oregon Metal | urgi cal
Pennwal t Cor p.
Chens. Corp.

I norganic Chem Div.

Cor p.

PPG | ndust., Inc.
| ndust. Chem Div.

RM Co.
Shel | Chem Co.
St auffer Chem Co.
| ndust. Chem Div.

Titanium Metal s Corp. of Anerica
TI MET Div.

Vertac Chem Corp.

Granercy, LA

Acne, NC

Asht abul a, OH
Brunswi ck, GA
Li nden, NJ
Moundsvill e, W
*Ni agara Falls, NY
Orrington, ME
Syracuse, NY

Cedar Bayou, TX

Sauget, IL

Hahnvill e, LA
Mont ague, M

Ni agara Falls, NY
Tacoma, WA

Augusta, GA

Charl eston, TN
Mcl nt osh, AL

Ni agara Falls, NY
Al bany, OR

Portl and, OR
Tacoma, WA
Wandotte, M

Bar berton, OH
Lake Charles, LA

Natrium W
Asht abul a, OH
Deer Park, TX

Hender son, NV
LeMoyne, AL
St. Gabriel, LA

Hender son, NV
Vi cksburg, MS

CONTI NUED
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TABLE 19. (Conti nued)

Conpany Locati on
Vul can Materials Co.
Vul can Chens., Div. Denver City, TX

Gei smar, LA
Port Edwards, W
Wchita, KS

Weyer haeuser Co. Longvi ew, WA

*Joint venture with Cccidental Petrol eum Corporation, Cccidental

Cheni cal Corporation, subsidiary.

NOTE: Information is not available to determ ne which of these facilities

use carbon tetrachloride. This list is subject to change as narket
condi ti ons change, facility ownership changes, or plants are cl osed
down. The reader should verify the existence of particul ar

facilities by consulting current listings or the plants thensel ves.
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Maj or producers of phosgene for which | ocation and production data
are available are listed in Table 20. It Is not known whet her these
facilities use carbon tetrachl ori de.

Pesti ci de Production

Em ssi ons of carbon tetrachloride were reported to be associated with
several pesticide production operations.“* Carbon tetrachloride is used as
a solvent or reaction mediumin these processes. Carbon tetrachloride may
be used as a solvent in other pesticide production processes; however, data
are not available to estimate total carbon tetrachloride usage in pesticide
manuf acture. The Standard |Industrial Classification code for agricultura
chem cal manufacturing is 287.

M scel | aneous | ndustrial Sol vent Usage

As noted in previous subsections, carbon tetrachloride is used as a
sol vent in the manufacture of pharmaceuticals and pesticides. Carbon
tetrachloride is also used as a solvent in the manufacture of other
specialty and small-volune chem cals. Carbon tetrachloride em ssions have
been reported for the production of Hypal on® a synthetic rubber, for
resi nous chl orowax production, and for the production of
tetrachl oropyri dene and 4-amno-3,5,7-trichloropicolinic acid.* Data are
not available to estimate total carbon tetrachl oride solvent use in
chem cal manufacture or to identify all industries where carbon
tetrachloride is used.

Treatnent, Storage and Di sposal Facilities

Consi derabl e potential exists for volatile substances, including
carbon tetrachloride, to be emtted from hazardous waste treatnent, storage
and handling facilities. A California study 52 shows that significant
| evel s of carbon tetrachl oride may be contained in hazardous wastes shi pped
to various kinds of disposal facilities. Volatilization of carbon
tetrachl oride and ot her substances was confirned in this study by
significant ambient air concentrations over one site. Reference 53
provi des general theoretical nodels for estimating volatile substance
em ssions froma nunber of generic kinds of waste handling operations,

i ncl udi ng surface i mpoundnents, landfills, landfarm ng (land treatnent)
operations, wastewater treatnment systens, and drum storage/ handling
processes. |If such a facility
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TABLE 20. PHOSGENE PRODUCTI ON FACI LI TI ES *°

Conpany Locati on

BASF Wandotte Corp.
Pol ymers Group
Ur et hanes Chens. Busi ness Gei smar, LA

Dow Chem U S A Freeport, TX

E.l. duPont de Nenpurs & Co., Inc.
Pol ymer Products Dept. Deepwat er, NJ

Essex Chem  Corp.
M nerec Corp., subsid. Balti nore, ND

Gen. Electric Co.
Engi neered Materials G oup
Pl asti cs Busi ness Operations Mount Vernon, I N

ICl Americas Inc.
Rubi con Chens. I nc., subsid. Gei smar, LA

Mobay Chem  Corp.
Pol yur et hane Div. Cedar Bayou, TX
New Martinsville, W

adin Corp.

Adin Chens. G oup Lake Charles, LA

Moundsvill e, W

PPG | ndust., Inc.

Agricul tural and Performance

Chens. Di v. Bar berton, OH

Specialty Products Unit La Porte, TXo

Uni on Car bi de Cor p.

Agricul tural Products G oup Institute, W/
The Upj ohn Co.

Pol ymer Chens. Di v. La Porte, TX
Van De Mark Chem Co., Inc. Lockport, Ny

@ These two plants are believed to be the only ones produci ng phosgene for
sal e; all others produce phosgene for captive consunption.

Not e: Information is not available to determ ne which of these
facilities use carbon tetrachloride. This list is subject to
change as market conditions change, facility ownership changes, or
pl ants are cl osed down. The reader should verify the existence of
particular facilities by consulting current lists or the plants
t hensel ves.
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drum st orage/ handl i ng processes. |If such a facility is known to handle
carbon tetrachloride, the potential should be considered for sone air
em ssions to occur.

Several studies show that carbon tetrachloride may be emtted from
muni ci pal wastewater treatnment plants, albeit at quite lowlevels. 1In a
bench scale test, the potential was denonstrated for carbon tetrachloride
volatilization fromclarifiers and aerati on basi ns. > However, actual tests
at one nunicipal treatment plant (handling about 50% i ndustrial sewage)
showed carbon tetrachloride em ssions to be consistently bel ow 184 grans
(0.4 pounds) per day, assuming all carbon tetrachloride in the influent is
air stripped during treatnent.® Furthernore, tests at a snmaller treatnent
facility (handling about 40% industrial and 60% nuni ci pal sewage) showed
carbon tetrachloride em ssion levels to be virtually undetectable. 5
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SECTION 5
SOURCE TEST PROCEDURES

Carbon tetrachl ori de em ssions can be neasured usi ng EPA Reference
Met hod 23, which was proposed in the Federal Register on June 11, 1980. 5%
EPA has validated Method 23 in the laboratory for carbon tetrachloride %
but has not validated the nethod for carbon tetrachloride in the field.®°

In Method 23, a sanple of the exhaust gas to be anal yzed is drawn
Into a Tedl ar® or al um ni zed Myl ar® bag as shown in Figure 15. The bag is
pl aced inside a rigid | eak proof container and evacuated. The bag is then
connected by a Tefl on® sanpling line to a sanpling probe (stainless steel,
Pyrex® gl ass, or Teflon® at the center of the stack. Sanple is drawn into
the bag by pumping air out of the rigid container.

The sanple is then analyzed by gas chromatography (GC) coupled with
flame ionization detection (FID). Analysis should be conducted within 1
day of sanple collection. The reconmmended GC colum is 3.05 mby 3.2 mm
stainless steel, filled with 20 percent SP-2100/0.1 percent Carbowax 1500
on 100/ 120 Supel coport. This columm normally provides an adequate
resol uti on of hal ogenated organics. (Were resolution interferences are
encountered, the GC operator should select the colum best suited to the
anal ysis.) The columm tenperature should be set at 100 OC. Zero helium or
nitrogen should be used as the carrier gas at a flow rate of approximtely
20 M/ mn.

The peak area corresponding to the retention time of carbon
tetrachloride is neasured and conpared to peak areas for a set of standard
gas m xtures to determ ne the carbon tetrachl oride concentration. The
range of the nethod is 0.1 to 200 ppm however, the upper limt can be
extended by extending the calibration range or diluting the sanple. The
met hod does not apply when carbon tetrachloride is contained in particul ate
matter.
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Figure 15. Method 23 sampling train.
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APPENDI X
EM SSI ON FACTORS FOR CARBON TETRACHLORI DE PRODUCTI ON

Thi s appendi x presents the derivations of carbon tetrachloride
em ssion factors for carbon tetrachl oride production processes that
are presented in Tables 2 through 6. Em ssion factors for the
hydr ocar bon chl ori nol ysi s (perchl oroet hyl ene coproduct) process
(Tabl e 2) were devel oped based on a hypothetical plant with a total
producti on capacity of 80,000 My and a product m x of 37.5 percent
carbon tetrachloride and 62.5 percent perchloroethyl ene.! Em ssion
factors for the nethane chlorination process (Table 3) are based on a
hypot heti cal plant with a total chloronethane production capacity of
200, 000 Mg, and a product m x of 20 percent methyl chloride, 45
percent nethylene chloride, 25 percent chloroform and 10 percent
carbon tetrachloride. 2 Em ssion factors for the carbon disulfide
chl orination process (Table 4) were devel oped based on operating data
on the Stauffer plant in Lenpyne, Al abanm,** the only plant currently
using this production process. Em ssion factors for the nethano
hydrochl ori nati on/ methyl chloride chlorination process were devel oped
based on a hypothetical plant with a total chloronethane production
capacity of 90,000 My/yr and a product m x of 25 percent nethyl
chl ori de, 48 percent nethylene chloride, 25 percent chloroform and 2
percent byproduct carbon tetrachloride. ®°

The follow ng sections describe the derivations of carbon
tetrachl oride em ssion factors for process vent em ssions; in-process
and product storage tank em ssions; secondary em ssions fromliquid,
solid, and aqueous waste streams; handling em ssions from | oading
product carbon tetrachloride; and fugitive enm ssions fromleaks in
process val ves, punps, conpressors, and pressure relief valves.

PROCESS EM SSI ON FACTORS

Hydr ocar bon Chl orinol ysis (Perchl oroet hyl ene Coproduct)

Carbon tetrachl ori de process em ssions from chlorinolysis
process result fromthe purging of inert gases fromthe carbon
tetrachloride distillation condenser (Vent A, Figure 2). The
uncontrol |l ed em ssion factor



for em ssions fromthe distillation colum was derived fromthe
annual carbon tetrachloride em ssion rate of 180 kg and associ at ed
carbon tetrachloride thruput of 15 x 10 liters reported by one
facility6 and the density of carbon tetrachloride (1.59 g/m):

Em ssi on factor 180 kg

15 x 10° ¢ x 1.59 g/ 10~ ¢

= 180 kg
7.4 x 10" Mg

0.008 kg/ My

Anot her potential source of process em ssions is the caustic
scrubber vent (Vent E, Figure 2); however, no em ssions have been
reported for this source.!?

Met hane Chl ori nati on

Carbon tetrachl ori de process enissions fromthe nethane
chlorination process result fromventing of the inert gases fromthe
recycle nethane stream (Vent A, Figure 3) and from energency venting
of the distillation area inert gases (Vent C, Figure 3).

Recycl ed Met hane Inert Gas Purge vent--

The uncontroll ed em ssion factor for the recycled nethane inert
gas purge vent was calculated froma carbon tetrachl ori de enm ssion
factor of 4.2 x 10-3 kg per My total chloronethane production
capacity and the representative plant's carbon tetrachl oride
producti on of 10 percent of total chloronmethane production. This
em ssion factor represents an upper bound estimate.?

Enmi ssion factor = 4.2 x 10°® _kg CCl, X total prod.
My total prod. 0.10 Cd , prod.
= 0.042 kg/ My



Distillation Area Energency Inert Gas Vent--

The uncontroll ed em ssion factor for the distillation area
energency inert gas vent was derived froman em ssion factor for
vol atile organi c conpounds (VOC) of 0.20 kg/ My total chloronethane
producti on capacity? and conposition data showi ng carbon tetrachloride
to be 2.6 percent of VOC.7 No informati on was avail abl e on the
assunpti ons upon which the derivation of this VOC em ssion factor
were based. The cal cul ation of carbon tetrachl oride em ssions per
unit carbon tetrachl ori de produced was nade using a carbon
tetrachl oride production rate of 10 percent of total chl oronethanes
producti on.

Em ssi on factor 0.20 kg VOC x 0.026 CCl, x total prod.

My total prod VOC 0.10 CC1, prod

0.052 kg/ My

Carbon Disul fide Chlorination

The main source of carbon tetrachloride process em ssions from
the carbon disulfide chlorination process is the chlorination reactor
whi ch, at the Stauffer facility, is controlled with a two-stage
refrigerated condenser (Vent A, Figure 4). The controlled em ssion
factor for this source was calculated froma carbon tetrachl oride
hourly em ssion rate of 54 kg/hr determ ned froma source test and
the plant's annual carbon tetrachl oride production of 82,000 My/yr, 4
assum ng 8, 760 hours per year operation.

Em ssion factor = 54 kg/hr x 8,760 hr/yr
(controll ed) 82,000 My/yr

5.8 kg/ My

The uncontroll ed em ssion factor was cal cul ated fromthe controll ed
em ssion factor and the reproted control efficiency of 95 percent for
t he condenser.?8

Em ssion factor = 5. ka/ My
(uncontrol | ed) 1- 0.95
= 116 kg/ My



Met hanol Hydrochl ori nati on/ Methyl Chloride Chlorination

Process vents are not a significant source of carbon
tetrachloride emi ssions In this process.?®

STORAGE EM SSI ON FACTORS

In cal culating storage emi ssion factors, all storage tanks were
assuned to be fixed roof tanks.® 2% Uncontrolled carbon tetrachloride
em ssion factors for in-process and product storage for the
hydr ocar bon chl ori nol ysis process (Vents B, C, and D, Figure 2),
met hane chl ori nati on process (Vents B, D, and E, Figure 3), the carbon
di sul fide chlorination process (Vent B, Figure 4), and nethano
hydrot hl ori nati on process (Vents A 8, and C, Figure 5) were
cal cul ated using enission equations for breathing and working | osses
for fixed roof tanks fromreference 9:

Lt = Lg + Ly

Lg = 1.02 x 10° M, ( P )0.68p.7340.511 0.5¢ c«
14.7-P

Lw 1. 09 x 1078 M, PVNK,K,

wher e,

Lt = total loss (My/yr)

Lg = breathing loss (My/yr)

Lw = working loss (My/yr)

M, = nol ecul ar wei ght of product vapor (lb/lb nole)

P = true vapor pressure of product (psia)
D = tank dianeter (ft)
H = average vapor space height (ft): use tank specific values or

an assuned val ue of one-half the tank hei ght
T average diurnal tenperature change in °F
F, = paint factor (dinensionless); assume a value of 1 for a
white tank in good condition
C = tank dianeter factor (dinensionless):
for dianeter >30 feet, C=1
for dianeter < 30 feet,
C =0.0771 D - 0.0013(D? - 0.1334
K. = product factor (dinensionless) = 1.0 for VOL:



<
I

tank capacity (gal)
nunber of turnovers per year (dinensionless)
K, = turnover factor (dinensionless):
for turnovers > 36, K, = 180 + N
6N

Z
I

I
=

for turnovers < 36, K,

For the hydrocarbon chlorinolysis, methane chlorination and
met hanol hydrochl orination/ methyl chloride chlorination processes,
hypot heti cal plant storage tank conditions fromreferences 1, 2, and
5, respectively, were used for the calculations. The tank conditions
gi ven by these references include tank vol une, number of turnovers per
year, bulk liquid tenperature, and an assuned diurnal tenperature
variation of 200C. The dianeters (D), In feet, of the tanks were
cal cul ated from given tank volunmes (V), in gallons, with heights (h),
in feet, assuned at 8 foot intervals, from

| 7481

D = p X h
For tanks containing m xtures, the vapor pressure of the mxture in
the tank, nolecul ar weight of vapor, and wei ght percent of carbon
tetrachloride in the vapor were cal cul ated. The cal cul ati ons of
em ssion factors for all production processes are sunmarized in Table
A-1. Sanple calculations are presented in their entirety for the
hydr ocar bon chl ori nol ysis process. For the other three processes,
storage tank paraneters and vapor conposition data used in the
cal cul ations of the em ssion factors listed in Table A-1 are presented
in tables.

Hydr ocar bon Chl orinol ysis (Perchl oroet hyl ene Coproduct)

Em ssion factors for the crude product tank, two carbon
tetrachl ori de day storage tanks, and the carbon tetrachl oride product
tank were cal cul ated using the tank paranmeters listed in Table A-2.

Crude Product Tank- -

Conposition -- The conposition of the mxture in the crude product
tank is based on the hypothetical plant mxture. The nole fractions
of the liquid conponents were derived fromthese wei ght fractions and
nmol ecul ar wei ghts. The nmole fractions of the components in liquid
were then nultiplied by the vapor pressures of each conponent to
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TABLE A-1. SUMVARY OF CALCULATI ONS OF CARBON TETRACHLORI DE STORAGE EM SSI ON FACTORS

Per cent Car bon
Br eat hi ng Working Total Loss, Car bon Nunber Tetrachl ori de Em ssion
PROCESS Loss, L. Loss, L Tetrachl ori de of Pr oducti on Fact or
ank (MO/yT)u (NO7 yT )W (MCOTyT) n vapor ranks (NVO7yT) (Kg/ VD)
HYDROCARBON
CHLORI NOLYSI S
Cr ude 1.86 2.00 3. 86 76 1 30, 000
0. 098
Day 0.75 5.92 6. 67 100 2 30, 000 0. 45
Pr oduct 2.92 14.5 17. 4 100 1 30, 000 0.58
METHANE
CHLORI NATI ON
Cr ude 10. 4 11.5 21.9 5.2 1 20, 000 0. 057
Day 0. 26 3.33 3.59 100 2 20, 000 0. 36
Pr oduct 2.92 9. 87 12.8 100 1 20, 000 0.64
METHYL CHLORI DE
CHLORI NATI ON
Cr ude 3.62 2. 97 6.59 1.1 1 1, 800 0. 040
Sur ge 1.21 1.08 2.29 4.5 1 1, 800 0. 057
Car bon 0. 30 2.20 2.50 100 1 1, 800 1.4

Tetrachl ori de

CARBON DI SULFI DE

CHLORI NATI ON
Smal | 3. 84 6. 68 10.5 100
Lar ge 6. 93 13. 4 20.3 100

81, 600 0. 26
81, 600 0.50

NN




TABLE A-2. STORAGE TANK PARAMETERS FOR HYDROCARBON
CHLORI NCLYSI S ( PERCHLOROETHYLENE COPRODUCT) PROCESS.

ranks Crude Day Product
Number of tanks 1 2 1
Vol une (V), gal 100, 000 20, 000 200, 000
Hei ght (h), ft 32 16 40
Vapor space height (H), ft 16 8 20
Di ameter (0), ft 23 15 29
Turnovers/yr (N) 6 125 25
Temperature, °F 100 95 68
Vapor pressure (P), psia 1.95 3. 44 1.73
Di urnal tenperature change (T), °F 22 22 22
Mol ecul ar wei ght of wvapor (M), 157 154 154

I b/1b nole

Turnover factor (K,) 1 0.41 1
Tank di ameter factor (C) 0.95 0.73 1.0




determ ne conponent partial pressures, the sumof which is the total vapor
pressure, P. Mdl e fractions of the conponents in the vapor phase were
calcul ated as the ratio of conponent partial pressures to total vapor
pressure. The nol ecul ar wei ght of the vapor mxture (M) was cal cul at ed
as the sum of the products of the conponent partial pressures and their
nmol ecul ar wei ghts, lgnoring the nolecular weight of the air. The weight
percent of conponents in vapor were calculated fromthe ratios of the
product of the nole fraction in vapor and nol ecul ar weight to the

nmol ecul ar wei ght of the vapor mi xture. These calculations are sumari zed
in Table A-3.

Tank enissions -- Wth the paraneters listed in Table A-2, tota
tank | osses were cal cul ated as foll ows:

Lg = (1.02 x 10°%(157) _1.95 ) 0.68(,31. 73(160. 51(220. 51)(o-95) (1)
(14.7-1.95

(1.02 x 10-5)(157)(0-28)(227) (4. 11) (4. 69) (0. 95)

1.86 My/yr

Ly = (1.09 x 10-8)(157) (1. 95) (100, 000)(6) (1) (1)
2.00 My/yr

Ly = Lg + Ly= 3.86 My/yr

Em ssion factor -- The carbon tetrachl oride em ssion factor was
calculated fromtotal annual tank |oss, fraction of vapor mxture that is
carbon tetrachloride, and the representative plant production rate of
30, 000 My/ yr:

Em ssion factor = (3.86 My/yr)(0.76)
30, 000 My/ yr

= 0.098 kg/ My
Day Tanks-—

Tank eni ssions --

Lg = (1.02 x 10°°) (154) (14 73. 443 240. 68( 15) 1. 73( 8) 0. 51(22) 0. 5(| ) (0.73) (1)
= (1.02 x 10-5)(154) (0. 45) (108) (2. 89) (4. 69) (0. 73)

0.75 My/yr

(1.09 x 10-8)(154) (3. 44) (20, 000) (125) (0. 41) (1)
5.92 My/yr

—
=
TRl

LT = Lg + L, = 6.67 My/yr



TABLE A-3.

SUMMARY OF COMPGCSI TI ON CALCULATI ONS FOR HYDROCARBON CHLORI MOLYSI S

( PERCHLOROETHYLENE COPRODUCT) - CRUDE PRODUCT STORAGE TANK

LI QUI D COMPCSI TI ON:

Mol e
Wi ght Mol es in fraction in
percent in Mol ecul ar liquid, m liquid xq
Component [iquid, w wei ght, MW (w/ MY (m/ M)
Car bon 37.5 154 0. 24 0. 39
tetrachl oride
Per chl or o- 62.5 166 0.38 0.61
et hyl ene M = 0.62
VAPOR COMPQOSI TI ON:
Mol e Wi ght
Vapor Parti al fraction in Wi ght per cent
pressure pressure, Pp vapor, X in vapor, gy in vapor
Conponent (psia), P% (P9X X;) (P,/ P) (X, x My ([gs/ M] x 100)
Car bon 3.9 1.52 0.78 120 76
tetrachl oride
Per chl or o- 0.71 0.43 0. 22 37 24
et hyl ene P=1. 95 M,=157




Em ssion factor --

M/ yr
Em ssion factor = 6.67 tank x 2 tanks
30, 000 My/ yr
= 0.45 kg/' My

Pr oduct tank--

Tank eni ssi ons—

Lg = (1.02 x 107°) (154) ( 11.4737 - )703. 68( 29) 1. 73( 20) 0. 51( 22) 0. 5( 1) (1) (1)
= (1.02 x 1075 (154) (0. 254) (339) (4. 6) (4. 69)

2.92 My/yr

Ly = (1.09 x 10-8 )(154) (1.73) (200, 000) ( 25)

14.5 M/ yr

Lt = Lg + Ly = 17.4 My/yr
Em ssi on factor

Em ssion factor = 17.4 My/yr
30, 000 My/ yr

= 0.58 kg/ My
Met hane Chl orination
Em ssion factors for the crude product tank, two carbon
tetrachl oride day tanks, and the carbon tetrachl oride product tank were
cal cul ated using the tank paraneters listed in Table A-4. The
cal cul ati ons of the composition of the vapor for the crude product tank

are summuari zed in Table A-5.

Met hanol Hydrochl ori nati on/ Methyl Chloride Chlorination

Em ssion factors for the crude product tank, the surge tank, and
the carbon tetrachloride tank were cal cul ated using the tank paraneters
listed in Table A-6. The cal culations of the conpositions of the vapor
for the crude product tank and the surge tank are presented in Tables
A-7 and A-8, respectively.

Carbon Disul fide Chlorination

Em ssion factors for two small carbon tetrachl oride tanks and two
| arge tanks were calculated fromreported tank paraneters for the
Stauffer facility.® These paranmeters and assuned val ues are sunari zed
in Table A-9.

A-10



TABLE A-4. STORAGE TANK PARAMETERS FOR
METHANE CHLORI NATI ON PROCESS

Tank Crude Day Pr oduct
Number of tanks 1 2 1
Vol une (V), gal 200, 000 10, 000 200, 000
Hei ght (h), ft 40 16 40
Vapor space height (H), ft 20 8 20
Di ameter (0), ft 29 10 29
Turnovers/yr (N) 6 166 17
Temperature, °F 95 95 68
Vapor pressure (P), psia 9.50 3. 44 1.73
Di urnal tenperature change (T), °F 22 22 22
Mol ecul ar wei ght of vapor (M) . 93 154 154
I b/1b nole
Turnover factor (K,) 1 0. 347 1
Tank di ameter factor (C) 1 0. 508 1
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LI QUI D COVPCSI Tl ON:

TABLE A-5.
METHANE CHLORI NATI ON -

SUMMVARY OF COWMPGOSI TI ON CALCULATI ONS FOR

CRUDE PRODUCT TANK

Mol e
Wi ght Mol es in fraction in
percent in Mol ecul ar liquid, nil [iquid, xq
Conponent [iquid, w wei ght, MW (wqg/ MN my/ M)
Met hyl ene 56 85 0. 66 0. 66
chl ori de
Chl or of onn 31 119 0. 26 0. 26
Car bon 13 154 0. 084 0. 084
tetrachl ori de M =1.00
VAPOR COMPQOSI TI ON:
Mol e Wi ght
Vapor Parti al fraction in Wi ght per cent
pressure pressure, Py vapor, X, i n vapor, gy in vapor
Conponent (psia), P° (P°x xq) (P, P) (X, x MY ([g,/M] x 100)
Met hyl ene 11.6 7.66 0.81 69 0.74
chl ori de
Chl or of om 5. 96 1.55 0.16 19 0.20
Car bon 3. 44 0.29 0. 031 4.8 0. 052
tetrachl ori de P= 9.50 M, = 92.8



TABLE A-6.

STORAGE TANK PARAMETERS FOR

METHANCL HYDROCHLORI NATI ON METHYL
CHLORI DE CHLORI NATI ON PROCESS

Car bon
Tanks Crude Sur ge Tetrachl ori de

Nunmber of tanks 1 1 1
Vol une (V). gal 50, 000 20, 000 10, 000
Hei ght (h), ft 24 16 16
Vapor space height (H), ft 12 8 8
Di ameter (D), ft 19 15 10
Turnovers/yr (N) 6 6 32
Temperature, OF 95 104 104
Vapor pressure (P), psia 10 6.9 4.1
Di urnal tenperature change(T),°F 22 22 22
Mol ecul ar wei ght of vapor (M), 91 120 154
I b/1b nole
Turnover factor (K,) 1 1 1
Tank di ameter factor (C) 0. 862 0.731 0. 508
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TABLE A-7.

LI QUI D COVMPCSI TI ON:

SUWVARY OF COMPGOSI Tl ON CALCULATI ONS FOR METHANCL
HYDROCHL ORI NATI ON/ METHYL CHLORI DE CHLORI NATI ON
CRUDE PRODUCT TANK

Mol e
Wi ght Mol es in fraction in
percent in Mol ecul ar liquid, nil [iquid, xq
Conponent [iquid, w wei ght, MW (wqg/ MN my/ M)
Met hyl ene 64 85 0.753 0.72
chl ori de
Chl orof orm 33 119 0. 277 0. 26
Car bon 3 154 0.019 0.018
tetrachl ori de M= 1.049
VAPOR COMPQCSI TI ON:
Mol e Wi ght
Vapor Parti al fraction in Wi ght per cent
pressure pressure, Py vapor, X, i n vapor, gy in vapor
Conponent (psia), P° (P°x xq) (P, P) (X, x MY ([g,/M] x 100)
Met hyl ene 11.6 8.35 0. 84 71 78
chl ori de
Chl orof orm 5.96 1.55 0. 16 19 21
Car bon 3. 44 0. 062 0. 0062 0. 96 1.1
tetrachl ori de P= 9.962 M,= 90. 96




TABLE A-8. SUMMARY OF COMPOSI TI ON CALCULATI ONS FOR METHANOL
HYDROCHL ORI NATI ON/ METHYL CHLORI DE CHLORI NATI ON -

SURGE TANK
LI QU D COVPOSI TI ON:
Mol e
Wi ght Mol es in fraction in
percent in Mol ecul ar liquid, nil [iquid, xq
Conponent [iquid, w wei ght, MW (wqg/ MN my/ M)
Met hyl ene
Chl or of om 92.6 119 0.778 0.94
Car bon 7.4 154 0.048 0. 058
tetrachl ori de M= 0.826
VAPOR COMPGCSI TI ON:
Mol e Wi ght
Vapor Parti al fraction in Wi ght per cent
pressure pressure, Py vapor, X, i n vapor, gy in vapor
Conponent (psia), P° (P°x xq) (P, P) (X, x MY ([g,/M] x 100)
Chl or of om 7.09 6. 66 0. 97 115 96
Car bon 4.08 0.24 0. 035 5.4 4.5

D

tetrachl ori de 6. 90 120.




TABLE A-9. STORAGE TANK PARAMETERS FOR CARBON
DI SULFI DE CHLORI NATI ON PROCESS

Tanks Smal | Lar ge
Nunmber of tanks 2 2
Vol une (V), gal 230, 000 460, 000
Hei ght (h), ft 29 29
Vapor space height (H), ft 15 15
Di aneter (D), ft 37 52
Turnovers/yr (N)? 10 10
Tenperature, °FP° 68 68
Vapor pressure (P), psia 1.73 1.73
Di urnal tenperature change (T), °Fb 22 22
Mol ecul ar wei ght of vapor (M) . 154 154

I b/1b nole

Turnover factor (K,) 1 1
Tank di ameter factor (C) 1 1

a Tank throughput was estimated by assunming reported production (1.36 X
107 gal/yr) to be apportioned anong the tanks according to size.
Turnover rate was then cal cul at ed:
turnover rate = thruput

tank vol une

b Assuned val ue.
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SECONDARY EM SSI ONS

Hydr ocar bon Chl orinol ysis (Perchl oroet hyl ene Coproduct)

Secondary em ssions of carbon tetrachloride can result fromthe
handl i ng and di sposal of process waste liquids. Two sources of
secondary en ssions fromthe hydrocarbon chlorinolysis process are the
bottonms frcxn the perchl oroethylene distillation colum (Source F
Figure 2). commonly called hex wastes, and the waste caustic fromthe
caustic rubber (Source G Figure 2). It should be noted that, |acking
ot her data, emi ssion factors for both sources were devel oped based on
data froma plant which uses operating conditions that are nuch | ess
severe than the chlorinolysis process.

Hex WAst es- -

The uncontroll ed em ssion factor for the combi ned sources of hex
wast e handling and waste hydrocarbon storage eni ssions was derived from
a published VOC em ssion factor of 0.056 kg/My of total production
capacity, conposition data showi ng carbon tetrachloride to be 3.1
percent of VOC, L and the hypothetical plant carbon tetrachloride
production of 37.5 percent total production:

Em ssion factor = 0.056 kg VOC x 0.031 CCl, x total prod.
My total prod. VOC 0.375 CC1, prod.

= 0.0046 kg/ My
Wast e Caustic Handling--

The uncontroll ed em ssion factor for secondary em ssions from
waste caustic handling is based on a plant's estimte of total VOC
em ssions per production capacity for waste caustic handling and
di sposal of 0.0011 kg VOC/ My total productional assum ng that carbon
tetrachloride is the main conponent of the VOC, and using the
hypot heti cal plant's carbon tetrachloride production rate of 37.5
percent of total production:

Em ssion factor = 0.0011 kg X total prod.
My total prod. 0. 375 CCl, prod.
= 0.0029 kg/ wy
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Met hane Chl ori nati on

Secondary em ssions of carbon tetrachloride fromthe nethane
chlorination process can result fromthe handling and di sposal of
process waste liquids. These liquid streans are indicated on the
process flow di agram (Source F, Figure 3) and include waste caustic
fromthe nethyl chloride and nethane recycle stream scrubbers, waste
caustic fromthe crude chl oronet hane neutralizer, and salt sol ution
fromthe crude chl oronet hanes dryer. The uncontrolled em ssion factor
for these secondary carbon tetrachloride em ssions was cal cul at ed using

a carbon tetrachloride content of 10 parts per million reported for
total wastewater discharges averaging 68 liters per mnute,7 the
assunption that 100 percent of the carbon tetrachloride will be

vapori zed during on-site wastewater treatnent, and the hypothetica
pl ant carbon tetrachl oride production of 20,000 My/yr:

Emi ssions = 68 ¢ water x 1kg x 10 kg cd X 5.26 x 10° nin
mn ¢ wat er 10° kg water yr

Em ssion factor = 357 kalyr
20, 000 Mg/ yr

= 0.018 kg/ My

Carbon Disul fide Chlorination

Insufficient data are available to cal culate an em ssion factor
for secondary em ssions of carbon tetrachloride fromthis process.

Met hanol Hydrochl ori nati on/ nethyl Chloride Chlorination

Potential sources of secondary em ssions include the aqueous
di scharge fromthe nethanol hydrochlorination stripper and the sulfuric
and waste fromthe nethyl chloride drying tower; however, carbon
tetrachl ori de has not been reported as a conponent of these waste
streans. °
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HANDLI NG EM SSI ONS

The follow ng equation fromreference 11 was used to devel op an
uncontrol |l ed em ssion factor for |oading of product carbon
tetrachl oride. Subnerged |oading into clean tank cars, trucks, and
bar ges was assuned.

L, = 12.46 SPM
T
L, = Loading loss, |b/103 gal of liquid |oaded
M = Mol ecul ar wei ght of vapors, Ib/lb-nole - 154
P = True vapor pressure of liquid |oading, psia
T = Bulk tenperature of liquid | oaded ("R
S = A saturation factor = 0.5 for subnerged file of clean tank

trucks, tank cars, and barges.

For the hydrocarbon chlorinolysis, nmethane chlorination, and
carbon disulfide processes, a bulk liquid tenmperature of 200C was
assuned. 2?2 Therefore:

T = 528°R

P=1.73 psia

L = (12.46)(0.5)(1.73)(154)
528

= 3.14 | b/ 10® gal

Loading loss in I b/10% gal was converted to an enmission factor in terns
of kg/ My (equivalent to Ib/10% I b) by dividing by the density of carbon
tetrachloride (1.59 g/m n 13.3 I b/gal)

Em ssion factor = 3.14 |1 b/103 gal
13.3 I b/ gal

= 0.24 kg/ My

For the nethanol hydrochlorination/ methyl chloride chlorination
process, the bulk liquid tenperature was assuned to be 40°C.°> Therefore:

T = 564°R
P= 4.08 psia
L = (12.46)(0.05)(4.08)(154)

564
= 6.94 1b/10° ga
Eni ssion factor = 6.94 1b/10% ga
13.3 I b/ gal
= 0.52 kg/ My

A-19



PROCESS FUG Tl VE EM SSI ONS

Fugiti ve em ssions of carbon tetrachloride and other volatile
organics result fromleaks in process val ves, punps, conpressors, and
pres-ture relief valves. For the chlorinolysis, hydrochlorination, and
met hane chl ori nati on processes, carbon tetrachl oride enission rates
from process fugitive sources were based on process fl ow di agrans,
process operation data, and fugitive source inventories for
hypot heti cal plants, 25 and EPA enission factors for individua
sour ces. 12

The first step in estimating fugitive em ssions of carbon
tetrachloride was to |list the process streans in the hypothetica
plant. Their phases were then identified fromthe process flow di agram
and their conpositions are estimted. For a reactor product stream
the conposition was estimted based on reaction conpletion data for the
reactor and on the plant product slate. For a streamfroma
distillation colum or other separator, the composition was estinated
based on the conposition of the input streamto the unit, the unit
description, and the general description of streamof interest (ie,
over heads, bottons, or sidedraw).

After the process streanms were characterized, the nunmber of val ves
per streamwere estimated by dividing the total nunber of valves at the
pl ant equal ly anong the process streans. Simlarly, punps were
apportioned equally anong |iquid process streans, and relief valves
wer e apportioned equally anmong all reactors, colums, and other
separators. The locations of any conpressors were determ ned fromthe
process flow di agram

Em ssions were then cal cul ated for punps, conpressors, valves in
liquid and gas |ine service, and relief valves. Emssions fromflanges
and drains are mnor in conparison with these sources and were,
therefore neglected. Fugitive em ssions froma particular source were
assuned to have the same composition as the process fluid to which the
source |s exposed. For valves in liquid service, for instance, carbon
tetrachl ori de em ssions were determ ned by taking the product of: (1)
the total nunber of liquid valves in carbon tetrachloride service; (2)
the average carbon tetrachloride content of the streans passing through
these val ves; and (3) the average fugitive em ssion rate per valve per
unit time as neasured
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by EPA. Em ssions fromvalves in gas service, punps, and conpressors

were calculated in the sane manner. For relief valves, fugitive

em ssions were assunmed to have the conposition of the overhead stream

fromthe reactor or colum served by the relief valve. Em ssions from
the various fugitive source types were sunmed to obtain total process

fugitive em ssions of carbon tetrachloride.

Because em ssions from process fugitive sources do not depend on
their size, but only on their nunber, total process fugitive emn ssions
are not dependent on plant capacity. Thus, the overall enissions are
expressed in terns of kilograns per hour of operation.

Hydr ocar bon Chori nol ysis (Perchl oroet hyl ene CoProduct)

Hypot hetical plant fugitive source inventory-1?
800 val ves
15 punps (not including spares)
1 conpressor
12 relief valves

Process Line Conposition--

O the 28 total process lines, about 9 are in carbon tetrachloride
service (Figure A-1).l Composiitons of these streans are estimted as
foll ows:

Stream Conposi tion (percent)

nunber Phase HC™ Cca, ca,
1 gas 20

3 gas 44 21 35
5 liquid 38 62
7 liquid 38 62
9 liquid 38 62
10 gas 100

12 liquid 100

13 liquid 100

13a liquid 100
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Val ves- -

800 valves ~ 29 val ves per process |ine
28 lines

Assumi ng 29 valves in each of the above lines, and averaging the
carbon tetrachloride contents for gas and liquid lines, total plant
val ve emi ssions were estimated as foll ows:

Conponent

em ssion factor Val ves Avg conpositi onEni ssi ons

(kg/ hr-val ve)' CCl, service (% Ca ,) (ka/ hr)
Li qui d val ves 0. 0071 174 69 0. 85
Gas val ves 0. 0056 87 47 0.23

1.08
Punps- -
15 punps ~ 1 punp per liquid process |ine

15 liquid lines

For one punp in each of the six liquid lines in carbon
tetrachl ori de service, an em ssion factor of 0.05 kg/hr/punp,12 and
average carbon tetrachl ori de concentrati on of 69 percent, punp
em ssions fromthe nodel plant were estinated at:

1 punps/line x 6 lines x 0.05 kg/hr x 0.69 - 0.21 kg/hr
Conpr essor s- -
There are no conpressors in carbon tetrachl oride service.
Rel i ef val ves- -

12 relief valves ~ 2 relief valves per reactor or col umm
7 col umms

The chlorinolysis reactor and carbon tetrachl ori de col unm heads
wi Il contain carbon tetrachloride at the concentrations estimated for
streans 3 and 10, respectively. Wth an em ssion factor of 0.104
kg/ hr/val ve, 12 hypot hetical plant em ssions were estinmated as follows:
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Nunber of Em ssi ons factor Conposi tion Em ssi ons

relief valves (ka/ hr) (% CHA 3) (ka/ hr)
React or 2 0.104 21 O. 044
CC14 col um 2 0. 104 100 0. 208

Total process fugitive em ssions—

Total process fugitive em ssions for chlorinolysis hypothetica
pl ant :
Val ves-liquid 0.85
- gas 0.23
Punps 0.21
Conpr essors -
Rel i ef valves 0.25

Tot al 1.54 kg/ hr

Control s which can be used to reduce fugitive en ssions include
rupture disks on relief valves, punps with doubl e nechanical seals, and
i nspecti on and nmai ntenance of punps and val ves. Doubl e nmechanica
seal s and rupture disks are approximately 100 percent efficient in
reduci ng em ssions frompunps and relief valves. Mnthly inspection
and mai ntenance (I1/M is about 73 percent efficient for valves in gas
service, 59 percent efficient for valves in liquid service, and 61
percent efficient for punps; while quarterly in I/Mis about 64 percent
efficient for gas valves, 44 percent efficient for liquid valves, and
33 percent efficient for punps.

Overall efficiencies were calculated for three control options.
The first, quarterly I/Mfor punps and val ves has an overall efficiency
for carbon tetrachl oride enissions fromchlorinolysis of about 48
percent. Monthly I/Mfor punps and val ves has an overall efficiency of
about 64 percent; and the use of doubl e nechanical punps, application
of rupture disks to relief valves, and nonthly I/Mfor other valves has
an overall efficiency of about 73 percent.
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Met hane Chl ori nati on

Hypot hetical plant fugitive source inventory? --

1,930 process val ves
40 punps (not includi ng spares)
1 conpressor
70 safety relief valves

Process |ine conposition--
O the total 50 process lines, about 18 are in carbon

tetrachl oride service fromthe chlorination reactor to carbon
tetrachl oride storage (see Figure A-2).2 Conpositions were estimted as
foll ows:

conposi tion

St r eam nunber Phase CHC, CHCi; Cd, CH, HCl CH,d
4 Gas 28 16 6 3 33 12
5,8 Li quid 56 31 13
11 Li quid 45 25 10 20
10, 14, 16 Li quid 56 31 13
37, 28, 39, 40, 41 Li quid 56 31 13
44 Li quid 70 30
51 Gas 100
49, 52, 53, 53a Li quid 100
Val ves- -
1930 valves -~ 35 valves per process |ine
55 I'ines

Assumi ng 35 valves in each of the above |lines and averagi ng the
carbon tetrachloride contents for gas and liquid lines, total plant
val ves em ssions were estimted as foll ows:

Conponent Val ves in
em ssion factor cC1, Avg. conposition Em ssions
(kg/ hr-val ve)' service (% Cd ,) (kg/ hr)
Li qui d val ves 0. 0071 560 36 1.43
Gas val ves 0. 0056 70 53 1.21

1.64
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Punps- -
40 punps ~ 1 punp per liquid process line
35 liquid Iines

Assum ng and average of one punp for each of the 15 liquid
process 12 lines in carbon tetrachloride service, an eni ssion factor
of 0.05 kg/yr-punp and average chl orof orm conposition of 36 percent,
punmp em ssions fromthe nodel plant were estimted as foll ows:

1 punps/line x 16 lines x 0.05 kg/yr x 0.36 = 0.29 kg/ hr

Conpr essor s- -
There are no conpressors in chloroformservice.

Rel i ef val ves- -
70 relief valves ~ 5 relief valves per colum or reactor
14 col umms

A number of columm and reactor overhead streans contain carbon
tetrachl ori de as shown below. Wth a relief valve em ssion factor of
0.104 kg/ hr. 12 hypothetical plant em ssions were estimted as
foll ows:

Nunber of Em ssion factor Conposition Em ssi ons

Stream relief valves (kg/ hr) (% CH C1, (kg/ hr)
4 5 0.104 6 0. 03
39 5 0. 102 I3 0. 07
51 5 0.104 100 0.52
0. 62

Total process fugitive em ssion rate--
Total process fugitive em ssions for methane chlorination
hypot heti cal plant:
Valves -liquid 1.43

- gas 0.21
Punps 0. 29
Rel i ef valves 0.62
Tot al 2. 55kg/ hr

A-27



Control s which can be used to reduce fugitive en ssions include
rupture disks on relief valves, punps wi th doubl e nechanical seals,
and inspection and mai nt enance of punps and valves. The efficiencies
of these control for individual conponents are described in the
previ ous section of fugitive em ssions from chlorinolysis.

Quarterly I/Mfor punps and val ves has an overall efficiency for
carbon tetrachl ori de em ssions from net hanol hydrochl orination/ methyl
chloride chlorination of about 49 percent. Monthly I/Mfor punps and
val ves has an overall efficiency of about 64 percent; and the use of
doubl e nmerchani cal punps, application of rupture disks to relief
val ves, and nonthly I/Mfor other valves has an overall efficiency of
about 75 percent.

Met hanol Hydrochl ori nati on/ Methyl Chloride Chlorination
Hypot hetical plant fugitive source inventory?®

725 process val ves

15 punps(not includi ng spares)
2 conpressors

25 safety relief valves

Process Line Conposition--

O the total 31 process lines, seven are in carbon tetrachloride
service fromthe nethyl chloride chlorination reactor to carbon
tetrachl orde storage (see Figure A-3).5 Conposiitons of these streans
are estimated as foll ows:

Conposi tion
St r eam nunber Phase CH,C1, CHC1, CC1, O her
17 Gas 29 14 1.4 55
18 Li quid 29 14 1.4 55
20 Li quid 64 33 3
24 Li quid
25 Li quid 91 9
26 Gas 100 -
29 Li quid 100
30 Li quid 100

A- 28



HYDROBEN
CHLORIDE
4
2 B
1
jul
E::;@'ﬂ m
LOADIMG
PP DTG 14 st o
1 TOWER 13
SET L . METWYL
EToaAgE 12 13 _ CHLORIDE
. E METHANOL FTORAGE
WASCHLORINATION  QUERCH
REACI0R TOWEA
:P 124 3| 25
N
N i=
- IHIBITOR
oy \
' TAHHI
] T
by
™
k]
CHLDROA 0N
STORMEE
METHYL  MYOROGEN ChinE 0 CARNDM TETRACHLOAIGE X0
CHLORIDE  CHLOMIDE ITORAGE B ARD HEMVIED [TD FUATHER
CHLOMMATHN STHIPPER BETIVLEME SHt  WETMYLENE  CHLORCFONM PROCESMME DR S4LE}
AEALTOR GILORIDE  FANN  CHLOWDE NATILLATION
DISTILLATHIMN STORRLE

Flgure A-3. Procass flow dlagram for hypothetical plant uétng wethanal hydrochlorination/
methy]l chioride chloriration process.



Val ves- -

725 valves ~ 23 valves per process line
31 lines

Assumi ng 23 valves in each of the above lines, and averaging the
carbon tetrachloride contents for gas and liquid lines, total plant
val ves em ssions were estimted as foll ows:

Conponent

em ssion factor Val ves Avg conposition Em ssi ons

(kg/ hr-valve)2 CO , service (% CC1,) (kg/ hr)
Li qui d val ves 0. 0071 138 37.0 0. 36
Gas val ves 0. 0056 23 1.4 0. 002

0. 36
Punps- -
15 punps ~ 1 punp per liquid process |ine

15 Tiquid Tines

For one punp in each of the six liquid lines in carbon
tetrachl oride service, an em ssion factor of 0.05 ko/hr/punp, 12 and
average carbon tetrachl ori de concentrati on of 69 percent, punp
em ssions fromthe nodel plant were estinated at:

1 punps/line x 6 lines x 0.05 kg/hr x 0.37 = 0.11 kg/hr

Conpr essor - -
There are no conpressors in carbon tetrachl oride service.

Rel i ef val ves--

25 relief valves ~ 3 relief valves per reactor or columm
8 col umms

The nethyl chloride reactor will contain carbon tetrachloride at the
concentrations estimted for stream17. Wth an em ssion factor of

0.104 kg/ hr/ val ve, 2 hypothetical plant em ssions were estimted as
fol | ows:
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Nunber of Em ssions factor Conposition Em ssions
relief valves (kg/ hr) (% CHC1,) (kg/ hr)

CH C reactor 3 0.104 1.4 0. 0044
Total process fugitive em ssions--

Total process fugitive em ssions for nethano
hydrochl ori nati on/ methyl chloride chlorination hypotetical plant:

Valves -liquid 0. 36
- gas 0. 002
Punps 0.11
Conpr essors -
Rel i ef val ves 0. 004
Tot al 0. 48 kg/ hr

Control s which can be used used to reduce fugitive emn ssions
i ncl ude disks on relief valves, punps wi th doubl e nechanical seals,
and inspection and mai ntenance of punps and valves. The efficiencies
of these controls for individual conponents are described in the
previ ous section of fugitive em ssions from chlorinolysis.
Overall efficiencies were calculated for three control options. The
first, quarterly liMfor punps and valves has an overall efficiency
for carbon tetrachloride em ssions from nethano
hydrochl ori nati on/ methyl chloride chlorination of about 42 percent.
Monthly 1/M for punps and val ves has an overall efficiency of about
60 percent; and the use of double merchanical punps, application of
rupture disks to relief vavles, and nonthly I/Mfor other val ves has
an overall efficiency of about 81 percent.
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