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EXECUTIVE SUMMARY

Emissions of chlorobenzenes into the atmosphere are of special significance because of

the 1990 Clean Air Act Amendments. These amendments mandate that chlorobenzenes emissions

be subject to standards that allow for the maximum degree of reduction of emissions and that,

by 1995, a list of source categories be established that accounts for no less than 90 percent of

chlorobenzenes emissions. This document is designed to assist groups interested in inventorying

air emissions of chlorobenzenes by providing a compilation of available information on sources

and emissions of these substances.

The chlorinated derivatives of benzene are a group of stable, colorless and pleasant

smelling compounds. Only the mono-, di-, and trichlorobenzenes have important industrial

applications. Information on hexachlorobenzene is included due to its past usage and generation

as a byproduct in other manufacturing processes.

In the U.S., chlorobenzenes are produced by three companies at three locations. In 1989,

the production capacity for monochlorobenzene was 168,000 megagrams (371 million pounds),

for ortho-dichlorobenzene, 36,700 megagrams (80.9 million pounds), and for para-

dichlorobenzene, 60,000 megagrams (132 million pounds). Few data are available on production

of more highly chlorinated benzenes.

Major uses for monochlorobenzene are in the manufacture of phenol and ortho- and para-

nitrochlorobenzenes, diphenyl oxide, dye and herbicide intermediates, and sulfone polymers.

Ortho-dichlorobenzene is used primarily in the synthesis of 3,4-dichloroaniline, which is

used in the production of herbicides. It is also used in the manufacture of dyes, as a solvent in

paint removers and engine cleaners, and as a de-inking solvent.

Para-dichlorobenzene is used in the manufacture of 1,2,4-trichlorobenzene, polyphenylene

ix

sulfide resins, room deodorants, moth proofing products and as an intermediate in the dye and



insecticide industries.

1,2,4-trichlorobenzene is used in pesticide formulation, as a process solvent, chemical

intermediate, lubricant and heat transfer medium.

Hexachlorobenzene is no longer produced or imported in the U.S. for commercial use.

It is formed as a process waste byproduct during the manufacture of specific chlorinated solvents

and pesticides.

At the time of publication of this document, estimates of nationwide chlorobenzenes

emissions were not available. Updates to this document will attempt to incorporate any

nationwide emissions information subsequently available.
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SECTION 1.0

PURPOSE OF DOCUMENT

The Environmental Protection Agency (EPA) and State and local air pollution control

agencies are becoming increasingly aware of the presence of substances in the ambient air that

may be toxic at certain concentrations. This awareness, in turn, has led to attempts to identify

source/receptor relationships for these substances and to develop control programs to regulate

emissions. Unfortunately, very little information is available on the ambient air concentrations

of these substances or on the sources that may be discharging them to the atmosphere.

To assist groups interested in inventorying air emissions of various potentially toxic

substances, the EPA is preparing a series of documents which compiles available information on

sources and emissions of these substances. The primary purpose of this document is to revise

and update the information presented in theLocating and Estimating Emissions From Sources

of Chlorobenzenes(EPA-450/4-84-007m) document which was originally published in 1984.

Prior documents in the series are listed below:

Substance EPA Publication Number

Acrylonitrile EPA-450/4-84-007a
Carbon Tetrachloride EPA-450/4-84-007b
Chloroform EPA-450/4-84-007c
Ethylene Dichloride EPA-450/4-84-007d
Formaldehyde (Revised) EPA-450/2-91-012
Nickel EPA-450/4-84-007f
Chromium EPA-450/4-84-007g
Manganese EPA-450/4-84-007h
Phosgene EPA-450/4-84-007i
Epichlorohydrin EPA-450/4-84-007j
Vinylidene Chloride EPA-450/4-84-007k
Ethylene Oxide EPA-450/4-84-007l
Chlorobenzenes EPA-450/4-84-007m
Polychlorinated Biphenyls (PCBs) EPA-450/4-84-007n
Polycyclic Organic Matter (POM) EPA-450/4-84-007p
Benzene EPA-450/4-84-007q
Organic Liquid Storage Tanks EPA-450/4-88-004
Coal and Oil Combustion Sources EPA-450/2-89-001
Municipal Waste Combustors EPA-450/2-89-006
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Substance EPA Publication Number

Perchloroethylene and Trichlorethylene EPA-450/2-90-013
1,3-Butadiene EPA-450/2-89-021
Chromium (supplement) EPA-450/2-89-002
Sewage Sludge EPA-450/2-90-009
Styrene EPA-450/4-91-029
Methylene Chloride EPA-454/R-93-006

This document deals specifically with chlorobenzenes. Its intended audience includes

Federal, State, and local air pollution personnel and others who are interested in locating potential

emitters of chlorobenzenes, and making gross estimates of air emissions therefrom.

Because of the limited amounts of data available on some potential sources of

chlorobenzenes emissions, and since the configurations of many sources will not be the same as

those described here, this document is best used as a primer to inform air pollution personnel

about (1) the types of sources that may emit chlorobenzenes, (2) process variations and release

points that may be expected within these sources, and (3) available emissions information

indicating the potential for chlorobenzenes to be released into the air from each operation.

The reader is strongly cautioned against using the emissions information contained in this

document to try to develop an exact assessment of emissions from any particular facility.

Because insufficient data are available to develop statistical estimates of the accuracy of these

emission factors, no estimate can be made of the error that could result when these factors are

used to calculate emissions from any given facility. It is possible, in some extreme cases, that

order-of-magnitude differences could result between actual and calculated emissions, depending

on differences in source configurations, control equipment, and operating practices. Thus, in

situations where an accurate assessment of chlorobenzenes emissions is necessary, source-specific

information should be obtained to confirm the existence of particular emitting operations, the

types and effectiveness of control measures, and the impact of operating practices. A source test

and/or material balance should be considered as the best means to determine air emissions

directly from an operation.
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In addition to the information presented in this document, another potential source of

emissions data for chlorobenzenes is the Toxic Chemical Release Inventory (TRI) form required

by Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986

(SARA 313).1 SARA 313 requires owners and operators of certain facilities that manufacture,

import, process or otherwise use certain toxic chemicals to report annually their releases of these

chemicals to any environmental media. As part of SARA 313, EPA provides public access to

the annual emissions data. The TRI data include general facility information, chemical

information, and emissions data. Air emissions data are reported as total facility release

estimates, broken out into fugitive and point components. No individual process or stack data

are provided to the EPA. The TRI requires the use of available stack monitoring or measurement

of emissions to comply with SARA 313. If monitoring data are unavailable, emissions are to be

quantified based on best estimates of releases to the environment.

The reader is cautioned that the TRI will not likely provide facility, emissions, and

chemical release data sufficient for conducting detailed exposure modeling and risk assessment.

In many cases, the TRI data are based on annual estimates of emissions (i.e., on emission factors,

material balances, engineering judgement). The reader is urged to obtain TRI data in addition

to information provided in this document to locate potential emitters of chlorobenzenes, and to

make preliminary estimates of air emissions from these facilities. To obtain an exact assessment

of air emissions from processes at a specific facility, source tests or detailed material balance

calculations should be conducted, and detailed plant site information should be compiled.

Each L&E document, as standard procedure, is sent to government, industry, and

environmental groups wherever EPA is aware of expertise. These groups are given the

opportunity to review the document, comment, and provide additional data where applicable.

Where necessary, the documents are then revised to incorporate these comments. Although these

documents have undergone extensive review, there may still be shortcomings. Comments

subsequent to publication are welcome and will be addressed based on available time and

resources. In addition, any information is welcome on process descriptions, operating parameters,

control measures, and emissions information that would enable EPA to improve the contents of

this document. Comments and information may be sent to the following address:
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Chief, Emission Factor and Methodologies Section
Emission Inventory Branch, (MD-14)
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711
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1. Toxic Chemical Release Reporting: Community Right-To-Know. Federal Register
52(107): 21152-21208. June 4, 1987.
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SECTION 2.0

OVERVIEW OF DOCUMENT CONTENTS

As stated in Section 1.0, the purpose of this document is to assist Federal, State and local

air pollution agencies and others who are interested in locating potential air emitters of

chlorobenzenes and making gross estimates of air emissions therefrom. Because of the limited

available background data, the information summarized in this document does not and should not

be assumed to represent the source configuration or emissions associated with any particular

facility.

This section provides an overview of the contents of this document. It briefly outlines

the nature, extent, and format of the material presented in the remaining sections of this report.

Section 3.0 of this document briefly summarizes the physical and chemical characteristics

of chlorobenzenes, and provides an overview of their production and use. This background

section may be useful to someone who needs to develop a general perspective on the nature of

this substance and how it is manufactured and consumed.

Section 4.0 of this document focuses on major production source categories that may

discharge air emissions containing chlorobenzenes. Section 5.0 discusses emissions from major

uses of chlorobenzenes. Section 6.0 addresses emissions as a result of releases after manufacture

from products containing chlorobenzenes. Section 7.0 describes sources of emissions as a result

of the manufacture of another product, or as a by-product of another process (e.g., burning of fuel

oil). Example process descriptions and flow diagrams are given in addition to available emission

factor estimates for each major industrial source category described in Sections 4.0, 5.0, 6.0, and

7.0. Individual companies involved with either the production or use of chlorobenzenes are

reported throughout the document. Information reported is extracted primarily from trade

publications.
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Section 8.0 of this document summarizes available procedures for source sampling and

analysis of chlorobenzenes. The summaries provide an overview of applicable sampling and

analytical procedures, citing references for those interested in conducting source tests.

Appendix A identifies potential source categories of chlorobenzenes emissions by Standard

Industrial Classification (SIC) code and associated description. These potential source categories

do not necessarily denote significant sources of chlorobenzene emissions. The readers interested

in cross referencing SICs with Source Classification Codes (SCCs) and associated descriptions

should consult theCrosswalk/Air Toxic Emission Factor Database Management System, Version

2.0 (October 1992) and/or theVolatile Organic Compound (VOC)/Particulate Matter (PM)

Speciation Database Management System, Version 1.4 (October 1992).1,2 Appendix B lists textile

dyeing facilities with sales greater than $1,000,000. Appendix C summarizes, in table format,

all emission factors listed in this document.

Each emission factor listed in Sections 3.0 through 7.0 has been assigned an emission

factor grade based on the criteria for assigning data quality and emission factor ratings as

required in the documentTechnical Procedures for Developing AP-42 Emission Factors and

Preparing AP-42 Sections.3 These criteria for rating test data used to develop emission factors

are presented below. The data used to develop emission factors are rated as follows:

A - Tests performed by a sound methodology and reported in enough detail for
adequate validation. These tests are not necessarily EPA reference test methods,
although such reference methods are certainly to be used as a guide.

B - Tests that are performed by a generally sound methodology but lack enough detail
for adequate validation.

C - Tests that are based on a nonvalidated or draft methodology or that lack a
significant amount of background data.

D - Tests that are based on a generally unacceptable method but may provide an
order-of-magnitude value for the source.

Because of the almost impossible task of assigning a meaningful confidence limit to

industry-specific variables (e.g., sample size vs. sample population, industry and facility
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variability, method of measurement), the use of a statistical confidence interval for an emission

factor is not practical. Therefore, some subjective quality rating is necessary. The following

emission factor quality ratings are applied to the emission factor tables.

A - Excellent. The emission factor was developed only from A-rated test data taken from
many randomly chosen facilities in the industry population. The source category* is
specific enough to minimize variability within the source category population.

B - Above average. The emission factor was developed only from A-rated test data from
a reasonable number of facilities. Although no specific bias is evident, it is not clear if
the facilities tested represent a random sample of the industries. As in the A rating, the
source category is specific enough to minimize variability within the source category
population.

C - Average. The emission factor was developed only from A- and B-rated test data from
a reasonable number of facilities. Although no specific bias is evident, it is not clear if
the facilities tested represent a random sample of the industry. As in the A rating, the
source category is specific enough to minimize variability within the source category
population.

D - Below average. The emission factor was developed only from A- and B-rated test
data from a small number of facilities, and there may be reason to suspect that these
facilities do not represent a random sample of the industry. There also may be evidence
of variability within the source category population. Limitations on the use of the
emission factor are footnoted in the emission factor table.

E - Poor. The emission factor was developed from C- and D-rated test data, and there
may be reason to suspect that the facilities tested do not represent a random sample of
the industry. There also may be evidence of variability within the source category
population. Limitations on the use of these factors are always footnoted.

U - Unrated or Unratable. The emission factor was developed from suspect data with no
supporting documentation to accurately apply an A through E rating. A "U" rating may
be applied in the following circumstances:

- a gross mass balance estimation
- QA/QC deficiencies found with C- and D-rated test data
- gross engineering judgement
- technology transfer

*Source category: A category in the emission factor table for which an emission factor has been calculated; generally a single process.
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This document does not contain any discussion of health or other environmental effects

of chlorobenzenes. It does include a discussion of ambient air monitoring techniques; however,

these ambient air monitoring methods may require modifications for stack sampling and may

affect data quality.
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SECTION 3.0

BACKGROUND

3.1 NATURE OF POLLUTANT

The chlorinated derivatives of benzene, C6H(6-x) Clx, form a group of stable, colorless,

pleasant smelling compounds. Chlorine can be substituted for the six hydrogen atoms on the

benzene ring, forming twelve different chlorinated compounds:

• monochlorobenzene
• ortho-dichlorobenzene
• meta-dichlorobenzene
• para-dichlorobenzene
• 1,2,3-trichlorobenzene
• 1,2,4-trichlorobenzene
• 1,3,5-trichlorobenzene
• 1,2,3,4-tetrachlorobenzene
• 1,3,4,5-tetrachlorobenzene
• 1,2,4,5-tetrachlorobenzene
• pentachlorobenzene
• hexachlorobenzene

Only the mono-, di-, and trichlorobenzenes have important industrial applications. Thus,

relevant information on each of these groups is discussed in this report. Although it has no

current commercial applications, information on hexachlorobenzene is included due to its past

usage and generation as a byproduct in other manufacturing processes. Synonyms and trade

names for these chlorinated products are presented in Table 3-1. The physical properties of the

industrially significant chlorobenzenes are listed in Table 3-2.
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TABLE 3-1.
SYNONYMS AND TRADE NAMES FOR

CHLOROBENZENES

Pollutant Synonyms

Monochlorobenzene benzene chloride; chlorobenzene; chlorobenzol; phenyl chloride;
MCB; NCI-C54886

o-Dichlorobenzene orthodichlorobenzene; ortho-dichlorobenzene; ortho-
dichlorobenzol; 1,2-dichlorobenzene; ODB; ODCB; Dizene®;
Chloroben®; Dowtherm® E; "Special termite fluid"; Termitkil;
Dilatin DB

m-Dichlorobenzene metadichlorobenzene; meta-dichlorobenzol; meta-
dichlorobenzene; 1,3-dichlorobenzene; m-phenylenedichloride

p-Dichlorobenzene paradichlorobenzene; para-dichlorobenzene; para-
dichlorobenzol; 1,4-dichlorobenzene; PDB; PDCB;
Di-chloricide®; Paracide®; Paradi®; Paradow®; Paramoth®;
Santochlor®; Parazene; Paranuggets; paraCrystals;
p-chlorophenyl chloride; Evola; Persia-Perazol

1,2,3-Trichlorobenzene 1,2,3-trichlorobenzol; 1,2,3-TCB; 1,2,6-trichlorobenzene; vic-
trichlorobenzene

1,2,4-Trichlorobenzene 1,2,4-trichlorobenzol; 1,2,4-TCB; unsymtrichlorobenzene

1,3,5-Trichlorobenzene 1,3,5-trichlorobenzol; 1,3,5-TCB; sym-trichlorobenzene;
s-trichlorobenzene; TCBA

Hexachlorobenzene Amatin; Anticarie; Bunt-Cure; Bunt-No-More; Co-op Hexa;
Granox NM; HCB; HEXA C.B.; Julin’s Carbon Chloride; No
Bunt Liquid; pentachlorophenyl chloride; perchlorobenzene;
phenyl perchloryl; Sanocide; Smut-Go; Snieciotox

Source: References 1-3.
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TABLE 3-2.
PROPERTIES OF INDUSTRIALLY SIGNIFICANT CHLOROBENZENES

MCB o-DCB m-DCB p-DCB 1,2,3-TCB 1,2,4-TCB 1,3,5-TCB HCB

Chemical Abstracts Service
Registry Number 108-90-7 95-50-1 541-73-1 106-46-7 87-61-6 120-82-1 108-70-3 118-74-1

Molecular Weight (g)
Molecular Formula

112.56
C6H5Cl

147.0
C6H4Cl2

147.0
C6H4Cl2

147.0
C6H4Cl2

181.5
C6H3Cl3

181.5
C6H3Cl3

181.5
C6H3Cl3

284.76
C6Cl6

Physical Properties

Physical State at standard
temperature and pressure

liquid
colorless

liquid
colorless

liquid colorless monoclinic
crystals
(volatile)

solid
crystalline

liquid solid
crystalline

solid
crystalline

Boiling Point (at 760mm)
Melting Point
Density (g/mL)
(at 20°C/4°C)
Vapor Pressure
(mmHg at 25°C)
Vapor Density
Solubility

Log Partition Coefficient
(Octanol/H2O)

131.7°C
-45.5°C
1.1058

11.8

3.88
insoluble

2.84

180.5°C
-17.0°C
1.305

1.28

5.05
slightly
(0.145g/L H2O)
3.38

173.0°C
-24.7°C
1.288

0.4

5.08
insoluble

---

174.12°C
53.5°C
1.458

1.89

5.08
nearly insol.
(0.079g/L H2O)
---

218.0°C
52.4°C
1.69

---

6.26
insoluble

---

213.0°C
16.6°C
1.46

0.29

6.26
insoluble

---

208.0°C
63.0°C
---

0.15

6.26
insoluble

---

323°C
230°C
1.57
(at 23°C)
1.68 x 10-5

9.8
insoluble

---

Atmospheric Reactivity

Transformation Products
Reactivity toward OH-

Reactivity toward O3

1/3 Butane
No reaction

1/2 Butane
5% Propylene

---
---

1/2 Butane
5% Propylene

---
---

---
---

---
---

---
---

Source: References 1, 4-8.
Dashes indicate data not found.
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3.1.1 Properties of Chlorobenzenes

As a group, chlorobenzenes are much less reactive than the corresponding chlorinated

derivatives of alkyl compounds and are similar in reactivity to the vinyl halides. They are very

stable to nucleophilic attack due to resonance in the molecule resulting in a shortening of the

carbon-chlorine bond distance and an increase in bond strength.1

At room temperature and pressure, chlorobenzenes are not attacked by air, moisture, or

light. They are not affected by steam, prolonged boiling with aqueous or alcoholic ammonia,

other alkalis, hydrochloric acid, or dilute sulfuric acid. Hydrolysis takes place at elevated

temperatures in the presence of a catalyst to form phenols.1

Chlorobenzenes are subject to attack by hot concentrated sulfuric acid to form

chlorobenzene-p-sulfonic acid. Nitric acid will react with chlorobenzenes at the meta- and para-

positions on the ring to form chloronitrobenzenes at -30°C to 0°C (-22°C to 32°F). At higher

temperatures, the nitration will either proceed further to form a dinitrochloro-compound,

chloronitrophenol, or a nitrophenol.1 Chlorobenzenes are attacked by electrophilic agents.

Substitution for monochlorobenzene is predominantly para-; with some ortho-substitution. The

higher chlorinated benzenes tend to resist electrophilic substitution but can be substituted under

extreme conditions.1

Chlorobenzenes also undergo some free radical reactions. Formation of organometallic

compounds (grignards, aryl-lithium compounds) provides a useful route to many organic

intermediates. Photochemical transformations occur on irradiation of chlorinated benzenes, which

are much less stable to radiation than benzene. When subjected to ultraviolet irradiation or pulse

hydrolysis in solution, chlorobenzenes may polymerize to biphenyls, chloronaphthalenes, or more

complex products.1 The ability of chlorobenzenes to undergo wide varieties of chemical

reactions makes chlorinated benzenes useful as reactants in numerous commercial processes to

produce varied products. All chlorinated derivatives of benzene are soluble in lipids. Partition

coefficient data for chlorobenzenes show an increase in partition coefficient with an increase in
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the degree of chlorination. In general, a positive correlation exists between partition coefficient

and degree of bioaccumulation.1

3.1.2 Properties of Monochlorobenzene

Monochlorobenzene has a high solubility in nonpolar solvents, however, it is almost

insoluble in water. If it accumulates in water systems, it tends to sink due to its density. There

may be a greater tendency for monochlorobenzene to accumulate in still lake waters rather than

fast moving streams and rivers because of its comparatively high volatility.1

Monochlorobenzene is most likely to enter the atmosphere from fugitive emission sources,

including solvent evaporation. Monochlorobenzene will exist in the atmosphere in the vapor

phase and will react with hydroxyl radicals, producing chlorophenol byproducts of decomposition.

The atmospheric half-life of monochlorobenzene is 17 days. Atmospheric half-life will decrease

in polluted air containing nitric oxide. Products of decomposition will include chloronitrobenzene

and chloronitrophenols. Photolysis in the atmosphere is expected to be slower (30 days),

resulting in monochlorobiphenyl production.4

3.1.3 Properties of Dichlorobenzenes

Ortho- and meta-dichlorobenzene are neutral, mobile, colorless liquids with similar

characteristics and odors. Para-dichlorobenzene is a pleasant smelling white crystalline solid.

The crystals readily sublime at room temperature. Solubilities of the dichlorobenzenes are similar

to those of monochlorobenzene, and the dichlorobenzenes also form a number of azeotropes.1

Solvent evaporation is the major source of o-dichlorobenzene in the atmosphere.

Approximately 25 percent of annual solvent production using o-dichlorobenzene is expected to

be lost to the atmosphere. It will exist in the atmosphere in the vapor phase and will react with

hydroxyl radicals for an estimated half-life of 24 days.4 Meta-dichlorobenzene is most likely

to enter the atmosphere from fumigation products application, as well as chemical intermediate

and solvent use. It exists in the atmosphere in the vapor phase and can react with hydroxyl
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radicals for an estimated half-life of 14 days.4 Para-dichlorobenzene is most likely to enter the

atmosphere from the volatilization of household deodorant products and moth flakes.

Approximately 70 to 90 percent of p-dichlorobenzene’s annual production may eventually be

released to the atmosphere. It exists in the atmosphere in the vapor phase and reacts with

hydroxyl radicals for an estimated half-life of 31 days. Byproducts of decomposition in the

presence of smog include dichloronitriphenol, dichloronitrobenzene, and dichlorophenol.4

3.1.4 Properties of Trichlorobenzenes

The trichlorinated benzenes are white crystalline solids, except for 1,2,4-trichlorobenzene,

which is a colorless liquid. Solubilities are similar, with insolubility in water, generally good

solubility in alcohol, ether, benzene, and chloroform, and relatively high lipid solubility.1

1,2,4-Trichlorobenzene may enter the atmosphere through its use in the manufacture of

dye carriers, herbicides, chlorinated benzenes, dielectric fluids, and a variety of other applications.

It exists in the atmosphere in the vapor phase and reacts with hydroxyl radicals for an estimated

half-life of 18.5 days. Byproducts of photodegradation in the atmosphere include 1,3- and 1,4-

dichlorobenzene.4 1,3,5-Trichlorobenzene may enter the atmosphere through its use as an

industrial chemical, chemical intermediate, solvent, and emulsifier. It exists in the atmosphere

in the vapor phase and will react with hydroxyl radicals for an estimated half-life of 6.17

months.4

3.1.5 Properties of Hexachlorobenzene

Hexachlorobenzene is a colorless crystalline solid at normal temperatures which slowly

degrades in the environment. Although insoluble in water, it is slightly soluble in cold alcohol

and soluble in benzene, chloroform, and ethyl ether. Rapid sublimation of the crystals occurs

in the temperature range of 0°C to 30°C (32° to 86°F).6

Hexachlorobenzene may enter the atmosphere through waste incineration or chlorinated

hydrocarbon manufacture. Hexachlorobenzene is extremely resistant to biodegradation and is
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therefore very persistent in the environment. It exists in the atmosphere in the vapor phase and

the adsorbed phase. Hexachlorobenzene degradation in the atmosphere has an estimated half-life

of 2 years. Due to the stable characteristics of hexachlorobenzene, long range transport in the

atmosphere is likely.4

3.2 OVERVIEW OF PRODUCTION AND USE

Twelve chlorinated benzenes can be formed by replacing some or all of the hydrogen

atoms on the benzene ring with chlorine atoms. With the exceptions of 1,3-dichlorobenzene,

1,3,5-trichlorobenzene, and 1,2,3,5-tetrachlorobenzene, the chlorinated benzenes are produced in

the presence of a Friedel-Crafts catalyst. The usual catalyst is ferric chloride (FeCl3), which can

be added to the reaction mixture or generatedin situ by exposing a large iron surface to the

liquid being chlorinated. Each compound, except hexachlorobenzene, can be chlorinated further;

hence, the product is always a mixture of chlorinated benzenes. Pure compounds are obtained

by distillation and crystallization.8

Currently, there are three known domestic producers of chlorobenzenes, each operating

at a single location. Individual plants producing chlorobenzenes vary in capacity from 0.5

million to 80 million kilograms (1 to 176 million pounds). In 1989, the total production capacity

for monochlorobenzene was 168 million kilograms (371 million pounds), for o-dichlorobenzene

it was 36.7 million kilograms (81 million pounds), and for p-dichlorobenzene, 60 million

kilograms (132 million pounds).9 Few data are available on production of more highly

chlorinated benzenes.

Processes for the manufacture of chlorobenzenes include various chemistry and product

separation methods. The process currently used by industry is direct chlorination of benzene in

the presence of a FeCl3 catalyst to produce monochlorobenzene. The monochlorobenzene reacts

with the remaining chlorine to form dichlorobenzenes. Hydrogen chloride is a byproduct in both

reactions. In addition to the two major isomers of dichlorobenzene, ortho- and para-, a very

small amount of the meta-isomer is formed. As chlorination is continued, tri-, tetra-, penta-, and

hexachlorobenzenes are formed. Usually, trichlorobenzene is the only highly chlorinated product
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found in significant amounts. The degree of chlorination of benzene can be controlled by the

choice of the catalyst, temperature, and benzene:chlorine ratio in the reactor feed. Hydrogen

chloride, a byproduct of the reaction, is processed under anhydrous conditions before it is

absorbed in water. The reaction and the recovery operations, in most cases, are continuous.

Demand for monochlorobenzene as a feedstock comes mostly from the synthetic organic

chemical manufacturing industries. Accordingly, the simple manufacturing process often allows

monochlorobenzene to be manufactured in the same plant in which it is consumed. Historically,

the two major markets for monochlorobenzene have been in the manufacture of phenol and o-

and p- nitrochlorobenzenes. However, the use of monochlorobenzene as a feedstock in phenol

manufacturing has been phased out and replaced by cumene.10 Other feedstock uses for

monochlorobenzene include use in the manufacture of diphenyl oxide, dye and herbicide

intermediates, and sulfone polymers.

Ortho-dichlorobenzene is used primarily in organic synthesis of 3,4-dichloroaniline, which

is used as an intermediate in the production of herbicides. Demand for o-dichlorobenzene as a

solvent carrier in the manufacture of toluene diisocyanate for polyurethane manufacture has

increased, and is expected to grow faster than any other use. It is also used as a solvent in paint

removers and engine cleaners, in de-inking solvents, and in dye manufacture.11

Para-dichlorobenzene is used predominantly in the manufacture of polyphenylene sulfide

resins. In 1988, polyphenylene sulfide resin manufacturing consumed 22 percent of all the

p-dichlorobenzene manufactured for that year. In addition to the manufacture of polyphenylene

sulfide, p-dichlorobenzene is used in the manufacture of room deodorants, moth proofing

products, and 1,2,4-trichlorobenzene. Para-dichlorobenzene is also used as an intermediate in the

dyes and insecticide industries.12

1,2,4-Trichlorobenzene is primarily used in pesticide formulation. The manufacture of

the pesticide Banvel® consumed approximately 15 million pounds of trichlorobenzene in 1988.

1,2,4-Trichlorobenzene is also used as a process solvent, chemical intermediate, lubricant, and

a heat transfer medium.13
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Hexachlorobenzene is no longer produced or imported into the United States for

commercial usage. Formerly, hexachlorobenzene was used as an active ingredient in fungicidal

preparations, but this use has been nearly eliminated due to the cancellation of registry of HCB-

containing fungicides. Currently, hexachlorobenzene is formed as a process waste byproduct

during the manufacture of specific chlorinated solvents and pesticides.13

Meta-dichlorobenzene, 1,2,3-trichlorobenzene, and 1,3,5-trichlorobenzene,

pentachlorobenzene, and all three tetrachlorobenzenes are not discussed here due to their limited

production and use. Summaries of the current uses of each of the industrially significant

chlorobenzenes are presented in Figures 3-1 through 3-4, along with the percentage of total

product devoted to each use.

Table 3-3 shows some of the end products from chlorobenzenes. These products and

some of their production processes will be covered in detail in Sections 5.0 and 6.0.
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TABLE 3-3.
END USES OF CHLOROBENZENES

Chlorobenzene Isomer and Use End Use

Monochlorobenzene

Nitrochlorobenzenes Used as intermediates in the manufacture of rubber
chemicals, agricultural chemicals, antioxidants,
dyes and pigments

Solvents Used as a solvent in processes to produce rubber
products, pesticides, pharmaceuticals, and resins

Diphenol ether and phenylphenolsUsed as an intermediate for dyes, optional
bleaches, ultraviolet stabilizers for plastics,
pharmaceuticals and pesticides

Sulfone polymers Used in engineering plastics

Dichlorobenzenes

p-Dichlorobenzene

Deodorant Used as a space and sanitary deodorant

Moth repellant Used as moth repellant

Resins Used as an intermediate in polyphenylene sulfide
resins for high performance plastics

o-Dichlorobenzene

Chemical manufacture Used as an intermediate for the production of
pesticides

Solvents Used in formulated paint strippers and cleaners and
as a heat transfer agent

Trichlorobenzenes

Chemical manufacture Used as an intermediate for the production of dyes,
pesticides and dielectric fluids

Dye carrier Used as a dye carrier in the textile fabric dyeing
industry

Source: References 10-12.

3-15



3.3 REFERENCES FOR SECTION 3.0

1. U.S. Environmental Protection Agency,Investigation of Selected Potential Environmental
Contaminants: Halogenated Benzenes, EPA-560/2-77-004, Office of Toxic Substances,
Washington DC, July 1977, pp. 6-43.

2. U.S. Environmental Protection Agency,Health Assessment Document for Chlorinated
Benzenes, EPA-600/8-84-015a, Office of Research and Development, Cincinnati, Ohio,
April 1984, pp. 3-6.

3. Sax, N.I. and R.J. Lewis,Dangerous Properties of Industrial Materials, Seventh Edition,
Volumes I & II , Van Nostrand Reinhold, New York, NY, 1989.

4. Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Volume I,
Lewis Publishers, Inc., Chelsea, Michigan, 1990.

5. Reid, R.C., Prausnitz, J.M., and T.K. Sherwood,The Properties of Gases and Liquids,
Third Edition, McGraw-Hill Book Company, New York, NY, 1977, p. 184.

6. Windholz, M. (ed.),The Merck Index, Tenth Edition,Merck and Company, Rahway, NJ,
1984. pp. 298, 444, 677, 1377.

7. Weast, R.C. (ed.),CRC Handbook of Chemistry and Physics, 59th Edition, CRC Press
Inc., West Palm Beach, FL, 1978, pp. C-153, 157, 171.

8. Kirk-Othmer Encyclopedia of Chemical Technology, Volume 5, Third Edition, Wiley-
Interscience Publication, New York, NY, 1980, pp. 797-808.

9. 1990 Directory of Chemical Producers, United States of America, SRI International,
Menlo Park, CA, 1990.

10. "Chemical Profile: Monochlorobenzene,"Chemical Products Synopsis, Mannsville
Chemical Products Corporation, Ashbury Park, NJ, July 1990.

11. "Chemical Profile: Dichlorobenzenes,"Chemical Products Synopsis, Mannsville Chemical
Products Corporation, Asbury Park, NJ, March 1983.

12. SRI Chemical and Economics Handbook, "Chlorobenzene Production," Menlo Park, CA,
1989.

13. Brooks, G.W. and G.E. Hunt,Source Assessment for Hexachlorobenzene, Final Report,
U.S. Environmental Protection Agency, Pollutant Assessment Branch, Research Triangle
Park, NC, 1984, pp. 9-18.

3-16



SECTION 4.0

EMISSIONS FROM CHLOROBENZENES PRODUCTION

Production of chlorobenzenes and the associated air emissions are described in this

section. Process flow diagrams are included as appropriate, with specific streams or vents labeled

to correspond with the discussion in the text. Emission factors for the production processes are

presented when available and control technologies are described. Subsection 4.1 presents

potential problems and solutions in determining fugitive emissions from equipment leaks.

Subsections 4.2 through 4.4 detail production processes by which monochlorobenzene (MCB),

m-, o-, and p-dichlorobenzenes (DCB), isomers of trichlorobenzenes (TCB), and

hexachlorobenzene are isolated and processed. The reader should contact the specific facility to

verify the nature of the process used, production volume, and controls that are in place before

applying any of the emission factors presented.

Chlorobenzenes are currently produced by three companies at three locations in the United

States. In 1989, production capacity for monochlorobenzene was 168 million kilograms

(371 million pounds), for o-dichlorobenzene it was 36.7 million kilograms (80.9 million pounds),

and for p-dichlorobenzene, 60 million kilograms (132 million pounds).1

4.1 EQUIPMENT LEAK EMISSIONS

Although the production of chlorobenzenes and other chemicals (discussed in Section 5)

involves varied processes, all of these processes are known to release fugitive emissions. For this

reason, equipment leak emissions are discussed before detailed specific process descriptions; are

referenced in these descriptions; and, where applicable, are referenced in the discussion of end

uses of chlorobenzenes in Section 5.

Emission factors for fugitive emissions are presented in some of the following subsections

and in Section 5. However, these emission factors should be used cautiously and are only

recommended for obtaining very crude emission estimates. They do not take into account the

actual number of various leaking and nonleaking components within a facility, but are only a
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general estimate based on a hypothetical plant. The discussion below presents a more credible

approach to determining fugitive emissions.

Emissions occur from process equipment components whenever the liquid or gas streams

leak from the equipment. Equipment leaks can occur from the following components: pump

seals, process valves, compressor seals and safety relief valves, flanges, open-ended lines, and

sampling connections. Emission estimates can be calculated in the five ways described in the

EPA publicationProtocols for Generating Unit-Specific Emission Estimates for VOC and VHAP

(EPA-450/3-88-010).2 The methods differ in complexity; however, greater complexity usually

yields more accurate emission estimates.

The simplest methodology requires the following input data: number of each component

type, chlorobenzenes percent weight of the stream, and the number of hours per year the

component is in service. These data are then multiplied by EPA’s average emission factors for

the Synthetic Organic Chemical Manufacturing Industries (SOCMI) shown in Table 4-1. This

method should be used only if no other emissions data are available, as it may result in

overestimating equipment leak emissions. Emissions can be estimated by using the formula

shown below.2









No. of
equipment components×









Weight percent
Chlorobenzene in the stream×









Componentspecific
emission factor ×









No. hrs/yr in
Chlorobenzene service

One of the more complex methodologies may be used to obtain more accurate equipment

leak emission estimates. However, these methodologies require that some level of emission

measurements be made for the facility’s process equipment components. These methodologies

are briefly described here, and the reader is referred toFugitive Emission Sources of Organic

Compounds--Additional Information on Emissions, Emission Reductions, and Costsfor calculation

details.3
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Although no specific information on emissions controls used by the industry was

identified, equipment components in chlorobenzene service typically have some type of control.

Generally, control of fugitive emissions requires the use of sealless or double mechanical seal

pumps, an inspection and maintenance program, and routine replacement of leaking valves and

fittings. Typical controls for equipment leaks are listed in Table 4-2.3 In addition, other leakless

process equipment is available such as leakless valves and sealless pumps.

4.2 MONOCHLOROBENZENE PRODUCTION

4.2.1 Process Description

In general, the most widely used process by which benzene is chlorinated to form MCB

is by passing dry chlorine into benzene gas in the presence of a catalyst in the following reaction:

The catalyst most often used is ferric chloride (FeCl3); catalysts employed to a lesser

extent are anhydrous aluminum chloride, stannic chloride, molybdenum chloride, Fuller’s earth,

and metallic iron or aluminum filings.4 Specific processes, including the continuous, batch, and

Raschig methods of benzene chlorination, are most often used in the production of MCB. A

purification process is then used to further separate the crude MCB from other chlorobenzene

forms and impurities. Prior to the reaction for all of the above methods, benzene gas is dried

either by azeotropic distillation or with silica gel, caustic soda, or alumina. Chlorine gas is

prepared by scrubbing with concentrated sulfuric acid to remove moisture and impurities.5 The

chlorination then proceeds by one of the above-mentioned methods.
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TABLE 4-2.
CONTROL TECHNIQUES AND EFFICIENCIES APPLICABLE TO EQUIPMENT LEAK

EMISSIONS
EquipmentEquipment ComponentComponent

(Emission(Emission Source)Source) ControlControl TechniqueTechnique PercentPercent ReductionReduction

Pump Seals
Packed and Mechanical Seal area enclosure vented to a combustion device

Monthly LDARa

Quarterly LDAR
Semiannual LDAR
Annual LDAR

100
61
32
0
0

Double Mechanicalb N/Ac --

Compressors Vent degassing reservoir to combustion device 100

Flanges None available 0

Valves
Gas Monthly LDAR

Quarterly LDAR
Semiannual LDAR
Annual LDAR

73
64
50
24

Liquid Monthly LDAR
Quarterly LDAR
Semiannual LDAR
Annual LDAR

59
44
22
0

Pressure Relief Devices
Gas Monthly LDAR

Quarterly LDAR
Rupture Disk

50
44

100

Sample Connections Closed-purge sampling 100

Open-ended Lines Caps on open ends 100

a LDAR (Leak detection and repair).
b Assumes the seal barrier fluid is maintained at a pressure above the pump stuffing box pressure and the system is equipped with a sensor that detects

failure of the seal and/or barrier fluid system.
c N/A (Not applicable). There are no VOC emissions from this component.

Source: Reference 3.
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The continuous process is most often used because it produces high yields containing up

to 95 percent MCB and small amounts of DCB isomers. It is not possible by selecting catalyst

conditions or by modifying process parameters to prevent the formation of DCBs. Basic

operations that may be used in the continuous production of MCB are shown in Figure 4-1. The

process begins with a series of small, externally cooled cast iron or steel vessels containing the

catalyst (which may consist of Rashig rings of iron or iron wire). Chlorine is supplied into each

vessel through suitably positioned inlets to maintain a large benzene-to-chorine reaction at all

points along the reaction stream. The temperature is held between 20°C to 40°C (68°F to 104°F)

to minimize the production of DCBs which form at higher temperatures. Dry benzene (Stream 1)

and dried recycled benzene (Stream 2) are introduced into the reactor, which produces an

overhead gas (Stream 3). The gas stream (containing HCl, unreacted chlorine, inert gases from

the chlorine feed, benzene, and other VOCs) is sent to an organic absorber where benzene and

other VOCs are removed. The bottoms from the organic absorber (Stream 6) flow to the HCl

stripper for recovery of HCl.6 The overhead gas (Stream 5) is sent to HCl absorption. Byproduct

hydrogen chloride is then removed in the HCl absorber where it is saturated by washing with a

refrigerated solvent (e.g., o-dichlorobenzene) or low vapor pressure oil, and then recovered in

wash towers as commercially usable hydrochloric acid.6,7

Crude reaction liquid product (Stream 4) enters the crude chlorobenzene distillation

column which produces overheads (Stream 7) containing most of the chlorobenzenes, unreacted

benzene, and some HCl, and a bottom stream from which catalyst and other byproducts are

separated (Stream 8) and processed for reuse. The overheads (Stream 7) pass through an HCl

stripper and into a benzene recovery column (Stream 9). Part of the subsequent benzene-free

stream (Stream 10) is returned to the organic absorber while the remainder (Stream 11) enters

the MCB distillation column. The overhead MCB distillation product (Stream 12) is then stored

while the bottom stream containing DCB and TCB isomers is processed.6 Although in most

cases, isomer separation processing is conducted simultaneously with MCB production, it is

discussed separately in subsequent sections of this document.

In the batch process, benzene is contained in a deep, iron or mild steel vessel lined with

lead cooling coils. The catalyst, usually sublimed FeCl3, is added in a benzene solution.
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Chlorine is fed into the bottom of the chlorinator through a lead covered pipe at a rate that

maintains the temperature below 45°C (113°F) in order to minimize production of DCBs.5 The

crude chlorobenzene stream and HCl waste stream are collected and treated as in the purification

and recovery processes described previously.

Faith, Keyes, and Clark’s Industrial Chemicalsdescribe a higher temperature batch

process where chlorine is bubbled into a cast iron or steel tank containing dry benzene with one

percent of its own weight of iron filings. Temperature is maintained at 40°C to 60°C (104°F to

140°F) until density studies indicate that all benzene is chlorinated. The temperature is then

raised to between 55°C and 60°C (131°F to 140°F) for six hours until the density raises to 1.280

g/cm3 (79.91 lb/ft3). The same methods of chlorobenzene purification and HCl recovery in batch

form are then employed. At 100 percent chlorination, the products are 80 percent

monochlorobenzene, 15 percent p-dichlorobenzene, and 5 percent o-dichlorobenzene.7

Another method of MCB production is the vapor phase chlorination of benzene by the

Raschig process. Chlorine produced by the catalytic oxidation of hydrogen chloride is introduced

into a preheated mixture of benzene vapor, air and steam. The mixture is then contacted at

220°C to 260°C (428° to 500°F) with a mixed catalyst of copper oxide and oxides of Group III

and VIII metals on a silica gel. To control the temperature, the catalyst is packed in small

diameter tubes. To reduce DCB formation, only 10 percent of the benzene is reacted at a time.

Purification and recovery proceed as indicated previously.5

In 1989, three facilities had the capacity to produce an annual total of 168 million

kilograms (371 million pounds).1,8 These three major producers of monochlorobenzene are listed

in Table 4-3. Plant-specific production processes from the producers of MCB were not available.

The facilities producing monochlorobenzene are subject to change as market conditions change,

facility ownership changes, plants are closed, etc. The reader should verify the existence of

particular facilities by consulting current listings and/or the plants themselves. The level of

chlorobenzene emissions from any given facility is a function of variables such as capacity,

throughput and control measures, and should be determined through direct contact with plant

personnel.
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4.2.2 Emissions

TABLE 4-3.
CHEMICAL PRODUCERS OF MONOCHLOROBENZENE - 1989

Facility Location

Capacity
Million kg/yr
(Million lbs/yr)

Monsanto Company
Monsanto Industrial Chemicals Company

Sauget,
Illinois 80 (176)

PPG Industries, Inc.
Chemicals Group
Industrial Chemical Division

Natrium,
West Virginia 20.4 (45)

Standard Chlorine Chemical Company, Inc. Delaware City,
Delaware 68 (150)

Total 168.4 (371)

Source: References 1, 8.

Figure 4-1 is labeled to show potential emission release points. The primary emissions

from the production of MCB result from the tailgas treatment vent (A), where inert gases

originally contained in the chlorine feed are vented. The vent stream also contains benzene and

chlorobenzenes. Other sources of chlorobenzene emissions include: benzene drying (B); heavy-

ends processing (C); benzene recovery (D); MCB distillation (E); emissions due to storage

(F) and handling (G); volatilization of MCB from waste water (H); fugitive emissions during

solid waste handling (I); and fugitive emissions from valves, flanges, seals, etc. (J).6

Emission factors for the production of monochlorobenzene are given in Table 4-4. The

emission factors in Table 4-4 are only general estimates derived from site visit measurements.

No specific information was available on particular emission points included in each of the

emission categories, on the type of production processes used (batch or continuous), or on

specific control technologies employed, if any.
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Any given monochlorobenzene production plant may be different from this hypothetical

TABLE 4-4.
EMISSION FACTORS FOR A HYPOTHETICAL

MONOCHLOROBENZENE PRODUCTION PLANT a

Emission
Category

kg MCB Emitted
Per Mg

MCB Produced

lb MCB Emitted
Per Ton

MCB Produced

Emission
Factor
Quality
Rating

Process 2.06 4.12 E

Storage 0.45 0.90 E

Fugitive 0.69 1.38 E

TOTAL 3.20 6.40

a1981 data.

Source: Reference 9.

facility in configuration and level of control. The reader is encouraged to contact plant personnel

to confirm the existence of emitting operations and control technology at a particular facility prior

to estimating emissions.

4.3 DICHLOROBENZENES PRODUCTION

Mixtures of dichlorobenzenes can be produced at facilities formulating MCB by

chlorinating MCB or benzene at 150°C to 190°C (302° to 374°F) in the presence of ferric

chloride, as shown below.
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4.3.1 Ortho- and Para-Dichlorobenzene

The residue from distillation of crude chlorobenzene, consisting mainly of o- and p-DCB,

is the principal source of these isomers. Figure 4-2 presents basic operations that may be used

to produce o- and p-DCB and TCB. In a continuation of the production of MCB, o- and p-DCB

can be separated by fractional distillation. Isomer fractionation yields p-DCB (with traces of

o-DCB and m-DCB) which enters the overhead (Stream 1) while the o-DCB enters the bottoms

(Stream 2). The o-DCB bottoms (Stream 2) undergoes fractional distillation and produces an o-

DCB overhead (Stream 3), which is sent to storage, and bottoms (Stream 4), which is further

processed to yield TCBs.6

The crude p-DCB with other trace isomers (Stream 5) is purified by batch crystallization.

Part of the purified p-DCB (Stream 6) is sent to liquid storage while the remainder (Stream 7)

undergoes freezing, crushing, screening, and packing of p-DCB crystals. The mother liquor from

crystallization (Stream 8) is sent to DCB solvent grade fractionalization where it is separated into

solvent grade o-DCB (Stream 9) and p-DCB (Stream 10) and stored.6

Currently, three facilities have the capacity to produce both o- and p-dichlorobenzene.

Annual capacity of o-dichlorobenzene is 36.7 million kilograms (80.9 million pounds). The

annual capacity of p-dichlorobenzene is 60 million kilograms (132 million pounds). The three

major producers of o- and p-dichlorobenzene are listed in Table 4-5.1,8 The major producers of

dichlorobenzenes are subject to change as market conditions change, facility ownership changes,

plants are closed, etc. The reader should verify the existence of particular facilities by consulting

current listings and/or the plants themselves. The level of chlorobenzene emissions from any

given facility is a function of variables such as capacity, throughput and control measures, and

should be determined through direct contact with plant personnel.
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4.3.2 Meta-Dichlorobenzene

TABLE 4-5.
CHEMICAL PRODUCERS OF o-DICHLOROBENZENE AND

p-DICHLOROBENZENE, 1989

Facility Location

Capacity
Million kg/yr
(Million lbs/yr)

o-DCB p-DCB

Monsanto Company
Monsanto Industrial Chemicals Company

Sauget,
Illinois

4.5 (9.9) 11.3 (24.9)

PPG Industries, Inc.
Chemicals Group
Industrial Chemical Division

Natrium, West
Virginia

9 (19.8) 13.6 (30)

Standard Chlorine Chemical
Company, Inc.

Delaware City,
Delaware

22.7 (50) 34 (75)

Total 36.7 (80.9) 59.6 (131.4)

Source: References 1, 8.

The isolation of m-dichlorobenzene from mixed dichlorobenzene streams is not

economical, since it usually occurs at a level of one (1) percent or less. Meta-dichlorobenzene

is sold with other isomers as mixed chlorobenzenes.10

It should be noted that discussions in this chapter have principally described the

manufacture of selected chlorobenzene isomers from non-chlorobenzene materials. Numerous

manufacturers also purchase select chlorobenzene isomers from original manufacturers for

repackaging. Other manufacturers purchase mixed chlorobenzenes and isolate selected isomers

for resale.10
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4.3.3 Emissions

The level of chlorobenzene emissions from any given facility is a function of variables

such as capacity, throughput and control measures, and should be determined through direct

contacts with plant personnel. Emissions from the continuous process (Figure 4-2) are primarily

from the batch p-DCB crystallization vent (A). An exhaust fan (B) releases sublimation losses

from freezing, crushing, and the p-DCB crystal packaging hoods to the atmosphere. Some

emissions are also expected from liquid product storage (C), handling (D), and the vacuum

system (E) which services the vacuum stills. Fugitive emissions may be expected from certain

valves, pumps, etc. (F).6 Data are not available to estimate emissions from the production of m-

DCB. Emission factors for o- and p-DCBs are shown in Tables 4-6 and 4-7, respectively. The

emission factors are only general estimates derived from site visit measurements. No specific

information was available on particular emission points included in each of the emission

categories or on the type of production processes used (batch or continuous) or on only specific

control technologies employed.

Any actual o-DCB and p-DCB production plant may vary in configuration and level of

control from the hypothetical facilities. The reader is encouraged to contact plant personnel to

confirm the existence of emitting operations and control technology at a particular facility prior

to estimating emissions therefrom.

4.4 TRICHLOROBENZENES PRODUCTION

The most common process by which trichlorobenzenes are formed is the catalytic

chlorination of o- and p-DCB at 20°C to 30°C (68°F to 86°F) in the presence of ferric chloride.

The reaction is allowed to proceed until a density of 1.4 g/mL at 15°C (59°F) is obtained,

at which time the acid is neutralized and the products are fractionally distilled to yield 1,2,4- and

1,2,3-isomers.12
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TABLE 4-6.
EMISSION FACTORS FOR A HYPOTHETICAL
o-DICHLOROBENZENE PRODUCTION PLANT a

Emission
Category

kg o-DCB Emitted
Per Mg

o-DCB Produced

lb o-DCB Emitted
Per Ton

o-DCB Produced

Emission
Factor Quality

Ratingb

Process 2.32 4.64 U

Storage 0.47 0.94 U

Fugitive 0.76 1.52 U

TOTAL 3.55 7.10

a1980 data.
bNot enough information available to assign a quality rating.

Source: Reference 11.

TABLE 4-7.
EMISSION FACTORS FOR A HYPOTHETICAL
p-DICHLOROBENZENE PRODUCTION PLANT a

Emission
Category

kg p-DCB Emitted
Per Mg

p-DCB Produced

lb p-DCB Emitted
Per Ton

p-DCB Produced

Emission
Factor
Quality
Ratingb

Process 5.81 11.62 U

Storage 0.41 0.82 U

Fugitive 1.02 2.04 U

TOTAL 7.24 14.48

a1980 data.
bNot enough information available to assign a quality rating.

Source: Reference 11.
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variables such as capacity, throughput and control measures, and should be determined through

direct contacts with plant personnel.

Trichlorobenzene emissions released during the continuous product process (Figure 4-2)

result from storage (C) and handling (D) of trichlorobenzene products. Fugitive emissions of

TCBs may also occur when leaks develop in valves, pump seals, and major equipment (F).

Secondary emissions from MCB production (Figure 4-1) are also possible from volatilization of

TCB from the wastewater stream (H) containing dissolved benzene and other VOC, and the

catalyst waste stream (I).6 No information was available concerning identification of specific

TCB isomers at the time this report was prepared.
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