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EXECUTIVE SUMMARY

Emissions of toluene into the atmosphere are of special significance because of the Clean

Air Act Amendments of 1990. These amendments mandate that toluene 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 toluene emissions.

This document is designed to assist groups interested in inventorying air emissions of toluene by

providing a compilation of available information on sources and emissions of this substance.

Toluene is a man-made aromatic hydrocarbon produced mostly from petroleum. In the

U.S., the Virgin Islands and Puerto Rico, toluene is produced by 21 companies at 30 plants.

Most toluene produced is derived from petroleum fractions. In 1991, 3,104,000 megagrams (944

million gallons) of toluene were recovered. Growth in demand is expected to be very modest

over the next few years.

Toluene is used as a cleaning solvent in the coating, printing and leather industry and in

the manufacturing of paints and coatings, inks, adhesives, resins, and pharmaceuticals. It is also

used as an intermediate in the production of benzene and toluene diisocyanate, and for gasoline

blending.

At the time of publication of this document, estimates of nationwide emissions of toluene

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

emission estimates subsequently developed.
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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, EPA is preparing a series of documents such as this that compiles available

information on sources and emissions of these substances. 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
Perchloroethylene and Trichloroethylene EPA-450/2-90-013
1,3-Butadiene EPA-450/2-89-021
Chromium (supplement) EPA-450/2-89-002
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Substance EPA Publication Number

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 toluene. Its intended audience includes Federal,

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

of toluene, and making gross estimates of air emissions therefrom.

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

emissions, and since the process configurations, control equipment, and operating procedures 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 toluene, (2)

process variations and release points that may be expected within these sources, and (3) available

emissions information indicating the potential for toluene 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 toluene 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 in some cases a material balance should be considered as the best means to determine air

emissions directly from an operation.
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Another potential source of emissions data for toluene 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 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.

Accidental releases are also accounted for in the TRI, but are not included in inventories of toxic-

air pollutants. In many cases, the TRI data are based on annual estimates of emissions (e.g., on

emission factors, material balances, engineering judgement). Although the TRI database was

consulted during the development of this report, it should be referred to as an additional

information source to locate potential emitters of toluene, 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 in some cases 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,
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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:

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. 52 FR 21152. June
4, 1987.
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SECTION 2.0

OVERVIEW OF DOCUMENT CONTENTS

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 toluene and making gross

estimates of air emissions therefrom. Because of the limited background data available, 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 toluene, and provides an overview of its 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 toluene. Section 5.0 discusses the uses of toluene as industrial

feedstocks and major solvent uses, particularly degreasing and coating operations. Section 6.0

addresses emissions as a result of releases from toluene-containing products after manufacture.

Section 7.0 describes emissions sources from the manufacture of products other than toluene, or

as a by-product of processes (e.g., burning of fuel oil). Example process descriptions and flow

diagrams are provided 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 toluene are reported throughout the document. Information

reported is extracted primarily from trade publications.

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

analysis of toluene. The summaries provide an overview of applicable sampling and analytical
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procedures, citing references for those interested in conducting source tests. Although a NIOSH

procedure is provided, no EPA endorsement of this method is given or implied.

Appendix A identifies potential source categories of toluene emissions by Standard

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

do not necessarily denote significant sources of toluene 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 1.2

(October 1991) and/or theVolatile Organic Compound (VOC)/Particulate Matter (PM) Speciation

Database Management System, Version 1.4(October 1991).1,2 Appendix B lists paint and ink

manufacturing facilities and printing facilities with sales greater than $1,000,000. Appendix C

contains a listing of some of the surface coating operations using toluene-containing coatings.

Appendix D summarizes, in table format, all the 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. These criteria for rating test data used to develop emission factors

are presented below.3 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:4

- 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 toluene. 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.

EPA recently acquired air toxics emissions information from the California Air Resources

Board (CARB) as part of the California Rule AB-2588. The AB-2588 regulations allow for

facilities to perform pooled source testing. The tests may be used to derive emission factors for

all sources of the same type. Several of the pooled source test reports contain information on

toluene emissions; however, the reports were unavailable when this document was prepared.5

Information from the Toluene section of the SRIChemical Economics Handbookwas also

unavailable. This source is believed to contain the most recent production information and would

be useful in confirming toluene facilities, capacities, and production processes.
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TABLE 3-1.
CHEMICAL IDENTIFICATION OF TOLUENE

Chemical name Toluene

Synonyms Methylbenzene; toluol;
phenylmethane; methacide;
methylbenzol

Molecular formula C6H5CH3

Identification numbers:a

CAS Registry
NIOSH RTECS
EPA Hazardous Waste
OHM/TADS
DOT/UN/NA
NCI
STCC

108-88-3
XS 5250000
U220
7216928
UN 1294; Toluene (Toluol)
C07272
49 093 05; Toluene

aCAS (Chemical Abstract Services); NIOSH (National Institute of Occupational Safety and
Health); RTECS (Registry of Toxic Effects of Chemical Substances); EPA (Environmental
Protection Agency); OHM/TADS (Oil and Hazardous Materials/Technical Assistance Data
System); DOT/UN/NA (Department of Transportation/United Nations/North America);
NCI (National Cancer Institute); STCC (Standard Transport Commodity Code)

Source: References 3-5
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TABLE 3-2.
PHYSICAL AND CHEMICAL PROPERTIES OF TOLUENE

Property Value

Molecular weight (grams)
Melting point
Boiling point (760 mm Hg)

92.14
-95 to -94.5°C (-139 to -138.1°F)
110.63°C (231.13°F)

Density, g/cm3

at 25°C (77°F)
at 20°C (68°F)

0.8623
0.8667

Physical state (ambient conditions)
Color
Odor

Liquid
Clear
Benzene-like

Odor threshold:
Range

0.17 ppm
0.17 - 40 ppm

Solubility:
Water at 20°C (68°F) Very slightly soluble (0.05 g/100 mL)

Organic solvents Miscible with absolute alcohol, ether, and
chloroform

Soluble in acetone

Partition coefficients:
Log10 octanol/water 2.69 (at 20°C or 68°F)

Vapor pressure at 20°C (68°F)
at 30°C (86°F)
at 40°C (104°F)

21.9 mm Hg (2.92 kPa)
36.7 mm Hg (4.89 kPa)
59.3 mm Hg (7.91 kPa)

Auto ignition temperature
Flashpointa

480°C (896°F)
4.4°C (40°F) (C.C.)
16°C (60.8°F) (O.C.)

Conversion factors (Vapor weight to volume) 1 ppm = 3.824 mg/m3 (at 20°C)

aC.C. (closed cup); O.C. (open cup)

Source: References 3-5
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• processes in which toluene is used (33 percent)

• toluene production (2 percent)

It is estimated that 86 percent of the toluene produced is eventually released into the

biosphere (primarily the troposphere), where its lifetime ranges from 4 days (at high-altitudes

during the summer) to several months (at low-altitudes during the winter). The average toluene

half-life resulting from atmospheric oxidation is estimated to be 12.8 hours.2

Toluene released to water may be removed by activated sludge degradation,

biodegradation, and/or volatilization. The expected evaporative half-life of toluene in water is

approximately five hours in water one meter in depth (3.28 feet).2

3.2 OVERVIEW OF PRODUCTION AND USE

The total annual capacity of toluene manufacturing facilities in the United States, the

Virgin Islands, and Puerto Rico was 5,344,000 megagrams (1,625 million gallons) in 1989.6 The

majority of toluene (99.5 percent) is produced from petroleum fractions. Catalytic reformates,

produced by catalytic reforming, account for approximately 94.5 percent of the production

capacity feedstocks. Pyrolysis gasolines, another petroleum feedstock, account for an additional

five percent of feedstock materials. Coke-oven light oil comprises the remaining 0.5 percent of

production capacity. In 1989, 21 companies produced toluene at 30 manufacturing sites.1,6

Toluene is manufactured for use as an intermediate in the production of benzene (50

percent) and toluene diisocyanate (9 percent), for gasoline blending (34 percent), for solvents (5

percent), and for the production of miscellaneous chemicals (2 percent).1 As a solvent, toluene

is used in paints and coatings, inks, adhesives, resins, pharmaceuticals, and other formulated

products requiring a solvent carrier. Toluene is also used as a cleaning solvent in surface

coating, printing, and the leather industry. In addition to benzene and toluene diisocyanate,

toluene derivatives include benzoic acid, benzyl chloride, trinitrotoluene, vinyl toluene,

toluenesulfonic acid, benzaldehyde, and toluenesulfonyl chloride.1,3 Figure 3-1 illustrates some
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of the end uses of toluene. These uses are discussed in detail in Sections 5.0 and 6.0. A list of

all potential toluene emission sources organized according to SIC code and associated description

is presented in Appendix A. It is important to note that these source categories do not

necessarily denote significant sources of toluene emissions, but only that these sources have the

potential to emit toluene.
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SECTION 4.0

EMISSIONS FROM TOLUENE PRODUCTION

Toluene production and the associated air emissions are described in this section. Process

flow diagrams are included as appropriate, with specific streams or vents in the figures labeled

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

presented when available, and associated control technologies are described. If a particular

facility is being included in an inventory, the reader should contact the specific facility to verify

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

applying any of the emission factors presented in this document.

Toluene is currently produced by 21 companies at 30 plants in the United States, the

Virgin Islands, and Puerto Rico. The production locations and capacities are presented in

Table 4-1.1 In 1991, 3,104,000 megagrams (944 million gallons) of toluene were recovered

compared with a 1989 total annual capacity of approximately 5,344,000 megagrams (1,625

million gallons).1,2 In 1989 eight facilities, representing seven companies, had annual capacities

exceeding 55 million gallons. Collectively, Amoco, Exxon, BP, Sun, Amerada Hess, Phillips,

Mobil, and Chevron accounted for 72 percent of the total toluene capacity in the United States,

the Virgin Islands, and Puerto Rico. The capacities listed in Table 4-1 are approximations, as

most aromatics operations have some flexibility in the amount of toluene they recover. Table

4-1 also identifies the feedstock (e.g., catalytic reformate (reformate), coke-oven light oil, or

pyrolysis gasoline) from which toluene is recovered.1

Although the domestic extraction and distillation capacity for toluene exceeds

4,932 millions of kilograms (1.5 billion gallons), the projected domestic demand for 1992 is only

2,795 millions of kilograms (850 million gallons) with growth expected to be very modest over

the next few years.2 No growth or slight growth in toluene demand is anticipated because of the

trend to remove aromatics from gasoline blending in favor of adding oxygenated octane

enhancers. If significant amounts of toluene are removed from the gasoline pool, toluene

surpluses will occur possibly resulting in lower prices and industry-wide containment difficulties.

Use of toluene in most solvent and chemical applications has also slowed. Using toluene to
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TABLE 4-1.
TOLUENE PRODUCTION LOCATIONS AND CAPACITIES

Facility Location

1989 Capacity
Millions of
Kilograms
(Millions of

Gallons) Feedstock

Amerada Hess Corporation St. Croix, WI 460 (140)Reformate

American Petrofina IncorporatedPort Arthur, TX 170 (52) Reformate

Amoco Corporation Texas City, TX 806 (245)Reformate

Ashland Oil, Inc. Catlettsburg, KY 79
26

(24)
(8)

Reformate
Coke-oven light
oil

Atlantic Richfield Company Channelview, TX

Houston, TX

105

99

(32)

(30)

Pyrolysis
gasoline
Reformate

BP America, Inc. (Sohio) Alliance, LA
Lima, OH

197
329

(60)
(100)

Reformate
Reformate

Champlin Petroleum Co. Corpus Christi, TX 99 (30) Reformate

Chevron Corporation Philadelphia, PA
Port Arthur, TX

79
92
39

(24)
(28)
(12)

Reformate
Reformate
Pyrolysis
gasoline

Dow Chemical U.S.A. Freeport, TX 13 (4) Pyrolysis
gasoline

Exxon Corporation Baytown, TX 605 (184)Reformate

Kerr-McGee Corporation Corpus Christi, TX 135 (41) Reformate

Koch Industries, Inc. Corpus Christi, TX 247 (75) Reformate

Mobil Corporation Beaumont, TX

Chalmette, LA

148
16

109

(45)
(5)

(33)

Reformate
Pyrolysis
gasoline
Reformate

Occidental Petroleum Corp. Chocolate Bayou, TX 82 (25) Pyrolysis
gasoline

(continued)
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TABLE 4-1.
TOLUENE PRODUCTION LOCATIONS AND CAPACITIES

Facility Location

1989 Capacity
Millions of
Kilograms
(Millions of

Gallons) Feedstock

Phillips Petroleum Company Sweeny, TX
Guayama, PR

95
243

(29)
(74)

Reformate
Reformate

Salomon Inc. Houston, TX 46 (14) Reformate

Shell Oil Company Deer Park, TX 164 (50) Reformate

Sun Company, Inc. Marcus Hook, PA
Toledo, OH
Tulsa, OK

158
233
76

(48)
(71)
(23)

Reformate
Reformate
Reformate

Texaco, Inc. Delaware City, DE
El Dorado, KS

135
36

(41)
(11)

Reformate
Reformate

Unocal Corporation Beaumont, TX
Lemont, IL

95
62

(29)
(19)

Reformate
Reformate

USX Corporation (Marathon) Texas City, TX 66 (20) Reformate

Source: Reference 1

NOTE: This listing is subject to change as market conditions change, facility ownership changes,
plants are closed down, etc. The reader should verify the existence of particular facilities by
consulting current listings and/or the plants themselves. The level of toluene 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. These operating plants and
locations were current as of January 1989.

produce benzene via hydrodealkylation is one exception, as benzene demand is expected to grow

at approximately three percent per year.3 Table 4-2 shows historical and projected figures for

domestic toluene capacity, production, imports, exports and demand. Similarly, other countries

anticipate a slow growth or decline in toluene production. Table 4-3 shows historical production

in other industrialized nations.
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TABLE 4-2.
ESTIMATED DOMESTIC U.S. SUPPLY AND DEMAND OF

TOLUENE

Millions of Kilograms (Millions of Pounds) By Year

1985 1986 1987 1988 1989 1990 1992

Production
Petroleum
Coke
Total

320
.45
320

(705)
(1)
(705)

340
--

340

(749E)
--
(749)

439
--

439

(967)
--
(967)

397
--

397

(874)
--
(874)

365
--

365

(804E)

(804)

N/A N/A

Imports 71 (157) 63 (138) 43 (95) 56 (123) 40 (87) N/A N/A

Exports 13 (28) 12 (27) 62 (136) 35 (76) 49 (108) N/A N/A

Demand 379 (834) 391 (860E) 421 (926) 419 (921) 356 (783) 364 (800) 386 (850)

Since 1982 the United States International Trade Commission (USITC) has not reported
toluene production by coke-oven operators. Coke-oven output has been insignificant since
1986. Sales data for toluene produced by petroleum refiners include only high-purity (98
to 100 percent) toluene. It is assumed that all indicated output is high purity.

E - Estimated figure (Mannsville Chemical Products Corp.)3

N/A - Not available

Source: Reference 3

Most of the toluene produced annually is derived from petroleum fractions. However, the

concentration of light aromatics [e.g., benzene, toluene, and xylene (BTX)] in petroleum rarely

exceeds one percent. Through processing, petroleum, specifically crude oil, can be converted to

BTX streams. Several petroleum fractions are used in aromatic conversion processing. The

fraction most important to the toluene production process is "straight-run light naphtha" which

includes all of the crude oil components heavier than pentanes and up to a final boiling point

between 105°C and 170°C (221° to 338°F).4 It is from this stream that the majority of toluene

is produced by catalytic reforming via hydrotreating. A second refinery stream, also used as a

feedstock in toluene production, is the naphtha that results from the pyrolysis or "steam cracking"

(e.g., hydrocracking) of heavier distillate fractions. Although the primary goal of cracking

naphtha is to manufacture ethylene and propylene, secondary reactions also produce considerable
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TABLE 4-3.
WORLD-WIDE TOLUENE PRODUCTION

MillionsMillions ofof KilogramsKilograms (Millions(Millions ofof Pounds)Pounds) ByBy YearYear

CountryCountry 19881988 19891989 19901990 19911991
%Change%Change
1990-911990-91

France 47 (104) 34 (74) 34 (74) ---

Germanya,b 605 (1,330) 538 (1,184) 418 (919) 460 (1,013) 10

Italy b 218 (480) 152 (338) 192 (423) 165 (363) -14

Japan 1,019 (2,242) 1,075 (2,365) 1,078 (2,372) 1,119 (2,462) 4

Canada 417 (917) 397 (873) 425 (935) 364 (801) -14

aData are for the former West Germany only.
bData for 1991 areChemical & Engineering Newsestimates based on nine months reporting.
N/A - Not available

Source: Reference 2

amounts of "pyrolysis gasoline" rich in aromatics.3-5 Additional toluene production methods

include separation from coal tars and recovery as a by-product from styrene manufacture.3,5

4.1 TOLUENE PRODUCTION FROM PETROLEUM FRACTIONS

4.1.1 Hydrotreating

Hydrotreating, schematically illustrated in Figure 4-1, is the process by which the quality

of liquid hydrocarbon streams is improved by subjecting them to mild or severe conditions of

hydrogen pressure in the presence of a catalyst. Both pyrolysis gasolines and straight-run light

naphthas (e.g., catalytic reformer feeds) undergo hydrotreating prior to subsequent processing and

toluene recovery. The liquid petroleum feed is preheated (Step 1), heated in a furnace (Step 2),

and combined with recycled hydrogen gas. The combined feed is passed through a reactor

containing a catalyst bed where the hydrogenation reaction takes place (Step 3).6 Upon leaving

the reactor, the stream is cooled and moved to a separator vessel where recycle or net hydrogen

is removed (Step 4). The liquid then moves to a stabilizer or stripper which removes hydrogen,

hydrogen sulfide, ammonia, water, organic compounds of arsenic and palladium, and light
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hydrocarbons dissolved in the separator liquid (Step 5). The stripped, hydrotreated fraction is

then routed to the next processing step, either catalytic reforming or secondary hydrogenation.7

4.1.2 Catalytic Reforming

Catalytic reformate is the major source of toluene, accounting for approximately

87 percent of the toluene produced domestically and approximately 94.5 percent of the production

capacity feedstocks.1,5 Catalytic reforming involves the catalytic dehydrogenation of straight-run

light naphtha in the presence of hydrogen (which reduces coke formation) to yield a mixture of

aromatic hydrocarbons (e.g., benzene, toluene, and the xylenes).4,5 The catalytic reforming

process is illustrated in Figure 4-2.

Prior to reforming, the light naphtha, containing the three primary toluene synthesis

compounds dimethylcyclopentane, methylcyclohexane, and ethylcyclopentane, is hydrotreated

to remove compounds that would act as catalyst poisons in the reforming step.4,6 The

hydrotreated naphtha is fed to the reformer unit containing the following components:4,7

• reactors which contain fixed bed catalysts

• heaters to bring the naphtha and recycle gas to reaction temperature and to supply heats
of reaction

• a product cooling system and a gas-liquid separator

• a hydrogen-gas recycle system

• a stabilizer to separate light hydrocarbons dissolved in the receiver liquid

The naphtha is combined with recycled hydrogen (Step 1), preheated (Step 2), heated to the

reaction temperature in a fired heater (Step 3), and then transferred to a series of catalyst-

containing reactors (Step 4).4 Because the reaction is endothermic, a series of three or four

reactors with inter-stage reheat furnaces may be necessary to achieve the required conversion.

The reactors normally contain increasing amounts of catalyst in each stage.4-6
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The effluent from the last reactor is cooled and transferred to a receiving unit (e.g., the

flash drum) where the hydrogen is separated from the liquid reformate (Step 5). The hydrogen

gases are compressed and recycled to the reactors while the reformate is moved to a stabilizer

fractionator (Step 6). The fractionator removes C4 and lighter hydrocarbons to produce a

stabilized reformate. The stabilized reformate is used as a feedstock in the toluene recovery

process (described in Section 4.1.4).4,7

Most of the facilities that produce toluene by catalytic reforming have proprietary

processes. Table 4-4 lists the process licensor and the process name. The primary differences

between these processes involve solving reforming process problems such as catalyst

regeneration. The processes also differ in the methods used to extract aromatics depending on

the type and purity of the product desired.4

TABLE 4-4.
CATALYTIC REFORMING PROCESSES

Licensor Name of Process

Chevron Research Co. Rheniforming

Engelhard Industries Magnaforming

Exxon Research Engineering Powerforming

Houdry Division, Air Products Houdriforming

Institut Francais du
Petrole

Aromizing
Catalytic Reforming

Standard Oil Co. (Indiana) Ultraforming

UOP Process Division Platforming

Source: Reference 4
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4.1.3 Secondary Hydrogenation (for Pyrolysis Gasoline)

Pyrolysis gasoline, a by-product of ethylene and propylene manufacture, accounts for nine

percent of domestic toluene production and five percent of production capacity feedstock

materials.1,5 Because pyrolysis gasoline contains reactive compounds (e.g., diolefins and styrenes)

which will polymerize if subjected to reactor conditions severe enough to saturate olefins and

remove sulfur compounds, it must undergo an initial hydrogenation step described in Section

4.1.1 to reduce the reactives to olefins prior to storage or further processing. The resulting

product can be used as a high octane gasoline blending component or treated further for aromatic

(e.g.benzene, toluene, and xylenes) extraction.4

Following initial hydrogenation, the pyrolysis gasoline (containing 21 percent toluene)

normally undergoes second stage hydrogenation in which olefins are saturated, organic sulfur

forms hydrogen sulfide, combined nitrogen is converted to ammonia, and oxygenated compounds

are reduced to hydrocarbons and water. After these parallel reactions have been completed, the

gases and liquid are separated. The liquid (containing 38 percent toluene) is then stripped of

gaseous impurities, such as hydrogen sulfide, and remaining light hydrocarbons before being

transferred to toluene recovery units.4,7

Most of the world’s facilities that produce toluene from pyrolysis gasoline have

proprietary hydrotreating processes. The primary differences between these processes involve

operating parameters such as temperature, pressure, catalyst composition, and reactor geometry.

Table 4-5 lists the process licensor and the process name.4

4.1.4 Toluene Recovery

The hydrotreated and/or catalytically reformed streams are rich in aromatics such as

toluene, benzene, and the xylenes, as well as nonaromatics of similar boiling points. Therefore,

the most appropriate procedures for separating toluene (and other aromatics) from other process

streams are extractive distillation and liquid-liquid extraction.4,6 Liquid-liquid extraction is the

most commonly used extraction method.5 If only one aromatic (e.g., benzene, toluene, or xylene)
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is to be recovered in pure form, extractive distillation is preferred as the capital and operating

TABLE 4-5.
PYROLYSIS GASOLINE HYDROGENATION PROCESSES

Licensor Name of Process

British Petroleum (BP) BP Selective Hydrogenation Process

C-E Lummus DPG Hydrotreating

Engelhard Industries HPN Process

Houdry Division, Air Products HPG Process

Institut Francais du Petrole IFP Selective Hydrogenation Process

Lurgi GmbH/Bayer AG Bayer Selective Diolefin Hydrogenation
Lurgi Olefin Hydrogenation and

Desulphurisation

UOP Process Division LT Unibon Process

Source: Reference 4

expenses are less than those associated with liquid-liquid extraction.4 Figure 4-3 shows a process

flow diagram for toluene recovery. The diagram includes prefractionation, extraction/ distillation,

and benzene/toluene fractionation.

Liquid-liquid extraction methods are the most commonly used processes to recover

toluene. Two compounds commonly used in liquid-liquid extraction are sulfolane and

tetraethylene glycol. The sulfolane process was developed by Shell and is licensed by Universal

Oil Products (UOP). Union Carbide developed and licensed the tetraethylene glycol method.

These two processes have replaced the Udex process which used diethylene glycol as the

extractant.5 Another commonly used liquid-liquid extraction method is dimethylsulfoxide

(DMSO) extraction, commercialized by the Institut Francais du Petrole. This process is different

from the other processes in that aromatics are extracted twice, the first time using

dimethylsulfoxide (DMSO) and the second time using a light hydrocarbon.4
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The hydrotreated and/or catalytically reformed streams (crude BTX) are normally

prefractionated prior to the recovery of toluene by liquid-liquid extraction to reduce the

throughput of the extraction step. The crude BTX stream is first depentanized (Step 1) to remove

the majority of components lighter than benzene (e.g., C5 and lower compounds) and then

distilled (Step 2) to remove components heavier than o-xylene. The C5 compounds are removed

for gasoline blending, while the xylenes fraction is processed for xylene recovery. The

benzene/toluene fraction is fed to a cut column where the top portion is separated and moved to

the extraction unit (Step 3). The bottoms are removed and further refined. Nonaromatics (the

raffinate phase) leave through the top of the extractor while a mixture of aromatics, solvent and

light nonaromatics leave through the bottom. The raffinate is sent to a water wash for removal

of solvent. The aromatics/solvent and light nonaromatics stream is transferred from the extractor

either directly to a stripper or to an extractive distillation column where nonaromatics are

removed to be used later. The stripper removes solvent leaving an aromatic stream rich in

toluene. (If only a stripper is used, then it acts as both an extractive distillation column and a

solvent stripper, thereby reducing capital expenditures but requiring the facility to install a water

washer to further reduce solvent content).4

Extractive distillation methods are preferred when only one aromatic (e.g., benzene,

toluene, or xylene) is to be recovered in pure form. Extractive distillation methods separate

components by introducing a solvent to a mixture. The solvent suppresses the relative vapor

pressure of some components compared to other components in the mixture allowing the desired

component to be extracted.4

The end result of the extractive distillation process description is very similar to that of

the liquid-liquid extraction process. The crude BTX stream and the extractive solvent are fed

to an extractive distillation column where nonaromatics (the raffinate) are separated (Step 3).

The aromatic/solvent stream is transferred to a stripper which removes the solvent leaving the

aromatic. Some of the solvents commonly used in extractive distillation units are

dimethylformamide, n-formylmorpholine, m-methylpyrrolidone, and sulfolane.4
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After a toluene-rich aromatic stream has been extracted from crude BTX by either liquid-

liquid extraction or extractive distillation, it can be further processed by conventional distillation

to produce pure benzene and toluene. The benzene/toluene fraction is often moved through a

clay treatment tower prior to further distillation to remove any trace olefins (Step 4). Benzene

is removed from the top of the first distillation column (Step 5) while the distillation bottoms are

fed to the toluene column. The purified toluene (99.8 percent) is taken from the top of the

second distillation column (Step 6).4

4.1.5 Emissions

Most air emissions associated with toluene production from petroleum fractions arise from

loading operations, toluene storage, and equipment leaks. Process vents may also contribute to

air emissions. Toluene emissions from other sources, such as waste treatment and disposal

facilities are discussed in Section 7.0.

Process Emissions--

Figure 4-3 shows that during toluene production, process vent discharges (A) of toluene

occur primarily from the vacuum column vents, the reactor process vents, and the reactor process

recovery vent. The hydrogen separation vent is only used during startup, shutdown, and during

recovery section outages.9,10 The vacuum column vents remove air that leaks into the column,

as well as light hydrocarbons and hydrogen that form during dehydrogenation, noncombustibles

dissolved in the column feed, and any entrained aromatics. The majority of toluene emissions

occur at the benzene and toluene columns in the distillation train.

Other sources of process emissions from toluene production are less likely because of the

need to operate most processes under a vacuum and because of the heating value of the gases.

The available emission estimates for toluene production are given in Table 4-6. Little

information was found on specific emission controls. Several types of recovery devices are used

in the Synthetic Organic Chemical Manufacturing Industry (SOCMI) to recover hazardous air

pollutants including toluene. These control methods include condensers, absorbers, adsorbers,
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and incinerators. Recovery devices are used to recover products or by-products for sale or re-

use.9,10

TABLE 4-6.
EMISSION FACTORS FOR TOLUENE PRODUCTION FROM

PETROLEUM FRACTIONS

Emission Source Emission Factor
Quality
Ratinge

Storage tank working losses,
Toluene recoverya

0.66 lb/1000 gallon (0.079 kg/1000
liter) throughput

U

Storage tank breathing losses,
Toluene recoverya

3.6 lb/1000 gallon (0.43 kg/1000 liter)
throughput

U

Toluene recovery,
General process emissionsb

1.7 x 10-4lb/lb toluene produced U

Toluene recovery,
Storageb

4.65 x 10-4lb/lb toluene produced U

Toluene recovery from catalytic
formate, cracking unitb

2.0 x 10-5lb/lb toluene produced U

Fugitives from petroleum refining
with cracking and reformingb,c

21 lb toluene/ton (10.5 g/kg) total
hydrocarbon

U

Fugitives from petroleum refining
without cracking and reformingb,d

21 lb toluene/ton (10.5 g/kg) total
hydrocarbon

U

aReference 12
bReference 14, 15.
cAssumes fugitives are 1.05 percent toluene.
dAssumes fugitives are 0.105 percent toluene.
eBased on engineering judgement.

Storage Emissions--

Other possible sources of toluene emissions are storage tank losses (B) and handling

losses (C) that occur during product loading into drums, tank trucks, tank cars, barges, or ships.

Storage tank losses including working losses that occur while filling the tank, and breathing
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losses due to expansion from temperature changes. The calculations to determine emissions from

storage tanks are complex and require a knowledge of a number of factors which are plant

specific. Equations for storage tank emissions are given in the U.S. Environmental Protection

Agency’s report titledEstimating Air Toxics Emissions from Organic Liquid Storage Tanks(EPA-

450/4-88-004).11 In the absence of specific data on the storage tank, two emission factors were

identified in the literature.12 Both emission factors are shown in Table 4-6. No information was

available regarding the use of floating roof tanks or any other control techniques on storage tanks.

Equipment Leak 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).13 The methods differ in complexity; however, the more complex, the more

accurate the emission estimate.

The simplest method requires that the number of each component type be known.

Furthermore, for each component, the toluene content of the stream and the time the component

is in service is needed. This information is then multiplied by the EPA’s average emission

factors for the Synthetic Organic Chemical Manufacturing Industries (SOCMI) shown in

Table 4-7. This method should only be used if no other data are available, as it may result in

an overestimation of actual equipment leak emissions. For each component, estimated emissions

are:13

No. of
equipment

components
X

Weight %
toluene

in the stream
X

Component-
specific

emission factor
X No. hrs/yr in

toluene service

More complex methodologies may be used to obtain more accurate equipment leak

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

measurements (leak concentrations) be made for the facility’s process equipment components.

These methodologies are briefly described here, and the reader is referred to the EPAProtocols
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document orFugitive Emission Sources of Organic Compounds--Additional Information on

TABLE 4-7.
AVERAGE EMISSION FACTORS FOR FUGITIVE

EQUIPMENT LEAK EMISSIONS

Equipment Service
Emission Factor
(kg/hr/source)

Emission Factor
(lb/hr/source)

Quality
Ratinga

Valves Gas
Light Liquid
Heavy Liquid

0.0056
0.0071
0.00023

0.0123
0.0157
0.00051

U

Pump Seals Light Liquid
Heavy Liquid

0.0494
0.0214

0.1089
0.0472

U

Compressor Seals Gas/Vapor 0.228 0.5027 U

Pressure Relief
Seals

Gas/Vapor 0.104 0.2293 U

Flanges All 0.00083 0.0018 U

Open-Ended Lines All 0.0017 0.0037 U

Sampling
Connections

All 0.0150 0.0331 U

aBased on engineering judgement.
Source: Reference 13

Emissions, Emission Reductions, and Costsfor calculation details.13,14

The first method, the leak/no leak approach, is based on a determination of the number

of leaking and nonleaking components. A leaking component is defined by a measured or

estimated leak concentration greater than or equal to 10,000 ppmv.13 Once the number of

leaking/nonleaking equipment components have been determined, the fugitive equipment leak

emissions are estimated using the appropriate emission factors and the equation identified

previously for the average emission factor method.
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The second method differentiates fugitive equipment leak emissions into three leak

concentration ranges: 0 - 1,000 ppmv; 1,000 - 10,000 ppmv; and greater than 10,000 ppmv. The

number of components falling into a particular range is then multiplied by the component-specific

emission factor for that range. The component-specific emission factors can be found in EPA’s

Protocolsdocument.13

The third method uses screening data in correlation equations derived by EPA.

Correlation equations are only available for flanges, pump seals, and valves in light-liquid and

gas service. Finally, the fourth complex method gives each facility an option to develop its own

correlation equations, but requires more rigorous testing, bagging, and analysis of equipment

leaks to determine mass emission rates.14

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

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

Generally, control of fugitive emissions requires the use of low-emission or emissionless process

equipment, an inspection and maintenance program, and routine replacement of chronic leaking

components. Typical controls for equipment leaks are listed in Table 4-8.14 In addition, other

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

4.2 TOLUENE PRODUCTION FROM COAL

Toluene can also be recovered from coal products, although coal is no longer an important

source of toluene. When coal is carbonized (e.g., heated in the absence of air) in coke ovens or

horizontal retorts, it produces coke residue and volatile matter consisting of gas, tar, and water.

Both the coal tar and the coal gas contain small amounts of toluene which can be separated

through extraction processes. The coal gas is normally scrubbed with an oil of coal tar or an oil

of petroleum origin. These oils absorb the hydrocarbons entrained in the coal gas. The oil can

then be distilled and the aromatics recovered as crude benzene.4,6

Crude benzene can be refined either by acid washing or hydrorefining. Hydrorefining is

the more commonly used method. The two methods of hydrorefining are the Lurgi
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TABLE 4-8.
CONTROL TECHNIQUES AND EFFICIENCIES APPLICABLE

TO EQUIPMENT LEAK EMISSIONS
Equipment Component

(Emission Source) Control Technique
Percent

Reduction

Pump Seals
Packed and mechanical Seal area enclosure vented to a

combustion device
Monthly LDARb

Quarterly LDAR
Semiannual LDAR
Annual LDAR

100a

61
32
0
0

Double mechanicalc N/Ad --
Compressors Vent degassing reservoir to combustion

device
100a

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 Combustion devices approach 100 percent control efficiency.
b LDAR (Leak detection and repair program).
c 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.

dN/A (Not applicable). There are no VOC emissions from this component.

Source: Reference 14
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Hydrorefining® process and the Houdry Litol Hydrorefining® process.4 Many of the process

steps described in the next two paragraphs are the same as those encountered in the previous

section, Toluene Production from Petroleum Fractions. The reader should refer to Section 4.1

for further detail.

4.2.1 Process Descriptions

Crude benzene, in the Lurgi Hydrorefining® process, is preheated, vaporized and passed

through a reactor where hydrodesulfurization, saturation of hydrocarbons, and reduction of

oxygen- and nitrogen-containing compounds occurs. The reactor products are cooled and

condensed with the condensed hydrocarbon stream undergoing stripping of hydrogen sulfide. The

clean hydrotreated stream, the raffinate, is fed to an extractive distillation unit where a toluene

mixture is separated from nonaromatics also in the raffinate. The toluene mixture then passes

to a recovery column where high purity toluene is recovered.4

In the Houdry Litol Hydrorefining® process, the crude benzene is first prefractioned as

described previously in Section 4.1.4 Toluene Recovery. The prefractionated distillate, containing

approximately 17 percent by weight toluene, is mixed with hot hydrogen gas and vaporized. The

stream passes to a reactor where olefins are saturated and hydrogen sulfide and butane are

produced. The resulting process stream moves to the Lithol reactor where desulfurization,

hydrocracking and dealkylation take place. The reactions in the Lithol reactor are exothermic

and must be moderated by heat exchangers. After leaving the Lithol reactor, the stream moves

to a flash drum where aromatic hydrocarbons are separated, condensed, and forwarded to a

stabilizer, a clay tower, and then the benzene tower. The final fractionation takes place in the

toluene tower which yields pure toluene.4

Several new methods have been developed by which toluene can be produced from coal.

Many of these new processes come from the liquification of coal and are still in the

developmental stages. One process, the South African Coal, Oil, and Gas Corporation (SASOL)

operation has proven commercially feasible in South Africa. These processes, if successful, could
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lead to coal refineries that manufacture many of the products currently available from petroleum

refineries.4

4.2.2 Emissions

No information was located in the literature that discussed process emission sources from

toluene production from coal feedstocks. Emissions are expected to be similar to those occurring

from petroleum feedstocks where the equipment in use is the same. An overall emission factor

for coke manufacture is shown in Table 4-9.

4.3 TOLUENE PRODUCTION FROM STYRENE

TABLE 4-9.
EMISSION FACTORS FOR TOLUENE PRODUCTION FROM

COAL

Emission Source Emission Factor
Quality
Ratinga

Coke manufacture,
Coke oven

2.4 x 10-4lb/lb coke produced U

aBased on engineering judgement.
Source: Reference 14.

Toluene is a by-product in the production of styrene from ethylbenzene by

dehydrogenation. Small amounts of toluene are also produced as a styrene by-product via the

isothermal production process. However, because the isothermal method is not currently used

in the United States and emissions of toluene are minimal from this process, it will not be

discussed in this document. Additional information on the isothermal process can be found in

Locating and Estimating Air Emissions from Sources of Styrene(EPA-450/4-91-029).8
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4.3.1 Process Description

In the dehydrogenation process shown in Figure 4-4, purified ethylbenzene is preheated

in a heat exchanger (Step 1), and the resultant vapor is mixed continuously with steam at 710°C

(1310°F) in the dehydrogenation reactor (Step 2) that contains one of several catalysts. The

reaction product exits through the heat exchanger and is further cooled in a condenser (Step 3)

where water and crude styrene vapors are condensed. The hydrogen-rich process gas is recovered

(Step 4) and used as a fuel and the process water is purified in a stripper (Step 5) and recycled

to the boiler. The remaining crude liquid styrene goes to a storage tank (Step 6). The liquid

consists of styrene (37 percent), ethlybenzene (61 percent), toluene (1 percent), benzene (0.7

percent), and tars (0.3 percent). Benzene and toluene are removed from the crude styrene in the

benzene/toluene column (Step 7). They are then typically separated by distillation (Step 8). The

toluene is normally sold, while the benzene is returned to the ethylbenzene production section

or sold. In some facilities, an ethylbenzene/benzene/toluene stream is separated from the crude

styrene initially (at step 6) and processed separately.

4.3.2 Emissions

Emission factors for the production of toluene from styrene production are shown in

Table 4-10. These emission factors were based on engineering judgement, and are therefore

given ratings of "U." The emission factor for styrene purification came from engineering

calculations at one facility, while the two factors for production process and production fugitive

emissions were based on typical composition and design information from two emission

sources.14
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TABLE 4-10.
EMISSION FACTORS FOR TOLUENE PRODUCTION FROM

STYRENE PRODUCTION

Emission Source Emission Factor
Quality
Ratingc

Styrene production process
emissionsa

3.04 lb/ton (1.52 g/kg) styrene produced U

Styrene purification process
emissions, Styrene productiona

2.34 lb/ton (1.17 g/kg) styrene produced U

Styrene production fugitive
emissionsa

22,840 lb (10,358 kg)/process unit,
annually

U

Storage Tank working lossesb 0.66 lb/1000 gallon (0.079 kg/1000 liter)
throughput

U

Storage Tank breathing lossesb 3.6 lb/1000 gallon (0.43 kg/1000 liter)
throughput

U

aReference 14
bReference 12
cBased on engineering judgement.
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