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ACRYLONI TRI LE

SECTION 1

PURPCSE OF DOCUMENT

EPA, States, and local air pollution control agencies are
becom ng increasingly aware of the presence of substances in the
anbient air that may be toxic at certain concentrations. This
awareness, in turn, has led to attenpts to identify
source/receptor relationships for these substances and to devel op
control programs to regulate em ssions. Unfortunately, very
little information is available on the anbient air concentrations
of these substances or on the sources that may be discharging them

to the atnosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available information on
sources and em ssions of these substances. This docunent
specifically deals with acrylonitrile. Its intended audi ence
i ncl udes Federal, State, and local air pollution personnel and
others who are interested in locating potential emtters of
acrylonitrile and making gross estinmates of air em ssions
t herefrom

Because of the limted anounts of data avail able on
acrylonitrile em ssions, and since the configuration of many
sources will not be the sane as those descri bed herein, this
docunent is best used as a priner to informair pollution
personnel about (1) the types of sources that may emt
acrylonitrile, (2) process variations and rel ease points that my
be expected within these sources, and (3) avail able em ssions
i nformati on indicating the potential for acrylonitrile to be
rel eased into the air from each operation
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The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical estinates
of the accuracy of these em ssion factors, no estinmate can be nade
of the error that could result when these factors are used to
cal cul ate em ssions for any given facility. It is possible, in
sone extrenme cases, that orders-of-magnitude differences could
result between actual and cal cul ated em ssions, dependi ng on
differences in source configurations, control equipnment and
operating practices. Thus, in situations where an accurate
assessnent of acrylonitrile em ssions is necessary,
source-specific informati on should be obtained to confirmthe
exi stence of particular emtting operations, the types and
ef fecti veness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be
consi dered as the best neans to determne air em ssions directly

from an operation.



SECTION 2

OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to
assi st Federal, State, and local air pollution agencies and others
who are interested in |ocating potential air emtters of
acrylonitrile and nmaking gross estinates of air em ssions
t herefrom Because of the |limted background data avail able, the
i nformati on summari zed in this docunent does not and shoul d not be
assuned to represent the source configuration or emnissions

associated with any particular facility.

This section provides an overview of the contents of this
docunent . It briefly outlines the nature, extent and fornmat of

the material presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of acrylonitrile, its
comonly occurring fornms and an overview of its production and
uses. A table summarizes the quantities of acrylonitrile consuned
in various end uses in the United States. This background section
may be useful to someone who needs to devel op a genera
perspective on the nature of the substance and where it is
manuf act ured and consuned.

The fourth and fifth sections of this docunment focus on major
i ndustrial source categories that may discharge acrylonitrile air
em ssions. Section 4 discusses the production of acrylonitrile and
Section 5 discusses the use of acrylonitrile as an industri al
feedstock in the production of acrylic fibers, SAN ABS resins,
nitrile elastomers, acrylam de, and adiponitrile. For each major

i ndustrial source category described in Section 4 and Section 5,
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exanpl e process descriptions and fl ow di agrans are given,
potential em ssion points are identified, and avail abl e em ssion
factor estimates are presented that show the potential for
acrylonitrile em ssions before and after controls enpl oyed by

i ndustry. Individual conmpanies are nanmed that are reported to be
involved with either the production and/or use of acrylonitrile,

based on industry contacts and avail able trade publications.

The final section of this docunment (Section 6) sunmarizes
avai |l abl e procedures for source sanpling and anal ysis of
acrylonitrile. Details are not prescribed nor is any EPA
endor senent given or inplied to any of these sanpling and anal ysis
procedures. At this tinme, EPA has generally not eval uated these
met hods. Consequently, this docunent nerely provides an overvi ew
of applicable source sanpling procedures, citing references for

those interested in conducting source tests.

Thi s docunent does not contain any discussion of health or
ot her environnental effects of acrylonitrile, nor does it include
any di scussion of anmbient air |evels or anbient air nonitoring

t echni ques.

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

to:

Chi ef, Source Analysis Section (MD14)
Ai r Managenent Technol ogy Branch

U S. Environnental Protection Agency
Research Triangle Park, N. C 27711



SECTION 3

BACKGROUND

NATURE OF POLLUTANT

Acrylonitrile is a colorless liquid at normal tenperatures
and pressure and has a faint characteristic odor. The chem ca
formula for acrylonitrile is CH2=CH C=N. Acrylonitrile has
several synonyns and tradenanes including propenenitrile, vinyl
cyani de, cyanoet hyl ene, Acryl on® Carbacryl® Fum grain® and
Vent ox®.  Sel ect ed physical and chem cal properties of

acrylonitrile are presented in Table 1.1

Acrylonitrile is relatively volatile with a vapor pressure of
13.3 kPa (1.9 psi) at 25°C (77°F) and a boiling point of 77.3°C
(171.1°F). It readily ignites and can form expl osive m xtures
with air. |In addition, acrylonitrile polynmerizes explosively in
the presence of strong alkalinity. Acrylonitrile is
phot ochemically reactive and has an estimted atnospheric
residence time 5.6 days. Atnospheric residence tinme represents
the time required for a quantity of an individual chem cal to be
reduced to 1/e

(37 percent) of its original value.?

OVERVI EW COF PRODUCTI ON AND USE

Acrylonitrile nonomer is currently produced by four conpanies
at six manufacturing sites. Table 2 lists acrylonitrile producers
and their manufacturing locations.® In 1982, 914 G (2,016 x 10°

| bs) of acrylonitrile nononer were actually produced.*
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TABLE 1. PHYSI CAL AND CHEM CAL PROPERTI ES OF ACRYLONI TRI LE&®:¢
Property Val ue
Mol ecul ar wei ght 53. 06
Boiling point, °C 77.3
Freezing point, °C -83.55 + 0.05
Critical pressure, kPa 3536
Critical tenperature,°C 246
Density at 20°C, g/cnB . 806
Vi scosity, nPa-s (or cP) 0.34
Vapor density (theoretical) 1.83 (air = 1.0)
Di el ectric constant, at 33.5 Mz 38
Di pol e nonment, cm 1.171 x 10-29
(liquid
phase)
1.294 x 10-29
(vapor
phase)
Vapor pressure, kPa
8.7°C 6.7
23.6°C 13.3
45.5°C 33.3
64.7°C 66. 7
77.3°C 101.3
Fl ash point, °C, tag open cup -5
Ignition tenperature, °C 481
Explosive limts in air, vol 96 3.05-17.0 + 0.5
Entropy of vapor, kJ/nol 274. 06
Heat of formation of vapor, kJ/nol 185. 02
Heat of conbustion of liquid, 25°C, kJ/nol 1761. 47
Latent heat of vaporization, kJ/nol 32.65
Latent heat of fusion, kJ/nol 6635
Mol ar heat capacity of liquid, kJ/(kg-K) 2.09
Mol ar heat capacity of vapor of 50°C
(kJ/ (kg-K) 1.204
Solubility in water at 20°C, g/100g H° 735
(a) Reference 1.1
(b) Synonynms: Propenenitrile, vinyl cyanide, cyanoethyl ene.

Regi stry No. 107-13-1.
(c) properties at

25°C and 101. 3 kPa unl ess otherw se i ndi cat ed.



TABLE 2. ACRYLONI TRI LE MONOVER PRODUCTI ON SI TES®

Company Location (a)

Ameri can Cyanam d Conpany Avondal e, Loui si ana

E.l. duPont de Nemours &
Conpany, Inc. Beaunont, Texas
Monsant o Company Chocol at e Bayou, Texas
Texas City, Texas

The Standard G| Conpany G een Lake, Texas
(Chio) Vistron Corp. (subsid.) Lima, Chio

(a) The locations given in the literature for sonme of these plants vary
even though the plant is the same. Alternate |ocations for those given
above are as foll ows.

Ameri can Cyanam d: Avondal e or Westwego, LA
Monsant o: Chocol ate Bayou or Alvin, TX
Standard G |: Geen Lake or Victoria, TX

NOTE: This listing is subject to change as market conditions change,
acility ownership changes, plants are cl osed down, etc. The
reader should verify the existence of particular facilities by
consulting current listings and/or the plants thenselves. The
| evel of acrylonitrile em ssions fromany given facility is a
function of variables such as capacity, throughput, and control
nmeasures, and shoul d be determ ned through direct contacts with
pl ant personnel



A single process, the Sohio process of propylene amoxi dation,
is used by all donmestic producers of acrylonitrile. In this
process, near stoichionetric ratios of propylene, ammonia, and air
are reacted in a fluidized bed at a tenperature of about 450°C
(850°F) and a pressure of 200 kPa (2 atm in the presence of a
catalyst. Acrylonitrile is the major product of this reaction, but
byproducts acetonitrile and hydrogen cyani de together account for
about 25 percent of the total yield.®> The reactor product streamis
guenched and neutralized to renove unreacted ammoni a. WAastewater
and |ight gases are then renmpved in separate operations. Finally,
acrylonitrile, acetonitrile, and hydrogen cyani de are separated by a

series of distillations.

The maj or end use of acrylonitrile is in the production of
acrylic fibers. It is also used in the production of plastics such
as acrylonitrile-butadi ene-styrene (ABS) and styrene acrylonitrile
(SAN). ABS is used primarily in pipes and fittings, autonotive
parts and appliances. SAN is used nost widely in appliances and
ot her househol d itens such as coat hangers, ice buckets, jars, and
di sposabl e utensils. Another use of acrylonitrile is in the
production of nitrile rubbers and nitrile barrier resins. Nitrile
rubbers are used extensively in the engineering and process
i ndustries due to their good dielectric properties and their
resistance to chemcals, oil, solvents, heat, aging, and abrasion.
Nitrile barrier resins have the potential for rapid future growth in
the food, cosnetic, beverage, and chem cal packagi ng industries.
Acrylonitrile is also used in the production of adiponitrile, an
internediate in the manufacture of nylon, and in the production of
acrylam de, which is used in a variety of chemnmical products.

M scel | aneous uses of acrylonitrile include cyanoethylation of
al cohol s and other am nes, production of fatty am nes, organic
synthesis of glutam c acid, use as an absorbent, and use in fun gant
formul ations. Figure 1 shows how the market for acrylonitrile is
distributed and Table 3 presents an approxi mate breakdown of
acrylonitrile consunption by product type.6,7,8,9 Table 4 lists the
maj or consunmers of acrylonitrile by product type.® The
manuf acturers and consuners of acrylonitrile and acrylonitrile
products may change over tinme due to changes in market

8



' Apparel
Acrylic und Modacrylic Fibers —3 | Home furnishings
Automotive body parts and fittings
ABS/SAN Resing w— | Appliances
Containers and molded household vses

Ritrile Rubber ' ' - Englneering and process fndustry uses

Adiponitrile — e Nylon

Flocculaat
Sizing peper
Plastics
Thickening agant

| ]

Acrylamide ————pe Polyacrylanide ' -

Acrylonitrile - | Nitrile Barrier Resing — = Packaging Materials

Cyanoethylation of Alcohols and Amines — —— g g:::“““““h
Saapd B

Fatty Amines —m | Plasticizers
Cosmetics

Abaorbente
Fumigant Formulations

Clutamic Acid —meee g Monosodlist Glotomate —.— —  gu Flavor enhancer

Figure 1. End uge distribution of acrylonitrile.ﬁ_g



TABLE 3. ESTI MATED CONSUMPTI ON OF ACRYLONI TRI LE BY PRODUCT TYPE | N

1979¢-°

MARKET % TOTAL ACRYLONI TRI LE CONSUMPTI ON
Fi bers 37. 7
Exports 21.3
ABS/ SAN Resi ns 17.1
Adi ponitrile 9.5
Acryl am de 3.1
Nitrile Elastomers 2.9
Barrier Resins 1.2
M scel | aneous 4. 02
Unaccount ed for 3.2b

(a) Includes fum gants for tobacco, super absorbents, fatty am ne
producti on, and cyanoet hyl ati on of al cohols and ami nes.

(b) I'ncludes accumul ated i nventory.

10



TABLE 4.

MAJOR ACRYLONI TRI LE CONSUMERS

Pr oducer

Aneri can
Cyanam d

Badi sche
Bor g- Vr ner

Copol ynmer Rubber
Dow Chenmi cal

DuPont

Tennessee
East man

B. F. Goodrich

Goodyear

Monsant o

Locati on(a)

Li nden, NJ
MIlton, FL
Avondal e, LA

W Iiamsburg, VA

Washi ngt on, W
OQtawa, IL

Port Bienville,
Bat on Rouge, LA
Gales Ferry, CT
I ronton, OH

M dl and, M
Pevely, MO
Torrance, CA
Canden, SC
Waynesboro, VA

Ki ngsport, TN
Akron, OH

Loui sville, KY
Akron, OH
Houst on, TX
Decatur, AL
Addyst on, OH
Muscatine, 10

%53

Acrylonitrile Products

Nitrile
Acrylic Modacrylic ABS SAN El ast omer Adi poni -
Fi bers Fi bers Resi n Resi n and Lat ex trile
X
X
X
X
X
X
X
X
X
X
X X X
X

Acryl -
am de



TABLE 4. MAJOR ACRYLONI TRI LE CONSUMERS

Nal co Garyville, LA
Rei chhol d

Chemi cal Cheswol d, DE X
Uni r oyal Pai nesville, OH X

(a) The locations given in the literature for sone of these plants vary even though the plant is the sane.
Alternate | ocations for those given above are as foll ows:
Ameri can Cyanam d: Avondal e or Westwego, LA
Dow Chemical: Gales Ferry or Allyns Point, CT

NOTE: This listing is subject to change as nmarket conditions change, facility ownership changes,
plants are closed down, etc. The reader should verify the existence of particular facilities
by consulting current listings and/or the plants thenselves. The level of acrylonitrile
em ssions fromany given facility is a function of variables such as capacity, throughput,
and control neasures, and should be determ ned through direct contacts with plant personnel



conditions. Publications such as the Stanford Research Institute (SRI)
Directory of Chem cal Producers and the Chem cal Marketing Reporter
(Schnel | Publishing, New York) are good sources of up-to-date

i nformati on on chem cal producers. Chem cal trade associations such as
the Chem cal Manufacturers Association, the Acrylonitrile G oup, and the
Synthetic Organic Chem cal Mnufacturers Association would al so be good

contacts to determne the status of the acrylonitrile industry.

Some potential exists for volatile substances, including
acrylonitrile, to be emtted fromwaste treatnent, storage and handling
facilities. Reference 11 provides general theoretical nodels for
estimating volatile substance em ssions froma nunber of generic kinds
of waste handling operations, including surface inpoundnents, |andfills,
| andfarm ng (land treatnent) operations, wastewater treatnent systens,
and drum storage/ handl i ng processes. 11 Since no test data were
avail able on acrylonitrile em ssions fromany of these operations at the
time of publication, no further discussion is presented in this
docunent. If such a facility is known to handle acrylonitrile, the

potential should be considered for sone air em ssions to occur.
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SECTI ON 4

EM SSI ONS FROM ACRYLONI TRI LE PRODUCTI ON

The potential for acrylonitrile em ssions occurs both during the
producti on of the nononmer and during its consunption as a raw materi al
i n other manufacturing processes: This section includes a detailed
description of the acrylonitrile production process along with possible
emtting operations. Enmission factors relating acrylonitrile em ssions
to acrylonitrile production rates are also presented. Manufacturing
processes that use acrylonitrile nmononer as a raw material are simlarly

di scussed in Section 5.

ACRYLONI TRI LE PRODUCTI ON

Process Description %3

Acrylonitrile is produced domestically by a single process - the
Sohi o process of propyl ene ammoxi dati on. Four conpanies at six
| ocations currently use this process.* A sinplified flow di agram of the
basi ¢ Sohi o process is presented in Figure 2 and explanations of the
stream codes in Figure 2 are given in Table 5. The reaction governing

the production of acrylonitrile is:

2CH,= CHCH, + 2NH, + 30, --> 2CH,= CH CN + 6H,0.

Propyl ene, ammonia (NH;), and air are fed to the reactor (Stream 4)
in near stoichionmetric ratios. The nolar ratio of propylene/amonialair
fed to the reactor is typically 1/1.06/8.4. A slight excess of ammonia
forces the reaction closer to conpletion and a slight excess of air
continually regenerates the catalyst used in the reaction.! Raw
mat eri al specifications call for the use of refinery-grade propyl ene
(90+ percent purity) and fertilizer or refrigerant-grade amonia (99. 5+

percent purity). The vapor-phase reaction takes place in a fluidized

15
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in acrylonitrile production plants.



TABLE 5. STREAM VENT, AND DI SCHARGE CODES FOR FI GURE 2 2

St rean Vent / Di schar ge Descri ption

Stream

Propyl ene feed

Ammoni a feed

Process air

React or feed

React or product

Cool ed reactor product
Sul furic acid

Quenched reactor product

© 00 N O U~ WNB

Stripping steam

=Y
o

Wast ewat er col um vol atil es

[
=Y

Absor ber bottons

=
N

Crude acrylonitrile

=Y
w

Crude acetonitrile

'_\
S

Water recycle

=Y
a1

Acetonitrile

=Y
(o2}

Hydr ogen cyani de

[
~

Li ght ends col um bott ons

=Y
(o]

Product acrylonitrile

=
©

Heavy ends

Vent / Di schar ge

A Wast ewat er col umtm bottons
Absor ber vent gas
Recovery col umm purge vent
Acetonitrile columm bottons
Acetonitrile colum purge vent
Li ght ends col um purge vent
Product col um purge vent

I @ Mmoo @

Fl are

Acetonitrile incinerator stack gas
St orage tank em ssions
Product transport loading facility vent

r X &

Fugi tive | osses from punps, conpressors, and val ves
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bed reactor at approximately 200 kPa (2 atn) and 400-510°C (750-950°F)
in the presence of Catal yst 41, a Sohi o-devel oped product. The
conposition of this catalyst is described in the patent literature as 70
percent by wei ght P,0s: Bi ,O0: M0O; in a nolar ratio of 1:9:24.° The
conversion of propylene in the reactor is essentially conplete. The
yield of acrylonitrile nmonomer fromthis reaction is typically 73 wei ght
percent with approximately 12 wei ght percent yields of each of the
byproducts acetonitrile and hydrogen cyanide (HCN).® The stream exiting
the reactor (Stream5) contains not only acrylonitrile and byproducts
but al so unreacted oxygen, propylene, carbon nonoxi de, carbon di oxide,

and nitrogen.

The propyl ene amoxi dati on reacti on generates substanti al
guantities of heat which nust be renpved. Heat renoval fromthe product
stream (Stream 5) is generally acconplished by utilizing excess heat to
generate steamin a waste heat boiler. The cool ed product stream
| eaving the waste heat boiler (Stream 6) passes to a water quench tower
where sulfuric acid (Stream 7) is added to neutralize unreacted ammoni a.
WAst ewat er contai ni ng the ammoni um salts and spent catalyst fines is
passed through a steam stripping columm where volatiles are separated
out and recycled to the quench tower (Stream 10). WAstewater containing
anmmoni um sul fate and heavy hydrocarbons is discharged to a deep wel

pond for disposal (Discharge A).

Meanwhi | e, the quenched product stream (Stream 8) is passed to a
counter-current absorber which renpves inert gases and vents themto the
at nrosphere (Vent B). In some cases the absorber vent gas is incinerated
prior to release to the atnosphere. The stream contai ni ng
acrylonitrile, acetonitrile, HCN, and sone water (Stream 11) then
undergoes a series of atnospheric distillations to obtain products and

byproducts of the desired purity, as described bel ow.

In the first recovery colum, acrylonitrile and HCN (Stream 12)
are separated fromacetonitrile and water (Stream 13). Water is then
removed fromthe acetonitrile in the acetonitrile colum and recycl edto
t he absorber (Stream 14). The heavy bottons fromthe acetonitrile

18



colum are discharged to the deep well pond (Discharge D). The
acetonitrile byproduct (Stream 15) may be recovered to 99+ percent
purity for commrercial sales but, due to |lack of demand, the streamis

usual ly incinerated. 27

The crude acrylonitrile exiting the first recovery columm (Stream
12) is passed to storage facilities and then to a light-ends colum
where HCN i s recovered. The HCN byproduct (Stream 16) may be further
purified to 99+ percent for sales. All acrylonitrile producers
currently market a small| percentage of HCN, but the mpjority of the
byproduct is incinerated.7 1In the final product colum, heavy ends are
renoved (Stream 19) and incinerated. The heavy ends streamfromthe
product columm contains essentially no acrylonitrile. The acrylonitrile
product (Stream 18) obtained fromthe Sohio process has a purity of 99+

percent.

Em ssi ons

Em ssions of acrylonitrile produced via the Sohi o process may
occur from several sources including the absorber vent, colum purge
vents, storage tanks, transport and loading facilities, and deep wel
ponds. Fugitive em ssions may al so occur from| eaks in punps,
conpressors, and valves. These enission sources are depicted in Figure
2. Acrylonitrile em ssions represent only a small fraction of the
total VOC emtted fromthese sources, accounting for approximately 6
wei ght percent of the total uncontrolled VOC en ssions and 15 wei ght

percent of the total VOC em ssions after typical controls.?®

Process Em ssi ons- -

Acrylonitrile process em ssions fromthe Sohio process occur from
t he absorber vent (Vent B) during normal operation, the absorber vent
(Vent B) during startup, and the distillation colum purge vents (Vents
C, E, Fand G during normal operation. During normal operation, the
absorber vent gas contains only about 0.001 wei ght percent acrylonitrile

and 1.25 wei ght percent total VOC. 8 The absorber gases are usually
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i nci nerated at renoval efficiencies of 98 percent or higher. The
majority of the acrylonitrile production facilities utilize thernal

i nci neration, although one facility has enpl oyed catalytic incineration
on the absorber vent.?2 Because of the | arge percentage (97+ percent)
of nitrogen and ot her noncombusti bles normally present in the absorber
vent gas stream supplenmental fuel nust be added to ensure proper

conbusti on. 8

Em ssions of acrylonitrile during startup are substantially higher
than during normal operation, even when averaged over an entire year on
a mass per unit tinme basis. During startup the reactor is heated to
operating tenperature before the reactants (propyl ene and ammoni a) are
i ntroduced. Thus, the reactor product streamis initially oxygen-rich.
As the startup progresses and the reactants are introduced, the
acrylonitrile and VOC content of the reactor effluent increases unti
the acrylonitrile-rich composition indicative of normal operation is
reached. During part of this startup process, the conposition of the
reactor product streamis within its explosive limts and nust,
therefore, be vented to the atnosphere to prevent explosions in the
lines to the absorber.! Em ssions of acrylonitrile froma single
reactor during startup may be as high as 4500 kg/hr (10,000 |bs/hr).?
However, em ssions associated with startup occur rather infrequently,
with each reactor having about four startups of 1-hour duration per
year. Even so, acrylonitrile em ssions during startup totalled over an
entire year are higher than em ssions fromthe absorber vent during
normal operation. Incineration may be an acceptable nmethod of contro
for startup em ssions but is not generally used due to the potentially
hi gh NQ, enmi ssions which could result fromthe conbustion of a stream
containing a | arge percentage of acrylonitrile, hydrogen cyanide, and

acetonitrile.

The acrylonitrile content of the combi ned col um purge vent gases
(Vents C, E, F, and G is high, about 50 weight percent of the total VOC
emtted fromthe colums.® The vent gases fromthe recovery,
acetonitrile, light-ends, and product columms are typically controlled
by a single flare. No acrylonitrile em ssions are expected fromthe

i nci neration of byproduct acetonitrile (Vent 1).
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O her Em ssi ons- -

Acrylonitrile is emtted fromcrude acrylonitrile storage tanks
(Vent J), acrylonitrile run tanks (Vent J), product storage tanks (Vent
J), and during loading into railroad tank cars and barges (Vent K).
These em ssions are generally uncontrolled but in some cases safety
consi derations dictate the use of recovery systens.’ Witer scrubbers
used for this purpose in acrylonitrile production facilities have
denonstrated renoval efficiencies up to 99 percent.? Fl oati ng roof
tanks may al so be used in place of fixed roof tanks to reduce

acrylonitrile em ssions up to 95 percent.?

Em ssions of acrylonitrile may al so occur fromfugitive sources
(Vent L) and from deep well ponds. Fugitive sources, such as |eaks from
punmps, conpressors, and valves, are normally uncontrolled but can be
mnimzed if fugitive | eaks are detected and corrected. Fugitive
em ssions and various control neasures used to minimze themare
described in Reference 9.9 Em ssions of acrylonitrile from deep wel
ponds are usually very small because the wastewater discharged to the
deep well pond contains less than 0.02 percent acrylonitrile and the
surface is covered with high nolecular weight oil to prevent the escape

of nmpbst VOC vapors. 2810

Em ssion Factors--

Table 6 gives acrylonitrile em ssion factors before and after the
application of possible controls for a hypothetical plant using the
Sohi o process.® The hypothetical plant is assuned to use thernal
i ncineration for the control of absorber vent gases, flares for the
control of colum purge vents, and water scrubbers for the control of
storage tank and | oadi ng em ssions. The values presented for controlled
fugitive em ssions are based on the assunption that | eaks from val ves
and punps, resulting in concen trations greater than 10,000 ppm
acrylonitrile on a volune basis, are detected and that appropriate
measures are taken to correct the leaks. Only the startup em ssions are

uncontrol |l ed. Uncontroll ed em ssion factors are based on the
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TABLE 6. UNCONTROLLED AND CONTROLLED ACRYLONI TRI LE EM SSI ON FACTORS
FOR A HYPOTHETI CAL ACRYLONI TRI LE PRODUCTI ON PLANT? P

Uncontrol | ed Control |l ed
Assuned
Em ssion Em ssion Em ssion
Fact or Control Device Reduct i on Fact or
Vent © Sour ce g/ Kg or Techni que (% g/ Kg
B Absor ber vent
(nornal) 0.10 Thermal incinerator 98" 0. 002
(startup)(e) 0.187 No control 0. 187
C E,F,G Colum vents 5. 00 Fl are (vent H) 98° 0.10
J St orage vents
Crude acrylonitrile 0. 048¢ Wat er scrubber” 992 0. 00048
Acrylonitirle run tanks 0.128¢ Wat er scrubber” 992 0. 00128
Acrylonitirle storage 0. 5319 Wat er scrubber” 992 0. 00531
K Handl i ng''i
Tank car | oadi ngk 0. 167 Wat er scrubber 992 0. 0017
Bar ge | oadi ng' 0. 150 Wat er scrubber 992 0. 0011
L Fugi tivem 0. 806 Det ecti on and 71 0. 238

correction of
maj or | eaks
TOTAL 7.07 0. 537

(a) Reference 8

(b) Hypothetical plant produces 180,000 My (198,000 tons) per year of acrylonitrile nononer.
It al so produces 21, 600 Ng (23,800 tons) of hydrogen cyani de and 5000° My (5500 tons) of
acetonitrile per year as products. al ues i n Table are based on 8760 hours/year )
of operation. Values are based on the assunption that 40 percent of the hydro?en cyani de
and all of the acetonitrile produced are incinerated. Note that any given acrylontrile
Pro_du_ctlon lant may vary in configuration and | evel of control fromthis thot heti cal
acility. he reader is encouraged to contact plant personnel to confirmthe existence of
em tting operations and control ftechnology at a particular facility prior to estimating
em ssions therefrom

(c) See Figure 2
(d) g of acrylonitrile emtted per kg acrylonitrile produced.

F_e) Startup em ssions are vented to the atnpsphere to prevent possible exPI osion in absorber
ines. This factor represents average rates for entire year, based on 8 startups (two
reactors, each with four startups) Per_year lasting 1 hour. Thus, during startup each
reactor emts 4250 kg (1930 Ib)acrylonitrile.

(f) Storage tanks were assunmed to be fixed-roof types, half full, with diurnal tenperature
variation of 11°C (20°F), and a bulk liquid tenperature of 27°C (81°F). Assunes the
follow ng tank sizes and turnover rates:

Tank Vol ume (nB) Turnovers per year per tank
Crude Acrylonitrile 2500 6
Acrylontrile run 380 294
tanks (two_tanks)
Acrylonitrile storage 5680 20

(two tanks)
(g) Reference 11. Section 4.3. Supplenent 12.

(h) Floating-roof tanks are also used in some cases to control storage emissions, with reported
reductions of uncontrolled em ssion of greater than 95 percent.

(i) Reference 11. Section 4.4. Supplenent 9.

(j) Assumes 55% of acrylonitrile loaded into tank cars and 45% onto barges.
(k) Assumes submerged | oadi ng and dedi cated normal service.

(1) Assunmes subnerged | oadi ng.

(m Process puirrr); and val ves are potential sources of fugitive em ssions of

acrylonitr The assunedequi pnent list (reference 8) and em ssion factors
(reference 12) are as follows:

Em ssion factor (kg\hr), each punp/valve
d

Eguiﬁnent Unconiroll e ControlTed
25 punps. inTTI -Trquid service ) 0. 12 0. 03
100 pipeline valves in ?as/va or service, 0.021 0. 002
500 pipeline valves in [ight-liquid service 0. 010 0.003
40 safety/relief valves in gas/vapor service 0. 16 0. 061

Control |l ed emi ssion factors are based on the assunption that |eaks encountered during
nont hly i nspections having VOC concentrations of at |east 10,000 ppmv are corrected
within 15 days.

(n) Reference 14 and 15.

(o) Reference 16.
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assunptions given in footnotes to Table 6. An annual average em ssion
rate of acrylonitrile fromthe hypothetical controlled facility shown in
Table 6 is slightly greater than 0.5 g/kg of acrylonitrile produced,

i ncluding startup em ssions. However, sonme facilities in the
acrylonitrile production industry may have controll ed em ssion factors
two to three tinmes higher than the hypothetical plant described here due

to differences in operating conditions or control nethods. %13
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SECTION 5

EM SSI ONS FROM | NDUSTRI ES USI NG ACRYLONI TRI LE AS A FEEDSTOCK

Thi s section describes various production processes using
acrylonitrile nmononer as a feedstock and di scusses the em ssions
resulting fromthese processes. The processes included are acrylic and
nodacrylic fiber production, production of ABS/ SAN resins, production of
nitrile rubbers, and the production of acrylam de and adi ponitrile. The
process descriptions included in this section are for hypothetica
pl ants general ly achi eving a hi gh degree of nononmer recovery and
em ssion control through the use of flashing, stripping, and scrubbing.
The reader should note, however, that all facilities my not be as
adequat ely equi pped for nmononer recovery and em ssions control as these
hypot heti cal pl ants.

Acrylonitrile is also used as a feedstock in the production of
nitrile barrier resins, in the production of fatty am nes, in the
cyanoet hyl ati on of al cohols and am nes, in fum gant fornul ati ons, and as
an absorbent. However, the percentage of acrylonitrile consumed in
these m scel |l aneous processes is small and very limted information is
avai | abl e concerning process descrip tions and em ssions. Consequently,
no di scussion of these m scell aneous processes is included in this

report.

ACRYLI C AND MODACRYLI C FI BER PRODUCTI ONt-¢

The maj or use of the acrylonitrile nmononmer is as a feedstock for
acrylic and nodacrylic fiber production. Acrylic fibers are classified
as having greater than 85 wei ght percent acrylonitrile while nodacrylic
fi bers have | ess than 85 percent but greater than 35 percent
acrylonitrile. Conpononmers used in the production of acrylic fibers
i ncl ude nethyl acrylate, nethyl nethacrylate, and vinyl acetate.

Vi nyl i dene chloride and vinyl chloride are the nobst often
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used comononers in the production of nodacrylic fibers. In the
remai nder of this section, acrylic and nodacrylic fibers will both be

referred to as acrylic.

Process Descriptions

In the production of acrylic fibers, the acrylonitrile and
comononers are first polynerized using either a suspension or a solution
pol ynmeri zation process. The resulting polyner is then spun into fibers
usi ng either wet spinning or dry spinning techniques. Finally, the spun
fibers nust be treated to renove excess solvent and to inprove fiber
characteristics. The fiber treating process has a negligible
contribution to acrylonitrile em ssions and is not discussed in this
section. Each of the polynerization and spinning processes is discussed

bel ow.

Pol ymeri zati on- -

In 1977-78 the suspensi on polynerization process accounted for 87
percent of the total acrylic fiber production, while the solution
process accounted for 13 percent. Each of these processes may be
carried out in either a batch or a continuous node. A general bl ock
flow diagramis shown in Figure 3 indicating the process operations
i nvol ved in the suspension and sol ution pol yneri zati on processes. In
t he suspension process, insoluble beads of polymer are fornmed in a
suspensi on reactor. Unreacted nononer is renoved fromthe polynmer by
flashing/stripping and the polyner is filtered, dried, and then
di ssolved in solvent in preparation for spinning. 1In the solution
process, polyner forned in the reactor is soluble in the spinning
sol vent present. Reactor effluent, after nononer recovery, is therefore
ready for spinning. Several steps, including filtration and drying, are

t hus avoi ded using the solution process.

Suspensi on Pol ynmeri zati on- -
A nore detailed schematic flow di agram of a hypot heti cal
suspensi on pol ynerization process is shown in Figure 4. Slight

variations in this process may occur fromplant to plant, however.
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In this process acrylonitrile and conononers are m xed and then passed
to the pol ynerization reactors along with water, suspendi ng agents,
stabilizers, and catalysts. The reactor is equipped for heat renoval
and is agitated to maintain the nononmers in suspension in the water.
The reaction of acrylonitrile nmononmers in the suspension reactor is
typically carried out to about 65 to 85 percent conpletion, and results
in the formati on of insoluble beads of polynmer. Essentially all of the

comononers are consuned in this process.

Unreacted acrylonitrile nonomer is renoved fromthe pol yner
product by flashing and stripping. Approximtely 80 percent of the
unreacted nononer is released overhead fromthe vacuum flash tank and
nearly all of the remaining acrylonitrile is rel eased overhead by
countercurrent contact with steamin the slurry stripper. The
acrylonitrile-containing streans fromthe vacuum flash tank and slurry
stripper are passed to the acrylonitrile recovery unit. Sone
acrylonitrile is also recovered fromthe reactor and slurry stripper
over head condensers and decanters (not shown in
Figure 4).

The stripper bottoms, containing stripped polynmer and water, are
punmped via a filter feed tank to the filtration unit, typically
consisting of two rotary vacuumfilters. These filters serve to
concentrate the polynmer in a cake to reduce the load in the dryers and
to renmove nost of the residual acrylonitrile fromthe polynmer. Filter
cake fromthe first filter is reslurried with water and transferred to
the second filter. Filter cake fromthe second filter is pelletized and
filtrate is transferred to the acrylonitrile recovery system The
pelletized polyner is then dried with steam heated air and stored in
bins or silos. In preparation for spinning into fiber, the dry polymer
is mxed with solvent and dissolved to form spinning dope which is then
filtered, deaerated, and punped to the spinneret which is a netal plate
perforated with 200-30, 000 hol es of approximately 0.008 cm (0.003 in)

di aneter.
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Acrylonitrile recovery is acconplished by the use of an
absorber/stripper system Acrylonitrile-containing gases fromthe
reactor, vacuum flash tank, slurry stripper, filter feed tank, filters,
pell etizer, and recovered acrylonitrile tank are scrubbed with water in
the acrylonitrile absorber. Absorber overhead is vented to the
at nrosphere and absorber bottons are sent to the acrylonitrile stripper,
along with filtrate fromthe rotary filters. Acrylonitrile nononer is
rel eased overhead along with a considerabl e amunt of steam An
over head condenser followed by a decanter serves to separate the
acrylonitrile fromthe water. The water-rich phase is treated and
recycled to the stripper and the acrylonitrile-rich phase is recycled to

the recovered acrylonitrile tank.

Sol ution Pol ymerization--

The basic process flow diagram for solution polynerization is
simlar to that for suspension polymnerization (shown in Figure 4) except
that the filtration, pelletizing, and drying steps are elimnated. In
the solution polynerization process, acrylonitrile and conononers are
fed to a nonomer m x tank where they are dissolved in a solvent.

Typi cal solvents include organic solvents such as di nethyl formam de
(DNF), dinethyl acetan de (DMAC) or acetone, and concentrated aqueous
sol utions of zinc chloride, sodiumthiocyanate, or nitric acid. The
nononer/sol vent solution is transferred to the pol ynerization reactors
where addition of an initiator causes the reaction to proceed. Polyner
formed by solution polynerization is soluble in the solvent. The pol ymer
solution is flashed to rel ease about 80 percent of the unreacted
acrylonitrile nmononer, and then punped to the top of the stripper where
virtually all of the remaining acrylonitrile nmononmer is stripped
overhead by countercurrent contact with steam The stripper overhead
streamis vented to the atnosphere. Finally, the stripped polyner
solution is heated, filtered, deaerated and punped to the spinnerets to

be spun into fibers.

An absorber/stripper systemis used to recover unreacted
acrylonitrile from gases generated by storage tanks, the reactor, and

t he vacuum fl ash tank. This absorber/stripper systemis simlar to
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the one used in the suspension polynerization process. The
acrylonitril e-containing gases are scrubbed with water in the
acrylonitrile absorber and overhead fromthe absorber is vented to the
at nrosphere. Bottons fromthe absorber are punped to the acrylonitrile
stripper where acrylonitrile nmononer is stripped overhead with steam
Phase separation is acconplished by neans of a condenser and decanter,
and the water-rich phase is returned to the stripper while the

acrylonitrile-rich phase is recycled to the polynerization reactor.

Spi nni ng- -

Acrylic and nodacrylic fibers may be spun in either a wet spinning
or a dry spinning process. Wt spinning may be carried out in a batch
or a batch-continuous process whereas dry spinning is always a batch
process. Both the wet spinning and dry spinning processes require that
the polymer be dissolved in solvent, formng a viscous solution that is
then forced through a spinneret. Comron spinning sol vents are acetone

and di net hyl f or mam de.

The main difference between the wet and dry spinning processes is
the nethod used to renove solvent fromthe fiber upon extrusion fromthe
spinneret. In the dry spinning process, the solvent is evaporated by
hot gases, while in the wet spinning process the solvent is renoved by
| eachi ng or washing.? The wet fibers produced by wet spinning nust then
be dried in an air dryer. The resulting fibers fromboth processes are

then stretched, crinped, and thermally stabilized.

Vapori zed solvent fromthe dry spinning process is condensed and
recycled to the dissolving step of the polynerization process. Wash
wat er fromthe wet spinning process, containing solvent and sone
residual acrylonitrile nononer, is directed to a solvent recovery unit
and an acrylonitrile recovery unit. |In sone cases, the exhaust fromthe

fiber dryer is also sent to the solvent recovery unit.
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Em ssi ons

Acrylonitrile em ssions fromthe combinati on of suspension
pol yneri zation foll owed by wet spinning occur at the pelletizer and
pol ymer dryer. Potential em ssions of acrylonitrile fromthe
pol yneri zation reactor, flash tank, slurry stripper, filter feed tank
and filters, and pelletizer are reduced by passing the vent gases
t hrough an absorber/stripping systemfor acrylonitrile recovery.
Acrylonitrile em ssions fromthis absorber/stripping systemare very
| ow. Em ssions fromthe conbination of solution polymnerization foll owed
by wet spinning may occur at the stripper and in the spinning and
washi ng steps. Potential acrylonitrile em ssions fromthe
pol ynmeri zation reactor and flash tank are reduced by passing the vent
gases through the acrylonitrile recovery unit. Some of the em ssions
associ ated with spinning and washing may al so be reduced in this manner.
Monomer storage tank vents for both processes are generally controlled
by flares. Fugitive em ssions from punps, valves, and seals may al so
occur during the production of acrylic fibers. |Information concerning
acrylonitrile em ssions fromthe dry spinning process is not avail able.

Al so, no information concerning reactor startup em ssions is avail able.

Many of the controls typically enployed at acrylic fiber
production facilities are integral parts of the process design. Most of
the controls are actually recovery systens which reduce downstream
emi ssions in addition to recovering nononer for reuse in the process.
Strippers, scrubbers, condensers, and flash systens are used for
recovery purposes. In the suspension process, unreacted nononer is also
removed fromthe polynmer in the washing and filtration steps. Most of
these controls renmove unreacted nononer fromthe polyner thereby
reduci ng the amount of nononer that woul d otherw se be released in the
dryi ng ovens. The drying ovens are generally uncontrolled due to the

hi gh cost of treating large air flows with dilute VOC concentrations.
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Sufficient information is not avail able to devel op em ssion
factors for the various process operations given above. The reader is
encouraged to contact State and |ocal air pollution control agencies
where these types of plants are |ocated and the specific plants of
interest to determ ne the extent of potential acrylonitrile emnm ssions

fromfiber production.

Source Locati ons

Fi ve conpanies at six |ocations produce acrylic fibers. A list of
t hese conpanies and their locations is given in Table 7.1

Acrylonitrile nmononmer is not produced at any of these facilities.

The manufacturers of acrylonitrile products such as acrylic and
nmodacrylic fibers my change over time due to changes in market
condi tions. Publications such as the SRI Directory of Chem cal Producers
and the Chenmical Marketing Reporter are good sources of up-to-date
i nformati on on chem cal producers. Chem cal trade assoc!ations such as
the Chem cal Manufacturers Association, the Acrylonitrile G oup, and the
Synthetic Organic Chem cal Manufacturers Association would al so be good

contacts to determne the status of the acrylonitrile products industry.

PRODUCTI ON OF SAN AND ABS RESI NS!-9 1t

Acrylonitrile nonomer is used extensively in the production of
styrene-acrylonitrile (SAN) resins and acrylonitrile-butadi ene-styrene
(ABS) resins. SAN resins may contain up to about 35 wei ght percent
acrylonitrile. ABS resins are two-phase systens fornmed by grafting SAN
onto a rubber phase and then blending the grafted rubber with SAN. The
amount of rubber in ABS varies from5 to 30 percent. Most SAN produced
is used captively in the production of ABS although sone is marketed
separately. Only one producer manufactures SAN exclusively for sale on

t he merchant narket.
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TABLE 7. DOMESTI C ACRYLI C FI BER PRODUCERS I N 1983

Company Locati on
Ameri can Cyanam d Co. Mlton, Florida
Badi sche Cor poration WIIliamsburg, Virginia
E. I. duPont de Nermours and Co., Inc.
Canden, South Carolina
Waynesboro, Virginia
Tennessee Eastman Co. Ki ngsport, Tennessee
Monsant o Co. Decat ur, Al abana
NOTE: This listing is subject to change as market conditions change

facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of
acrylonitrile em ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and control neasures, and
shoul d be determ ned through direct contacts with plant personnel
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Process Descriptions And Em ssions

ABS and SAN resins are produced by enul sion, suspension, and nmass
pol yneri zati on processes. Currently nost ABS and nost SAN for captive
use are produced using the emnul sion polynerization process. Mass
pol yneri zation is the nmethod nost often used to produce SAN for sale in

t he mar ket pl ace.

Process and operating conditions used to produce SAN and ABS may
vary considerably from plant to plant depending on the conposition of
the finished product. Li kew se, em ssions and nethods of em ssion
control and nononer recovery may vary fromplant to plant. For this
reason, it is difficult to give precise process descriptions for each of
the various pol yneri zation processes. The process descriptions and fl ow
di agrans presented in this section are, therefore, very general in
nature. Brief discussions of each of the processes used to produce SAN
are included in the section followed by a discussion of nmethods used to
produce ABS.

San Production Processes--
The three polynerization processes used to produce SAN are
emul si on, mass, and suspension polynerization. Sinplified block

di agrans of these three processes are shown in Figure 5.

SAN produced via the emnul sion polynerization process may be forned
by either a batch or a continuous process. |In either process, styrene
and acrylonitrile nonomers are fed to the reactor along with an
emul sifier, deionized water, and catalysts. The polynerization reaction
takes pl ace at about 70-100°C (160-212°F) and proceeds to 90-98 percent
conversion. Unreacted nononmers are recovered fromthe resulting SAN
| atex by steam stripping. The SAN latex is then subjected to
coagul ation, filtration, and drying before the solid SAN product is
produced. Potential acrylonitrile em ssion points include storage

tanks, polynerization reactors, the latex stripper, the coagul ation
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tank, filters, and the dryer. However, acrylonitrile em ssions from
t hese points are generally reduced by incinerating/flaring the vent gas

streans and/ or passing themthrough a water scrubber.

The mass pol yneri zation process used to produce SAN is generally a
conti nuous process with inherently low acrylonitrile em ssions. The
styrene and acrylonitrile nonomer mxture is heated together with an
appropriate nodifier-solvent and punped to the pol ynerizaton reactor.
Pol ymeri zation takes place in the presence of a catalyst in an agitated
reactor nmmintained at about 275 kPa (40 psia) and 100-200°C (212-390°F).
The reaction proceeds only to about 20 percent conversion. The
conversion is limted in order to control viscosity. The reaction
products are discharged to a series of devolatilizers that separate the
SAN pol ynmer from unreacted nononers and the nodifier-solvent.

Devol atilization is carried out under vacuum at tenperatures of 120 to
260°C (250 to 500°F). I nerts, unreacted npnonmers, and the

nodi fi er-solvent are renoved overhead fromthe devol atilizers.

Over heads are condensed and passed through a refrigerated styrene
scrubber to recover nononmers and nodifier-sol vent which are then
recycled to the feed tank. The refrigerated scrubber vent gas contains

a negligible amunt of acrylonitrile.

The bottons fromthe final devolatilizer are al nost pure polyner
melt. This polyner is extruded and chopped into pellets. The pellets
are then blended, mlled and conpounded. Acrylonitrile and other
vol atil e organic conpounds that are released fromthe mlling operation
are passed through a scrubber prior to being vented to the atnosphere.
Acrylonitrile em ssions fromthe feed tank, reactor, and devolatilizers

are vented to an incinerator/flare.

SAN produced via the suspension polynerization process may be
produced in either a batch or a continuous node, although batch
processes are predom nant. In this process, styrene and acrylonitrile
mononers are di spersed nechanically in water containing catalysts and
suspendi ng agents. The nononer droplets are polymerized while suspended
by agitation, and insoluble beads of polymer are forned. The
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tenperature of the pol ynerization reactor ranges from 60-150°C
(140-300°F) and a nononer conversion of 95 percent is normally achieved.
Unreacted nononer is recovered by flashing and steam or vacuum
stripping. The solid and |iquid phases of the polynmer slurry are
separated by centrifugation and/or filtration. The solid phase is then
dried in a rotary dryer and the dried polymer is finished by
mechani cal ly blending in dyes, antioxidants and ot her additives using
extruders and rolling mlls. The polyner sheets fromthese operations
are then pelletized and packaged. Although enmissions of acrylonitrile
fromthe various process operations described above woul d be expected,

i nformati on detailing these em ssions and net hods of control is

unavai l abl e.

ABS Production Processes--

As nmentioned previously, ABS is a two-phase system consisting of
an SAN-grafted rubber blended with SAN. Pol ybutadiene is normally used
as the backbone or substrate rubber but nitrile rubbers and
styrene- but adi ene rubbers may al so be used. The backbone rubber may be
produced at the ABS facility for captive use or it may be purchased from
ot her sources. Li ke SAN, ABS may be produced by the emul sion, mass, and

suspensi on pol ynmeri zati on processes.

ABS by Emul si on Pol ynerization-- There are three different routes by
whi ch ABS may be produced using the enul sion polynerization process.
Bl ock diagrans for each of these routes are depicted in Figure 6. In
the first route pictured in Figure 6, styrene and acrylonitrile
mononers are grafted onto the backbone rubber, usually pol ybut adi ene
rubber. The SAN-grafted rubber |latex is then blended with SAN resin
| at ex (produced by enul sion pol ynerization) followed by coagul ati on,
washing, filtration, and drying.

In the second route shown in Figure 6, the SAN-grafted rubber is
coagul ated, washed, filtered and dried. Then the dry grafted-rubber is
mechani cally blended with dry SAN solid. Solid SAN copol yner produced
by the enul sion, suspension or mass pol ynerizati on processes nmay be

utilized in the nmechanical blending step. In the third route shown in
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Figure 6, the SAN-graft and styrene-acrylonitrile copol ynerization occur
in the same reaction vessel. The resulting ABS latex is then

coagul ated, washed, filtered and dri ed.

Each of these routes uses a water scrubber to recover unreacted
acrylonitrile nmononmer fromthe emul sion polymerization reactor vent gas.
Acrylonitrile em ssions fromthe water scrubber, coagul ation tank, wash
tanks, and filters are incinerated/flared before being released to the
at nrosphere. Cenerally, em ssions fromthe polynmer dryer are

uncontrol | ed.

ABS by Mass Pol ynerization-- A block flow diagram for ABS produced via
the nmass polymerization process is shown in Figure 7. The rubber used
in this process nust be soluble in the styrene and acrylonitrile
mononers. The rubber is dissolved in the nonomers along with initiators
and nodifiers and then passed to the prepolynerizer, an agitated vesse
where a 20 to 30 percent conversion of the nmononmers occurs. The
resulting nonomer-polymer mxture is punped directly to the mass

pol ynmeri zation reactor where an overall conversion of 50 to 80 percent
is achieved. Unreacted nmononers are renmoved fromthe polynmer in a
series of devolatilizers, and are then condensed and recycled to a
prepol ymerizer. To produce the product resin, ABS polynmer is extruded
and chopped into pellets. Acrylonitrile enm ssion points include the
pol yneri zation reactor, devolatilizers, and nonomer vapor condenser.
Vent incineration is typically used to reduce acrylonitrile em ssions

fromthis process.

ABS by Suspension Pol ynerization-- The suspension pol ynerization process
used to produce ABS is shown by a block flow diagramin Figure 8. Thi s
process is sonetinmes called a mass-suspensi on process because the

di ssol ving and prepol ynmeri zations steps are identical to those of the
mass pol ynmerization process. The nononer/polymer m xture fromthe
prepol ymerizer is passed to the suspension reactor to which is added

wat er and suspendi ng agents. \When the desired conversion is reached,
the reaction products are cool ed, dewatered by filtration or

centrifugation, and dried. Possible acrylonitrile em ssion sources from
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this process include the prepolynerizer, polynerization reactor,
dewat ering system and the dryer. Em ssions fromthese sources are

of ten reduced by incineration.

Em ssi ons Sunmary

Acrylonitrile em ssion sources vary dependi ng upon the type of
pol ynmeri zati on process used: emulsion, mass, or suspension. Possible
em ssi on sources and typical nmethods of control were previously
di scussed for each of the various polynerization processes used to
produce SAN and ABS. In addition to acrylonitrile em ssions fromthe
various process operations, fugitive enm ssions of acrylonitrile from
punps, valves, and flanges may al so occur. Sufficient information was
unavail able to devel op em ssion factors for specific facilities, process
operations, or fugitive em ssion sources. Also, no information
concerning reactor startup emissions is available in the literature for
ABS/ SAN production processes. The reader is encouraged to contact State
and |l ocal air pollution control agencies where these types of plants are
| ocated and the specific plants of interest to determ ne the extent of

potential acrylonitrile em ssions from ABS/ SAN producti on.

Source Locati ons

ABS/ SAN resins are produced by three conpanies at 10 [ocations. A
list of these producers and their locations is given in Table 8.12
Al t hough all ABS manufacturers have SAN production capabilities,

essentially all of this SANis used captively in the production of ABS.

The manufacturers of acrylonitrile products such as ABS and SAN
resins may change over tine due to changes in market conditions.
Publ i cations such as the SRI Directory of Chem cal Producers and the
Chenmi cal Marketing Reporter are good sources of up-to-date infornmation

on chem cal producers. Chem cal trade associations such as the Chem ca
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TABLE 8. DQOVESTI C ABS/ SAN RESI N PRODUCERS | N 1983

Company Locati on Pr oduct s
SAN ABS
Bor g- War ner Cor p. Otawa, Illinois yes
Washi ngton, West Virginia - yes
Port Bienville, M ssissippi - yes
Dow Chemi cal Gal es Ferry, Connecticut (b) - yes
Ironton, Chio yes
M dl and, M chigan (a) yes yes
Pevely, M ssouri yes
Torrance, California yes
Monsanto Co. (c) Addyston, Chio (a) yes yes
Muscat i ne, | owa yes

(a) Produce sone SAN for the merchant market. Mbst SAN is used captively
i n ABS production.

(b) This plant is also referred to as the Allyns Point plant.

(c) Reference 12 indicates that Monsanto has an ABS resin plant in
Springfield, Massachusetts; however, information obtained from Reference
13 and Reference 14 has nore recently indicated that this facility no
| onger produces ABS resins. 1214

NOTE: This listing is subject to change as market conditions change, facility
owner shi p changes, plants are closed down, etc. The reader should
verify the existence of particular facilities by consulting current
listings and/or the plants thenselves. The level of acrylonitrile

em ssions fromany given facility is a function of variables such as
capacity, throughput, and control neasures, and should be determ ned

t hrough direct contacts with plant personnel
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Manuf act urers Associ ation, the Acrylonitrile Group, and the Synthetic
Organi ¢ Chenmi cal Manufacturers Association would al so be good contacts

to determ ne the status of the acrylonitrile products industry.

NI TRI LE RUBBER AND LATEX PRODUCTI ONt-°

Anot her use for acrylonitrile nmononer is in the production of
nitrile elastomers, in both crunb rubber and |latex form The rubbers
and | atexes are manufactured using the enul sion copol ynerization of
acrylonitrile and butadi ene. Acrylonitrile content in these nitrile
products may range from 20 to 50 wei ght percent but is typically in the
30 to 40 percent range. The acrylonitrile content of a particular
product is dictated by the end use of the product. The oil resistance
of the product increases with increasing acrylonitrile content, but the

| ow tenperature flexibility decreases.

Process Descriptions

Nitrile rubbers and | atexes are produced by emul sion
pol yneri zation in batch or continuous reactors. This process involves
pol yneri zation of acrylonitrile and butadi ene nononers, recovery of
unreacted nonomers, and coagul ati on, washing and drying. A schematic

fl ow di agram of the process is shown in Figure 9.

Pol ymeri zati on- -

Acrylonitrile and butadi ene nmononers are fed to the agitated
pol ynmeri zation reactors along with a soap solution and additives.
Additives include catal ysts and activators, which initiate and pronote
the polymerization reaction, and nodifiers which control polyner
properties such as viscosity and nol ecul ar weight (chain length). Early
in the reaction the soap provides the mcroscopic bubbles called
mcelles in which the reaction takes place. Later, the soap covers the
rubber particles forned and keeps the mxture in liquid form The soap
solution is used to produce an enul sion of npbnomers in an agueous

medi um
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The polymerization process is carried out under either cold
conditions [4-7°C and 101 to 205 kPa (40-45°F and O to 15 psig)] using
ammoni a refrigeration to renmove heat of reaction, or under hot
conditions [35-49°C and 377 to 515 kPa (95-120°F and
40 to 60 psig)] using cooling water. Reaction tinmes may vary
considerably (froman hour to several days) depending on the ingredients
used. When the desired | evel of conversion has been attai ned, the
reaction is stopped by destroying the catal yst and addi ng a shortstop
solution. Two comon shortstop ingredients are sodi um di net hyl
di t hi ocar bamat e and hydr oqui none. Monomer conversion for rubber
products is typically 60 to 90 percent while 95 percent conversion is
typical for latex products. The resulting reaction mxture, a mlky
white enulsion called latex, is sent to bl owndown tanks where

anti oxi dants are normally added to nmamintain product quality.

Unr eact ed Monomer Recovery--

Unr eact ed nononmers nust be renoved fromthe |atex, requiring a
series of flashing and stripping operations. First, the latex is
subjected to several vacuum flash steps where nost of the unreacted
but adi ene and sone acrylonitrile are released. Then the latex is
usual ly stripped with steam under vacuumto renove residual butadiene
and nost of the unreacted acrylonitrile. A thorough flash/stripping
operation will renove better than 99 percent of the unreacted nononers
fromthe latex. Stripped |atex at about 43 to 55°C (110 to 130°F) is
punmped to bl end tanks.

But adi ene and acrylonitrile nmononers rel eased fromthe | atex
flashing/stripping operation are passed through a water absorber al ong
with reactor process vent gases, effecting separation of the two
mononers. Butadiene is passed to a separate recovery unit and the
mononer is then recycled to the process. Acrylonitrile nononmer recovery
is normal Iy acconplished by conbining the acrylonitril e-containing
streans fromthe absorber and | atex stripper and passing the conbi ned
stream through a steam stripper. Acrylonitrile rel eased overhead from

the stripper is condensed and recycled to the process.
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Coagul ati on, Washing And Dryi ng- -

The coagul ati on, washing, and drying steps are onmitted if the
desired end product is |atex. These steps are necessary, however, for
the production of rubber. |In the production of rubber, latex is first
coagul ated into a slurry of fine crunbs by the addition of various salts
or acids which destroy the protective soap cover. Coagulated crunb
rubber is quenched and then separated fromthe coagulation liquor in a
shaker screen and the liquor is recycled to the coagul ation tank al ong
with fresh acid or brine. The screened crunb is washed wth water in a
reslurry tank to renove residual coagulation |liquor fromthe rubber
The crunb rubber slurry is again dewatered on a second screen. Although
not depicted in Figure 9, a vacuumfilter or press may be used further
to dewater the crunmb which typically has a noisture content of 10 to 50
percent. The crunb rubber is then dried in a gas-fired or steam heated
dryer where it is contacted with hot air. Finally, the nitrile rubber

product is weighed and pressed into bales in preparation for shipnent.

Em ssi ons

Essentially all of the process operations shown in Figure 9 are
potential sources of acrylonitrile em ssions. However, em ssions from
these sources are generally reduced through a conbination of nononer
recovery by absorption and stripping, and vent incineration or flaring.
Unreacted acrylonitrile and butadi ene, released fromthe pol ynerization
reactor as well as fromthe |atex during flashing/stripping, are
recovered and recycled to the process. Acrylonitrile em ssions fromthe
acrylonitrile absorber and stripper are negligible. Acrylonitrile
em ssions from pol ynerization reactors, the bl owdown tank, the quench
tank, the coagul ation tank, wet screens, the reslurry tank, and the
dryer are typically vented to an incinerator or flare. Fugitive em ssion
sources include storage tanks, punps, valves, flanges and drains.
Sufficient information is not avail able to devel op em ssion factors for
various facilities, process operations, or fugitive em ssion sources.
Also, no information is available in the literature to accurately
quantify reactor startup em ssions. The reader is encouraged to contact

State
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and |l ocal air pollution control agencies where these types of plants are
| ocated and the specific plants of interest to determ ne the extent of
potential acrylonitrile em ssions fromnitrile rubber and | atex

pr oducti on.

Source Locati ons

Nitrile rubber is produced by five conpanies at seven | ocations.
These companies and their |ocations are listed in Table 9.15,16 The
manuf acturers of acrylonitrile products such as nitrile rubber and | atex
may change over tine due to changes in market conditions. Publications
such as the SRI Directory of Chem cal Producers and the Chem ca
Mar keti ng Reporter are good sources of up-to-date information on
chem cal producers. Chem cal trade associations such as the Chenica
Manuf act urers Associ ation, the Acrylonitrile Goup, and the Synthetic
Organi ¢ Chemi cal Manufacturers Association would al so be good contacts

to determne the status of the acrylonitrile products industry.

PRODUCTI ON OF ADI PONI TRI LEY

Adi ponitrile may be produced by as many as four processes;
however, only one of these processes involves the use of acrylonitrile.
Adi ponitrile fromacrylonitrile involves the hydrodinerization of
acrylonitrile in an el ectrochem cal process. This process is used only

by Monsanto Conpany, who is also the original process devel oper.

The Monsanto el ectro-hydrodi neri zati on (EHD) process is

represented by the follow ng equation:
2H,C=CHCN + 2e- + 2H" + NC(CH,) ,CN.
This reaction takes place in an electrolytic cell, using

el ectrical energy to provide the inpetus for the chenmical reaction.

Ei t her graphite and magnetite or cadm um and iron may be enpl oyed as
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TABLE 9. DOMESTI C NI TRI LE ELASTOMER PRODUCERS | N 19831516

Company Locati on
Copol ynmer Rubber and Chemical Corp. Bat on Rouge, Loui siana
BF Goodrich Co. Akron, Chio

Loui svill e, Kentucky

CGoodyear Tire and Rubber Co. Akron, Chio
Houst on, Texas

Rei chhol d Chem cal Cheswol d, Del awar e
Uni royal , Inc. Pai nesville, GChio

NOTE: This listing is subject to change as market conditions change,
facility ownershi p changes, plants are closed down, etc. The
reader should verify the existence of particular facilities by
consulting current listings and/or the plants thenselves. The
| evel of acrylonitrile em ssions fromany given facility is a
function of variables such as capacity, throughput, and
control measures, and shoul d be determ ned through direct
contacts with plant personnel
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cat hodes and anodes, respectively. A tetraal kylammonium salt is used to
i ncrease conductivity and to reduce the formation of byproduct

propionitrile by hydrogenation of acrylonitrile.

The reaction itself is carried out by rapidly punping a two-phase
enul si on through the cat hode-anode system This two-phase enul sion
consi sts of an aqueous phase contai ning the conducting salt and smal |
anmobunts of acrylonitrile, and an organi c phase containing acrylonitrile
and adi ponitrile. After passing through the electrolytic cell, the
organi ¢ and aqueous phases are separated by distillation. The aqueous
phase containing the conducting salt is recycled, and adiponitrile is
recovered from byproducts, propionitrile, and biscyanoethyl ether. The

adiponitrile selectivity in this reaction is approximtely 90 percent.

No process information is available to fornmulate acrylonitrile
em ssion factors for the Monsanto EHD adi ponitrile process. The reader
is encouraged to contact State and | ocal air pollution control agencies
where these types of plants are |ocated and the specific plants of
interest to determ ne the extent of potential acrylonitrile emnm ssions

from adi ponitrile production.

The Monsanto pl ant where adiponitrile is produced by the EHD

process is located in Decatur, Al abama.?!®

PRODUCTI ON OF ACRYLAM DE!®

Acryl am de is produced on the industrial scale by the hydration of
acrylonitrile. As shown in Table 10, three conpanies at four |ocations
are currently producing acryl am de.?° Two hydration nethods are
currently used in the United States: acid hydrolysis (partial

hydrol ysis) and catal ytic hydrolysis (direct hydrolysis).

In the acid hydrol ysis process, acrylonitrile is reacted with

stoi chiometric anounts of sulfuric acid (HSQ,) to form acryl am de
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TABLE 10. DQOMESTI C ACRYLAM DE PRODUCERS | N 19832

Company Locati on

Ameri can Cyanam d Li nden, New Jersey
Avondal e, Loui si ana®

Dow Chemi cal M dl and, M chi gan

Nal co Chemi cal Garyville, Louisiana

(a) This plant is also referred to in the literature as being located in

West wego, Loui si ana.

NOTE:

This listing is subject to change as narket conditions change,
facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of
acrylonitrile em ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and control neasures, and
shoul d be determ ned through direct contacts with plant personnel
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sul fate. The acrylam de sulfate internmediate is then reacted with
ammoni a (NH;) form ng acryl am de and ammoni um sul fate. The equati on

governi ng the acid hydrolysis reaction is:

CH,=CHCN + H,SO, * H,0 ---> CH,=CHCONH, *+ H,SO,

2NH;
....... > CH,=CHCONH, + (NH,),SO,

Amoni um sul fate and acryl am de are then separated by severa

i nvol ved crystallization steps.

In the catal ytic hydrolysis process, acrylam de is produced by the
direct hydrolysis of acrylonitrile over copper catalysts in an aqueous
solution. The advantage of this nethod is that, after filtering off the
catalyst and distilling to renove unreacted acrylonitrile, an
essentially pure aqueous acrylam de solution is obtained. This solution
can then be used directly or further concentrated dependi ng upon its end

use.

I nformati on concerning enissions of acrylonitrile fromthe
producti on of acrylam de is unavailable. The reader is encouraged to
contact State and |local air pollution control agencies where these types
of plants are |located and the specific plants of interest to determ ne
the extent of potential acrylonitrile em ssions from acryl am de

producti on.
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SECTI ON 6

SOURCE TEST PROCEDURES

The results of a literature survey and review of References 2
through 25 indicate that gas chronmat ography is the anal ytical nethod
generally preferred for acrylonitrile.! Table 11 |lists several sanpling
and anal ytical techniques evaluated, along with their advantages and
di sadvant ages. The mmjor differences anong the various nmethods are in
sanpl e col l ecti on and preconcentration, and the choice of detector used

for quantification.

The need to concentrate sanples is determ ned by the | evel of the
acrylonitrile in the sanple and by the detection limt of the particular
i nstrunmentati on chosen for quantification. Wen acrylonitrile levels
are |l ow, provisions nust be built into the nethod for the determ nation

of these | ow | evels.

LI TERATURE REVI EW OF SAMPLI NG METHODS

Al t hough several researchers have used aqueous or aqueous/organic
sol vent m xtures in bubblers or inpingers for sanpling acrylonitrile,
the nost widely reported trappi ng nethods are those enpl oying solid
adsor bent tubes of charcoal, Tenax® or other porous polyners such as
those used for gas chromat ographic supports. O these solid adsorbents,
t he one which has received the nost attention and is used nost often is
Tenax- GC®. However, the data presented in the various publications
surveyed in this review indicate that the retention characteristics of
acrylonitrile on Tenax® are such that the safe sanpling vol unes woul d be
quite small. The safe sanpling volune is approximately 3 liters of air
per gram (48 ft2® per pound) of Tenax® for a flowrate of 5 to 200 m/mn
at 25°C (77°F). Because of the small sanple, the concentration factor
woul d al so be very small
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TABLE 11. ADVANTAGES AND DI SADVANTAGES OF ACRYLONI TRI LE SAMPLI NG AND
ANALYSI S PROCEDURES!

Met hod

Advant ages

Di sadvant ages

SAMPLI NG

aqueous/ organi c
sol vent bubbl ers

Tenax or ot her
GC adsor bent or
por ous pol ymer

char coal

ANALYSI S

gas chromat ogr aphy
with flane ionization
detecti on (GC/ FI D)

gas chromat ography with
ni trogen specific phos
phorus detection (GC/ NPD)

gas chromat ography with
mass spectroscopy (GC M)

si mpl e, inexpensive

thermal |y desor bed

hi gh capacity

si mpl e, inexpensive

hi gh, sensitivity,
el im nates sone
i nterference

hi ghly specific,

not much i nformation
avail abl e on
recoveries

very | ow sanpling
vol unes

poor recovery for
|l ow | evel s of anal yte

not very specific,

sensitive to | ow

guantities, many

i nterferences
expect ed

not conpletely
specific

expensi ve

i nternedi ate sensitivity
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For Poropak N, a porous polynmer often used for GC supports, the
br eakt hr ough vol unme was reported and found to be 3 to 5 liters of air at
100 M/ mn at 25°C. The maxi num recomended sanpling volunme for this
sorbent was estimated to be 50 to 75 percent of the breakthrough vol une,
or 1.5 to 2.5 liters. Wth such small concentrations, the sensitivity of

t he neasurenent techni que becomes very inportant.

Most sanpling of air and exhaust sanples for acrylonitrile is done
usi ng charcoal. The adsorptive capacity of charcoal for acrylonitrile is
on the order of 4 percent by weight according to one report (N OSH
met hod), but this can vary dependi ng upon the characteristics of the
adsorbent. The main problemw th charcoal adsorption tubes is the
possibility of |osses of small anpbunts of acrylonitrile upon desorption

with organic sol vents.

A recent investigation of recoveries of acrylonitrile from
charcoal concluded that acrylonitrile could be recovered (>90 percent)
with good precision fromcharcoal at a |level of 16 pg per 100 ng
charcoal using a m xture of acetone and carbon disulfide instead of
met hanol for desorption.13 This correspondends to vapor levels of 0.5
ppmfor a 15 liter air sanple. Below the 16 pg/ 100 ng charcoal [evel
recoveries were generally less than 90 percent for vapor phase

application of acrylonitrile.

Because of possible |ow recoveries of acrylonitrile on charcoal,
| arge sanpling volumes mght be required to achi eve | ower detection
limts, but, at the sanme tine, backup sections of charcoal adsorbent

woul d be required should the | evel s be higher than expected.
LI TERATURE REVI EW OF ANALYTI CAL PROCEDURES

The three possible choices of detectors for GC separation of
acrylonitrile are flane ionization detection, nitrogen specific

detection, and | ow or high resolution mass spectronetry, with or wthout

sel ected ion nonitoring.
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Fl ame ionization detection (FID) can only be used with relatively
hi gh I evels of acrylonitrile. The use of high resolution mass
spectronetry with selected ion nonitoring (SEM is the preferred
detection technique, but the increased cost associated with SEMi s
prohibitive in some cases. Therefore, the nost |ogical choice for a
detecti on met hod, based upon cost and ease of use, is nitrogen specific
detection with either a alkali flanme detector (AFD), a thermonic
specific detector (TSD), or nitrogen specific phosphorus detection
(NPD). The use of nitrogen specific detection should reduce background
interferences encountered with the FID and increase sensitivity. One
source estimated the detection |limt of the nitrogen specific detector
at 10 pg.?°
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