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SECTION 1
PURPCSE OF DOCUMENT

The U. S. Environnmental Protection Agency (EPA), States, and
| ocal air pollution control agencies are becom ng increasingly aware
of the presence of substances in the anbient air that may be toxic at
certain concentrations. This awareness, in turn, has led to attenpts
to identify source/receptor relationships for these substances and to
devel op control progranms to regulate em ssions. Unfortunately, very
little information is available on the anbient air concentrations of
t hese substances or on the sources that may be di scharging themto
t he at nosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunent specifically deals
wi t h epi chl orohydri n. Its intended audi ence includes Federal, State,
and |l ocal air pollution personnel and others who are interested in
| ocating potential emtters of epichlorohydrin and meki ng gross
estimates of air em ssions therefrom

Because of the limted anounts of data avail able on
epi chl orohydrin 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 prinmer to informair pollution personnel about
(1) the types of sources that may emt epichlorohydrin, (2) process
variations and rel ease points that may be expected within these
sources, and (3) available em ssions information indicating the



potential for epichlorohydrin to be released into the air from each
oper ati on.

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical estinmates of
the accuracy of these emi ssion factors, no estimate can be made of
the error that could result if these factors were used to cal cul ate
em ssions fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations, control equipment, and operating practices. Thus, in
situations where an accurate assessnent of epichlorohydrin enissions
i S necessary, source-specific information should be obtained to
confirmthe existence of particular emtting operations, the types
and effectiveness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be
consi dered as the best neans to determine air em ssions directly from
an operati on.



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 locating potential air emtters of epichlorohydrin and
maki ng gross estimates of air em ssions therefrom Because of the
limted background data available, the information summarized 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 format of the
material presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of epichlorohydrin, its
commonly occurring fornms, and an overview of its production and uses.
A table summari zes the quantities of epichlorohydrin consuned in
various end uses in the United States. This background section may
be useful to soneone who needs to develop a general perspective on
the nature of the substance and where it i s manufactured and
consuned.

The fourth and fifth sections of this docunment focus on major
i ndustrial source categories that may di scharge epichlorohydrin air
em ssions. Section 4 discusses the production of epichlorohydrin and
Section 5 discusses the use of epichlorohydrin as an industri al
feedstock in the production of synthetic glycerin and epoxy resins.
For each major industrial source category described in Sections 4 and
5, exanple process descriptions and fl ow di agrans are given,
potenti al



em ssion points are identified, and avail able em ssion factor
estimtes are presented that show the potential for epichlorohydrin
em ssions before and after controls enployed by industry. |ndividua
conpani es are naned that are reported to be involved with either the
producti on and/ or use of epichlorohydrin, based on industry contacts
and avail abl e trade publications. Section 6 contains information on
possi bl e rel eases of epichlorohydrin to air fromthe use of materials
contai ning trace epichlorohydrin |evels.

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

Thi s docunent does not contain any discussion of health or other
environnmental effects of epichlorohydrin, nor does it include any
di scussion of ambient air levels or anmbient air nonitoring
t echni ques.

Comrents on the contents and 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

Epi chl orohydrin is a colorless, free-flowi ng, highly reactive
liquid. Its irritating odor has been |likened to that of chloroform or
garlic. It is both volatile and flammble. It is soluble in nost
organi c solvents and forns azeotropes with many organic liquids. It
is slightly soluble in petrol eum hydrocarbons and in water. Because
of an asymmretric carbon atomin the nol ecul e, epichlorohydrin exists
as an isoneric mxture with equal anounts of the dextro- and
| evorotary fornms. Synonyns and trade nanmes for epichlorohydrin are
given in Table 1; physical and chem cal properties are sunmarized in
Table 2. The Chem cal Abstracts Service (CAS) registry nunmber for
epi chl orohydrin is 106-89-8. 12

Epi chl orohydrin is not persistent in the environnment,
hydrol yzing in several weeks. |Its atnospheric residence tine, the
estimated tinme in days required for a given quantity to be reduced to
1/e (37 percent) of its original value, is 5.8.3 At 20°C (68°F),
its half-life in distilled water is 8.0 days; in 3 percent sodium
chloride, the half-life is 5.3 days. Epichlorohydrin also
participates in free-radical photochenical reactions.*

OVERVI EW OF PRODUCTI ON AND USE

Epi chl orohydrin is produced comercially in the United States by
chl orohydrating allyl chloride into isomeric glycero
di chl orohydrins, which are then dehydrochlorinated with alkali to
form crude epi chl orohydrin. Crude epichlorohydrin can be used
directly for the production of synthetic glycerin or refined for
ot her uses.?



TABLE 1. SYNONYMS AND TRADE NAMES FOR EPI CHLOROHYDRI NP

1-chl oro- 2, 3- epoxypr opane
3-chl oro-1, 2- epoxypr opane
(chl or omret hyl ) et hyl ene oxi de
2-(chl oronet hyl ) oxirane

chl or opr opyl ene oxi de

a- chl or opr opyl ene oxi de
3-chl or opr opene

2-chl oronet hyl oxirane

ECH

gl yci dyl chloride

(chl or omet hyl ) oxi r ane

3-chl oro-1, 2- propyl ene oxi de

- epi chl or ohydrin

D, L- - epi chl orohydrin

SKEKhG

1, 2- oxi del, 2- epoxy- 3-chl or opr opane
2, 3-epoxypropyl chloride

gl ycerol epichl orohydrin




TABLE 2. SUWARY OF THE PHYSI CAL AND CHEM CAL PROPERTI ES OF
EPI CHLOROHYDRI N?

Mol ecul ar For mul a CH,—CH- CH,dl
\ /
0
Mol ecul ar Wi ght 92.53
El ement al Conposition C = 38.94%
H = 5.45%
C = 38.32%
O = 17.29%
Physi cal Properties
Mel ti ng Poi nt -48.0°C
Freezi ng Poi nt -57°C
Boi | i ng Poi nt 116°C
Density (g/m, 20°C) d2°1. 1812
4
Specific Gavity (20/20°c) 1.181
Vapor Pressure (16.6°C) 10 nmHg
(30°0 22 mrHg
Concentration in Saturated Air
(760 mMmHG 25°C) 1. 7%

Coefficient of Thermal Expansion at 68°F
0. 000577 per °F

Solubility

Water (10°C) 6.52%

wat er (20°C) 6. 58%
Pounds per Gallon (68°F) 9.85
Fl ash Point (Tag open cup) 41°C

(Tag cl osed cup) 31°C
Aut oi gni ti on Tenperature 416°C
Latent Heat of Vaporization (calc.) 9060 cal /nole at the b.p.
Odor Threshold in Air 10 ppm
Surface Tension (20°C) 37.00 dynes/cm
Heat of Conbustion 4524. 4 cal / gm
Liquid Viscosity (25°C) 0. 0103 poi se
Refractive | ndex (25°C) npl. 4358
1 ppmat 25°C & 760 nmmHg equi val ent to 3.78 ng/ n?
1 ng/1 at 25°C & 760 mmHg equi val ent to 265 ppm
Heat Capacity (25°CQ) 31.5 cal/nol °C

(100°C) 40.0 cal /ol °C

Heat of Formation (25°C) -35. 6 Kcal / nol
Expl osive Limts (volune %in air) 3.8-21.0
Heat of Fusion (25°C) 2,500 cal/ nol




Several alternative nmethods are being devel oped for producing
epi chl orohydrin, but as of 1983 none are yet approaching comerci al
application.®> These nethods incl ude:

. Epoxi dation of allyl chloride with:
- - peracids;
- - per bor at es;
--tert-butyl hydroperoxide in the presence of vanadi um
tungsten, or nol ybdenum cat al ysts;
- -a- phenyl et hyl hydroper oxi de;
--air or oxygen in systens which include alum numsilver
oxi de (Al-Ag,0O or dinethyl phthal ate-acetal dehyde

. Chlorination of allyl alcohol to dichlorohydrins.
. Hydrochl orinati on of glycerol to chlorohydrins.
. Chlorination of acrolein to 2,3-dichloropropi onal dehyde

and reduction with sec-butyl alcohol to
2, 3-di chl or ohydrin.

As of 1984, only two compani es -- Dow Cheni cal Conpany,
Freeport, TX, and Shell Chem cal Conpany, Norco, LA -- produced
epi chl orohydrin. (Crude epichlorohydrin from Shell G 1's Norco plant
is finished at Shell's Deer Park, TX, plant.) Two epoxy resin
manuf acturers -- Union Carbide and the Plastics and Additives
Di vi sion of Ciba-Geigy -- have had the Capacity to produce
epi chl orohydrin from purchased allyl chloride, but as of 1975 had not
done so for several years.?®?®

Donestic consunption of epichlorohydrin for 1984 is summari zed
in Table 3.10 Both quantity and percent of total epichlorohydrin
consunption are given. Crude epichlorohydrin my be used directly
for the production of synthetic glycerin or it may be refined for
ot her uses. In 1982, nore than 90 percent of the total U S
producti on of unnodified epoxy resins was produced fromrefined
epi chl or ohydri n.



TABLE 3.

ESTI MATED DOVESTI C CONSUMPTI ON OF EPI CHLOROHYDRI N | N 19841°

Pr oduct

Quantity
Gg (10°% | b)

% Tot al Donestic
Producti on of Crude
Epi chl or ohydrin

Maj or Uses

Epoxy Resins

Bi sphenol A (DG EB PA)

Al'i phatic

Pol yet her

Epoxy Novol ac

Phenoxy Epoxy and O her Epoxy

Synthetic dycerin

Wet - Strength Resins

Water Treatment Pol yners

El ast oners

Ani on Exchange Resins
Al kyl dyceryl Ether Sulfonates

d ycidyl Ethers
A ycidyl Esters

Fyrol FR-2

Total (approximate)

77-79 (172-175)

39-41 (87-90)

5-7 (10-15)
6 (12)
3-4 (7-9)
<0.5 (<1)
1-2 (3-5)
1 (3)
<0.5 (<1)
1 (2)

140 (311)

56

29

Surface coatings, |anm nates/conpsites, castings/
mol di ng, flooring.

Adhesi ves.

I ngredient for food/beverage, cosnetics, drugs;
hurmect ant in tobacco; plasterizer for cell ophane
and reactant in al kyd resin, urethane polyners,
triacetin explosives production.

Paper industry, for paper sizing.

wat er clarification, waste water treatnent
floccul ati ng agents.

Seal s, gaskets, jackets for wire and cabl e, hoses,
bel ts, rubberized fabrics.

Surfactants; shanpoos, liquid detergents.

Reactive dilutants for epoxy resins.

Fl ane retardant.




Epoxy resins are cured either by reaction with a cross-1inking agent
(hardener) or by self-polynerization with the aid of a catal yst.
Epoxi es are used in reinforced plastics, casting, potting,
encapsul ati on, nol di ng conpounds, protective coatings, and

adhesi ves. !

O her uses for epichlorohydrin include the production of
epi chl orohydrin elastomers, glycidyl ethers, wet-strength resins,
water treatnent resins, surfactants, solvents, adhesives, inks and
dyes, asphalt inprovers, corrosion inhibitors, fum gants, flane
retardents, sterilizing agents, and pesticides. About 5 percent of
t he epi chl orohydrin produced in the United States is exported to
ot her countries.!!

All em ssions fromthe production and use of epichlorohydrin can
be broadly related to process vents, storage operations, and fugitive
| osses from punps, valves, flanges, etc.

According to a study based mainly on engi neering cal cul ati ons
and assunpti ons about the conposition of exhaust gas streans,
fugitive em ssions are the |argest source of epichlorohydrin,
accounting for 84 percent of the total annual epichlorohydrin
em ssions. Storage |osses account for 12 percent and process vents
only 4 percent. (This distribution of emissions will vary w dely at
i ndividual facilities.) Fugitive em ssions are the |argest source of
epi chl orohydrin em ssions because of the nunerous punps, valves,
etc., in nost plants and because nobst other sources, particularly
process discharges, are generally well controlled. It should be
not ed, however, that fugitive em ssions my be |less inmportant in
bat ch operations, such as those producing wet strength resins,
el astoners, and surfactants, because epichlorohydrin is not flow ng
t hrough the process conponents continuously, as was assuned in the
st udy. 12

There are no known uses of epichlorohydrin as a solvent; hence,

no solvent-rel ated em ssions woul d be expected from di spersed end use
applications as are common with many other organic cheni cals.

10



Some potential exists for volatile substances, including
epi chl orohydrin, to be emtted fromwaste treatnent, storage, and
handling facilities. Reference 1313 provides general theoretica
nodel s for estimating volatile substance enmi ssions froma nunber of
generic kinds of waste handling operations, including surface
i npoundments, landfills, land farm ng (land treatnent) operations,
wast ewat er treatnment systens, and drum storage/ handling processes.
Since no test data were avail able on epichl orohydrin em ssions from
any of these operations at the tinme of publication, no further
di scussion is presented in this docunent. |If such a facility is
known to handl e epi chl orohydrin, the potential for some air emni ssions
shoul d be consi dered.

11
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SECTI ON 4
EM SSI ONS FROM EPI CHLOROHYDRI N PRCDUCT! ON

Epi chl orohydrin can be rel eased to the atnosphere both during
its production and during its consunption as a raw material in other
manuf act uri ng processes. This section details the production of
epi chl orohydrin and the em ssion factors associated with that
producti on. Manufacturing processes which use epichlorohydrin as a
feedstock are described in Section 5.

EPI CHLOROHYDRI N PRODUCT| ON

Process Description

Several processes have been devel oped for producing
epi chl orohydrin. A generalized process is described here, show ng
the basic operations involved. Figure 1 shows a process flow diagram
of this generalized process; Table 4 describes the streans and vents
illustrated in Figure 1.* Shell O has indicated that their crude
epi chl orohydrin production process differs fromthe generic
epi chl orohydrin process shown in Figure 1; however, details on how it
differs were not provided.? The subheadings in the follow ng text
correspond to the nmmj or conponent operations involved in
epi chl orohydrin production. Process variations discussed are those
known to be practiced by various manufacturers.

Al lyl Chloride Production? --
Allyl chloride is derived fromdry propyl ene by direct

chlorination in a high-tenperature [~500°C (932°F)] gas phase reactor
according to the follow ng reaction:

14



Note: The numbers in this figure
refer to process streams, as
discussed in the text. Letters
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Figure 1. Basic Operations that May Be Used in the Production of
Epichlorohydrin from Allyl Chloride



TABLE 4. DESCRI PTI ON OF STREAMS AND VENTS | LLUSTRATED | N
FIGURE 1 FOR THE PRODUCTI ON OF EPI CHLOROHYDRI N

Code Number Descri ption
Stream
1 Chlorine feed
2 Water feed
3 Di | ute hypochl orous acid
4 Al lyl chloride feed
5 Dehydr ochl ori nati on reactor product
6 Separ at or underfl ow (3-5% di chl or ohydri n)
7 Recycl e to chl orine absorber (optional)
8 Al kali feed (sodium or calcium
hydr oxi de or carbonat e)
9 Dehydr ochl ori nati on reactor product
10 Azeotropic stream stri pper overhead
(26% epi chl orohydri n/ wat er azeotrope)
11 Li qui d phase from azeotropic stripper com
bined with stripper bottons (12)
12 Azeotropic steam stripper bottons
13 Recycl e to azeotropic steam stri pper
14 Agqueous phase stripper bottons
15 Organi ¢ phase from azeotrope
16 Overhead from organi c phase stri pper
17 Over head recycle to organic phase stripper
18 Separ at or overhead condensate to wastewater
19 Organi ¢ phase stripper bottons
20 Bottons recycle to organic phase stripper
21 Purification colum product
22 Overhead recycle to purification colum
23 Fi nal product epichlorohydrin
24 Purification colum bottom
25 Bottons recycle to purification colum
26 Purification colum bottons to wastewater
Vent
A Chl ori ne absorber vent
B Chlorination reactor vent
C Dehydr ochl ori nati on reactor vent
D Azeotropi c steam stripper vent
E Aqueous phase stri pper vent
F Organi ¢ phase stripper vent
G Purification colum vent
H St orage tanks vents
I

Fugiti ve em ssions, including val ves,
fl anges, punp seals, etc.

16



CH=CHCH, + Cl, --> CH,=CH CH,d + HC
Propyl ene Chlorine Al Iyl Hydrochl ori c
chl ori de acid

The crude allyl chloride is fractionated and purified in severa
colums. As Stream 4, it is fed to the chlorination reactor

Hypochl orous Acid Production?! --

Hypochl orous acid is produced fromchlorine (Stream 1) and water
(Stream 2) in a packed tower chlorine absorber unit by the follow ng
reaction:

a, + H,O - > HC O + HCl
Chl ori ne Wat er Hypochl or ous Hydrochl ori c
aci d acid

The absorber may be elimnated entirely by feedi ng gaseous chlorine
and water directly into the chlorination reactor (discussed next)
along with the allyl chloride.

Di chl orohydri n Production? --
Hypochl orous acid (Stream 3) and allyl chloride (Stream4) are
conbined in a chlorination reactor. The chlorination occurs at
at nrospheric pressure in the |iquid phase:
2 CH,=CH CH,C + 2 HJO --> CHO-CHA-CHOH + CH, A - CHOH CH,C
Al lyl chloride Hypochl orous 1, 2-di chl orohydrin
1, 3-di chl orohydrin
acid (70% (3%

The reactor product stream (Stream5) is sent to a separator. The

17



separator underflow (Stream 6), which contains about 3 to 5 percent
di chl orohydrin isoners, is routed to the dehydrochl orination reactor.
Recycl e of the aqueous separator overflow (Stream7) to the

chl orinati on absorber is optional.

Epi chl or ohydrin Producti on- -

An alkali (Stream 8) is added to Stream 6 in the
dehydrochl orination reactor. The alkali can be sodium (or cal cium
hydr oxi de or sodium (or calciun) carbonate. Use of a carbonate
al kali greatly increases em ssions fromthe process because the | arge
amount of CO, produced acts as a sweep gas.! A difference of opinion
exists in the literature as to whether the choice of alkali is a
process option or a control option. The dichlorohydrins undergo
dehydrochl ori nati on and epoxi dati on according to the foll ow ng
reaction:

CHdO-CHO -CHOH + NaoH --> HC—CHCHO + Nad + H,O

\
@
1, 2-di chl or ohydrin Al kal i Epi chl or ohydrin Sal t WAt er
e.g., Sodium e.g., Sodium
hydr oxi de chl oride

An excess of alkali drives the reaction to conmpletion. The
crude epichl orohydrin product stream (Stream 9) fromthe reactor
contains 3 to 5 percent epichlorohydrin, other reaction products, and
water. 3 The crude epichlorohydrin may be used directly in the
production of glycerin or it may be refined for use in other
manuf act uri ng processes.

Purification and Recovery of Epichl orohydrini-
The crude epichlorohydrin stream (Stream9) is purified first by
azeotropic steamstripping. The overhead fromthe stripper (Stream

10), an epichlorohydrin/water azeotrope with 26 percent water, is
then separated in a liquid/liquid (1/1) separator into agueous and

18



organi ¢ phases. The aqueous phase fromthe 1/1 separator is conbi ned
with the bottoms fromthe azeotropic steamstripper (Stream 12) and
sent (Stream 11) to an aqueous phase steam stripper. The overhead
fromthe aqueous phase stripper (Stream 13) contains sone

epi chl orohydrin and is therefore recycled to the azeotropic steam
stripper. The bottons fromthe aqueous phase stripper is a

wast ewat er stream (Stream 14). One producer does not use an agueous
phase stripper and considers Stream 11 to be a waste stream*

A portion of the bottons fromthe organi c phase stripper (Stream
19) is heated in a boiler and recycled to the stripper (Stream 20).
The remai nder of the bottons is sent to the final purification columm
where purified epichlorohydrin is fractionated, renmoved overhead, and
condensed (Stream 21). A portion of the product stream (22) and a
portion of the bottoms stream (Stream 25) are recycled to the col um.
The remai nder of the product stream (Stream 23) is the final product
epi chl orohydrin. The remainder of the bottonms stream (stream 26) is
a wast ewat er stream

Em ssi ons

The prelimnary processes for production of allyl chloride,
hypochl orous aci d, and di chl orohydrin invol ve no epichl orohydrin.
Hence, no epichlorohydrin is emtted fromeither vents A or B or from
any tanks, valves, punps, etc., used to store or transport nmaterials
in any of the operations associated with Streams 1 through 8 in
Figure 1.

Most of the em ssions fromtoday' s epichlorohydrin production
facilities are fugitive or storage losses.5 Fugitive |osses include
those fromthe nunerous val ves, flanges, punp seals, sanpling ports,
etc., found in a production plant. Fugitive em ssions dom nate
because they are numerous, and because other sources are fewer and/or
wel | controlled.

Many of the chem cals involved in the epichlorohydrin production
process are flanmabl e and/or toxic; therefore, equipnent is likely to
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be well maintained for safety reasons.! One producer encl oses al
process and tank sanpling points in donmes connected to a vacuum
system Area nonitors detect |eaks or spills of any chlorinated
hydrocarbon. The detection limt for the nonitors is less than 0.1
ppm In addition, personnel nonitoring and sanpling of different
areas of the plant are part of the industrial hygiene program?®

Tabl e 5 enunerates the types of fugitive epichlorohydrin
em ssion sources in plants which produce and/or finish
epi chl orohydrin. These sources and the various control nethods used
to mnimze em ssions fromthem are described in Reference 7.

In 1984, with the exception of one internal floating roof tank,
all epichlorohydrin at the production and/or finishing facilities was
stored in fixed roof tanks.®8° One producer has the epichl orohydrin
finishing facility (refinery) separate fromthe production facility;
therefore, crude epichlorohydrin is shipped by boat from production
to finishing.?®

Process vent emi ssions constitute only a small fraction of the
total controlled epichlorohydrin em ssions froma nodern production
facility. Little information is avail able concerning the process
condi tions which affect em ssions of epichlorohydrin from process
vents. No information is available on how (or whether) process
upsets or startups affect these em ssions.

The vent gas fromthe dehydrochlorination reactor (Vent C) is
known to contain some epichlorohydrin. This vent can be the | argest
gaseous em ssion source in the plant, but is not necessarily the
| argest source of epichlorohydrin em ssions. The conposition of the
vent stream depends on reactor design, operating conditions, and the
type of alkali used. |If carbonate is used as the alkali source, the
| arge vol une of carbon dioxide formed entrains a | arge vol une of
epi chl orohydrin vapors with it as it exits the vent. 1In this case,
carbon adsorption or incineration is used to control the vent VOC
em ssions. However, hydroxide alkali may be used instead to reduce
greatly the vapors fromthis vent.?
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TABLE 5.

SOURCES OF FUAQ TI VE EPI CHLOROHYDRI N EM SSI ONS FROM EQUI PMENT LEAKS | N EPI CHLORCHYDRI N
PRODUCTI OV FI NI SHI NG FACI LI TIES 2 &89

Nunber of Conponents in Epichl orohydrin Service
(wei ght percent epichl orohydri n)

Less than 5-10 11-25 26-75 76-99 G eater than
Equi pnrent Type 5 Percent Per cent Per cent Per cent Per cent 99 Per cent
Packed - - - - - -
Pump Seal s Mechani cal 240 2 - 2 10 6
Doubl e Mechani cal 7 - 1 2 5 4
Conpr essors - 2 - - - -
Fl anges 1,791 104 245 340 1, 697 580
Gas® 86 3 10 32 27 29
Val ves Li quid 479 28 54 100 440 196
Al'l Pressure Gas® 5 - 2 7 - 5
Rel i ef Devices Liquid 5 - - - 3 2
Gas - - - - -
Sanpl e Connecti ons Liquid 16 2 1 5 10 5
Open Ended Li nes® Gas 10 - 11 20 10 10
(e.g., purge, vent) Liquid 137 4 20 50 79 40

These nunbers are conmponent totals for the two U. S. epichl orohydrin producers, Dow Chem cal and Shel
G, and include those conponents at Shell's Deer Park, TX, epichlorohydrin finishing plant. These counts are

not representative of any particul ar
As an exanple of how to use this table,
streans containing | ess than 5 wei ght

production facility.
this nunber nmeans that there are 24 mechani cal seals serving
percent epichlorohydrin. Em ssions can be cal culated by nultiplying

em ssion factors for each type of device (e.g., fromReference 77 by the device count and adjusting for the

wei ght percent epichlorohydrin in each stream
Conditions existing in the pipe during normal
Li nes cl osed during nor nal

i ndi cates al

operation.

operation that woul d be used during maintenance operations. Dow Chem ca

its open ended |ines are kept

bl i nded or pl ugged.



The vent fromthe azeotropic steamstripper (Vent D) is not a
| arge source of epichlorohydrin em ssions. Either a thermal oxidizer or
a wet scrubber can be used for control of em ssions fromthis point.
Organic em ssions fromthe aqueous phase stripper (Vent E) can be
controll ed by incineration, carbon adsorption, or wet scrubbing.

The vent fromthe organic phase stripper (Vent F) can be a | arge
source of VOC em ssions. The percentage of epichlorohydrin in this
streamis not known. The vent fromthe purification colum (Vent G
rel eases only a small quantity of VOC em ssions, but the stream consists
primarily of epichlorohydrin. Em ssions fromthese vents can be
controlled by flares, incineration, scrubbing, carbon adsorption, or the
use of refrigerated vent condensers.

One producer routes all process enmissions to a thernal
oxi di zer-NaOH scrubber unit. Control efficiency is reported by the
conpany to be 99.99+ percent. No epichlorohydrin has been detected from
this source. Assuming a 0.1 ppmdetection limt for the nethod used,
cal cul ati ons by the producer indicate an epichlorohydrin em ssion rate
less than 79 kg/yr if the facility is operated at full capacity.?®

Anot her producer apparently routes all process em ssions from
production to a single stack controlled by a vent condenser. The
producer reports zero epichlorohydrin em ssions fromthis source.9
Em ssions fromthe correspondi ng separate finishing operations (1
percent epichlorohydrin) are routed to incinerators rated as 99. 99
percent efficient.8 The stripper bottons stream (Stream 26) is known to
contain some epichl orohydrin. However, this streamis treated by
hydrol ysis and bi otreatnent before disposal. The anmount of
epi chl orohydrin which escapes fromthis source is not known.

Em ssi on Factors

Tabl e 6 presents avail able em ssion factor data for
epi chl orohydrin production. This table represents industryw de totals.

22



TABLE 6. EM SSI ON FACTORS FOR THE RELEASE OF EPI CHLOROHYDRI N FROM
EPI CHLOROHYDRI N PRODUCT| ON

Em ssi on Factor? %

Sour ce (9/kg) Total Em ssion
Process Vents 0. 00047" 1 0. 06°
Storage Facilities® 0.15 19.9
Fugi tive Sources® 0. 62 80.0
TOTAL® 0.78 100.0

Grans of epichlorohydrin emtted per kil ogram of epichlorohydrin
produced. Based on a nationw de annual production rate of 191 g
(420 x 10° I b) epichl orohydrinll and nati onw de enission totals
fromb. As such, these factors do not necessarily represent

em ssion rates fromany particular facility.

These factors represent epichlorohydrin em ssions after controls
(thermal oxidizers/ NaCH scrubbers, vent condensers, and
i ncinerators) reportedly effecting 99.99 percent renoval.

I ncl udes storage tanks (maminly fixed roof), transfer operations,
etc. Storage em ssions fromglycerin manufacture are al so included.

I ncl udes val ves, flanges, punp seals, sanpling ports, etc.

Em ssion factors are approxi mated from average VOC em ssion factors
for SOCM process conponents and represent a relatively
uncontrol led facility where no significant |eak detection and
repair prograns are in place to limt fugitive em ssions. One
manuf acturer6 uses area nonitors and enpl oyee exposure nonitors to
detect spills or |eaks and has equi pped all process and tank
sanpling points with an encl osed donme connected to a bl ock vacuum
system which directs the epichlorohydrin vapors to a thernal
oxidizer. No estimate is available of the effectiveness of these
nmeasur es.

| ndependent numerical roundoff may affect totals.

Ref erence 1212 indicated that epichlorohydrin em ssions to air from
reactor vent gas were 1.5 g/ kg epichlorohydrin produced. The
reference does not indicate whether this situation is for
controll ed or uncontrolled em ssions. Besides the reactor vent

gas, no other epichlorohydrin em ssion sources were identified.
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Data are not available to describe accurately the em ssions from
all operations associated with epichlorohydrin production. \Wen
i nventorying em ssions of epichlorohydrin fromsuch facilities,
source-specific informati on should be obtained to deternmi ne the
exi stence of emtting operations, control equipnent, and em ssion
| evel s.

Source Locati ons

As of 1984, only two conpani es are produci ng epichl orohydrin:
Shell G| Conpany in Norco, LA, and Dow Chem cal Conpany in Freeport,
TX.  Crude epichlorohydrin fromthe Shell facility is finished (refined)
at Shell's facility in Deer Park, TX. O the epichlorohydrin finished
at the Deer Park Facility, sonme is used directly there for the
producti on of epoxy resins and sonme is sold as finished
epi chl orohydrin. 26°

| NADVERTENT PRODUCTI ON OF EPI CHLOROHYDRI N I N OTHER | NDUSTRI AL PROCESSES®

Epi chl or ohydrin can be produced as a byproduct during the
manuf acture of a nunber of other chemcals. Therefore, it can be
emtted not only from processes which manufacture these other chem cals,
but also (because it is a contam nant in these chem cals) from processes
whi ch use these chenmicals as feedstock and from ot her uses (sol vent,
etc.) of these chemicals. No information is available on the anount of
epi chl orohydrin em ssions fromthis source. The nost |ikely precursors
of epichlorohydrin are:

. Allyl Chloride

. 2,3 - Dichl oropropene,

. 1,3 - Dichloro -2-propanol,

. 1,3 - Dichl oropropene,

. Tris (Dichloropropyl) Phosphate, and
. d ycerin.
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SECTION 5
EM SSI ONS FROM | NDUSTRI ES WHI CH USE EPI CHLOROHYDRI N AS A FEEDSTOCK

About 85 percent of the epichlorohydrin produced in the United
States is used as a feedstock in the production of synthetic glycerin
and epoxy resins. These production processes, along with the
epi chl orohydrin em ssions associated with them are described in this
section. O her uses of epichlorohydrin include the manufacture of
el astoners, glycidyl ethers, wet strength resins, surfactants, water
treatnent resins, and other products. (See Table 3). Because of
i nadequate information, these other products are not discussed in this
section. The |ocations of a few known producers of these other products
are listed at the end of the section.

PRODUCTI ON OF SYNTHETI C GLYCERI N

Synthetic glycerin is a chemcal internediate used in the
production of materials such as alkyd resins (for paints), cellophane
and neat casings, tobacco (including triacetin), explosives and ot her
mlitary products, drugs, toothpaste, cosnetics, nonogl ycerides and
foods, and urethane foans. The | argest single use for synthetic glycerin
is in the production of tobacco materials, which consunes 18 percent of
all synthetic glycerin generated. Synthetic glycerin is in direct
conpetition for use with natural glycerin. |In nmany cases synthetic
glycerin is preferred because of its | ower noisture content. Synthetic
gl ycerin has been used exclusively for polyols and urethane foans
because of its | ower npisture content.?
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Process Description

Crude epichlorohydrin is piped directly fromthe
dehydrochl orinati on reactor of the epichl orohydrin production plant
(Stream 9 of Figure 1). Wthout further
epi chl orohydrin is blended with a | arge volunme of dilute agqueous sodi um

purification, the crude

carbonate, then heated in a hydrolyzer to convert

glycerin by the follow ng reaction sequence.?

CHZ\:-/EH_CHZCI + H20 -— ?HZ-TH-CHZCI

epi chl orohydrin to

0OH OH
 Epichlorchydrin Water a-monochlorohydrin
ZCHZ—CH—CHZCI + Na2603 -3 TFHz-QH‘Q:ﬁfﬁz + 2NaCl + CO2 + HZO
o of o0 '
a~monochloro- Sodium Glycidol Sodium Carbon Water
hydrin carbonate . chloride dioxide
THZ-Ci-;FHZ + HZO - ?32-TH-?EZ
) 0 : OH OR OH
Giycidol Water - Glycerin

Another reaction sequence which can be used invelves the addition of

aqueous sodium hydroxide.3

CHZ--CH-CHzcl + HZO el CH2--CH--CH2C1
\/ | ©
0 OH OH
Epichlorohydrin Water -monochlorohydrin
CH,--CH--CH,C1 + NaOH --> CH ;-CH-CH NaCl
N ’ 2
0B OH OH OH OH
e-monochlorohydrin Sodium Glycerin Sodium
hydroxide chloride
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No information is avail able concerning the predom nance of either
of these sequences or concerning how significantly the choice of
sequence affects em ssions fromthe process. Further description here
of the process assunes the first sequence.

A generalized flow diagram for the production of synthetic
glycerin fromcrude epichlorohydrin is given in Figure 2. The
production stream fromthe hydrol yzer contains about 20 to 25 percent
glycerin and 10 to 15 percent salt. Excess sodium carbonate is
neutralized with hydrochloric acid; the carbon dioxide thus generated is
captured in a carbon dioxide adsorber with dilute sodi um hydroxi de as
the absorbing liquid. Aqueous sodium carbonate formed in the absorber
is routed to the sodi um carbonate storage area for use in the
hydrol yzer.?

Mul ti pl e-effect evaporators renove sone of the water fromthe
product stream thus causing the salt to crystallize. The resulting raw
glycerin/salt/water slurry is centrifuged to renove the salt crystals; a
water rinse in the centrifuge washes residual glycerin fromthe salt
crystals. The centrifuged product streamat this point is about
45 percent glycerin. A repeat of the evaporation and centrifugation
steps raises the glycerin percentage in the solution to about 85
percent.?

Fi ni shing involves distillation, solvent extraction (with acetone
sol vent) and, as the final step, activated carbon adsorption to renove

trace inpurities and col or bodies.?

Em ssi on Factors

Most vents rel ease inert gases and water vapor with no significant
VOC of any kind. The vent streamfromthe CO, absorber is routed to the
t hermal oxi di zer/ NaOH scrubber unit in the epichlorohydrin section.
This unit has a 99.99+ control efficiency.4 There is no evidence of
em ssions of epichlorohydrin fromthe process during upsets, i.e.,
system nmal functions. 3
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Figure 2.

PRODUCT
GLYCERIN

Basic operations that may be used in the production of aynthetic
glvcerin from epichlorohydrin.



G ycerin production plants nmust be well nmintained to protect
personnel fromthe highly flammable and toxic chenmicals involved in
the process.? All process and tank sanpling ports are enclosed in
domes connected to a vacuum system Area nonitors detect |eaks or
spills of any chlorinated hydrocarbons. Personnel nonitors and
sanpling of different areas of the plant are part of an industri al
hygi ene program *

Source Locati ons

Recently, Dow Chenical Conpany, Freeport, TX, has been the only
U. S. producer of glycerin from epichlorohydrin.#?

PRODUCTI ON OF EPOXY RESI NS ( CONTI NUOUS PROCESS)

The term "epoxy resin” applies to polyneric materials which
contai n epoxide groups. A curing or hardening agent converts the
resin to a thernoset material. Mre than 90 percent of the total
U.S. production of unnodified epoxy resins is produced by reacting
epi chl orohydrin with bi sphenol A [2,2-di (4-hydroxyphenyl) propane].
These resins, known as diglycidyl ethers of bisphenol A may vary
fromlowviscosity liquids to high-nmelting solids, depending on the
rati o of epichlorohydrin to bisphenol A Production of the |iquids
requires 0.68 | b epichlorohydrin per pound of product; production of
solids requires 0.47 Ib/lb.3

O her active hydrogen conpounds are also reacted with
epi chl orohydrin to form epoxy resins: epoxy novolac resins require
0.73 I b epichlorohydrin per pound of product and phenoxy resins
require 0.4 Ib/1b.® Because of the small volunes invol ved, epoxy and
other resins are nore likely to be nade in batches rather than by
continuous processes.® They are discussed in the next subsection
al ong with other products made in batches.
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Process Description

Figure 3 is a generalized flow diagramfor the continuous
producti on of epoxy resins from epichl orohydrin and bi sphenol A Raw
materials are contacted in a reactor to forman organic resin
sol uti on product and an aqueous brine by-product. Available reaction
data indicate that the resin forns by the follow ng reactions.?

24, -- CHCE,CL + KO0 - () = C(CHy), = {o) = OH ==>

2\0/

Epichlorshydrin Bisphenol A .
cuzculzncuzo - {3) - ¢(chy), - (o) -ocuzclncazm (4)
OH ° . 0H
- Chlorohydrin Intermediate

CH,C1CHCH,0 - @ - cler,), - @ - OCH2L[."HCI-I Cl + NaOR -->

2
OH X oH
Chlorohydrin Intermediate Sodium
' hydroxide
HyG-5CHCE - (o)<c(cuy), = (o) - OCE -~ Gl + 2NaCl + B0 (B
‘ 0
Ether with Terminal Epoxy Groups Sodium  Water
chloride
(@ + 1)H,C=CHCH,0=(0)~C(CH,) ,~(0)~OCH,CE—CH, + 2 H0~(0)-C (CH,) ,~(0)-0k -->
2 \/ \/ -

Ether with Terminal Epoxy Groups Bisphenol A
Hzc\;}cncuz--{g-o-@-c(cas)2—0—@-1‘—0-@4(&3)2-@-00}120!{;;0[{2 (c)

Epoxy Resin
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Figure 3. Basic operations that may be used in the continuous production of
epoxy resins from epichlorohydrin (well-controlled facility).



Whet her the above reaction sequence applies to all manufacture
of epoxy resins from epichl orohydrin and bi sphenol A is not known.
One conpany nentions the addition of acetone and sodi um carbonate to
the reactor along with the epichlorohydrin, bisphenol A and sodi um
hydroxi de raw materials.” The acetone serves as a solvent. The
pur pose of sodium carbonate is not known. Toluene, nethyl ethyl
ket one or nethyl isobutyl ketone may al so be used as sol vents.?®

The following is a description of epoxy resin production by one
manuf acturer.’” It is not known how representative this description is
of the industry; no other was avail abl e.

The resin solution product is concentrated in an atnospheric
flasher, then extracted with water to renove residual by-product.
Fi ni shing invol ves vacuum fl ashi ng, hi gh-vacuum evaporati on, and
polish filtration wi th di atomaceous earth.

Water fromthe extraction section, conmbined with the aqueous
byproduct fromthe reactor, is steamstripped to recover volatile
organi cs. These organics are recycled to the feed preparation area
along with the overheads fromthe atnospheric flasher. Overhead
water fromthe steam stripper is conbined with makeup water fromthe
vent recovery systemto be used as solvent by the extraction unit.

The atnospheric flasher and steam stri pper share an over head
system vented to the vapor recovery system All other equipnent in
the extraction section either is operated full of liquid (with no
vent) or is connected to the overhead system

Em ssi on Factors

For the well controlled facility shown in Figure 3, the vapor
recovery vessel is the only source of process enissions. One conpany
reports 98 percent control efficiency for the vapor recovery system
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and epi chl orohydrin em ssions of 0.005 g/kg of product fromthis
vent.” There is virtually no chance for upset em ssions of

epi chl orohydrin fromthis process.8 Data on epichlorohydrin process
em ssions froman uncontrolled facility were not avail abl e.

Fugitive em ssions from punps, valves, flanges, etc. account for
al rost 88 percent of the total epichlorohydrin em ssions from epoxy
resin production.® Fugitive em ssions of epichlorohydrin are
m ni m zed because of its high flammability and toxicity. At |east
one conpany | eak-proofs with pressurized doubl e seal systens al
punps whi ch handl e epi chl orohydrin.® The dom nance of fugitive
em ssions is due in part to the controls in place on other em ssion
sour ces.

Several techniques are used in the industry for control of
em ssions from storage and handl i ng:

e Maintain storage tanks at constant |evel and high pressure
relief setting;

. Vent storage tanks to the vapor recovery system

. Vent storage tanks to a balloon header which breathes in and
out;

. Use fl oating roof tanks;

. Control em ssions from operational abnormalities and
refilling after maintenance with a thermal oxidizer; and

. Vent em ssions to carbon adsorption unit if balloon system

beconmes overpressured.
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One plant estimtes epichlorohydrin storage em ssions of 0.3 g/kg
(control nethods used not given). This sane conpany predicts no

epi chl orohydrin storage em ssions when storage tanks are vented to a
bal | oon header. A carbon adsorption unit is used if the balloon
system becones overpressured.8 As an industry average, storage

em ssions account for less than 4 percent of all epichlorohydrin

em ssions from epoxy resin manufacture.9

Source Locati ons

As of 1983, only two conpani es were produci ng epoxy resins from
epi chl orohydrin in a continuous process: Shell G Conpany, Deer
Park, TX, and Dow Chem cal Conpany, Freeport, TX. Shell Gl also
produces epoxy resins by a batch process. Shell's resin is known as
EPON®, while Dow s is known as D.E. R ®

PRODUCTI ON OF EPOXY RESI NS AND OTHER PRODUCTS FROM EPI CHLOROHYDRI N
( BATCH PROCESS)

A nunmber of products are made from epichl orohydrin by batch
processes because the ampunts involved are snmall. Anpbng these are
vari ous epoxy reslns, phenoxy resins, polyanm ne and pol yam noamni de
(wet-strength) resins, glycidyl ether (a surfactant), and el astoners.

The epichlorohydrin is usually alnost totally consuned in the
reaction; therefore, process vents are not a major source of
eni ssi ons. For this reason and because process data are scarce, the
fol l owi ng di scussion focuses on the epichlorohydrin feed facilities.

Process Description

The industry practices described below are conpiled from data
coll ected fromseveral producers.10 A general flow diagramfor batch
producti on of epoxy resins is shown in Figure 4 while a probable
fl owmsheet for epichlorohydrin elastoner is illustrated in Figure 5.
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Epi chl orohydrin is commonly supplied to the facilities by
railcar, then transferred to a storage tank. It may then be
transferred to a weigh tank, to a blend tank, or directly to the
reactor. Transfer is normally via closed pipeline and sonetines
under nitrogen bl anket, although it may sinply be drawn from druns by
vacuum

The nunber of process sources of epichlorohydrin em ssions
varies widely. The reactor vent is the primary--and often the
only--process source. This vent may be uncontrolled or it may be
controll ed by vent condenser, packed tower scrubber, incinerator,
pressure vacuum vent val ve, or other device. Several producers report
epi chl orohydrin em ssions fromthis vent only while the reactor is
bei ng charged; others report nore continuous eni ssions.

Epi chl orohydrin content in process streans can be reduced to | ess
than 1 percent after the reactor.

Only one epoxy resin manufacturer, as shown in Figure 4,
provi des for the handling of epichlorohydrin stripped fromthe
product: this epichlorohydrin is stripped fromthe product by vacuum
distillation and stored in "wet" tanks for reuse. Epichlorohydrin in
the "wet" tanks is covered by a layer of water, which is eventually
removed through an overflow weir, mxed with al kaline wastewaters
(whi ch hydrolizes the epichlorohydrin) in a covered surge tank, and
rel eased to the sewer. The epichlorohydrin is recycled to the weigh
t anks.

O her possi ble process sources for epichlorohydrin em ssions
include transfer of the reaction m xture to another vessel and
product refinenment. These sources are typically very m nor

Epi chl or ohydrin emi ssions are also associated with feed storage
and handling. Breathing | osses are caused by expansi on and
contraction of the vapors within the storage vessel. Wrking |osses
are associated with the filling and enptying of the vessel. Fixed
roof tanks are standard for storage of the epichlorohydrin feed,

t hough one plant used cl osed head drums. Emi ssions fromthe tanks may
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be controlled by nitrogen bl anket, water bl anket, or pressure-vacuum
vent valve. As nentioned above, epichlorohydrin is normally
transferred via pipeline or under nitrogen blanket. Epichlorohydrin
is drawn fromthe drunms by vacuum

Fugiti ve sources may account for much of the epichlorohydrin
em ssions fromthese processes. Sone producers have no system for
controlling | eaks from punps, conpressors, flanges, valves, and
sanpl e connections. In sone plants, the vacuum punps in
epi chl orohydrin service are equipped with [iquid seals which serve to
reduce epichl orohydrin vapor discharges. Two producers report no
fugitive em ssions of epichlorohydrin. One attributes this absence
of em ssions to the control neasures used, including seal ed magnetic
drives on all punps which transfer epichlorohydrin. The other, a
producer of polyam de resins, attributes it to a negative pressure
(3.92 in Hg. abs.) within the process. At this negative pressure,
any | eakage would be into the process fromthe atnosphere.

Wast ewat er and solid waste streans containing epichlorohydrin
may be associated with these processes. No anal yses are avail able
for epichlorohydrin em ssions fromthese sources. However, because
epi chl orohydrin is readily hydrolized, enissions are presuned to be
m ni mal .

Em ssi on Factors

Tabl e 7 presents epichlorohydrin em ssion factors for batch
processes which use epichlorohydrin as a feedstock. These em ssion
factors were calculated from em ssion and throughput totals for the
pol yam de resin, elastonmer, and surfactant industries and are only
broad averages, not representative of any particular facilities.

Fugitive em ssions are by far the | argest category of

epi chl orohydrin em ssions fromthese industries, constituting 87
percent of the total em ssions fromthis sector. As indicated in
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TABLE 7. EM SSI ON FACTORS FOR THE RELEASE OF EPI CHLOROHYDRI N FROM BATCH
PROCESSES WHI CH USE EPI CHLORCHYDRI N AS A FEEDSTOCK

Em ssi on Factor?® %

Sour ce (9/kg) Total Em ssions
Process Vents 0. 56 7
Storage FacilitiesP 0. 47 6
Fugi ti ve Sources® 7.10 _87
TOTAL 8.13 100

Grans of epichlorohydrin emtted per kil ogram of epichlorohydrin
used. Calculated from aggregate em ssion and throughput totals for
various resin, elastomer, and surfactant producers which use

epi chl orohydrin as a raw material in batch processes, as given in9
andl2. These factors do not represent the em ssion rates at any
particular facilities.

I ncl udes storage tanks and transfer operations.

I ncl udes punp seals, conpressors, flanges, valves, pressure relief
devi ces, sanple connections and open-ended |ines. Calculations are
based on the use of average VOC fugitive em ssion factors for SOCM
process conponents representing em ssions fromrelatively
uncontrol led facilities where no significant |eak detection and
repair prograns are in place for fugitive em ssion control and were
extrapol ated to an average plant schedul e of 300 days per year.
Because epichl orohydrin does not flow continuously through process
conponents in batch processes, these factors may be overstated.

Al so, some nanufacturers use vari ous neasures to detect and reduce
fugitive em ssions. Sonme use personal nonitors on enpl oyees and
performregul ar area nonitoring. One manufacturer uses seal ed
magnetic drives on punps in epichlorohydrin service while another
mai ntai ns the process system at negative pressure so all |eaks from
pumps, flanges, etc. are vented back to the process. No estimates
are available of the effectiveness of these neasures.?
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Section 3, fugitive em ssions may dom nate not necessarily because
they are |l arge, but because other sources are fewer and/or

wel |l -controlled. Also, the fugitive em ssion factors given in Table
7 may be overstated because they do not account for the fact that in
bat ch processes the epichlorohydrin is not flow ng continuously

t hr ough process conponents.?®

Source Locati ons

Tabl e 8 gives the names and | ocati ons of sone producers of epoxy
resins (batch), polyam de-epichlorohydrin resins, epichlorohydrin
el astoners, and surfactants nade from epi chl orohydrin. No cl ai m of
conpl eteness is made for this table.
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TABLE 8. SOVE PRODUCERS OF EPI CHLOROHYDRI N PRODUCTS® 13

Pr oduct - Conpany Locati on
Epoxy Resins (Batch Process)

Cel anese Cor poration Loui sville, KY

Ci ba- Gei gy Cor poration Tom s River, NJ?

Uni on Car bi de Cor poration Bound Br ook, NJ

Shell G| Conpany Deer Park, TX
Pol yam de- Epi chl orohydrin Resins

Bor den Denopolis, AL

Sheboygan, W
D anbnd Shanr ock Charl otte, NC
Her cul es Chi copee, MA

Hatti esburg, MS
M | waukee, W
Portl and, OR
Savannah, GA

CGeorgi a-Pacific Peachtree City, GA
Eugene, OR
Rohm and Haas Phi | adel phi a, PA
Epi chl orohydrin El astoners
Her cul es Hatti esburg, MS
B. F. Goodrich Avon Lake, OH

Surfactants
Proctor & Ganbl e Ci ncinnati, OH
Kansas City, KS

Fl anre Ret ardents
St auf f er Chem cal Gallipolis Ferry, W

a C ba- Gei gy has announced plans to close this facility and add 45QGy
(100 mllion I bs) of capacity to its Ml ntosh, AL, facility.!?

NOTE: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenmselves. The |evel of

epi chl orohydrin em ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control nmeasures, and shoul d
be determ ned through direct contact with plant personnel.
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SECTI ON 6
EM SSI ONS FROM THE USE OF EPI CHLOROHYDRI N- CONTAI NI NG PRODUCTS

Trace |l evels of epichlorohydrin residues my be contained in
products manufactured from epi chl orohydrin feedstocks. During the
use of these products, volatilization of the epichlorohydrin is
possi bl e under certain tenperature and pressure conditions, thereby
resulting in potential atnospheric em ssions of epichlorohydrin. The
potential for such emi ssions is discussed in this section in
connection with the use of epoxy resins, glycerin, elastoners, and
wet -strength resins.

USE OF EPOXY RESI NS

Epi chl orohydrin residue | evels in epoxy resins have been
determ ned fromresin manufacturers through the use of product
technical bulletins and material safety data sheets. A Shell Gl
Conmpany technical bulletin on its epoxy resins and reactive diluents
(produced from epi chl orohydrin) indicates that trace | evels of
epi chl orohydrin are contained in these products.! Many EPON® resins
are sol d under manufacturer's product specifications that the
epi chl orohydrin content cannot be greater than 5 ppm (by weight).%?
Shel | has indicated that epichlorohydrin levels in nost EPON® resins
are generally in the 1 ppm- 2 ppmrange.®? However, specialty
resins and reactive diluents do exist that have epichl orohydrin
| evel s ranging from 10 ppm - 1,400 ppm?!t

One manufacturer has enpirically determ ned the vapor
concentrations of epichlorohydrin above epoxy resins that would
result fromthe exposure of epichlorohydrin-containing resins to air
under various tenperature conditions. These experinental results are
shown in Table 9. As expected, the higher the tenperature during

46



TABLE 9. EPI CHLOROHYDRI N VAPOR CONCENTRATI ONS ABOVE EPOXY RESI NS AT
VARI OQUS TEMPERATURES UNDER STATI C EQUI LI BRI UM CONDI TI ONS?

Epi chl orohydrin Levels in the Resin, ppm wt.

10 5 1
Tenperature, °C (°F) Epi chl orohydrin Level in Vapor, ppm v/v
27 (80) 0.6 0.3 0. 06
49 (120) 2 1 0.2

NOTE: 60°C (140°F) Recommended Handl i ng Tenperature

71 (160) 5 2.6
93 (200)2 12 6 1.2
116 (240) 26 13
138 (280) 50 23
149 (300) 64 32

@ 93°C (200°F) is the nmaxi mum reconmended handling tenperature.
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use, the higher the potential for epichlorohydrin em ssions. It
shoul d be noted that these experinents gave results indicating that
the epichl orohydrin concentrations potentially occurring are

i ndependent of the method of application (i.e., pouring, spreading,
or spraying) of the resin. Epichlorohydrin air concentrations were
found, however, to be dependent on the surface area of resin in
contact with air.

Several verifications have been made in industrial situations of
epi chl orohydrin em ssions fromthe use of epoxy resins. In one case,
structural steel nmenbers were being coated with an epoxy paint by
hand spraying. Measured epichlorohydrin concentrations in air in the
bui | di ng where spraying was occurring ranged from2.4 ng/n? - 138.9
ng/ m®. I n several OSHA tests of industrial processes involving epoxy
resins for plastics production and processing, epichlorohydrin
concentrations of 0.01 ppm 3.8 ppm were neasured in workplace air.!?
These exanples indicate the potential for epichlorohydrin em ssions
from epoxy resins that contain epichlorohydrin residues.

USE OF SYNTHETI C GLYCERI N

Epi chl orohydrin residues in glycerin have been determ ned to be
very | Ow and thus the potential for epichlorohydrin em ssions from
vol atilization during glycerin use is practically nonexistent. Dow
Chemi cal has tested its synthetic glycerin products and found no
epi chl orohydrin residues (detection limt of 1.5 ppm.*%3
Epi chl orohydrin residues in synthetic glycerin are mniml or
nonexi st ent because any residual epichlorohydrin is hydrolyzed during
the production process. |In addition, several high tenperature
distillations are perfornmed to purify crude synthetic glycerin that
are very effective at elimnating any potential residues such as
epi chl orohydrin. Theoretical yield calculations involving the
chem cal reactions taking place during synthetic glycerin production
have been perfornmed to estinmate potential epichlorohydrin residue
| evels. These cal cul ations give an estimte of epichlorohydrin
levels in synthetic glycerin of less than 1 part per trillion.?
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USE OF WET- STRENGTH RESI NS

Al t hough quantitative data on the | evels of epichlorohydrin
contained in wet-strength resins could not be identified in the
literature, some anount of epichlorohydrin residue is projected to
occur in aqueous wet-strength resin solutions.! |f epichlorohydrin is
contained as a contamnant in the resins, it would nost |likely be
rel eased as a vapor during application of the resin to paper and
during paper manufacture dewatering and drying steps. No workplace
or other epichlorohydrin em ssions data related to wet-strength resin
use coul d be found.

USE OF ELASTOMERS

The potential for epichlorohydrin residues to be found in crude
epi chl orohydrin elastomers is significant because they are prepared
with an excess of epichlorohydrin However, the reaction of the
resi dual epichlorohydrin with vul cani zi ng agents and stabilizer
addi tives and the adsorption of residual epichlorohydrin by carbon
bl ack filler help prevent excessive releases of epichlorohydrin
during el astoner storage and use. No quantitative data on
epi chl orohydrin residue levels in epichlorohydrin elastomers could be
found in the literature.

Tests of workplace air at el astonmer processing plants have not
detected any epichl orohydrin. Tested process areas included
el ast oner wei ghing stations, elastoner extrusion, two-roll mll
m xi ng, and nol di ng. %4
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SECTION 7
SOURCE TEST PROCEDURES

EPA is investigating source sanpling and anal ytical procedures
for epichlorohydrin air em ssions, but none have yet been published
or recomended. The sanpling and anal ysis nmethods presented in this
chapter for epichlorohydrin em ssions represent those that have been
published in the literature as viable nethods. The presentation of
these methods in this report does not constitute endorsenent or
recomendation, nor does it signify that the contents necessarily
reflect the views and policies of the U S. EPA

LI TERATURE REVI EW OF SAMPLI NG METHODS

Adsorption onto activated charcoal is a preferred sanmpling
met hod for epichlorohydrin. Silica gel has al so been used as the
adsorbent.! The National Institute for Occupational Safety and Health
(NICSH) net hod nunber S118 for epichlorohydrin prescribes the use of
standard comerci al tubes containing 150 g of 20/40 nmesh acti vated
carbon in two sections: 100 g in the front section and 50 g in the
rear. The two sections are divided by 2 mm of pol yethyl ene foam
Sanples as large as 20 liters collected at 200 mM/mn are all owed.
The epichl orohydrin is desorbed fromthe charcoal with carbon
di sul fide. Water vapor interferes with sanple collection by
di spl aci ng the organic vapors.?3

| npi ngers or bubblers containing distilled water or dilute
sul furic acid have al so been used to collect epichlorohydrin vapors.
In one nethod, a 2-liter sanple is drawn through two bubblers in
series at a rate of 0.5 liter/mnute. Each bubbler contains
8 milliliters of water. During one test with about 5.2 ppm
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epi chl orohydrin the efficiency of the first bubbler was 80 percent.
The efficiency of the second bubbler was not given.?

Pl asti c bags, glass bottles, alum numfoil-polyester |amnate
bags and tefl on bags have been used with varying rates of success as
collection devices. Sanpling duration is usually froma few seconds
to two mnutes. In one test in which the epichlorohydrin
concentration ranged from5 to 27 ppm sanples in teflon bags
suffered a 20 to 26 percent | oss of epichlorohydrin after 24 hours.
Samples in alum numfoil-pol yester bags suffered a 19 to 40 percent
| oss under the same conditions.?

LI TERATURE REVI EW OF ANALYTI CAL METHODS

Gas chromat ogr aphy has beconme the method of choice for
separation and analysis of organic materials because it is sensitive,
specific, and suitable for analysis of sanples collected on charcoal.?
The National Institute for Cccupational Safety and Heal th (N OSH)
met hod for determ nation of epichlorohydrin calls for a flane
i oni zati on detector and a colum packed with 10 percent carbon
di sulfide. The overall N OSH nethod operates over the concentration
range 11.7 to 43.1 ng/n? with a relative error of 0.7 percent at 5
ppm 2 Any ot her conpound with the sane retention tine as
epi chl orohydrin will interfere, but the interference can be
el i m nated by changi ng the separation conditions.?

Colorinetry is the nost common wet nethod for determ nation of
epi chl orohydrin concentration. Several nethods involve hydrolysis of
the epichlorohydrin to glycol, then oxidation to formal dehyde. For
aqueous sol utions of epichlorohydrin, both hydrolysis and oxidation
are usually acconplished with periodic acid. |If the sanple was
collected in dilute sulfuric acid, hydrolysis is acconplished by the
sulfuric acid and periodic acid is added for oxidation. The
f or mal dehyde may be reacted with sodi um arsenite or anmoni a and
acetyl acetone reagent, Schiff's reagent, or phenyl hydrazi ne and
potassium ferricyanide to form col ored conpl exes. The sodi um
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arsenite/ acetyl acetone nethod can detect as little as 20 pg

epi chl orohydrin. The Schiff's reagent method can detect 0.01 to 0.1
Mg epichlorohydrin in a 6-m solution. The phenyl hydrazi ne/ potassi um
ferricyani de method has been used for epichlorohydrin concentrations
of fromO0.45 to 14 ng/n? in air with maxinumerror of 0.3 percent.!?
The ammoni a/ acetyl acet one nmet hod can detect as little as 6 ppm

epi chl orohydrin with an error of about 2 percent.2 Fornmal dehyde or
any substance which could yield fornmal dehyde, such as ethyl ene oxide
or ethylene glycol, will interfere with these nethods. Many

al dehydes will interfere with the Schiff's reagent method.?

Practical and detailed nmethods for quantitative determ nation of
epi chl orohydrin concentrations with infrared spectroscopy have not
been devel oped. One source indicates a mninumdetection limt of
3000 ppm ! Anot her source indicates nmeasurenent of 10 ppmwith +2
percent precision and accuracy. Termnal olefins can interfere.?

Advanced t echni ques have been applied to qualitative, rather
than quantitative, determ nation of epichlorohydrin. For exanple,
phot oel ectron spectroscopy can distingui sh anong epi chl or ohydrin,
epi bronohydrin, epifluorohydrin, and other hal o-oxygen conpounds. It
is not suitable for quantitative determ nations.?
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