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18 April 1979

Emissions Standards and Engineering Division
(MD~-13)

U. S. Environmental Protection Agency
Research Triangle Park

North Carolina 27711

Attention: Mr. David C. Mascone
Re: Contract No. 68-02-2619

Gantlemen:

Transmitted to you for your records is a copy of the
non-confidential trip report for the visit to Tennessee East-
man's modacrylic fiber Plant in Kingsport, Tennessee. Also
enclosed with the EPA material is one copy of the confidential
information obtained during that visit. This document has
been identified (stamped) as confidential in accordance with
pProcedures specified in our contract.

Very truly vours,

T

D. 0. Moore, Jr.
Sr. Process Developmant Zngineer

DO: jh
Enclosure

cc: J. C. Edwards w/enclosure
Manager, Clean Environment Program
Tennassee Eastman Company

]
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Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.
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MEMORANDUM

2ol

W. M. Talbert A% 16 October 1978 ’
- I
D. O. Moore, Jr. )Cﬂnessee EQT,
. .
-Tenressee Eastman-=_Information.to-be-supplied/ LCQ §xy% ]Cﬁq
lata gaps. ' 3/ J

At the conclusion of the meeting with Tennessee Eastman in Kinygsport
on 12 October it was agreed that they would supply Kellogg the
following additicnal information.

- information booklet covering material reguestced in Enclosure
A. They have prepared the booklet and must clear it through
management befcre releasing it.

- data on monomer conversicn and monomer content of polvmer.

block diagram of dope preparation and spinning operation
showing emissions of acetone*

- cost cf gas chromatograph monitoring svster. *
o ) <

I state permit for VOC from the di
Process areas.
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L ing information was not obtained at the meusting. Iollow-
unosteps are indicated (if applicable)

- detailed fugitive emission data including total anount and
amounts for specific sources such as pump seals, valves,
flanges, equipment cleanout, etc.

- sSccondary emission data relative o loszes from wastewater
Streams and waste fiber.

- cetzils of dope preparation and spinning. Thev will prevare
block diagrams with emissions and include this information
in the booklet.

0st details relating to acetone recovery (cavbon adsorption,

*to ke Includid in booklet




TO: W, M. Talbert DATE: 16 October

SUBIECT:  Tennessze Eastmen ~ Information to be supplied/data gaps

- detailed information about experimental work regarding
attemps to strip monomer from polymer and to obtain in-
creased conversion in the reactors. They said that foam-
ing was a problem with the stripping operation but if it
could be overcome, the monomer emissions could be reduced
by 90%. They further stated that increased residence
time in the reactors may result in increased conversion
(unreacted monomers may be reduced by about 503). They
were reluctant to be more specific.

AQ , U’;. // s

D. O. Moore, Jx.

cc: David Mascone -~ EPA
C. N. Click

K-F 527 A




TRIP

IN ATTENDANCE:

Tennessee Eastman

. L. Lewis

. C. Yantz

. D. Neely

. Lynn Perry

H. J. Denton, Jr.

T oo

Pullman Kellogg

D. O. Mcore, Jr.
Cliff Click

REPORT: TENNESSEE EASTMAN COMPANY
KINGSPORT, TENNLSSEE

October 12, 1978

Clean Environment Program Staff

Staff Assistant, Polymers Division
Department Superintendent, Polymers Division
Filter Products Division

Acetate Yarn Division

Chemical Engineering Development
Chemical Engineering Development

e oadew e,
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Introdcduction

Tennessee Eastman's(T.E.) Kingsport, Tennessee Modacrylics fibers
facilities are contained within the much larger Kingsport, B
T.E. specialty organic chemicals manufacturing complex. The

fiber IaCllltleS capacxty 1s 36 MM pounds per year of Modacrylic

"VEREL" leers The polymer is a EE&EEE? of two dlfferent polymers, a
copolymer of acrylonitrile (AN) and v1ny11dene chloride (VC )
and a homopolymer of N- 1sopropylacrylanuae. See "Process Des—

SR

cription" attached. Major moncmers used are AN, vC, and iso-
proyl alcohol (IPA) and major solvents are Xylene (XY) and Acetone

(aC) .

The report that follows is based primarily on the trip notes by
Pullman Kellogg personnel and the written booklet submitted by
Ternessee Eastman. Pages of the booklet have simply been directly

included where appropriate.
Process Description and Flowsheets

l. Storage and Transfer

Acrylonitrile (AN) and Vinylidene Chloride (VC2) are stored
in low pressure above ground buried tanks. Monomer mix
(RN and VCZ) and feed tanks are also low pressure tanks and
share a common vent. All these pressurized storage tanks are
supplied with NZ inert gas and are assumed to have no working
and breathing hydrocarbon emissions. The Alcohol (IPA) and

- AN/alconol mix feed tanks are vented with conservation vents
only. Figure 1 shows the VEREL polymcrization process

schematically including monomer and reaction solvent (xylene)

storage tanks. Also see the T.E. description of "Emissions

rrom Storage Tanks" for additional informatiocn.



Acetone (AC) 1s the process solvent for dope preparation and
spinning and although not shown in Figure 1, .acetone storage
is in above ground buried tanks. Venting is to activated

carbon acetone recovery beds and S/T losses are assumed small.

Polymerization

An unusual feature of VEREL production is the use of Xylene
(XY) solvent in the extraction-separation of the N-isopropyl-
acrylamide (NIPAM) monomer from the neutralized mixture in
which it is made. After NIPAM monomer production and
separation, NIPAM is recovered from Xylene and sent to the
second stage of reaction (homopolymerization of NIPAM). The
attached "Modacrylic Polymer Process Description" supplied

by T.E. describes VEREL polymer production as shown
schematically in Figure 1.

Fiber Spinning and Finishing

Polymer powder is stored in silos prior to fiber production.
When needed polymer powder is dissolved in acetone spin
solvert, filtered and dry spun. Figure 2 is a schematic
showing dry spinning, fiber washing and finishing. Referring
to Figure 2, filtered dope is extruded from spinnerets
vertically downward into enclosed cabinets. Acetone solvent

evaporates into a stream of hot dry air and the resulting

1t "

fiber "rope" is passed over takeup rolls before wasl:ing.
After the wash,product fiber is crimped, dried, cut,baled and
stored prior to shipping. Acetone evaporated at spinning is
recovered from the spinning cabinet air via a water scrubber
system. Major acetone losses occur from the rope as it is

guided, the bath (wash), and crimping and drying. Activated

carbon beds are used to recover acetone from storage tank vents.
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Emissions

Precautions are taken to keep below the lower explosive limit

(LEL) for acetone in the spinning and finishing areas.

v oamdeh

In summary, total hydrocarbon emissiop; for modacrylic fibers
production are 1.71 1b AN/1000 lb, 4.24 1b VC,/1000 1b and
125.4 1b AC/1000 1b. Total VOC is 131.4 1b VOC/1000 1lb.

1.

Storage and Transfer
Emissions from S/T of monomers are discussed in the attached
T.E. description. Table 1 includes the emissions from S/T

of Xylene, the solvent used in polymerization reactions,
but not Acetone.

Polymerization

Table 1 summarizes the AN, VC2 and VOC emissions from poly-
merization. Figure 3 is a block diagram of the polvmerization
process with the point source vents indicated in Table 1 shown
on the diagram. For AN, the seven most significant point
sources in decreasing order are, U, X and I-M. U is the
ventilation from the saveral reaction kill ard coasulation
tanks. X is a vent discharge from polymer filtration

(rotary vacuum) and I through M are the disengaged gases

from the filtrate defoaming tanks. Other important AN

sources are W and V, two other filter vent discharges and 0O

and O two polymer dryer line baghouse discharges.

With few exceptions the major AN sources are also major VC2

sources. 1In decreasing order the top seven VC. sources

2

are I-M, Q, and U. The next four most important VC. socurces

2
are T, O, X and W. Only T, the polymer transfer and storage
baghouse vent, was a significant VC2 source and not also a

significant AN source. The parallels in source significance
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EMISSIONS FROM STORAGE TAITKS

Acr--lonitrile Unloading and Storace

Y
O M e
bl

O

l:,
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£ are two buried above ground acrylonitrile storage tanks (see flow

t). Acrylonitrile is received in rail cars. AN is puxped from the
cars to either one of the two storage tanks. The vaposr space in

storage tank receiving the contents of a rail car is ventesd to the
car being unloaded so that no emissions to the atmosphere are

ered on rail car unloading.
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acrylonitrile storage tanks are maintained under 15 psi niirogen
ure, Each storage tank is equipped with a dual relief device.
vice consists of a pressure relief valve set at 25 psi with a
disc downstream set at 30 psi. If a relief valve opans or a
ture disc blows, the tank m2y be switched to the spare relief device.

Wnan ths contents of an AN storage tank are transferrved to the roncmer
anx, nitrogen pressure replaces the volure displaced.

.
o
[

}—

idene Chloride Unloading and Storace

This sysien is identical to the acrylonitrile system in I. above excent
only no relief valves are in the system.

£177C12 Monomer Mix and Feed Tanks

The AH/VClg mononer mix and feed tanks share a common vent with a spare
tank (sez flow sheet).

tanks are operated under a pressure of 5 psi with a pressure relief
which is common to all three tanks that is set to relieve at 18 psi.
neroal operation the pressure relief valve does not reliszve so toat
tzzinants are discharged to the atnosphere.

The isopropanol storage tank and the AN/Alc mix ang feed tanks are vented
thrz cozzon header (see flow sheet).

Tge veént on these three tanks is a conservation vent which ralieves at

2" W.C. This vent emitts 0.06 1bs./hr. isopropyl alcotiol, 0.2% 1bs./hr.
eryrisnitrile, ang G.32 1bs./nr. VOC; or 0.015 1b./1000 1lbs. Dolymer
iscrrinyl aleohol, 065 1bs./1000 1bs. polymer acrylonitrile, and

C.C2% 1b3./1000 1bs. polymer VoC.™



are even greater between VC2 and VOC than between AN and
VCZ' The top 11 polymerization VOC sources in decreasing
order are: I-M, U, Q, X, O, W and T.

The seven largest sources for all categories (AN, VC2 and
VOC) constitute more than 70 percent of the total emissions
and include I-M, the vents from filtrate defoaming, and U,
the vents from the kill‘and coagulation tanks. The seven

largest polymerization hydrocarbon emission sources are:

SUMMARY TABLE
POLYMERIZATION HYDROCARBON EMISSIONS

ORDER AN ve, voc
I.D. Factor I.D. “Factor I.D. Factor

1 U 0.22 I-M(5) 0.52 I-M(5) 0.68
2 X 0.21 o) 0.34 U 0.56
3 I-M(5) 0.1l6 U 0.33 Q 0.43
Totals, :

1b/1000 1b 1.23 3.27 4,39
percent 72 77 73

Dope Preparation, Fiber Spinning and Finishing

Figure 2 is a schematic of dope preparation, spinning and
finishing showing the major emission points and Fiqure 4 is
a block flow diagram showing the emissions. Acetone {(VoQ)
emissions total about 1,568 tons per year (tpy) with about
223 tpyvfrom dope preparation (dissolving and filtering)
and about 1,345 tpy from spinning and finishing. The total
1,568 tpy represents a factor of 125.4 1b VOC/1000 1k fiber

based on an annual production rate of 25 MM lb/yr.

Losses are distributed as follows. Dope preparation loseg
about 17.87 1b/1000 1b or 14.26 percent of the total and

spinning and finishing lose the rest, 107.4L 1b/1000 1b or
85.74 percent.
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(VOC) emissions from spinning and finishing are high (125.4 1b/
1000 1b)

o atéwhe,

The low AN and VC2 emissions result from good S/T techniques in

the tank farm (including Nz—pressure tankage and vapor exchange

with incoming railcars) and high conversion in polymerization.
Conversion of AN is about 98% overall and although some of this

goes into unwanted side reactions, it does not become hydrocarbon
emissions. T.E. believes further conversion improvements are possi-
ble by means such as increasing residence time and could reduce

AN emissions by 50 percent. ‘?resently unconverted monomers are

1.57 1b AN/1000 1b and 0.218 1b VCZ/IOOO lb. Residual concentra-

tions are 60.4 ppm AN and 147.4 ppm VC, (weight) in polymer and

2
14 ppm AN and 12 ppm VC2 (weight) in fiber, See Appendix 2.

Latex stripping was investigated and found to cause foaming
problems. If successful, latex stripping could reduce AN

emissions by up to 90 percent.
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CONTROL METHODS
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Roto-Clone Hvdrostatic Precipitator

~1G 1.
Refer to flow sheet! Three filter hoods are connected to the
Roto-clone. This is a piece of equipment manufactured by American
Air Filter that is a type of mechanical spray scrubber. Tt
provides a means of contacting a gas stream with a liquid (water).

Water Spray 1lozzles

S

Refer to flow sheet? Water spray nozzles are used to knock down
foam.

Pragsure Relief Devices

These are ex laﬂred in Section E for the storaze tanks. Other
conservation venis are used in the system and indicated in
Section C. Tbese vents are in line with accepied enginearing
practices.
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FUGITIVE EMISSION

The wedacrylic polymer process building was extensively monitored for
fugitive emissions. As a result of this monitoring, a continuous gas
chromatography unit with a fleme-ionization detector was instzlled.

Ten sample points were located at ten strategic areas throughout the
rolyrer facility. The acrylonitrile and vinylidene chloride concentrations
are monitored at each of these locations once each hour.

Attached is a summary of acrylonitrile and vinylidene chlorids fugitive
enissions frem 1976 to the Present date of 1978.

L REL TN

o



[T

....C:_ﬁ.; -/ O

REVE: PR P

BT SRR Y S TR BN TN

. e R 14 1 . CooGei ‘ 1L
, . . _
g 61 (1 9T £y 6l w2 99" 60T LR T 8L of1 L4z jL50°T T K _ ¥
0e’ LT 1 gnt o 9° LL "' 9| L 42 2'Le 1% 9oL | oge” £E°T €8 B
L TeRaeans el we e e 60 € 0z T 6g" 22 9°'6S G 0ft 2’69 | Smo|gott x Gyt T A
5YUaA PAUT 0D 55 etz | ofe3 o | el er| e | e| om| ez | e ot ¢o | gtno £L0 O -
T0A3U0) FRTRATSIE] ST (£ 66* (42414 £z €6* 162 10° 90" [£: ¢ 67901 6°901 LL gy | son'e Gl on L
auo!l [aX 61" 61 £o- (1 ....a T0° go* o 8 w62 L eyt [}48 g-est g2'2] GTe %oy o b
o ol G0° 61’ 6T £o- L] LS 10° %0* s 8462 . LEye gst g ent ¢z'egl Ge'e x0'1 ! n_.
auoid ey et eer e Ceet| 60" K| 6¢€ gLz € 4o gs1 fort |Togz| e Txgst] | B
suoH 1 e G2y 0" 63" 62 €0° L1oF <2 § 0z¢ €LE gst 6'gYT | ant’e 00'2 s ES
auol] e’ 911 86 12 €8’ oL 80" €e’ g-e 26¢ ot 34 29t gz'el Geexot} ¢y [}
§91z20N Leadg xmm, $9° FIAFA otoz 26" 00°2 0561 w.n. "9° ogh Nm..— ;o.: Hot fo'g 122 oL'T %A w
"siEaed feady 204 g | el | okoe| e goe| osst ot noe| g e L9 ot | o vt ozT | .
s072204 fuady ao3el 99" eLe otoz 26" go°2 0541 9T* "9’ ogh ey «IH [ Loty | TET'T 0zt cf. Az
so1zzal Aoady d93En cL'e otoz e go‘2 0661 9T” ...o. ogh 2ty R "ot 'y | TETT 02’1 [ o
satzzon fady saind o R E _go'g| oseT 9T’ n9°|  ogn ] ML M 09°¢ | ggL-0 00°1 NS 1
T e wo | o f o 0 900° naoc|  ORE’ 900° 900° wt | efor |oeto ogro | T e
Rl Zu,_.wm»é %00° %074 o o 0 £000° £000° LL Wl00° | W0 050 i L9
JUOA UOTIBALIZNCS G000° 200" 59°t 2000° 2000° Ll wo* | 6no°o Gz 'l
ol 0 o 0 [ 0 [4) (34 61 L wlo | mozo 1570 A N
DUTAS 04300 ’ SR TR [aewited Twi | m At | am | avwATod @] Jnjdl TV L TAg0L 37| adimudiadds i Ay 3 BTV AR TN T T
Tuwwpw ! ] L i - HEE 0001/ 11 —— ua..\m: Cotd ow. T uus.,.,.w.._.ﬁ._ .:r.:Z..,_ c.s...z K
00 04 o) CLOA au0) uy | EEL RIS vy, 129731 o

VI Y EMITEGY QY SHOTSSERT STd00ut
Flod DITIMOVION




D)y

Vajnpte U

~a—
| Ry

1G. 2 )

AP

PPM

J

121112131 2 74 5 87 0 910111293 2

ACRYLONITRILE

U?!!l!l?ll'ﬁ"n\!|!3!!.7!"0"17”‘234557||

AT

-~
€4

L

-
L

- -
-

/
s

SEEEEH T EEE T EETTTT T T . TR ‘ w
|
R R |
AR R
,M-wawmw\4mmmmmwm.",MMWMWWMM\ 1 .wﬁxw FEHEA O T T THHE g wM:u“m o
R R R L VA L
RN FEE FEEEEEEERHEEE U TR R T UL FEEE T THAH:
U R R R BT CH AT IREAR] SRENER THHE b
AR FE A TR SR L AR T HIHE [a
FEREE N R R ERELE T YRR R TR HT HHTHF
RRERRRR (M pRENRHND A uRan RS e R b T T
.WMHMMH-wa AR TR L . T 1 Wm
R P EEE L 1 ; . ‘ T ke
S R LT T T [z

()]

401
TIMZON

"BNOISIAIQ ¢

W

N
1109

L IMEON

18 X 6Q0Iu3d €4

vOZ-0udl HIGHOI

u

dl
»rdd
v-¢

I BHVIA AL

ud

L
A0 L

T UM ON

u)

O
L 10f]

TIMH ON

ﬂ\\-\

uy
00
SIATRES
v Gl-4d

u)
O
Lid
JLSVM

Ll



3V 8BS AD

Ve b

K4
PN
-~

]
7

=/70/

o
=

S

)

A
=&

PPM
4 5878 oM 2131 2

>

3

-

P

== TEAR I |

VINYLIDENE CHLORIDE

67 3 01211123931 2 34 5 67 X 912114 2 Y 4 % 8T 2 GIat T3

—

[}

q

IR

TIT 1T m 1
| int INBARRRRE :
M, ,.ﬂ w,.‘.u .A ; w . i U or
T 1 , Sui
TR T TV T TITE Tl
AEE adcei S RLHACH RIS RS t RAEEN E TR RE
1oL THHTH Y 8% {] A , 11 B PR SARERERIT B N
ENREE W FEELE T ..,AV | &. TN ) 11 \ T R R M el
Rt AR AR 18)! Y _ . ._\V : h T -
o IRRECREEN Y REEEDD T TR ST EEREEEEE AnEas Nl E
R TERRE I CEEERRC TRt AR ORI RN A GRRREES (AR, ARRAEAA
_ ,ﬁ ] HHTA_ R R T A T HEES AT R S E N
LR R A H YA L w e R T U
R & | T A + AR RV EHFE (2

)
I
IR S
T
t
[
—]s
)
i
Fesrmy

31294

uw) u ) i) u) u ] u) TS u

NIl o ] P~ oo

d01 11049 AYA | 401 1104 A dWnNg Lid
TUMZONTIIZONE - FTUMBLONETIEON)  9-¢ vol-g | 31svmt 3NV

"SHOISIAIG )1 X COOI1UId Bt AD SYVIA JAIL

YBT-QENL UIQUOIY

18

I)Illtilllillhi



The following g

Answers to tnese questions are given as foll

Arzwer:
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APPEIDIX 7

R Y TICN

from Pullman Xellogce

estions were raised by the Deople gs.
ows

Wnat
insta

was the cost of the continuous anza
1lation?

'F?Qr

$25,000 in 1975.

What
fiter?

is the monomer concenctration in polymer ani

The monomer concentraicn

by weight ac*ylon;:**‘z and 1L7.L n

vinylidene chlori The monomzr nt

in fiber is 1nd*cat ed to bz 1L ppm by weid

acrylonitrile and 12 ppm by weight vinyli
chloride.

What is monomer conversion, i.
quantity of unreacted monczers?

3 (0

acrylonitrile/lOOO 1bs. modacrvliic pclymer

0.21% 1bs. vinylidene chloride /2000 1bs. modacrylic rolimer





