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L This survay of the "Cm (vinyl chlaride tion of VCM technology. It is timely to review the state
oo ] . . . of the art.
¢ mcnomer) industry, commercia!

: seroia ‘ IMDUSTRY PROFILE

L nte mistiry, commercial .

- developments, che ! o The commercial significance of \-:nyl chicride mononter
L DroTLEs3s and newy covalcpmenis {(VCH) can be highlighted by the statistical ranking of

the 19th largest chemical commodity in the United States.

Turning our view upstrcam, we realize the significance

titlve with ‘ffoﬁ{j’ cruce cocts VCAM pla}s in wedding the peirochemical and chloro-

) alkali industries. Tlig. 1 schematically depicts the U.3.

market integration surrounding VCM. Pondering the

: posture individual companies present to the markst

R.W. eFhearson, C. AT Sia s and G. J. Fryar, {(Talle 1), on= czn muse z2s to the motivational forces
Continantal Gil CU-, Ponca Cit Onla- . T behind their respective business strategics. .

: CL S : It holds that, if 96 percent of the VCM demand in

Devererxent -oF THE viNyL ‘chloride -monomer '1}1 s country is derived from PVC, then VCM’s future

indicates that YOI can romain

fVCAL) “industry ‘has been "éioé;'y'iriterruiated with*tie ‘i inescapably tied to that of PVC’s. Within the scope
222 polyvinyl chloride (PVC) industry. Effcctively 26 percent  of known-unknowns, one basic fact attests to its longevity.
‘o #of the VO production goes mto the marn: L.Iact\::c of On an energy-equivalent basis, PVC is one of the most
T -, PVC. Theéreiore, tcc*m"lo;:;al advances in one arca have energv-efficiant construction materials avatlable (Tab‘c 2).
Dsignificant impacts upon the cther, producing 2 domino  This fellews even after weighing the sociosconomics of
“-effzct. This, in cenjunction with mcreasmgiy tighter en- health and envirenment. &
" vironmental regulations, has insured a continuing evolu- Locking at the two principal components of the PVG
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market. flexibie or plasticizved precducts, of which fabric
for auvtomobile interiors and electrical wiring iosulation
are examples, and rigid products, including scwer and
water pipes,.clectrical conduits and shoe soles, we find
the rigid agaregate growing at 9 percent per year, as
oppos=d to the ilexible area which s increusing at a rate
of approxinately 5 percent. Within the past f:_.v years,
the rigid aggregate has surp:hsr:d the size of the flexible
market which can be witaessed ¢ by the t:rcepm-r seasonal

respense the VOM industiy has to construction, the major

end-use cutlet for rigid produects.
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- TABLE 1—.mm,,-. C.c!p acities
(MW pounds)
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PVC VCr3 Ethyizne | Chlorina
Earden..... ..., 55u Nonz Fione
Coroto. . ... ..., 529 630 Haone
Dicmond . ... ticre Nons 2,509
Caw. ... liona 4570 g0
Ethyl.... ..ol 175 Nona 500
B.F. Cosdrich. . ..., 1,188 351 25
ICH Higna Mone 200
fisagchem. .. ..., Hore Hare flene
PPC....... Hone EG“ MNone 2,00
sr.en,.. ............. Koue 1,54 2,759 200
Stawder. . ... ... 420 172 ticne 780
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Over the course ol the past ten years, VCM has be-
come a major itern of international commerce, with the
United S:ates the architect of this business. Between 1973
and 1977, cight percent of the VOGN produced was
carried offshore, making it third only to styrene monomer
and toluene in the generation of trade dollars by a chemi-

" cal commodity. This factor has tended to fll in the valleys

in demand brought about by construction. More signifi-
cantly, it has permitted the VCM industry to consistently
operate near capacity levels by exporting domestic sur-
pluses into the world arena. Looking at the global VUM
market, we view [orces at work changing the disposition
of trade. Beginning. within the past five ycars, Europe

as a whole has swung {rom a net importer to exporter .

of VCM. With ten bxlhon pounds of VCM, capacity
integrated to where there is less than 15 perccut mer-

-chantl) derived PVC demand, producers are now chal- -

lenging U.S. material for a shnre of the remaining worid
€xports.

Japan, whose Ave billion pound VCM indusiry was

built to serve the whole of the Asian-South Pacific market, ¢
first in PVC and then later in VOM, has witnessed a

major influx of U.S, and now European monomer pro-
ducers into their domain. ]

The present situation-in the U.S,
cheaper feedstocks, \15-2& -vis energy, and an undervalued

currency that together arz able to oflset ]orﬂmcal costs
‘and remain :

competltwc in the consuming mnarkets.
Eventuaily, merging energy parity and emission cast pass-
throughs sill leave U.S. VCM no more competitive than
that of any other nation. We conclude, therefore, that
exports will continue as developing third world markets
seck to establish a plastics industry in advance of petro-
chemicals. Conversely, the major market imbalances of
the past have gone by the wayside, and market growth
will come. fm.n the domestic sector. llig. 3 dt,pmt_s the
longer term outiook for VCAML In mahma our projections,
we assume that the growing capiial commitment required
to make VCM will not ferce PVC to become uncompeti-
tive with alternative products. Secondly, we foresce no

major technological iunovation on the horizon that could ¢

radically alter the cconomics of production. We do see,
however, technolegiczl improvements of degree that di-
vectionally ievel out the inflationary trend of plant con-
struction. Within the U.S., we project a 700 to 1,000
MM b, per year grass roots plant will be required every
twoe years lo meet demmand. It is within the scope of this
time frame that innovation will be tested.

COMIJERCIAL DEVELORMENT

VCM was first produced commercially in the early

1960s via reaction of CG! and acctylene derived from
calcium carbide. VUM usage in the manufacture of syn-
tlietic rubber accelerated dramatically during and after
World War 1L This increased demand promp‘cd searches
for more economical hydrocarbon feedstocks. Acctylene
was recovered from refining steps, and new technology
was_develaped to produce acetylene spcc:f‘c'lﬂy fmm
hydrocatbon cracking. R :

Ethylene beeame plentiful in the early 19;')05. Direct
1,2-dichloroethane
(Il)() from chlorine and et!nh-m: were developed in

chlurination processes to produce
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e erion with DO eracking technolopy to yieki VOM,
‘—'w'mw‘s yielded byproduct HCL and did not pro-
s | '

"
ot

L:d.i.l"‘c H [cclmﬂloi,',' which needed HCI to pTO\']HCC
Fret i

\‘I:L‘\{. LR .

e the US. cthylene production from abandant sup-

.7sg of low €ost I.PG Legan to p:'cc‘.omin:xto.‘ In Eurvpe,
:,,':;_\-}:x:c prices laho cctntinucd -m drap, though not to ti‘..c
5‘_,“_ degree since higher priced naphtha and gas oil
e the primary feedstocks. Therefore, while European
“Jucers continued to use acetylene-based VCM tech-
telogy, American companies moved rapidly to ethylene-
paend tachnology. With the startup in 15158 O"f thcrﬁrst
1z scale oxychlorinalicn process to yield EDC from
Cf1C) and ethylene, a new era in VCAI tcc}n_mIOgy began.
'ﬂw{(:_“bahnccd” process zllowed production of VUM
fmn two commeodity chemicals, chlorine and ethylane,
Giheut valuminous byproduct HCL
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3 VINYL CHLORIDE CHELUSTRY
“ELargs scale produdtion of vinyl chloride was first done
by addition of hydrogen chloride to acetylene:

Iiydiochlorination of acetylene

Catalyst

+ HCl+ HC == CI] KHC, =CHC!I (1)

¥ However, much lower costs for production of ethylene
i.ifi:an acetylerne and the discovery that 1,2-dichloroethance
{EDC) thermally decompotss to vinyl chioride in excel-
“lent yield Jed to the following reaciion sequence as the
iﬁr}:dominunt manufacturing methed for VCM:

v

‘Direet chilorination of ethylere ,
" CII: = CH; + Clp = CICH.CILCI
EDC cracking to VCM . ‘

Hear .

— CH,=

T C!CI“I:CI‘I:CL CHC!' 4- HCl

2, This method was cipecially advanlageous for these

- prochucers having a use for the HCI by product, particu-

< dardy so i acetylene were availeble; since then, a bal-

+anced VCM process with no copreducts coulkd be op-
rated. - . ,

% Later, the discovery that oxychlorination techaclogy
"~ could be applied to cthylene to give 1,2-dicklorocthane
i high selectivity now allowed 2 completely balenced
.+ process Lased only on ethylene ard chlorine os fecdstocks,

-

Oxychlorination of ethylens

Catalyst

—_—

CIi. = CIL + 2HCl + 1/20,
o CICILCH.CI + H.0

- At present, about 92 percent of the vinyl clloride pro-
~ duced in the United States is from plants that use the

2 balanced process based on ethylene via chlerination,
oxychlorination, und thenmal cracking of BIZCH These

three separate steps are deseribed in greater detail below,

Additionally, the Inwdrochlorination of avetylene is also
A discassed below since plants using this chiemistey are still

i Hvbrocarpon Processing March 1979
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Fig. 3—~1i.S. vinyl chloride nzameplale capacity versus demand.

in operalicn. Moreover, some recent crude oil cracking
technology may narrow the cost gap between acetylene
and ecthylenc with consequent revival of interest in VCM
from acetylene. Some chemistry on direct preparation of
VCM from cthane is zlso briefly outlined.

Direct chlorinziion ¢f etliviere. Dircet chlorination of
ethylene to 1,2-dichlioroethane is aimost zaliways conducted
in a liguid phase reactor by intimately mixing ethylene
and chlorine in liquid EDC. Fercc chloride, a highly

. efficient and selective catalyst for this rea<iinn, is normally

used in commercial processes. Amides, such as n,n-
dimethylormamide, have been reported to increase PVC

- selectivity.? Oxygen, frequently present as an impurity in

chlorine, likewise increases EDC selectivity in direct
chlorination of ethylene by inhibition of free radical re-
actions that give 1,1, 2-trichloroethane,

Direct chlarination reactions may be run rich in either
ethylenc or chlorine, depending on the methods available
to the plant for handling ofipases from this reactor. Con-
version of the lean component is wsually 100 percent,
and selectivity to EGC s preater than 99 percent.

1,2-Dichloracthune, as it comes from the direct chlori-
nation reactor, is frequently of sufficient purity for crack-
ing, except that it may contain ferric chlnride, which
would lead to rapid fouling of the cracking reactor. To
avoid cxpeusive puriftcation of thic already pure EDC,
one may remave FeCl, by adsorption on activated carbon?®
or othersolids* Alternately, one may operate the direct
chlorinator” at the Loiling point of EDC, taking pure
EDC overhead and using the heat of reaction to supply
the heat for vaporization. % 78

Oxychlerination of cthylena to EDC. Ethylenc oxy-
chlorination is normally conducted at temperatures of
225-325" C and at pressures of one to 15 atmospheres.
Catalysts for this reaction almost always contajn copper
chloride and sodium or potassium chloride deposited on

alumina or other suitable support, The detailed mech-
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VINYL CHLORIDE LIONOMER

anisn of the catalyst’s activity {s not known, but it is
recogmized that cupric chloride is the active chilorinating
azent. The cuprous chloricde produced is rapidly recon-
verted to Culls under the reaction conditions, but the
presence of some cuprous chloride is thouglt to be
advantazeous because it complexes with ethylene, bring-
ing it into contact with CuCl. for a long enough time for
chlorination to occur. The sodiv or potassium chloride
serves to increase EDC selectivity, mostly by inhibiiing
fonnation’ of ethyl chloride, Other catalyst components,
such as rare earth metal chlondes, sulfate salts, ferric
chlcride and numerous other additives, have bu_n de—
scribed in the patent literature.

Good temperature control of the highly exothermic oxy
reaction is a key element in successful production of
1,2-cdichioroethane. Temperatures higher than about
3237C lead to incressed byproduct formation, meoestly
through increased dehydrochlorination of EDC to vinyl
chlonde Jollowed by additional oxychlorination to give
products hasing high levels of chlorine substitution. High
temperatures also increase the amount of ethylere buimed
to caroon monoxidz and carbon dioxide. Qf cqual im-
poriance, high temperatures deactivate the catalyst by
highly accelerated coking and consequent powdering
of the catalvst units and by increased sublimation of
copper, chloride away from the catalyst. _

Temperature control in {luidized bed reactors is main-
taired by the excellent intermixing of the catalyst par-
ticles and by uze of interral cooling surfaces.® Tempera-
tuie c.nerol in fixed bed reactors is more dificult since
“hot spots” tend to develop. To keep the hot spot
temperature bhelow below 323°C, yet
utilization frem the reactor,

get maximum
it 1s comraon practice to
pack the reactor tubss with active catalyst and inert
dileent raixtures in proportions of each so adjusted as
to have low catalyst zclivity at the inlet, steadily in-
creasing to maximuim actvity at the cutlet. This gradine
of the catalyst activity flattens the temperature profile,
allowing for yoed terapzrature control with high produc-
tivity. For example, one patent® indicates the use of
four zones with U3 pereent, 83 percent, 40 percent, and
0 percent, respectively, of the active catalyst pellets
replaced by inert graphite. As an alternate to using inert
materials in the catalyst bed, c“tllysts cach with hicher
levels of CuCly and conszquently of | increasing reactivity,
are somictirnes used, : .

Fluid bed oxychlorination of cthylene, operated under
good control, 9%-97 percent cihiylene conver-
sion, ©3-97 percent HCL conversion, and EDC selectivie
ties in the rangs of 94-05 percent. Iixed bed oxychlori-
nations are nor:n:l!ly run with excess cthylene relative
to HCY, resulting in 93-97 percent ethylene conversion,
9405 percent HOL conversions, and EDC selectivities of
93.95 percent.

results in

These duta do
excess ethylene in subszquent reaction steps. Fxcess ethyl-

¢ vent gases from oxychlorination is normally con-
\crud to NNC by diccet elilorination with chlarine, 02
athougdn, il oxyeen s used rather than air, the excess
cthylene inay be reuckd directly b.nk to ovwnlmm tion,

not include recovery of.

Byproducts of cthylene oxyclilorination are vinyl chlo-
ride, cthyl chloride, 1,1-dichloroethane, vinylidene chlo-
ride, cis- and ¢rans-1,2-dichloroethylenes, trichlorcetiyl-
ene, chloroform, carbon tetrachloridre, methyl chlorids,
methylene chloride, chloral and high boiling compounds.
All of these byproducts present problems in one way or
another, such that their production needs to be winimized
to lower raw material costs, to lessen the difficulties of
preparing pure EDC, and to prevent fouling in the
cracking reactor. Chloral, in particular, needs to he re-
moved since it polymerizes readily in strong acids to
give solids which clog and foul operating lines and
controls. )

One must also take care to see that the feeds to
oxychlorination are pure. Normally, the only problem is
with low levels (0.1 to 0.5 percent) of acetylene present
in the HCI from cracking of EDC. Acetylene in the feed
leads to the formation of considerable highly chlorinated
byproducts and tars. Selective hydrogenation of this
acetylene to ethylene and ethane is practiced by many
companies.t”

Oxychlorinetion with oxygen insiead of air. Use of
oxygen instead of air for ethylene oxychlorination has
received - much attention.!**® The outstanding benefits
{rom using oxygen are avoidance of expensive facilities
to recover EDC, ethylene and other chemicals from the
large nitrogen vent gas stream; @ large reduction in the
quantity of offgases that will p"oinbly nced to be in-
cinerated; and the ability to use ethylene as a dilnent for
OXy chlornation, a procecure said to improve heat transfer
in tubular reactors. .

Purification of EDC for cracking. Great care must be
taken to ensure that EDG used for cracking to vinyl
chloride js of high purity, nommally greater than 9.5 per-
cent, since cracking is exceedingly susceptible to inhibition
and fouling by trace amounts of impuritics. Additionaliy,
the EDC must be bone dry to prevent excessive corrosion
downstream of the cracker. For these purposes, one must
consider removal from EDC of byproducts from three
sources: 3DC from divect chlorination, EDC from oxy-
chlorination, and EDC recovercd from the cracking stcp
{sce below).

EDC from direct chlorination is usually quite pure,
greater than 99.5 percent; and, except for the 1'eCly
present, it needs Jitle further purification. As mentioncd
previousty, ferric chloride may be removed by adsorption
on a solid, or the EDC may be distilled away from
FeCl, in a boiling reactor. Alternatively, the ferric chlo-
ride may be removed by washing with water, usually in
axy-EDC.

1,2-Dichloreethane from oxychlorination contalns a
variety of impurities as listed previously. EDC from this

conjunction with

-source 15 usually washed with water and then with caustic

solutien to reinove chloral and other water extractable
impurities,”™ Low bhoilinzg impurities and water are taken
overhead in a first (light ends) distillation cojumn, and
then pure dry EDC is taken overhead in a second (heavy
ends) column,

EDNC- recovered from

the cracking step contains an
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 Chle ruprene, i not altered by chemieal trentment,
centrates in the hgh ends column where it can polymenize

oy Gistlinaner)y faooe sthaadid]
{ con-

- 1o solid or rubhery materials which seriously foul and

upset this coluisn, Trichlorocthylene fw'ms an azeotrope
with EDC, boiling very close to ERC. 1 it 15 not remov ed
in some way, it accumulates in the EDC, leading to re-
doced cracking riates and inerensed fouling. Both impuri-
tics may be removed by subjecting the recycle EDC stream
1o chlorination prior te distillation.®** Treatments with

©L HCI***¢ and by hydrogenation®*® have also been patented

N CICILCUH-CI

_in EDC conversion with correspondingly increasing.lavels:

o

At 480° G0

as methods for removal of chloroprene.

c:.,c.‘:mg of 1,2-dicklorociliane to vinyl cliloride. At
temperatures in the range of 425-550° C, and near at-
mospheric pressure EDC undergoes clean thermal dehy-
drochlorination (cracking) to )n.ld vinyl chioride and
hydrogen cloride:

Heat

CH. = CHCI + J1Cl

The wechanism of this reaction has been extensively
investizated®™ and shown to involve a sequence of {rce
radical intermediates. »

Use of pressute up to 25 to 30 at“.)s[‘heres during
crackiny at temporatures of 500-5350° C provides betier
heat transfer, reduced equipment size and easier sepatva-
tion of HCI {from the product by fractional distiliation.
EDC conversion levels are normally maintained in the
range of 50 to 60 percent at residence times of 2 to
30 scconds, with relectivities of VOM ranging from 98
to 99* percent. Some byproducts generaied during crack-
ipg act as inhibitors to the free radical sequence so that
increasing seyerity leads to smaller and smaller increases

of byproducts. Various materials, such as chloriue, bro-
mine, or oxygen have been shown to be initiztors for
EDC cracking.®s R'-cen[‘y however, exclusion of oxygen
is claimed to result in considerzbie reduction of fouling
on the cracker tube walls.®® A rather spectacular claim
has been made that use of nitromethane as an initiator
-provides EDC conversion levels of up to 8925 percent
An important processing requirernent in
EDC cracking is rapid cooling or quenching of the re-
action mixture. If cooling is done too slowly, substantial
yield losses to heavy ends and tars result.?%30:21
Bypreduets from the cra:‘.k:nq reaction include acetyl-
-cne, cthylene, methyl chloride, butadiene, vinyl acetylene,
benzene, chloso)irene, \-inyiidenc chlondc, I,1- dicluoro-
cthane, chlore’orm, carbon tetrachionde, 1,1,1-irichloro-
ethane and other compounds. Most of these impuritics
rerazin in the unconverted EINC {raciion and are re-
moved avhen this stream is distilled. Fthylene and acety-
lene codistill with the 1ICH and are thus routed back to
oxychlormation  (aflter optional hvdrogenation of the
acetylene to ethylene), Methyl chloride and butadicne
more or less codistill with the vinyl chloride, depending
on the cfliciency of the VQAM fractivnal distillation sys-
temn. Addition of chlorine or carbon tetrachloride to the
cracker feed is claimed to suppress methyl chloride {or-
mation.® Remowvil of butadicne, a contaminiant which
an anterfere with polynierization of “VOM, has been

Hyrrocanson 'nocussive
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HCU addilion {o acetylene. Rerent developiment of a
new crude oil cracking process® nsing very hiph em-
perature steam {2,000° C) as o heat transfer fluid jro-
duces substantial yield of acetylene along with ethylene.
Under some econumic and geographic conditions, the
use of this cracking process may be advantageous and

may, thereby, pr’)\'ng acetylene for vinyl chlos e pro-
duction.

Typical conditions of hydrogen chloride addition to
acetylene arc total pressures on the order of five to 15
atmmpbcr(’\ temperatures of 150 to 180° C, and use of
a merecuric chloride-on-carhon caml)st.“ Wlth stoichio-
metric qu:mtitics of reactants, c=s\.ntially 100 percent con-
version 1s observed with VC?\{ selectivities on the order

of 98 percent. It is notable that ethylene does not react
under these conditions, thereby allowing the use of mixed
ethylenc-acetylene streams as feeds. Ethylenc, easily re-
covered from the vinyl chloride product by fractional
distillation, is then chlorinated to yield 1,2-dichlorocethane.

Other catalysts have been shown to be effective for
addition of HOI to acetylene, but HgCl, is vastly supe-
rior.** However, in addition to the general foxicity prob-
lems invelved in working with imercury-containing
substanices, HaCl, has appreciable volatility under the
alyove reaction conditions leading to a need {or consider-
able care and contral in operation of the reactor. In fixed
bed operztions, HgCl, vaporizes from the hot spot of
the reactors, condenses at cooler locations downsiream
and results in continuous movement of the hot spot
downsiream with eventual loss of catalytic activity. This
loss is minimized by periodic reversal of flow through
the reactor. ) e
Sthane-hzsed viny! chioride hrocesses. A nimber
of patents dealing with chemistry for conversien of ethane
to EDC and/or VCM have been published in recent
years.*®~*¢ Tviost of these reactions involve lhigh tempera-
tuve oxychlorinatinns, such as

CuCl; Catalyst

NLCH, ++ HCH -G —_—
350-450° C
:'."Ig = CIICI "1‘ 21{20

Hewever, these processes suifer from a number
advantages, the most irnportan: of which includes low
clectivitics, low conversions and difTicult operating con-
ditions such as CuCl, sublimation. .

Onc reaction systemn based on ethane, called the
“TRARNSTAT” process, has beer: developed on a large
pilot plant scale Lut is not yet in commercial pm:tice €5+33
The cherndistry’ of this process is a complex series of re-
actions, generally Snvolving chlorination, dchydmch!on—
nation and oxychlorination. A inixture of "ethane, cth-
ylene, ethyl chloride, chlorine and HCI are fed to a melt
of cupric oxychloride and potassium chloride, yiclding
vinyl chloride, water, and cuprous chloride as the main

products. The cuprous chloride-potassium chloride prod-
uct is taken to an oxidation reactor where the cupric

~oxychloride is repenerated Ly treatment with air. Vinyl

chloride is separated from the organic product and puri-

.
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VINYL CHLCRIDE KICUOMER

fied by fractional distiliation. Rewoval of about 0.4 per-
cent butane plus butenes pressnt in the main VOM cut
represents 2 very difficult separation.*® Lthyl chloride
and ctivlene can be recveled into the feed. Chlorine
values in the chlorinated byproducts can be recovered
by incineration and then feeding these gases to the
cuprous chloride oxidative regenerator reactor.

Disposal of byproducis. Disposal of byproducts pre-
sents special problems for vinyl chloride- manufacturing
plants, since a variety of gaseous organic liquid, and
acqueous sireams rnust be handled, cach with its own
particular problems.

Vent gas streams from various units may contain small
amounts of }CI, chlorine, ethyiene, vmyl chloride,
methane 2nd carbon monoxide, These streams may soma-
times be treated by.
sorpdon, ar other methods to recover some chemicals
when economically justitfed. Otherwise, the common
cleanup technigue is either incineration or catalytic com-
bustion {zilewed by recovery of HCI from the vent gases.

Two orzanic byproduct streams are preduced. The
light ends contain mzinly ethyl chlocide, cis- and trens-
1,2-dichlorcethyizne, chioroform and carbon tetrachloride.
The heavy ends or ‘“tars” contain mostly 1,1,2-trichloro-
ethane, lesser concentrations of tetrachloroethanes, chiori-
nated buianes, chlorinated arornatics and a large number
of other compounds present in small amounts! These
streams are normally {ractionated to recover uscful com-
ponents, ihe others iucinerated to recover chlorine values
either &s zqueous or anhydrous HCL

Process water sireams are steam stripped to rermove
volatile orzanics followed by neutralization and then
trentment in an activated sludge system to remove non-
volatile organics in the water.®s

COUMERCIAL PROCERTES
Broadly speaking, types of VCM pro-
cesses in commercizl use teday. These are categovized as
acetylene, cthylens, or mixed gas Lased on feedstock re-
quirement. Within the “cthylens plants, further
classification is dusirable to distinguish the type of oxy-
chlorination ch’“oiog‘y used, ie., oxyzen versus alr feed-
stock {.ee Table 2). Cver 90 percent of the world's listed
33 billion b per year VON capacity currently is basad
upen the balanced ethylene feedstock route. OfF this, just
under 99 percent uses air-based
ever, of thie prujected worldwide plant startups for the
pericd 197C-1981, approxirmately 30 percent of the 7.7
bilizin 1hs. per year VOM will be derived from oxyrens
based cxychiorination. Other existing producers will un-
doubtadly Le evalvating the conversion of present air-
based plunts to the use of oxyuen during this tune frame,

Tobie 3 presents a swnmuey of the technology sources
in use teday. Io is thought that the technology currently
licenned Ly ICT and the :

there are thres

-type”

D.\)(.hloxumlxon. How-

) Solvay is similar to process
poFmaily at
und-r Lihyl's technology. It s interesting to note that

several plants exist where the oxychlorination process

TABLE 3—Current VG technoleqy sources

scrubbing, chemical treatment,’

wributed to Ethyl, Therefore, all are listed

Existing Planned (1979-1931)

C Ve, Ve,

Technolony Source | Plants | At Lbs/Yr. | Plants | M Lbs./Yr.
1. B. F. Geodrich, ... 13 530 4 2,150
2. Hoechst/DRE || 11 4,250 2 $50

3. Staulfar/GFG*, . . 5 2,33 —_

4. Stouffer.......... 15 6,359 2 350
5. Eliy), Satvay, ICL.. 14 5,630 é 260"
6. Dow...... e 7 . 3,040 1,050
7.PPG.......... ... 5 1,730 3 1,780
8. Rkone-Poulena. 5 1,339 1 . 560
9. Monsaato........ 4 1,110 1 259
10, Toye Seda ... ... -3 509 1 330
11. Tokuyama Seda... 2 650 — —_—
12, Jiitsul Tozizu., ... 3 €10 1 a0
13, Kureta oo ool 2 410 — —
14. Wiszelianeous.. ... 10 2,400 1 330
167 35,540 20 < 7,680

®Oxychloiination pracess provide;‘; by BFG.

of one licensor, B. F. Goodrich, has been combined with
direct chlorination and VCM technologzies of others, ie.,
Hocchst and Stauifer. Table 4 presents a tabulation of
worldwide VM producers. This summary was prepared
from scores of lilerature scurces, some of which were
contradictoiy. However, the authors have exercised their
best judgment in the absence of specific information from
the listed licensers. .

The reader is referred to Leonard,® Gomi®® or Sittig®®
for desails of the acetylene and mixed gas routes to VO
The technology discussion herein will be limrited to the
balanced cthylene feccstock route used overwhelmingly
todzay, )

Althcough each of the major technolagy licensors has
many patents, none has complete coverage of each siep
of his process. As a result, the sequence and type of
opcmtinrr steps tend w0 be very similar from process to
process. The basic differences stem from the oxychlorina-
tion ’LC(_hr.q“ gy and the types of m:puuues appe.irmg in
the crude ERC. The licensor, thercfore, provides process
know-how primarily, as vpposed to patent position. As a
result, phdlm}‘?d literature by major licensors is under-

tandal Lly very sparse and highly sumphﬁed with certain

cxcc;;tl“ 5,36 07,08, 09

TYPICAL VCM PHOCESS

The typicsl VOX process combines direct and oxy-
chlovinaticn (oxy) processes to provide 1,2-dichloro-
cthane (LDC) feedsteck for the FDC pyrelysis unit (see
Fig. 4). i

The direct chlorination process relative to oxy is char-
acterized by low capii] investinent, low operating costs
and high purity product. However, hCI aenerated from
the BEDC pyrolysis unit dictates the use of an oxy unit.
With the current pyrolysis yield of approximately 0.55
mol VOM per mol EDC fed, and the HCH yield of 1 ol
per mol VUM, the oxy unit size Is set at approximately
0.5 mol ERC per meol of VCM desired. This sets the
cditece chlurination unit size at a])ptonmatcly 0.9 mol
EDC puranol VCL .

The combined LDC streams are eaustic treated] to re-
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TADLE 4-—YCM plante—worldwido—(cont'd}

vees
- tartup Eonginocr/ Capacity,
Cptrator Locaticn Process Year®* Lizensor Corlracior PN Lbs/eres
Haly R
Anie Af-f- 1571 Staulfer Fo:.t'er Wheelar 155
Maonledison disi M/A/Q 1259 CFG . 400
a narghera 190 BFG 400
Rumianca Sud Caghari 1235 reG Opt, Sz 350
Caglari 1976 PG Euleco . 5
. SARP Termmss Imarsae P A P S - (110
Sinazt Friots .- Ethyi e iireanaes 290
Szb.e Ray2miro . “eee Solvay Saivay 110
Sit Conserzid 1adustvies Porta Torres Tewaes e Sir . Euteco N 310
3apan )
£:ahi Fenn Chiba AL/-/D taz7 PPG [ IR P v 99
Chibz VM Chaa E/ns8 1371 Stau'fer Sumitomo 350
Chisya kiinimata Toyo Sada Hitachi 220
Dande Kazaku Chiva L T Denki K21aku 30
Jaranesa Tak2oka M/-/D 1967 Japanase Geon 257
Fanezaiuck Takasaga E/A/B 1659 Staultor Sumilomno 33
Kanreqsfuc Takasaza E/A/8 1970 Staviler Kanzgafuchi Kk}
Kashuma VC! Kashima E/A/B 1979 BFG 770
Kursha Mishya W/-/D 1554 Kurcha s 265
Mtsubishi-Monsaato Yokkaiuhi AE/A/- 1910 tansante 130
Mitzyi Tuatzu Mavoya AE/A/0 1554 Bitsus Todtsu 130
Dsika /A8 1979 Mitzui Teatsy . 130
Njz:an Chiba AF/ALO 1563 Tcyo Scda 13
Rye-tiiche Co., Ltd. v izushima E/A/8 1370 BFG 240
Sanyo Ioncmer i AE/AJQ 1373 BFG 23%
Shuazn Foireehemicals St~ cis- Tobuyima Soda 440
Sumitamo E/n/B 1958 r 1RO
Sun Atra« Lhomical Tr:..u;z"u E/A/0 1437 220
Toyo Gesos Teushima K /=~/D 83
Yoz Lada Tokuyama City E/A/B 1258 113
Yokkaeni b ... PN T:r,a Soda 220
Korea
Yoares Pacife Yeo-Su (1279) Dow Fluor/Caslim (3203
Kotea Pacitic Utsan Dow Precon 132
Libys :
GhOL Abu hammas» | ...l (19¢0y BFG, Hoachst F. Uhda, Saizpitter {136}
Mexica -
Pemsx Pzjzritos E/A/B s Marsants Lummus 155
Pajaritos E/A/3 1378 BEG Bufzls 440
Maroeco . .
SHEP Mohammadia R . 1976 . " Staulfer . Riobs 52,
Karway
Nars Hyd:o Rafnes £/A/8 1978 BFG, Heechst Badgur 660
Peru
Swmi2dad Paramonga LYDA Paramanza t/h/0 T3 . 17
Poland ’
Poiiniex-Cexcp Wicclawek £/0/k * (1979) PPG Petrocarbon, Davy-Powergas (459)
Portuzai '
Cip Sines Planned [ T S o (33
Run:anix -
lazustnal lingort Rimpico Viltaa | ... Do Kieck £8
Stata Authanly Rimnizu Vilzes £/0/D thitsui Toatsy Toyo Engineering 350
Seuth Africa ( Sasalh £/-/0 15 Ict, s sty vies & G 50
, ad [rmemni Sasnlburp - 5 . Scivay i ies 13sgow
Hried Bxplosves ang Chomicals | gooona A-1- 1978 Teanxco Cravwierd-Kussel 440
Spain
Mcassnio Tarrzpsn: NMonsanto Lummus 176-230
Tareeona E tlansauia LlcKes, CTIP {250y
Tatsens Ponsiate | e eeeernenan .. 533
Tatrezeng . . Moniantd Kee, CTIP 220
Fuo P3d2no Huslva ceaen LI o N {500
Vimclor bizrianelt E/A/8 1573 Saivay hicKee, CTIP 255
[iew Huelya ¢33 8] Couw ot ieteseceaeansnanas N oy
Sweden
remarchel Stanpngsund E/ASG 1967 Stavfier Lurgi 180
Switzeriand .
Lonsy Lziden A=/~ . e " 44
Taixan
Freeazsa £iaste Kachsiung F/h/B 1573 Sta fler 530
Chung Tai {?) Tuclen L/0/8¢ FUD Phalsui Teatsy (530}
Tuthey
Peiaim Yarimey izt | L. e Soivay o1ng
P2lmim * Alagy-l1sair E7-/0 {19381) iCY, Solvay {257
Uniled Finpdam |
Enush Fatecleum Baglan Bay, Wales AEJALO 1811 1 573
ict Hilibewse | ... Solv.y C. F. Braun
i Runcora Af-f- Soivay C. F. Braun
ussa :
Tachmiashimpart Disriinsk . | ... P‘1 r‘ﬂ-l‘mbul Spachim (23]
GCorvi L/4/B 1373 HE Sr‘.'z.-‘n('l 13
Carbs L el [‘“L'nc Pr*ml Spaichin 68
K iush £/A/04 1574 €1, Hovchst F. Lage 550
Yiirogtad tha/-10 Yureha Chiycda 145
pOEN) £/h/1 (1979) BTG, Hoechst f. Lihde (535)
Venazuats
Petrssirs € Tastaze R 1977 BfG e trier e as tip
Yurcshvu
T Phone<Progih | e tto
£/478 {1919 Stau'ter Foster Wheesler (220)
(3:30) Cay titsemrrearacivanceas riee 10
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VINYL CHLORIDE MOKOMER

TAEBLE 4—VCil plants—worldwide

VCH
- Starlep Encineer/f Capzcity,
Cperator tocatinn Process Year*™ Licensor Cortraclor MM Lbey/yr
Uriled States
101 Anveorcs Baton foure, Louisiana E/N/R 1958 BfG 300
Conoco Llamicais Lzko Charies, Lovisizna E/R/B 1968 Staviles 700
Dow frecront, Telas e caen Dow 200
Qyrler Cresk, Texas E/NSO 1549 Dew 700
Plzruemice, Louisians | ..., 1978 Dow 1,150
Cthyl Coep, Eaisn Roure, Lovisizna s Eihy! 300
Boeston, Texas | L. Ethyt 150
B. F. Gaudrich Calveit Cily, Keniuchy - EsR/0 1954 erg - Cecaeanan 050
Monoehesn Geismar, Loutsiana Af-f- P N e iieeaeia.as SRTRTPORO, 300
PFG Lzke Charles, Levisiana E/0/B 1920 PPG Foid, Bazon & Davis 400
i Lake Chasles, Leuisiana E/0/8 (1960) PPG K. bl Parsons (1,009)
vayeaila, Pueria Rico E/0/8 971 PFS fluor izl
Shell Chenticz| De2r Park, texas ' Efnzey 1972 Stauficr R. M. Parsons 840
ficico, Lovis;ana E/A/8 1922 Stavffcr R. M. Parsons 700
Slaulier Lerg £2uch, Cahfotnia - E/A/8 1957 Staulier C. F. Eraun 125
Borden Chemical Ceisinar, Lesisiana E/n/8 U Staulicr R. M, Parsons . 330
Georpia Parilic Piazuemine, Leuisizna E/G/8 (1880 PEG Brown 2nd Ront (LOIN
Diamand Lhamntock Deer Park, Texas E/n/e 1578 Staulfer, BFG Lummus, Badger, Brown & Root LR
Alperia
gcaanach Skikda E/0/B (1979} Mitsei Toalsu Yoyo Engincering (88)
Arpeniina N
ljycm Guintica Bakia Blancg PO .. Deow Chemico 110
Electicclos Capitan, Cermuder E/A/R . ] 2
gzhiaBlanca | ... cen. Bra Badger 287
Ausiralia
iciznz Boletry A/-/D Ict averaas tresesmcerennanioaaa 7
Belgiurn
EASF Anvers E/A/R 1567 Slauffer BASF 240
Litczhem Yewy b BFG L e e (1,100}
Limburgss (LVI4) Tessenderln £/8/8 1972 Haxehist, RIG Badger 440
/578 1876 Hoeshet, LFG Badser 440
8 Solvic Jemeppe-Sur E/t/B 1968 Eiky? Solvay 559
razil
Copama Lizlar E/N/B 1372 Sslvay, tC1 MizKee, CTIP 220
honomers Virilicos Bshia Elapea | ... .. BFG Badcer {256}
Priroquinm Camacarne Cemacari 1 ... (1959} &FC Badger/Promon {320)
Bulaariy
¢ Yechnocaraplekl Burgas Gavoya £/0/B (1879} PPG Technip/TPL (331
anzda
Dove Szrniz, Oatarie | ... fias Dew b . 1
Fott Seskatchewzn ) ... (1929 Daw ] ieiieia.. {660}
Shaviaigan Varennes, Cuehee E/h/B 1987 BrG Badger 126
Ehit Shawinigan, Quebes AJASQ 1969 BFG Cererraanans feeaeenmnons 126
ila
Petroguirtica Cencepcion } ... N N Fish Engineering 35
Dow/thAP Concepcion ) ... . . Dow P, hervamemareana ‘e a3
China )
c *l;:':!:.nical {mnoart Goep, Peking €/ 1978 B. ¥. Gacdrich F. Ukde 126
clogmoy N
Petrcouimits Columbizny | ..ol EfA[ Y 1973 Steuffer ...l Ceemaniiraaa. [ s 1
Carche-'yvakiy . -
Cremongiiol Heretarice E/n/8 1972 Steufier R. b1, P2rsans, Yaest, Aipine 265
rC:’-trr;r.tct-"ouy M. Piezia Kovahy, Siovahkia M7-£0 12722 8FG, Kcachst . Uhde T 260
Mens .- -
Perema Oy Porvan venan 1921 Sclvay cYip 133 T
Franrze - .
AKZ0 Go itle Cveaan . . cere
Cho.me Le e .. .- .- R
[ESFISE| Oltmarsteim . .
Dautac Jeriia E/5/B 1857 Steudicr, BFG, Hocehst | ....... ... R h 460
fhene-Fnulcne M/~ 10 cees Rione-froail Rhong-Progi 795
E/A/B 1872 Riuera-Proad Rhone-Progit 291
] sures L L 1355 BFG, K2aehst ] e ieeieieea, 440
Solvie . ) EfA/0 A Solvay, fihyi Sofvay 450
PCiUK/Sheli Chenie FosSurtiar E/A/8 (1580) Bf C Badger {450)
East Cormiany
tndusttie Anlagen Import Sehkepay | ... (1579) Hoechst F. Uhde (440)
West Cormany
Alusuisse Withelmthaven PO - sieeanciirean P (660)
Huts 1] AE/-/D veen tuts 702770
EASF Ludwisshaven AE/-/D e Staulier fieesaverraneansrse 160-32
Soivay h E/a/6 1973 Sclvay Solvzy 440
Cyna=sl Hobel Ein/Q 1956 Staufter, BFG C. F. Craun 130
Hozehist L/A70 1cv2 LFG, tieuchst Utile s
Kuipcack EAfA/Q 1963 UFG, toechst Badper, Uhde 220
Vissiagea L ) P T P (340)
Knapsack, £AG Kazpszek b L. e BFG Cadper, Unde . 220
. Krspsack | . ErG Badoer, Knapsack 310
Watker Buirheusen E/A/Q 13721 Stautine/Stauifer R. t). Parsens 176
Bizrhausen | ¥2:¥4 1] e Warker . R. M. Parsons 350
1o} Yialhelmshaven e, (19:0) Il Flusr {680)
Greece
Linyl Hallay Thesszlombs £/-/0 Eithyt 3
Holland . ~ L, C
AR Botick [/7{B 1en Stauller/3FG . ° Comurio-turgi 600
Botlev (Expansion)  ° |, ..., [03°75) TR T e AKZG Engingering {330)
Fuechst Viswagen | 00 (1931) Hoechst {330
Sheil? Fernis - e ereas cear
Hunpery
Lhemoken-plox Jernnta el . Haechst !hde 79
= . fcrente E/n/0 ErG, Hieghst Badeer 350
Eosos0di Vepyi Kumbinat Kazincbareka 1070 1922 - ure, Heech.g Badzer 3sa-
India ) ) :
CLP Intia Hadizy £/-10 1267 o8fG 3
Katronal Orianic Chomistry lombay Af-f- Shelt, BASF et r b arateerar ey 15
bran .
kbxdan Patrochemical Abarsn f/a/8 1408 BFG Batlper, Lummus 130
ltsx-Japan )V, Landar [/A73 {1819) Toyu Suda Hitacht (330)
fraq .
Lule Bastea | . . -(1520) StauTer Luimmus, Thyssen | 145
tirael
tiectochemical bugustries linta E/as8 Floasaato i aaee 29
Akro (0RO 20)
CCR 000031676 -
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VINYL CHLORIDE MONOMER
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Fig. 6=—Modifications used in the Stauffer oxygen-based

move HCH and certain clorinated byproducts which
otherwise would hinder fractionztion or pyrolysis. The
“clean” EDC is subjected to distdlation steps in which
water and other light components are removed, as well
as heavy components typically labeled tars. The dry
product EDC, generally of $9.5 percent or grastor
purity, is thermally cracked to yield HCl and VCIL.*n
an EDU cavrier stream. Further distillation equipment
separates EDC andd HCI for recycls and yields product
VA for final treating.

The typical VCM plaat includes VOM treating, offgas
treatin, light ends/tars handling and waste treating facili-
ties, It ~ill also include incineration units for reclaiming
waste chlorinated hydrocarbons from ofigas or liquid
strcams.?

Stauiier technolsgy.t®t! In the Stauffer direct chleri-
nation process (see Fig. 5), ethylene and chlurine are
reacted, in the liquid phase and uvader controlled condi-
tions, to yield a crude product vwhich analyzes 99.7 per-
ceat EDC. The reactor product is then combined with
the crude oxy RINC, washed and distilled 1o remove
water, light ends and heavy ends.

Pue EDC s preheated in the cconomizer of the
pyrolysis furnace and then vaporized with steam. EDC
vaper s then heated to dissociation temperature in the
furnace tubes to yield a mixture of vinyl chloride and
Lvdrogen chloride. Conditions are controlled to inaintain
EDC conversion at 50 to 55 percent. Following a quench
and condensation step, TICH VOM, and uncracked EDCG
are separated by distilladon, Tlydeeeen chloride gus s
sent to the oxy section. Unreacted EDC is recycled to
purification.

The oxy section combines reeyele HOL with fresh ethyls
cne and air in twhular fixed-bed catalytic reactors. The
cthylene and air are fed In excess of stoichivtietric re-
Quitements to assure high HCT conversion”' Peaction

oxychlorination procoess.

heat is removed by generation of steam: on the shell side
cf cach reactor. The final reactor eflluent is cooled to
condense EDC, and the offgas is contacted/reacted with
chlerine to recover ethylene as additional EDC. The
offgas stream is cooled versus cooling water and refrig-
eration t» further condense EDC before exiting the pro-
cess. Residual ethylene concentration in the vent gas is
reportedly as low as 10 ppm.®*

Stauffer alsc offers an oxygen-based oxy process (Tig.

6) in which the main reactor offgas, following condensa-
tion of EDC, is compressed and recycled to the first oxy
reactor. An excess of ethylene is used to maximize HCI
corversion and minimize byproducts. A small slipstream
from the ethylere-rich recycle is purged to am ethylene
recovery unit for control of inerts.
Eihy? integrated VOM procaess.’® Gaseous chlorine and
cthylene are introduced into a direct chlorination reactor
in which they comnbine to form EDC. The very high
purity EDC product can be sent directly to {or, after
degassing, can bypass) the EDC purification system (see
Tig. 7). ’

Air and gaseous cthylene and HCI are introduced into
an oxychlorination recactor in which EDC is produced at
an clevated pressure and temperature in the presence of
a fluidized catalyst. The reaction products are neutralized
and partially condensed to recover EDC which is first sent
to a drying column and then to the EDC purification
systern. A portion of the vent gas, consisting primarily
of nitrogen and carbon dioxide is reeycled to the reactor
for added safety.

The purified EDC stream which contains recycled
EDC as well as the EDC from direct and  oxychlorina-
tion 1s vaporized and introduced info a furnace. At least
half of the EDC sticam is cracked to FIC and VOM.
The reaction products are cooled rapidly, partially con-
densedd, ‘and then sent to the VOM purification system.
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Fig. 7—Ehyl Corp.'s integrated viny! chloride monomer process.

HCI and VCM are separated by f{ractional distillation
from the unconverted EDC and small amounts of by-
products. The EDC, containing the byproducts, is re-
cyclea to the EDC purification system.

’ .

Mitsui Toatsu Chemicais fechnclogy.® The MTC
technology utilizes a boiling liquid prozess for the direct
chlerination veaction. Keaction heat is dissipated with the
gaseous EDC exit stream which is condensed externaliy
and cent to purification. ’

The oxychlorination process is charncterized by the
use of oxypren feedstock and a fluidized bed reactor. The
reactar effluent gases are quench cooled with circulating
EDC followed by caustic neutralization. The neutralized
gas is cooled to condense EDC and water, Uncondensed
gazes, primarily ethylere, are reeyeled back to the oxy
reactor. A small strezrn s vented fromm the recycle gas
to zllow purging of inerts. EDC liquid is plase separated
from water and deliydrated before joining the EDC
streams In the purification system. .

A conventional EDC purification system splits crude
EDC into light ends, heavy residue and pure EDC. The
latter is cracked 1o yield VCA which s purified in a
manner similar to that described in the Stauffer tech-
nology (see Fig. 8).

PPG fechrology.© The EDC preduction techuolopgy
apprears very similar to that described for Mitsul Toatsuy,
pacticularly in the use of oxygen feedstoch and fuidized

bect reaction for oxycllerination. However, PPG does not

indicate use of a dehydrator to dry erude oxy EDC prior

Hynrocarron Procrssineg

Marcly 1979

DR crant T S
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to purification. Also, PPG uses three rather than two
towers to obtain the HCi-VCOM-EDC separation,

- [4 - S . -
_ 8. F. Qoodiich {echinslogy.s" 7 Goodrich direct chlori- -

-nation uses conventional water-cocled technology similar -
to that shown for Stauffer. The air-based, fluidized bed .
oxychlorination technology is similar to that shown for
Ethyl. Goadrich also uiilizes an absorber-stripper system
on the cxy vent gas siream to minimize hydrocarbon
losses. Gosdrich, in cenjunction with Badger, Inc., offers
complete technology for waste treating of VCM plant
efflucnt streams.

Tove Soda technciogys®® This technology appears
very sbmilar to that offered by Stauffer. The principal
differences zre in the use of an absorber-stripper on the
oxy vent gas effluent (as with Goodrich) and the de-
hydration of crude EDC prior to purification. As with
other oxychlorination processes, steam generatien is used
o remove reaction heat. N
Phone-Peuienc teciinology %7 Rhone-Poulenc offers
two processes, Chloe I and Chloe II. The former is of a
specizl nature®® to yicld concurrently significant quantities
of other chiorinated hydrocarbons such as trichloroethyl-
ene and trichlorocthane. ‘Lhe Chloe II process is “true”

~VCM technology using air-based, fluidized bed oxychlo-

rination in combination with boiling liquid direct chlo-
rination. N
ilonsanto technoloqy.’? This process appears very simi-
Iar to that ofTered by StaufTer.
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licized. It has been used only by Dow and its fcreign
affiliates.

, HEW DEVELOPMEMTS

Although it is believed that several VCM jrodicers
currently use boiling liguid reactors for direct chlorina-
uon, Stauflzr has developed a unique application of this
concept.®® Their approach, “High Temperature Chlorina-
tion,” in cffect nses the reactor as a reboiler for the con-
ventional EDC purification system (see Fiz. 9} Durified
EDC is withdrawn ns o side stream {roin the tower, and
anv light components formed awe removed overhead.
Nommal fred to the tower consists of treated F1XC from
oxy und recycle. Small amounts of the normal heavy ends
or tars are purred from the hase of the reactor. Thus ap-
plication eliminates approdimately 109,000 ibs, per hour
of 150 psig steam consumption for a one billion b, per
year VOM plant. A similar energy savings is achieved in
reduction of coohing water usage relative to a coaven-
tional 1eacter and lisht ends tower. B, F. Gooddrich™ ziso

offers a boiting Equid process in which the heat of reaction

Recowary
© eolumn

: . EDC pﬂoly;ls

7 vem
column

. HCI
cclumin o

Quench
R column

Cr agker

VG purification

ir vinyl chloride monomer process.

is utilized to purify all EDC processed in the purification
train.

Increased activity by BPA (U.S. Environmental Pro-
teclion Agency) and state agencies in regulating hydro-
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" carbon emissions are lilely 1o stimulate further new de-
velopments, particularly in oxychlormation processes.
These will ranee from developinent of new oxyges-hased
technology to various add-on systems for cleaning up oxy
vent gas. The latter may include catalytic oxidation, in-
cineration {of oxyvgen-based oxy vent gas), solvent absorp-
tion, combined refrigeration and absorption techniques
andjor other combinations. Several companies not active
as VCM producers arc involved in developing these
add-on systems. -

It is expecled that companics will continue to devote
considerable effort to the (.C\dopmcnt of cracking pro-
moters and inlhibitors of side reactions in pyrolysis chem-
istry. Current cracking practices limit EDDC conversion
to 50-60 percent. Considerable energy and. cost savings
could be achieved through increased conversion Jevels
without concurrent losses of EIDC to undesirable side
reactions. .
EPA regu!ah\_.ls. EPA’s

ronmental Impact Statement: Emission Standard for

Vinyl Chloride,"® presented the following regulations:

° LEmiscions from all point sources except oxychlorina-
tion would be reduced o 10 ppm VCM by volume

© Emissions from the osychlorination reactor would be
reduced to 0.62 ib. VCM per 100 lbs. EDC preduct from
the oxy process

e. Preventzble relief valve discharges would not be
pennitred

.2 Tugitive emissicns weould be minimized by requiring
cuclosure of the emission sources and collection of the
cmissions.

v

EPA estimated t}p.cal VCM p]ant emissions in 1974
as follows:

= Lbs./VCHh/

160 Lbs.

Source VCM

Fugitive . 0.1215
EDC Finishing Coluinn 0.05
VCHL Finishing CJ]umn 0.2¢

Oxy Proccess 0.0361

Process Water . 0.0007

Total 0.4479

The regulations were predicated upon reduction of such
cmissions by S% percent using best available techrology.
Compliance testing of these installations was begun in
the last quarter of 1978. .

Additionzl EPA and state actions were initiated in
mid-1977 to reduce hydrocarbon emissions from VCM
plants in non-attzinment regions, ic., much ol the Guli
Coast. EDC production is reported to account for 28
percent of the hydrocathon emissions in the southern
Louisiana and East Texas AQCRs*® Tlicse actions were
directed prinarily against exychlorination vent gas {rom
aip-based units, The amiount of hydrocarbon reduction

soaght varies from rerion to region. No published zuide-

lines are currently available 1o reference.

Hyorocarron P ooerssing March 1979

“Standard Support and Envi-

The set effect of these various regulitions has Leen to
increase substantially the scope of add-on technology in
VCM plants, such as:

© Installation of primary and redundant incineration
facilities for WCM point (ex oxy). source and collected
fugitive emissions

¢ Installation of HCI scrubbing and neutralization or
recovery units in conjunction with the incinerators

e Installation of closed process sewers, collection sys-
tems and larger or redundant waste water strippers

© Replacement of single mechanical se2ls on pumps
and agitators with double mechanical seals. {In some
cascs, conventional pumps were replaced with canned or
maguetic drive pumps)

® Leak detection systems and portable monitors
® Encloscd sarnpling and analytical systems

® Vapor recovery systems for VCM loading/unloading
i Ty §% g S
and equipment clearing.

The EPA report estimated a maximum capital impact
of $0.8 to $1.9 MXMI (1975 dollars) for a “model” 700
MW Ib. per yzar VCM plant. Recent cost estumates in-
dicate the true impact for these items is nearer §15 MM
based on 1973 dollars. Addition of hydrocarbon compli-
ance (proposed regulations} may add another $2-85 MM.

EPA also has proposed further reductions in VCM
emissions.®® Under consideration at present are regulations
which will reduce allowable emissions from 10 ppm to
5 ppm for all point sources, including oxy vent gas. EPA
further plans to prohibit cmission increases within 8

-kilometers of an existing source due to construction of a

new emission source. This will effectively prevent expan-
sion of existing facilities or construction of new plants in
the vicinity of existing plants. The proposed ozy vent gas
regulation will alto dictate substantial capital expendi-
tures for add-on facilities and possibly the conversion of
air-bated to cuygen-based plants to facilitate incineration
of tail gases.

ECCHOMICS

Table 5 presents 2 1981 manufacturing cost buildup
for a typical 700 MM lb. per year grass roots VCAL
plant. Raw materials total 12 cents per Ib. VCOM or 54
pereent of the required FOB plant selling price. Capital-
related costs 2mount to 6.8 cents per Ib. VCXI or 32
pereent, Utilities are only 6.7 percent of the total VCM
cost. In perspective, the 1972-1973 reported VCOM sclling
price’” was only 4-5 cents. per 1b. By 1981, the capital-
related unit costs alene will exceed this by 50 percent.

The obvious major factor in VCM pricing is raw ma-
terials cost. Although chlorine price is expected to double
between 1973 and 1981, the impact of ethylene price will
be even greater (three cents per lb. versus 17 cents per
1b.). The real culprit, of course, is crude oil cost. During
the late 19605 and carly 1970s, plants using inexpensive
LNG fecdstocks were significant contributors to the low
cost U.S. ethylene supply picture. "The energy crisis rap-
Wdly reversed the low cost feedstock trend. LNG scarcity

. CCR 000031680 87
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dictated construction of naphtha and/or gas oil crackers
for present and future ethylene production. This tied
VCM prices irreversibly to crude oil prices through
ethylene, fuel and power (particularly via its impact on
chlorine}.
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TABLE 5--—Estimated 1921 VCIM manufacturing

cost
Cost,
ths/ly P7IRY]
Ve #/3nit ver %
Raw Materizls
CRaTiNe. e 0.64 58 153 152
Elhylene............. ferean 0.43 izl 8.45 3.8
Cataly=t and chemicats., . . aen 0.33 -1.8
Utilities. oo uvinen vareommnnarae tereaaes U 1.42 6.5
Yatal yariablg S 633
[T 1.18 5.4
Misceltancous., ., e 0.98 LE]
TJotabfixed ... ineiiivnnnnaaaan . 28 9.9
oiai meaufactuding cost. . .. ves i5.55 73.2
Capiiai chorges and capreckslion o, viveens 5.85 25.8
Selling price FOB plant.. ... .viveenviaemeafenvemanoadtes P .| 2179 100.0
Bases: .
. 120 MM Pourds/Year Baianced VG Planb .

i

2, 1831 Slartep .

3. Grass Roots [nvestment = §I80 M,

4, Lizht acd hesvy eals incinaraled; recovered HCI sold as muriatic acid to brsak aven
0 rcnLration Ceits,

g. Fiftesn percent BCF rats cl raturn 1o covar interest charges and profit.

. Unit vaiues afz generalized and are ol speeind o a par:ncu.ar fiseasar ar technology.
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