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Here is how manufacturing methods,
markets, buyers and sellers and
economics affect the future of

vinyl chloride

David P. Keane, Robert B. Sfobuugh and Phillip L.
Townsend, }Harvard University Graduate Scheol of Busi-
ness Admxmstra‘xon Boston, Mass.

.
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VinyL cHLORIDE has a single important end use as
monomer in production of polyvinyl chloride (PVC) and
vinyl copolymers. The U.S. production of vinyl chloride
expanded at an annual rate of 14 percent during the
1960s, reaching a level of 4 billion pounds in 1970 and
1971. This increase has been accompanied by a steady fall
in average F.O.B. selling price from 10 cents/pound to
about 4.5 cents per pound in 1970 and 1971. As a result,
the imputed value of production has expanded for the
decade at a 6 percent rate to $180 million in 1970.

Polyvinyl chloride and other vinyl copolymers are being
substituted for older materials on several fronts. Through
replacement of steel and iron in piping, wood in construc-
tion and packaging, glass and paper in packa"mfr and
leather in clothing, polyvinyl chloride consumption will
continue to expand at a rate of about 10 percent through
1975 and beyond. We expect 1975 to see U.S. production
of 5.6 billion pounds of vinyl chloride (VCM). This
monomer will be sold at an average price of 45
cents/pound, and production will therefore be valued
at about $280 million (1971 dollars). Production of PVC
in Europe is even larger, with 1970 production approxi-
mating 5.3 billion pounds. European growth rates have
also been somewhat higher, with one enthusiastic source
predicting a 1975 PVC production of 9.5 billion pounds.?
In all likelihood, European PVC consumption will grow
less rapidly than in the United States because of the
higher per capita consumption prevalent in some major
markets in Europe, which makes growth more difficult.

Manufacturing processes for VCM have changed
rapidly since 1965. Several new ethylene oxychlorination
processes have been employed to shut down older acety-
lene-based production. These large, new processes now

- account for over 80 percent of U.S. capacity, and the

same process should continue to be employed in expan-
sions through 1975. Recent announcement of an ethane-
based process (TRANSCAT)® has raised the yet-un-
proved possibility of bypassing ethylene cracking entirely,
but even a viable TRANSCAT cannot greatly influence
the pre-1975 VCM business.

This process switch has also resulted in large chanves
in the cast of players. In general, some users of VCM
have ceased to produce their own monomer, with pro-
duction undertaken by large, integrated producers of
ethylene and chlorine. Dow and B. F. Goodrich are the
largest producers and have produced VCM for quite a
few years. However, PPG, Shell and Conoco have become
the third, fourth and fifth largest VCM producers despite
not having been in the business in 1965. We expect this
trend toward concentration of large VCM plants among
feedstock producers to continue through the next several
plants.

The PUM huciness has aleo orown at a rapid rate else-
where in the world. Because of difficulty and expense of
shipping, export of VC\I has usually constituted a limited
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VINYL CHLORIDE

market for U.S. producers, with c.\'p;rls during the 10604
accountineg for only alew pereent of US. production. In
1970 and 1971, however a Jack of adequate European
capacity caused U.S. VON exports to increase to sonne
15 pereent of domestic VOM production, This proportion
will probably return to less than 6 percent by 1975.

MANUFACTURE
Most present-day vinyl chloride monomer (VCOND)
capacity relies on the so-called balanced oxychlorination
process to convert chlorine and ethylene to VCN. There
are, nonctheless, several older process routes which are
discussed below in the approximate order of their com-
mercialization.

1. Catalytic addition of hydrochloric acid to acetylenc
Activated carbon

-+ 1gCl
Hydrochloric acid

— CH, = CHCI
VM

The earliest plants of this sort emploved carbide-
derived acctylene and hydrochloric acid derived by com-
busting hydrogen with chlorine. The catalvst for this
addition is mercuric chloride absorbed on a carrier such
as activated carbon. The reaction is simple and of high
yield when compared to subsequent VCM  processes,
thereby allowing simple product purification, no sizable
waste disposal problem, and low capital and operating
costs. Carbide acetvlene and purposely produced hydro-
chloric acid were gradually replaced with less expensive
petreleum-denived acetylene and byproduct hvdrochloric
acid {vwhich also coincided with major relocations to the
U.S. Gull Coast), but raw material costs remained high
relative to newer processes. Some VCM is still produced
with this process, but these surviving plants are very
tichtly integrated with other acetylene-related units and
have been gradually disappearing.

HC = CH + HA

Acetylenc

2. Balanced cthylene/acetylene VCM preduction

———— CH, Cl - CH.CI
Ethylene dichioride (EDC)

Cil, = CH. + Cl
Ethylene Chlorine

200-950°F

CH.Cl - CH, 0l —~———CH. = CH Cl 4+ H CI

EDC VCANI Hydrochloric acid
HC =CH 4+ HCC CH: = CHCI
Acetylene Hydrochloric acid VCM

ETHANE

CHLORINE TRANSCAT

There ave instances where the fist two steps of this
process-—chlorination of ethyvlene to EDC and eracking
of EDC to yicld VCAT plus hydrochloric acid—have
heen apphied without an acetyiene umt. itnyi Gorp. bas
applied this teehnique, with byproduct T11Cl used to pro-
duce ethyl chloride for manufacture of tetracthyl lead
antiknock compounds, Most producers, however, cannot
justify suflicient end uses of the IHCI byproduct. The
result was the balanced cthylene/acetylene complex (as
emploved by Union Carbide and Monsanto at Texas
City, Texas). Plants were sized so that the acetylene-
based  production consumed most excess hydrochloric
acid fom EDC cracking to produce VCM directly. This
process reduces by half the dependence upon acetylene
as a fredstock, but no new examples have been con-
structed 1n the United States in the past few years.

3. Dalanced oxychlorination process

Direct chjorination

CH, = CI. + Cl, ——— CH.Cl — CH,Cl

Ethylene Chlorine EDC
Oxychlorination
CH. = CH; + HCl + 10. — CH:Cl — CH,Cl + H,0O
Ethyicne EDC Water
Cracking

cH.cl—CH.c 200790°F o1 _ cnal 4 HO

EDC VCM

The difference between these processes and the earlier |
uses of LDC cracking is the second reaction above to (1) |
prevent exporting a large ICI byproduct and (2) elimi-
nate the need for acetylene-feedstock. This reaction is
essentially a variant of the Deacon process to convert
HCI to more valuable chlorine.

2 HCl + 1 O,

Cl: + H.,O

While the Deacon process has not been a commercial
success because of technical problems with corrosion znd
product purification expense, oxychlorination has over-
come these problems by immediately capturing the
chlorine in situ to form EDC. The combined EDC streams
are then cracked and the resultant HC1 recycled to close
the loop. As mentioned above, most presently employed
processes—including Goodrich, Dow, Stauffer and PPG—
use some variation of balanced oxychlorination.

VCM
PRODUCT

»| VINYL CHLORIDE

SEPARATION }I:J

20030

AIR SYSTEM
——————— e
A . HCl RECYCLE
DICHLOROETHANE RECYCLE
CHLORINATED COMPQUNDS 8 TARS RECYCLE
) Fig. 1—Viny! chloride monomer process via ethane as offered by Lummus/Armstrong.
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Fig. 6-2—Viny! chloride by oxychlorination by B.F. Goodrich.

4. Single-step chlorination and craclking of ethanc
(TRANSCAT process)

molten

Hy—CHs salt

Ethane

CH. = CH.
Ethylene

CH. Cl—CH, Cl
EDC

CH: = CH: + Ch

Ethylene Chlorine

moltcn

Cl—CH. Cl ——
EDC

—» CH.—CHCI + HCI
VCM

CH. C
. Hydrochloric acid

molten salt
—_—

2 HCl + 1 O, Cl; + H.O

The recently announced TRANSCAT process involves
the dcxelopment to a pilot stage of 2n ethane-based route
which foregors the separate pu lon of cthyvlene {sec
excess hydrochloric
acid (if desired) are ivd to a molien salt bath with an
extremely short residence time and 2 high temperature,
where all of the above reactions apparently occur simul-
taneously. The potentizl licensors : Lummus/Armstrong
Cork) claim above 95 percent VCL{ vield on chlorine
and 80 percent VCM vield on ethane fed. Even more
chemically revolutionary the clzizn that chlorinated
v:astes which are prOuuwc may be partially recycled to
the rcactor to result in Lu.tmnnl \ L,‘I The indicated
€CONOIIC UUN ittit. AYC L
fecdstock might make this the VCM process of the
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future, should the process prove to be commercially
viable.

Popular VCM processes, While oxychlorination has been
the process route chosen for all recent VCM plants in the
United States and most of the rest of the world, this has
not decreased the compctition among different processes
and licensors. There are several competing processes which
have demonstrated their commercial feasidility. The fol-
lowing three oxychlorination processes—on which signifi-
cant information has been published—are representative
of most manufacturing facilities.

1. B. I. Goodrich oxychlorination (Badger). This
process was the first successful oxychlorination process
(1965), with the initial 400-million-pound/year unit in-
stalled at Goodrich’s plant in Calvert City, Ky, There
are about 8 plants which utilize this process, having an
aggregate capacity of about 4 billion pounds/year.?

As is truc of all balanced oxychlorination processes
the over-all material balance involves feeding ethyviene
and chlorine and production of vinyl chloride (see Fig.
6-2). Yields are certainly in the 90 percent range (and
may exceed 95 percent) on both primary feedstocks. The
yield losses involve production of light and heavy cnds
which boil above and below EDC. These byproducts
consist primarily of C; and C. chlorinated organics, sormt
of which are suitable as feedstocks for production i
chlorinzted solvents (carbon tetrachlaride, pcrch]oru-
sthvlanel hile the halance reaquire disposal.

The first of three scgments of the process is direct

101

0te

.
o F

0 5 4

2,




ViYL CHLORIDE

addition of chlorine to cthylene to produce cthylene
dichloride (EDC). This reaction is essentially stoichio-
sictiiconn both reactints, with Jhlorine usuain, maindained
in a slight excess. The reaction is ligquid phase with a
dissolved catalyst and mildly exothermic. Reactor tem-
werature and pressure arc controlled by cooling water
acat removal. Following the reactor, the EDC product is
fed to a two-step purification train to remove light and
heavy cnds (the same train processes two other EDC
streams).

The second major operation consists of cracking EDC
to produce vinyl chleride and anhydrous hydrochloric
acid, The cracking occurs at 900-1,000° I in a direct-
fired furnace which is packed with a catalyst (pumice
has been 2 traditional choice). Conwversion of EDCT is
typically in the 50-60 percent range to optimize the
costs between coking cycle, utilities cost and vield. e
hot preduct gases are quenci:ed by direct contoct with ©
condensed recycle stream of the same composition, piio:
to fractionation. In the HCI column, anhyvdrous HC! is
removed overhead for use in the oxvchlorination unit.
The VCM column produces VCM as an overhead prei-
uct meeting finished product specifications, and producc.
a recycle EDC stream of unconverted EDC. This stremm
is purified in the common EDC columns prior to recvcl-
ing to the cracking furnaces. The purilfication step is
required to prevent fouling of reaction surfaces in the
cracking furnace.

These two previous process sections offer relatively
little advantage over older processcs—thev constitute an
unbalanced EDC cracking operation (such as practiced

STRIPPER

CHLORINATOR ABSCRBER

by Lkthyl) which produces 1HCIl as a byproduct. Vhe third
scction of the B.F. Goedrich and other oxychlorination
processes involves conversion of this excess U to EDC,
Air, cthylene and HICH are charged to a fluidized catalyst
Ded at a modeiaicly digh Wnplidane aud Suionaiii
clevated pressure. The reuction to produce EDC {given
above) yiclds water byproduct, which is rcjected as the
product vapor is condensed. The first step of condensa-
tion produces a crude EDC product, while the gases
(primarily diluent nitrogen) must be fed to a secondary
absorber to recover a second stream of EDDC by absorp-
tion/stripping. The tail gases are vented, while crude
EDC is fed to the common EDC finishing train.

The oxidation of HCI to Cl. is highly cxothermic and
the subscquent addition of Cl; to ethylenc is mildly exo-
thermic. As a result, the oxychlorination reactor, is
covled by generating steam, which brings the whole
process closer to self-sufliciency on steamt supply.

The net cffect of this crucial scction is thus the con-
version of 11CG), ethvlene and air to a VO precursor.
While the process is depicted as balanced, design and
operating changes allow any individual plant to produce
or accept either HC] or EDC as local conditions warrant,

2. Toyo Soda oxychlorination (sce Fig. 6-3). A pro-
cess very similar to that of B. F. Goodrich has been
employed in several Japanese plants. The essential de-
sizn differences appear to be: (1) the use of a fixed bed
rcactor for oxychlorination, as opposed to the B. F. Good-
rich fluid bed; (2) use of a hot oil reactor coolant and
external steam generation, and (3) inceorporation of a
specific EDC dehydrator column not shown in the B. F.
Goodrich publications. None of these differences are
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Fig. 6-3—Toyo Scda's oxychlorination vinyl chloride process.
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erates on cthylene as low as 60 percent

major; the processes should be roughly competitive based
upon published dutal?

3. Staufler Chemical oxychlorination. This is amain
very similar to the ecarlier oxychlorination processes.
Minor changes in the routing of streams, small differences
in catalyst performance, and features of the mechanical
desion are all that differentiate between the published
information for this process and the previous two. It is
noteworthy that Stauffer published an estimate of 3.7
billion pounds/year of vinyl chloride capacity in 17
plants utilizing this process.*

4. Monsanto oxychlorination. There are several licen-
sees for this similar process.®

5. Dow oxychlorination. Only Dow and foreign sub-
sidiarics have used the Dow VCM process, and no indi-
caticn of a willingness by Dow to license to others has
been published.

6. Union Carbide (Lummus) Laianced acetylene/
cthylene process. No recent examples of this process have
been constructed in the United States, but a Union Cur-
bide venture using a Wullf process acctylence/cthylenc
plant in Brazil is employing this process to consume part
of the production. Complete startup of this plant is
planned for 1972.

The basic flow scheme is shown in Fig. 6-4. Ethylene
and chlorine produce EDC, which is cracked to yield
JICl and VCAI; the process is very similar in this arca
to the above processes. However, instead of using oxygen
and cthylene to convert the bypreduct HCI to EDC, the
balanced process then involves the older acctvlene route.
The reaction is a vapor phase reaction over HzCl:/carbon
cataivit with a slight 1ICl excess. A circulating coolant
removes reaction heat to control the reaction temperature
to abzut 400° ¥. Conversion is icss than complete in some
plants; requiring recycle of acctvlene and HCI, but the
reaction yields are 93 percent or greater. Therefore, the
removal of light and heavy byproducts is simple. This
results in low capital and operating costs for the process,
but the use of acetylene at current or projected U.S.
prices makes this process less than competitive with
balariced oxychlorination (see “Economics™).

7. Others. Pechiney-Saint-Gobain ofiers combined
production of chlorinated solvents and vinvl chloride in
flexitle proportions. A single plant zt.Saint Auban,
France, has operated since the spring of 1970 to produce
about 120,000 metric tons/year of VCMI with this pro-
cess.®

Diamond Shamrock/deNora offer “Dianor/
to produce and crack EDC which is atmed at developing
countrics with no ethylene comniexes.” The process op-
] concentration
and produces HCI byproduct, which would lcave the
process uncompetitive under any but the special circums-
stances of small, developing chemical markets with tanff
protection.

I

a process

Feedsiock availability. The importance of feedstock
cost 0 VCMI producers has resuiied in the entry to the
VCA! market of larae, intearaied chi and ethylene
proctucers (sce “individuar Gempanies® ana Cticonomn-
ics”). Tuture manufacturing efieris will be largely influ-
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Fig. 6-4—Author's interpretation of the balanced VCM process
as announced by Union Carbids (Lummus).

TABLE 6-1—Propertics of VCM'

Mol Wteiie e eeinnoennnnn ersasessacaranan 2.50

Specific gravity... 0.9534 20°/20 °C
elting oint v —1338°C  (=21i.6°F)
Boiling pointe.vieeeeenans .. - 13.81°C (7.1°F)

Flashpoint. ... oottt iianeeon. —~103° F
Maximum allowable concentration
(ppm by volume) . ..co.iiiniiinnnnenen.. 500
Explosive limits % by volume inair........ Lower 4
Upper 22

enced by trends in both of these related fields. A brief
review of trends follows:

Ethvlene production in the United States has been
drifting away from the traditional patterns. Until recently
more than 80 percent has been manufactured from ethane
and propane cracking and about the same proportion
located in the U.S. Gulf Coast.® Some recent plants have
involved movement toward the north and Puerto Rico
and cracking of heavy [eedstocks. With developing short-
ages of natural gas, a continuing crosion of the competi-
tive advantage of cracking Gulf Coast ethane and propane
is likely, and cracking of heavier feedstocks will probably
result in higher ethylene prices. With ethyvlene much more
difTicult to ship large distances than either vinyl chloride
or chlorine, a tendency to locate vinyl chloride production
near ethylene plants should continue.

Chlorine is the other major feedstock, with VCM
accounting for about 15 percent of U.S. chlorine produc-
tion in recent vears. Largely as a result of slumping VCM
demand (which declined silghtly in the first half of 1971},
chlorine demand has been slack in the 1969-1971 period.
Iowever, as various chlorinated products resume their
growth trends between 1971 and 1973, chlorine demand
should once again require expanded capacity. Given the
considerable cconomies of scale in chlorine/caustic pro-
duction, the largest and most integrated producers will
retain their competitive advantage in VCM.

Very substantial electrical energy requirements for
chlorine production will force locations to sources of low-
cost power. While nuclear fuel and coal are in the running
as long-term suppliers of low cost power, petroleum and
natural gas remain necessary until at least 1980. There-
fore, avaiapity of petroleum and natural gas fuels will
help determine chlorine plant locations until at least 1975.
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VINYL CHLORIDE

These trends indicate that manufacturing locations for
VCM arc likely to be heavily influenced by availability
UL inc.\’pcn:i\'c Jl)’tlltlt,‘dl'bt}n l-\_‘u.lblkl\.!\b auLi I.thi;b, wiuix
relative labor and construction costs, water and transpor-
tation facilities acting as less important constraints.

aysical properties. Sce Table 6-1.
RMARKETS

U.S. consumption of VCM was about 3.3 billion pounds
in 1970, with 664 million pounds being exported. Con-
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Fig. 6-5—Per capita consumption of polyviny! chioride.®
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Flg. 6-6—End use markets for PVC.*
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sumption of VCM is almost entirely for production of
polyvinyl ehloride resins and copolviaer resing (propylene,
cthylene and vinvl acetate are connonly copolymerized
with VCM). Domestic consumption is projected to grow
avvut 10 poreene annually nom die 1570 Jevel of 3.3
billion pounds to 5.3 billion pounds in 1975. Export
markets will decline from the 16 percent of U.S. produc-
tion cxpericnced in 1970 to the more usual level of 5-6
percent of production, or 300 million pounds, by 1975.

End uses of PVC are characterized by more variety
than most other commodity resins. Physical properties of
PVC vary from the soft and flexible plasticized varicties
used in dolls to the strong and rigid PVC pipe invading
the construction markets. Fig. 6-3 demonstrates the rapid
growth in per capita consumption which has resulied
from this variety of properties.’® As a result, PVC con-
sumption is also less vulnerable to the loss of any single
end use market.

The more rapidly growing markets for PVC-are con-
struction products, packaging, pipe and fittings. These
areas should exceed the 10 percent growth rate of the
overall PVC inarket. Segments which are more mature
and will grow at less than 10 percent include apparel,
fiooring, home furnishings, phonograph records, trans-
portation equipment, and wire and cable coatings. An
estimate of the 1963, 1970 and 1975 market share of
each category is given in Fig. 6-6. While some categories
will have declined relative to all PVC consuinption, ac-
tual volume sold in 1975 is projectcd to increase in all
categories.!®

Construction uses for PVC include vinyl-coated wall

coverings, and strips of PVC sheet to serve as water stops
in walls and weatherstripping. The largest potential, how-
ever, probably belongs to PVC siding and window frames,
which are rapidly growing competitors of older wooden
and aluminum products. The construction market should
grow in excess of 20 percent annually for the next five
years. ,
The packaging application of PVC has been growing
very rapidly in recent years. There are environmental
pressures to restrict PVC content of packaging because
of HCI released when packaging is incinerated, but such
restrictions will act to slow this growth area before 1975,
not to reverse the trend. Packaging consumption of PVC
grew at above 25 percent annually in the last five years,
and should grow at 15-20 percent for the next five years.
After 1975, however, look for growth to slow considerabiy
as effective control of HCI emissions causes other materials
to replace PVC in some applications.

Use of PVC pipe and fittings has benefitted from the
accelerating change of U.S. building codes to allow plastic
drain, waste and vent piping. A.D. Little has projected 2
1975 consumption of 1 billion pounds of plastic piping,
with PVC representing a large share?* The PVC in this
application is often blended with chlorinated polyethylene
resin. Competition with acrylonitrile-butadiene-styrene
(ABS) resins and styrene-acrylonitrile {(SAN) resins will
be important in determining the actual growth of this
PVC application, but 15 percent is a likely growth rate if
PVC prices remain below those of ABS and SAN resins.

Among the more mature PVC markets, use of PVC
in transportation equipment should continue at a rela-
tively high growth rate. Further penetration of the auto-
mobile market is not a major hope for PVC, since seat
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Fig. 6-7—PVC production by type according to the U.S. Teriif
Commission.

covers, headliners and dashboards have all been heavily
penetrated, As a result, this end use will grow at about
the rate automaobile productlon grows. W hlle other trans-
portation uses will increase, look for this segment to grow
at 8-9 percent over-all.

Uses of PVC in apparel, flooring, home furnishings and
wire cozting are mature segments. Growth of these seg-
ments should keep pace with real GNP growth at about
5 percent annually through 1975.

Another possible categorization of PVC uses is by the
processing methods being used to meet the above markets.
Table 6-2 presents a breakdown by precessing methods,
again reflecting the diversity of PVC markets.

Polymer producers. One reason for the varied properties
of PVC resin is the diversity of polymerization methods
employed and another is the Jarge number of PVC pro-
ducers, each with a shightly difTferent product line. While
65 percent of VCM was polymerized captively in 1960,
this percentage declined rapidly as older acetylene-based
plants were replaced with larger ethylene-based plants.
Today companies such as Dow and Shell are exclusively
merchant sellers of VCM, while PVC preducers such as
Monsanto and Union Carbide have discontinued VCM
manufacture. As a resuit, only about 40 percent of VCM
was captively consumed in 1970, and the percentage will
probably be closer to 30 percent in 1973, The 21 com-
panies currently producing PVC are listed in Table 6-3,
together with capacity by region. Of these 21 companies,
7 also produce VCAI (see Table 6-5).

A final characterization of PVC production is the type
of polymerization cmployed. Suspension homopolviner
resins have been an incrensing fraction of PVC production
in recent vears, mostly at the expense of copolymer resins,
while dispersion resins have maintained a relatively con-
stant share. Fig. 6-7 presents a breakdown of PVC by
method of pol)mcnmtlon.

World markets. During the 1960s, exports of VOM
averaged less than 5 percent of don)(:stw production. VCM
must be s shipped and stored either under pressure or in a
refrigerated tank. The relative difficulty of shipping, low
sclling price in relation to freight cost, and ready avail-
ability of VCM technology has crmtvd a strong tendency
to produce VUM locally rather than import for an ex-
tended period. In 1969, 1970 and 1971, however, rapid
expansion of European VO demnand and lagging pro-
Ayeting {':\:\_’\P;':r ladl ta ahnarmally larer imnorts from
the U.S. Lxports accounted for a high of 16 pereent of
domestic VOM production in 1970. As added capacity

Hybrocarnox Procrssing February 1973

TARLE 6-2—Proccising mothods for pve™

Share of market, &

Extrusion .

(wire, film, sheet a=d general extrusion). .. ...t 40
Colendering

(fAlm, sheet and co22ing). ... . coiiecivenoneannn 35
Molding .

(blow, injection, roto, compression)....... veeeas 10
Coating

(dip, knife, roll, spray, lamination)............. . 10
(028 7 S PN e 5

TAELE 6-3-—PVC producers in the United States,’ Jan. 1, 1971

Northeast i
Borden........... Leominizter, Mass, 12 companies
Diamond-

Shamrock.......| Dalaware City, Del. 13 plauts .
Firestone......... Portstcvn, Pa. 1,300 MM Ibs. capacity
B. F. Goedrich

Chentical....... Pedriceicwn. N .

Goodyear Tire &

Rubber......... Niagara Falls, N. Y.
Great Anterican

Plastics.....

Stauffer. .
Tenneco......vn.

Southeast

Air Preducts. . ...
Continental Oil... ..
Firestone.........
Pantasote. . .... LT
Union Carbide. .. .!
Afidwest

Air Products......
Allied Chemical....:
Borden........... i

comp:mi:s
olants
LN \( M lbs. eapacity

mpames

~mo.

OOO \I M Ibs. capacity

General Tire......
B. F. Goodrich
Chemical.......
Uniroyal......... Painesvi ”e O‘*xo
Sourhwest
Diamond-
Shamrock....... Deer Park, Texas 4 companies
Ethylo ... ... Baton Rouge. La. 4 plants
Goodyear Tire &
Rubber......... Plaqu . La. 600 MM 1bs. capacity
Union Carbide. ...! Texas City, Texas
Far West
American
Chemical....... Long Beach. Calif. 3 companies
F. Goodrich
Chemical....... Long Beach. Calif. 3 plants
Kevsor.....oounn. Saugus, Calir 20J MM Ibs. capacity
21 total companles
33 total plants
3,550 MM 1bs. total cupacity

TABLE 6-4—Wesiern Europcan PYC consumption
{theusands of metric tonz)

Total
YWestera
................... Spain | Other | Europe
............... 17 40
................... 26 52
................... 9 72 1
................... 33 56 1
................... 46 55 1,
................... S50 141 1,
71 135 1,
U1 140 2.
97 148 2,
Growth rate
(1962-1970) .. ......... 247% 189% 15¢%
1975 Consumption™ 220 285 3.900*
Projected yrowth
Rate (to 1973)*. ...... 1075 S% 189, 14% 1075

Source: European Chemilcal News and Ofl, Palnt and Drug Reporter, Oct,
26, 1970, plus authors’ estunates,®

comes onstream in Western FEurope and developing coun-
tries rush to build VCOM plants, U.S. exports of VUM will
decrease again to 5-6 percent of production or lower.
U.S. expvorts of PVC resin are also minimal; in 1969
and 1970, about 5.5 percent and 6 percent of the U.>.
PVC sold was L\POI'IC(] Two reasons for this are the
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rapidly cipanding domestic markets for PVC and the
wgH ICuve et costs. Furtiennore, i barrers
are hizh—20 percent or more—between European coun-
trics, as well as between Europe and the United States.**
Despite this, the specific properties required by resin users
remain the most difficult barrier to a large world trade
in PVC. In a recent report of the Standard Rescarch
Institute® projections of the world output of PVC for
1970 and 1980 arc compared. The percentages nccounted
for by cach producing area are as follows:

. 1970 1989
North America 26.5% 26.5%
Western Europe 41.3 39.7
Japan 16.5 17.9
Others 15.7 15.9
100.0%  100.0%%

While special purpose resins sales to developing markets
will coniinue to be an attractive market, PVC resin ex-
ports will rernain a small market at 5 percent or less of
production.

The European PVC market is considerably larger than
the U.S. market (sec Table 6-4), based upon Eurcpe’s
large population and greater per capita consumption.
This will allow European producers to build large, com-
petitive VCM facilities to serve their own markets. As
U.S. producers encounter higher ethvlene costs based
upon cracking heavier feedstocks and higher chlorine
costs from more expensive electric power, exporting to
the European VOM market should cease to be attractive
to U.S. producers.™

Japancse PVC producers also represent a sizable market

or VCM, but domestic Japanese production is ample to
provide the estimated 2.4 billion pounds which will be
required in 1972. Lstimated VCM capacity is in the
neighborhood of 3 to 3.3 billion pounds/vear (see Table
6-6), indicating either sizable exports or low operating
rates for Japanese VCM producers.

A partial listing of foreign VCM producers is given in
Table 6-6. Since this is not an exhaustive listing, total
capacity figures are not available. However, the per capita
consuraption of WCM is even higher in Europe than in
the United States and trends toward oxychlorination are
evident.

INDIVIDUAL CCMPANIES

Table 6-5 lists U.S. producers of VCM as of 1972.
Of the total capacity shown, 10 percent is based on
acetylene and 8 percent on ethylene without oxychlorina-
tion capability. These plants must be considered vulner-
able to continued construction of large oxvchlorination
facilities. The remaining 5 billion pounds (82 percent)
consists of modern, apparently competitive oxychlorina-
tion plants. Also noteworthy is the concentration of over
70 percent of VCM capacity on the U.S. Guif Coast.
With the c\ccptxon of PPG’s Puerto Rican plant, all
recent capacity additions have been in Texas and Louis-
iana.

The expansion of VCM capacity from 2.4 billion
~ounds/year in 1963 to about 6 billion pounds/year by

71 was at an annual rate of 18 percent. The actual
rate ‘of new capacity construction has been even more
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TAULE 6-5—U.5. producers of VCIA

Nameplate
capag l(y
Prrdepen= Yocatinge 2ane e fom Tracoes
Allied ..o oo Batun Rouge, La. 300 Oxychlorination
American
Chemical. .. Watson, Calif. 170 Stauffer
(ARCO-Staufler) . oxychlorination
Munxhem. . ... Geismar, La. 300 Acetylcne
(Lorden- .
Unitoyal) .
Conoco..oann.n. Lake Charles, La. 600 Staufier .
oxychlotination
Dow........... Plaquernine, La, 340 Dow .
oxychlorination
Freeport Texas 180 Dow )
oxychlorination
Oyster Creek, Texas 700 Dow o
o uxychlomg'mgn
Ethyl.......... Baton Rouge, La. 270 Ethylene/EDC
cracking
Houston 150 Ethylene/EDC
Goodrich....... Calvert City, Ky. 1.000 Geodrich
oxychlerinution
(nuitiple train)
PPG.......L L. Lake Charles, La. 300 Qxycehlorination
Puerto Rico 500 Oxychlozination
Shell........... Houston 800 Stautier
{Expanding) oxy" c'1lo'unt)0n
Norco, La, 80 Staufier
(1974) oxychlorination
Tenneco..oau. .. Houston 255 Au.l\l :ne
1972 Total 5,865
Note that

Source: Many published estimates as interpreted by the autlmrs.
cfiective capacity probably does not equal nameplute capacity. A reasonable
capacity fizure would probably be 90% of the above rates. Osl, Poant cud Drug
Reperter, Oct. 11, 1971, has the most complete listing.

rapid, with fully half of the 1965 capacity being shut down
in the same period. Eighty percent of 1971 capacity 1s
less than 6 years old.

Among individual companies, Dow has about 19 per-
cent of VCM capacity, and about 23 percent of oxy-
chlorination capacity. Dow’s position as a capacity leader
among . ethvlene, chlorine and chlorinated solvents pro-
ducers leaves no doubt of Dow’s long-term position 2s 2
VCAM produccr Raw materials costs are crucial to VCM\
economics, being roughly equally split between chlorine
and cthylene (=ee “Economics”). In addition, byproduct
chlorinated hydrocarbons from oxychlorination are rou-
tinely absorbed into Dow’s production of perchloro-
ethylene and carbon tetrachloride. At the present time,
this VCMI is largely sold in the merchant market. While
Dow has extensive experience in production of bulk poly-
mers, Dow has chosen to remain a merchant supplier and
has discontinued production of PVC.

The sccond largest VCM capacity belongs to B. F.
Goodrich at Calvert City, Ky. Two or three trains at this
sitc employ Goodrich’s oxychlorination process (see “Man-
ufacture™), and are notable in being the only sizeable
plants located in the northern or eastern United States.
Goodrich has captive use for most or all of this VCM,
but has made no recent move to expand beyond their
existing 17 percent capacity share. Both ethylene and
chlorine for this plant are produced by Goodrich at Cal-
vert City.

PPG has moved into second place with a 14 percent
capacity share. Plants in Lake Charles, La., and Puerto
Rico benefit from large internal chlorine sources and
chlorinated solvents business to absorb byproducts, but
ethylene is purchased in both cases. As is the case with
most recent expansions, the majority of VCM produced
moves in the merchant market.

The fourth and fifth largest producers are oil com-
panies with large ethylene capacity but insufficient
chlorine for VCM production. Shell has recently com-
pleted and started up 12-14 percent of U.S. industry
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G-&—~—Foreinn VUMM prouucers

Annual capacity
(thousand metric tons)

Process fcommpletion

Covntry Compuny City
FUROYE
slgium: . VASE afes 120 Staufler
Belglumi e vevnecocernnnnns L';I:}r Antwern 200 Solvay—-1CI
Limburpse Vinyl 200 Goodlrich
Czechotlovakia: ... . ... ... T I‘Lhnl)’ xport 50 Coodric h/lloedxst
Finland: .. .. Pekerma Oy b3 Solvay/1C
Frauce: 13X sI,r AC a0 gthn)l“t:)- (§xr\.mdmg)
? Y. W V2
! cchml‘)"fjaml anun ........ %ég Ethylene- ln'ed) (1‘)}") .
.Qo!v\ g 200 Balanced acetylene/ethylene
Greece: L ooiivveenrrnonenionnns Hh~ i Hellas 25 Ethyvt EDC cracking
Jealy: oo veiir i iinieacnanennn, ANIC Ravennt 250 Stauficr (complction)?
Montedison Porta Marghera 238 83‘}%;&”
Rumianca Caeliari 100 (expanded) PPG (1972)
Netherlands: ...... P PO K70 Btk 300 Goodrich/staufler
" Frens ZIS D ERACLLENERLE
Rumagola: ... .eenn..., PR, 1-dustrial Tmpart Rimuico Vilcea ) . A, .
Spain: . ..., +..] Monsanto Iberica Tatrarnna I\_lomqnm/Ethylene
Qxyeros Pruest inn 80 (planned) Good:ich o
Viniclor \h'm—rh 55 §n!v;xy/1CI (1972)
Swedenit . ....... PN Keannrd Coprn: miand 75 LLhqu}e
[ O F B. P, Chemicals Baolan Fay, Wales 260 Goodrich
British Geon {0 T 140 Acetylcne
ICI N. A. Oxychlorination
N. A. gxyccllol':r n)on
USSR: .... erietresireeiiiaans ;;;g pecl “9 2
TWeat Germany: cvooveeeennannn, BAS . e 300 Bals ""“,.f..n
ChemWerke Huels Sran 365 (expanded) Huls‘ Q1 .ul,_)
Hoechst | SR 60 (planned) Goodrich/Hocchst
Knapsack AG [LP 100 Goodrich/Hoechst
WWacker Cic Yoate N. A, Acetylene (1971)
LATIN AMERICA a-
Argeatinas ........ e, ..{ Flectroclor S \IC 30 (planned) ICI (10873)
Industrias-Dow 30 (planned) Dow (1574}
Brazll: coveverieriinniiinanie, Consorcio- Paui . 100 Ethyl/Solvay/ICI
......................... € nl..\ 1n 100 Sclvay/ICH
Union Carbide NOA 85 Balinced ethylene-acetylene
' (1972)
Chile: tievevevecaracssseaonnes.] Empressa \auomle de Petroleo Crncepcion 15 (plan) N. A.
Petroquimica-Dow-ZNAP Cong neion 15 (plan) Dow | o
Merxlco: .ooiiiiineinininan. vevdd PEMENX Parr tae 70 Scientific Deslin
Yenezuela: . ... ... iaa., B. ¥. Goodrich/IVP/others Fl1s%"20 50 B. I, Goodrich (1973)
AF RlC‘x/\HDDLE FAST
) SRR <3 S Genera} Organization {or Indusiry Alrrardsia 43 (planned) N. A.
Turkey: ...vviuennnn tisseseesa.) Petkim Petrokimya Tzmut 30 Solvay/ICI
e eaeeeen et Aln=a 95 (planned) 1074
............................ Yarimca 27 (planned expansion) 1972
ASIA/PACIFIC .
Australiat o..oviiviieninneann. Goodrich Altona N. A. ();or)dnch i
P Y << 8 < Asahi-Penn Chemical Goi 145 (EDCO) PPG
Central Chem, Kawasaki 90 (EDC) Toyo Soda
Chiba VC)I Chiba 160 Staufler o
Chisso Petro-chemical Minamata 55 Toyo Soda (1672)
Japanese Geon | . ..., Cereeee 130 Balanced. Goodrich
Kanegafuchi Osaka 120 Staufier o .
Kaaei Mizushima Mizushima 50 Monsanto/Scientific Design
Kureha I, 120 Balanced
Mitsubishi-Monsanto Yokkaichi = | ..... Siieeieranenasanceanenes
Mitsui Noroya 60 Mitsui .
Mitsui Toatsu Iwakuni N. A. Scientific Desiga
Nihon VO Nikon £0 Staufier
Senpoku Petro-cher Ozaka 120 Mitsui
Toyo Soda Tokoyama 110 Toyo Soda
Yokkaichi 100 Toyo Soda
Korean Pacific Che Ulsan &0 Dow
Monsanto/Tokoyama

Taiwan: ..

Chinese Petroleum

Kaohsiung

64
60 (planned)
40

Union Carhide {1972)

Tatwan VCM Toufen N
Thalland: .........oiiinnnnn.. Thai Piastic Ransgkok Dynamit Nobel
Source: Authors’ estimate based on many published sources. This1ist is not intended to be comprehensive, but to list most major producers,

capacity at Houston. Ethylene comes from a gas oil ~
cracker with 1 billion pounds/vear capacity, but required
chlorine is purchased externally. Shell produces chlorine
and other chlorinated organics beside VCM, but has
app:xrgmly chosen not to expand chlerine capacity for
use in VCML. With recent announcement of a similar scale
VCM unit in Norco, La., Shell will become the largest
VCM producer by 1975. Conoco has i0 percent of in-
dustry capacity at Lake Charles, with ethvlene provided
by etlnnc/prop'me cracking and chlorine requirements
purchascd It is reasonable to watch mzjor ethylene and
chlorine producers for the next VCM units,

HISTORICAL DATA
. Table 6-7 presents data based on U.S. Tariff Commis-

ston reports for 1933 through 1969

and the authors

estimates for 1973. These data show a sicady rise in the

t "h\f

Pt

~- l‘v\"\’-v‘\'v ~ clivmn in 1Qﬂl \A,}’\('n thc

industry was pamcularl) pl:wucd with ov ercapacity. Pro-
duction has grown at over 17 percent per year for the

Hybrocarnon Processing
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TABLE 6-7—U.5. historicul data: YCI4, 1959 to 1975

Total
Number value
of Production Sales Average |of prod'n?

Year producers | MM 1b./yr. | MM ib./yr. | price, ¢/1b. $ MM
1059. 10 0978 11 108
. 12 1,037 10 1k
3 12 1,044 s.1 85
12 1,311 7.5 98
13 1.435 7.0 100
13 1.614 6.3 102
13 000 6.1 122
13 2,500 5.9 148
13 2.424 53 128
12 2.969 4.6 136
11 3,736 4.4 164

9 4,000 4.5* 180¢

1975.... 10* 5.600* 4.5% 2524

Source: U.S. Tarif Commission

® Author's estimates, with price projection in 1971 doilars.

past five years. Average sales price has continually dropped
because oxychlorination of ethylene, which is accounting
for an ever-increasing proportion of VCM production, is

considerably cheaper than the

acetylene route, anG .-

cause of economies of scale. Becausc of these offsetting
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Fig. 6-8—VCI production in the United States, U.S. Tariff
Commissicn and authors' estimates.

trends, the total value of preduction has increased only
6 percent per year since 196+ However, it is belicved
that the average sales price (real dollars) will hold steady
through 1875 because of rising ethylene and chlorine costs
and that the growth rate of VCM production will be
closer to seven percent per year from 1970 to 1975.

The future of VCM is dir ectly tied to the future of
PVC, and PVC consumption in the United States is ex-
pected to show an annual growth rate of 10 percent from
1970 to 1975. The trends of VCM production, price and
value are shown in Figs. 6-8, 6-9 and 6-10.

ECONOMICS
The price of VCM has exhibited the typical downward

trend of maturing p(l)och"xmc.\] monamners. The major
reasons for this trend have been the consxstuu)y mprov-
ing tcchnolo(r}, the much larger scale of (\blmg produc-

' Vo ’
Qi AR Tehe
Ll Au\ulul(,\, widG -.“L \_u...u«(..uu.\, “LV.\,LA-'V -.'. ERRRCS

of major fccdstocks—cthylene, acctylene, chlorine and
hydrochloric acid.

As with other petrochemicals such as acrylonitrile, vinyl
acetate, and neoprenc rubber, the 1960s saw the introduc-
tion of new processes which replaced acctylene as a raw
material with a less expensive fcedstock. Even though
the new balanced oxychlorination processes (such as
Goodrich, Stauffer and Monsanto processes) have a
higher capital cost (see Fig. 6-11) than balanced cthyl-
ene/acctylenc units of the same size, the raw material
advantage of cthylene has been sufficient to more than
justily the added capital. At cthylene and acetylenc prices
of 3 and 8 cents/pound, the switch in feedstocks reduces
raw material cost by about 1.1 cents/pound at normal
yicld ratios. For a 500-million-pound/year plant, the raw
material savings for balanced oxychlorination amounts to
$5 mxlllo*)/)ear (90 percent capwcxt)) This in turn is
more than enough justification for the approximate $3-$4
million increase in capitai cost. While two U.S. vinyl
chloride producers (Tenneco and Monochem) have been
able to continue operation of highly integrated acetylene
complexes, the operation of these units can almost cer-
tainly only be justified with an out-of-pocket analysis of
cost. No new acetylenc-based plants will be built in the
United States.

The economics of a 600-million-pound/year balanced
oxychlorination producer are shown in Table 6-8. This
analysis presents a single year of the life of the plant at
90 percent of capacity. which can be justified as equally
accurate with some of the component cost data. In any
case, the economics indicate several notable characteristics
of the VCM business. First, the two raw materials com-
prise two-thirds of the 8 percent profited manufacturing
cost of VCM. With the large economies of scale in
chlorine and the evident trend to oil company domina-

TABLE 6-8—Estimated cost of YVCM production by ethylene chlorination and oxychlorination

IO A A

: Manufacturing cost
Usagde rate Inputc price
Cempoanent (per 1b, VCM) (¢/unit) {Thousand §$/yr.) i (¢/1b. YCAS)
LT T 0.63 ib, 2.25 $ 7.650 1.42
0.47 1b, 3. 7.600 1.41
O E 550 0.10
.3 1b. 05 430 0.03
L0018 MM Btu. 25 200 04
31 gul. 003 550 .10
0.1 K\WH S 300 .06
................... 500 09
Total variable costs........... PR PR P I $17.800 3.29
Operating labor & supervis $ 300
Maintenance - 1,000
450 eees
3.600 s
200 e
% 5.900 1.09
$23,700 4.38

J07

Basis:
)
. I
34 Total pn
Note: a4t L for one year at &5, of capacity: a more accurate discounted cash flow might produce a noticably diffe t
product cxc\hu of ¢urjwdsal tusts are included: credits for chlorinated solvents jeedstocks are assumed to balance hieavy and ln.lln cnt:l; dl\pr;'s‘ali:;::s'.No by
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YAELE 6-C—Sensitivity of VCIA rmanufaciuring cost to assumpilons

Chantes cnat
of VUM by
amaunt
A chande in thisinput Ry this amount (¢/1b)
A oL oL ... $5H/ton Q.16
O DIICC . ottt irece e 0.25 cents/pound 0.12
centa (fuel, steam, electricity). . 10 4, 0.02
Ng S MAINteNAnce Casts, L. ... IV Yo 0.02
it increase in overiicad)
Coosiruction €osts. . ..onenrennas P 10 %% 0.07

Source: Derived from previous estimate of ¥. O. B. manufacturing cost.

tion of ethylene production (primarily because of byprod-
uct handling from heavier feedstock cracking), the vinyl
chioride business is the obvious domain of both large
chlorine producers (Dow, PPG, Goodrich) and large

thylene producers {Conoco, Shell, Dow and Union Car-
bide). This definite trend should continue for the fore-
secable future.

A sccond notable feature (to the extent that these
puh‘i:hed data arc accurate) is the low proﬁt margin on

ecent VCM contracts. With the average price of VeM
s2les (reported by the U.S. Taniff Commission) ap-
proxching 414 cents/pound, it is evident that new VCM
plants must be operated very efficiently and with minimal
stmmp difficulties to vield any reasonable return to VCM
precucers. The sensicivity of a VCM operation to the
various manufacturing cost components is presented in
Tzble 6-9. This indicates the probable upward pressure
on VCM pricing in the event cf increasing costs for fuel,
construction, and cthyvlene which have been characteristic

f 1970-1971.

A recent development in VCM manufacture was the
announcement of a process to produce VCM directly
from ethane, chlorine and hydrochloric acid. The
“TRANSCAT™ process, as it has bezen dubbed by its
inventors and potential licensors at Armstrong Cork and
L :mmus, claims to have economics superior to the bal-
ced oxxchlonmt.on process. Yields and raw material
rices have been reported as superior to oxychlorination
d capital costs scem to be comparable. This process
esents a potential reduction in manufacturing cost of
szcu 1 cent/pound if these characteristics are present
in commercial-sized plants** No announcements of a
commercial TRANSCAT venture have been made public
to date.

A final, developirg factor in VCM economics is the
production of 3-5 percent chlorinated byproducts by most
oxvchlorination processes. While most of these are suit-
zble fcedstocks for chlorinated solvents manufacture, a
fraction are suitable only for disposal. As environmental
laws impinge on the more economic means of disposal—
atmospheric venting, deep wells and decp sca dumping—
the VCM producers will be forced to more expensive
disposal means. These costs will exert an unknown, but
po!entxa”} significant, upward pressure on VCOM price.

]
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THE FUTURE

Despite production volume which indicates approach-
inz maturity in its life cvele, vinyl chioride continues to
grow at a rapid rate. This"growth has resulied from
exiension of PVC and copolvuiers into new materials
applications. chh:cmcnt ot oider materials—such as
stee! and iron in pipe, glass and paper in p‘ld\'ln'mf'—wxll
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Fig. 6-9—U.S. VCM average selling price, authors’ estimates
and U.S. Tariff Commission.
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Fig. €-10—Value of U.S. VCM production, authors' estimates
and U.S. Tariff Commission.
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Fig. 6- 11—Estlmated battery limit capital cost for VCM pro-

cesses.'

therefore, VCOM growth. While these markets arc them-
selves mature and growing only moderately, their very
size allows 15-20 percent annual growth of PVC con-
sumed from only moderate inroads. At the same time,
older PVU markets are maturing noticeadly una wiil
exhibit growth of 38 percent. The upshot will be PVG
consuinption growth of 16 percent from 1969 to 1975 and
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a lower 7 percent growth of VCM production because
0l a decrcasing proportion of exports.

VCM manufacturing costs have been rapidly approach-
ing feedstock values. VCM sells for 4.5-5 cents/pound,
ethylene for 3-314 cents/pound, and chlorine for 2-2.5
cents/pound in large scale contracts. Therefore, near-
balanced oxychlorination is not likely to be supplanted as
the major VCM process unless the change to even less
expensive feedstocks is involved. Not enough information
is available to assess the commercial success of the re-
cently announced TRANSCAT process to convert ethane
directly to VCM. If preliminary information is confirmed,
watch for TRANSCAT to be employed on a very large
scale.

Location of new VCM production will be determined
by availability of low-cost hydrocarbons, with VCM
transportation by water, pipe line and rail acting as a
constraint. If present erosion of U.S. Gulf Coast ad-
vantages continues, larze VOM markets will draw new
producers to the North and East.

The companies which build the next few VCM plants
will be those with captive supplies of ethylene, chlorine
or both, and those with considerable VCM operating
knowhow. Paper-thin profit margins almost preclude en-
try by any producer that lacks more than one of these
three advantages. Look for Dow, PPG and Shell to
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Fig. 6-12—Exnerience curves tor VCM price, PVC price, end
value added by pclymerizer. Source: U.S. Tariff Commissicn,
Boston Consulting Group, and r\hnufacu.rir‘g Chemists Agso-
ciation figures are combined with the GNP defiater {1528 bzze
year) and zuincrs' estimates of future production. A 3 percent
inflation projection through 1875 is incorporated.

continue expansion, with Union Carbide and Monsanto
considering eventual reentry of VCM production. Intro-
duction of a successful ethane-based process, however,
would cause chlorine producers to dominate future pro-
duction.

Based upon these trends (sce Figs. 6-4, 6-5 and 6-6)
we predict that production of VCA almost exclusively
from ethylene will reach 3.6 billion pounds by 1575, with
merchant sales at a prxce of 4.5 cents/pound (1971 dol-
lars). This will result in an imputed value of $252 million
for 1975 production {1971 dollars). These Jarge contracts
will be written with escalation clauses to offset increzsing
power and hydrocarbon costs.

Fig. 6-12 presents the history of PVC and VCM pric-
ing; as well as the valuc added by polymerizers. Projection
of the decreasing polymerization margin (using cumuia-
tive production experience versus price) gives a furiher
estimate that average 1975 PVC prices will approximate
11 cents/pound (in 1971 dollars).?®
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