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- Vinyl chioride:
how, where,
who—ftuture

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

) vinyl chloride

- jD-t;.wid P. Keane, Robert B. Stobaugh and Phillip L. )
.. Townsend, Harvard University Graduate School of Busi- -
~ ness Administration, Boston, Mass.
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VINYL CHLORIbE has a singlé important end_use as
monomer in production of pblyvinyl chloride (PVC) hnd
vinyl copolymers. The U.S. production of vi\ngl—elrlo-idc
expanded at an annual raty 5F.14 percent during jthe
1960s, rcaching a level of 4 Billion pounds in [ 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 packaging, and
leather in clothing, polyvinyl chloride consumption will
continuc to expand at a rate of about 10 percent through
1973 and beyond. We expect 1975 to sec U.S. production
of 5.6 billion pounds of vinyl chloride (VCM). This
monomer will be sold at an average price of +5
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 3.3 billion pounds. Europcan growth rates have
also been somewhat higher, with one enthusiastic source
predicting a 1975 PVC production of 9.5 billion pounds.?
In all likelihood, Europcan PVC consumption will grow
less rapidly than in the United States becausc of the
higher per capita consumption prevalent in somec major
markets in Europe, which makes growth more difTicult,

Manufacturing processes for VCM have changed
rapidly since 1963. Several new cthylene oxychlorination
processcs have been cnployed to shut down elder 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 cthanc-
based process (TRANSCAT)® has raised the yet-un-
proved possibility of bypassing cthylene cracking entirely,
but even a viable TRANSCAT cannot greatly influcnce
the pre-1975 VCM business,

This process switch. has also resulted in large changes
in the cast of players. In general, some users of VCA
have ceased to produce their own monomer, with pro-
duction undertaken by large, integrated producers of
ethylenc and chlorine. Dow and B. F. Goodrich are the
largest producers and have produced VCM for quite a

few years. However, PPG, Shell and Tonoco have become *

the third, fourth and fifth largest VCM producers despite
not having been in the business in 1963. We cxpect this
trend toward concentration of large VCM plants among
feedstock producers to continue through the next severul
plants. .

The PVC business has also grown at a rapid rate else-
where in the world. Because of difficulty and expense of
shipping, export of VCM has usually constituted a lunited
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 VINYL CHLORIDE

market for U.S. producers, with exports during the 1960s
accounting for only a few percent of U.S. production. In
1979 and 1971, however a lack of adequate European
capacity ‘caused U.S, VCM exports to increase to some
15 percent of domestic VCM production. This proportion
will probably return to less than 6 percent by 1973,

: MANUFACTURE
Most present-day vinyl chloride monomer (VCM)
capacity relies on the so-called balanced oxychlorination
process to convert chlorine and ethylene to VCM., There
are, nonetheless, several older process routes which are
discussed below in the approximate order of their com-
mercialization,
1. Catalytic addition of hydrochloric acid to adetylene
Activated carbon

-+ HgCl.
- Hydrochloric acid

HC = CH + HCQl -+ CH: = CHCl
Acctylene vCM

The carliest plants of this sort employed carbide-
derived acetylene and hydrochloric acid derived by com-
busting hydrogen with chlorine. The catalyst for this
addition is mercuric chloride absorbed on a carrier such
as activated carbon. The reaction is simple and of high
yield when comparcd to subsequent VCM processes,
thereby allowing simple product purification, no sizable
waste disposal problem, and low capital and operating
costs. Carbide acetylene and purposely produced hydro-
chloric acid were gradualiy replaced with less expensive
petroleum}deﬂvcd acetylene and byproduct hydrochloric
acid (which also coincided with major relocations to the
U.S. Gulf 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
tightly integrated with other acetylene-related units and

" have been gradually disappearing.

2. Balanced ethylenc/acctylene VCM production

CH; = CH; 4 Cls ———— CH, Cl — CH,Cl
Ethylene Chlorine  Ethylene dichloride (EDC)

900-950°F
——anand

CH; Q1 — CH: CH; = CHCl + HCl

There arc’instances where the first two steps of this
process—chlorination of cthylenc to EDC and cracking
of EDC to yicld VCM plus hydrochlorie acid—have
been applicd without an acetylene unit. Ethyl Corp. has
applicd this technique, with byproduct HCl used to pro-
duce cthyl chloride for manufacture of tetraethyl lead
antiknock compounds. Most producers, however, cannot
justily sufficient end uses of the HCI byproduct. The
result was the balanced ethylene/acetylene complex {as
employed 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 V-CM{ directly. This
process reduccs by half the dependence upon acetylene

as a feedstock, but no new examples have been con- .

structed in the United States in the past few years.

- 8. Balanced oxychlorination process

Direct chlorination .
CH: - CH1 + Ch —————— CH:CJ - CH:Cl

Ethylene Chlorine EDC
Oxychlorination ' . .
CH; = CH:; + HCI + }0: — CH,Cl — CH,Cl 4 H,O
Ethylene EDC ~ Water
Cracking
cH,ci—cHa XEIOF |, oy, - cne 4+ 1O
EDC veM )

The difference between these processes and the earlier
uses of EDC cracking is the second reaction above to (1)
prevent exporting a large HCl 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,

2HCG + 3 O; Ch + H:O

While the Deacon process has not been a commercial
success because of technical problems with corrosion and
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

EDC VCM Hydrochloric acid the loop. As mentioned above, most presently employed
HC=m CH + HCl——— CH; = CHCI processes—including Goodrich, Dow, Stauffer and PPG—
Acetylene Hydrochloric acid vCM use some variation of balanced oxychlorination.
ETHANE VCM
CHLORINE,_|  TRANSCAT .| VINYL cHLoRiDE | PRODUCT

AR

SYSTEM

HCl RECYCLE

SEPARATION

e A
L T DICHLOROETHANE RECYCLE
g CHLORINATED COMPOUNDS & TARS RECYCLE

Fig. 1—Vinyl chloride monomer process via ethans as olferod by Lummus/Armstrong.
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Fig. 6-2—Vinyl chloride by oxychlorination by B.F. Goodrich.

4. S:nglc-step chlorination and :cracking of ethane
‘(TRANSCAT procms)

CHy—CH, 222, CH, = CH,
" Ethane Ethylene
- CHy = CH:+C!:—-——-——-’CH:C‘-CH:CI
" Ethylene Chlorine EDC
CH, CI—CH; Cl Ei}% CH—CHCl + HQl
EDC VCM Hydrochloric acid
2Hc1+;o,‘_"..‘i‘.°.“_.;‘,‘_lt._.(;1,+ﬂ,o .

The recently announced TRANSCAT process :nvo!vcs
the development to a pilot stage of an ethane-based route
which foregoes the separate purification of ethylene (see
Fig. 6-1). Ethane, chlorine, air and excess hydrochloric
acid (if desired) are fed to a molten salt bath with an
cxtremely short residence time and a high temperature,
where all of the above reactions apparently occur simul-

_tancously. The potential licensors (Lummus/Armstrong
" Cork) claim above 95 percent VCM yield on chlorine

and 80 percent VM yicld on ethane fed. Even more

- chemically revolutionary is the claim that chlorinated
- wastes which are produccd may be partially recycled to

the reactor to result in.additional VCM. The indicated
economic advantage (sce “Economics™) of ethane as a
feedstock might make this the VOM process of the

future, should the process prove to be commercially
viable, v

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 competition among different proccsses
and licensors. There are several competing processes which
have demonstrated their commercial feasibility. The fol-
lowing three oxychlorination processes—on which signifi-
cant information has been published—are representative
of most manufacturing facilities.

1. B. F. Goodrich oxychlorination (Badger), This
process was the first successful oxychlorination process
{1965), with the initial -100-m11hon-pound/ycu unit in-
stalled at Goodrich’s plant in Calvert City, Ky. There
are about 8 planu which utilize this process, having an
aggregatc capacity of about 4 billion pounds/year.?

-As iy true of all balanced oxychlorination processcs,
the over-all material balance involves feeding ethylene
and chlorine and production of vinyl chloride (scc Fig.
6-2). Yields arc certainly in the.90 percent range (and
may exceed 95 percent) on both primary feedstocks. The
.yicld losscs involve production of light and heavy ends
‘which boil above and below EDC. These byprodlucts
consist primarily of C, and C, chlorinated organics, some

of which arc suitable as fcedstocks for production of .

chlorinated solvents {carbon tetrachloride, perchloro-
cthylene), while the balance require disposal.
The first of threc scgments of the process is direct
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.ddmo.x of chlorine to ethylene to produce cthylene

_dichloride (EDC). This reaction is .cssentially stoichio-
« metric in both reactants, with chlorine usually maintained
*in a slight cxecss. The reaction is liquid phase with a
_dissolved catalyst and mildly ‘cxothermic. Reactor tem.
. perature and pressurc are controlled by cooling water

heat removal. Following the reactor, the EDC product is
fed to a two-step purification -train to remove light and

hcavy ends (the same train processes two other EDC
streams).

. The second major operation consists of crackmg EDC
to produce vinyl chloride and anhydrous hydrochlonc
“acid. The cracking occurs at 900-1,000° F in a dircct-
fired furnace which is packed with a catalyst (pumxce
has been a traditional choice). Conversion of EDC is
typically in the 50-60 percent range to optimize the

costs between coking cycle, utilitics cost and yield. The

hot product gases are quenched by direct contact with a
condensed gecycle strcam of the same compatition, prior
to fractionation, In the HC! column, anhydrous HC] is
femoved overhead for use in the oxychlorination unit
The VCM column produces VCM as an overhead prod-
uct mecting finished product specifications, and produces
a recycle EDC stream of unconverted EDC. This stream
is purified in the common EDC columns prior to recycl-
ing to the cracking furnaces. The purification 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—they constitute an

unbalanced EDC cracking operation (such as practiced

.

by Ethyl) which produces HCi as a byproduct. The third
scction of the B.F. Goodrich and other oxychlorination
processes involves conversion of this excess HCI to EDC.
Air, cthylene and IICl are charged to a fluidized catalyst
bed at a moderately high temperature and somewhat
clevated pressure. The reaction to produce EDC (given
above) yields 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 EDC 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 excthérmic and
the subsequent addition of Cly to cthylene is mildly exo-
thermic. As a result, the oxychlorination reactor, is
cooled by generating steam, which brings the whole
process closer to sclf-sufficiency on steam supply.

The net effect of this crucial section is thus the con-
version of HCI, cthylene and air to a VCM precursor.
While the process is depicted as balanced, design and
operating changes allow any individual plant to produce
or accept cither HCl 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-
sign differences appear to be: (1) theuse of a fixed bed
reactor 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) mcorporanou of a
specific EDC dehydrator column not shown in the By F.
Goodrich publications. None of these differences are
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major; the processes should be roughly compet.txvc bascd

upon published data.*

8. Stauffer Chemical oxychlorination. This is again
\-cry similar to the carlicr oxychlorination proccsses.
Mmor thanges in the routing of strcams, small dilTerences

i catalyst performance, and featurcs of the mechanical
design are all that differentiate between the published
information for this process and the pre\nous two. It is

" noteworthy -that Stauffer published an estimate of 3.7
" billion pounds/year of vinyl chloride capacxty 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-
" sidiaries have used the Dow VCM process, and no indi-
cation of a mlhngncss by Dow to license to others has

6. Union Carbide (Lummu s) balanced acetylene/
ethylene process. No recent examples of this process have -
been constructed in the United States, but a Union Car-
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Fig. 8-4—Author's Interpretation of the balanced VCM process
been published. : as announced by Union Carbide (Lummus). P

TABLE 6-1—Propsrties of VCM'

bide venture using a Wulfl process acctylene/ethylene
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

. HCI and VCM; the process is very similar in this area
_.to the above processes, However, instead of using oxygen
g, and ethylene to convert the byproduct HCl to EDC, the ;.4 by
?.. E balanced process then involves the older acetylene route.  reyiew of
¢ ."The reaction is a vapor phase reaction over HgCl,/carbon
=7 ’Femoves reaction heat to control the reaction temperature

* " to about 400° F. Conversion is less than complete in some ~ More than

““plants, requiring recycle of acetylenc and HCI, but the 2and propane cracking and about the same proportion

reaction yields are 95 percent or greater. Therefore, the located in

removal of light and heavy byproducts is simple. This
. results in low capital and operating costs for the process,

* 9. Others. Pechiney-Saint-Gobain offers combined  difficult to ship large distances than either vinyl chloride
or chlorine, a tendency to locate vinyl chloride production

near ethylene plants should continue.

France, has operated since the spring of 1970 to produce Chlorine is the other major feedstock, with VCM

" about 120,000 metric tons/year of VCM with this pro- ““’“"““8 for about 15 percent of U.S. chiorine produc-
. tion in recent ycars. Largely as a result of slumping VCM

demand (which dcclined silghtly in the first half of 1971),

production of chlorinated solvents and vinyl chloride in
- flexible proportions. A single plant at Saint Auban,

cess.*
* Diamond Shamrock/deNora offer *“Dianor,” & process

to produce and crack EDC which is aimed at developing: chlorine d

However,

countrics with no ethylene complexes.” The process op- o5k trends between 1971.and 1975, chlorine demand !
erates on ethyléne as low as 60 percent concentration  ¢hould once again require expanded eapacity. Given the
" and produces; HCl byproduct, which would leave the  considerable economics of scale in chlorine/caustic pro-
" process uncompetitive under any but the special circum-  duction, the largest and most integrated producers will
e " stances of small, dc\ clopmg chemical markets with unﬁ' . retain their competitive advantage in VCM. :

- protection. ™ ! : : , -Very substantial electrical enecrgy requirements for

> chlorine production will force locations to sources of low-
_ Feedstock cvnilabi!ity. The 1mportance of Iccdslock cost powep;. While nuclear fucl and coal are in the running

- cost to VOM producers has resulted in the entry to the 4 long-term supphm of low cost power, petroleum and

PR

k< R

- .--.VCM market of large, integrated chlorinc and cthylene  patural gas remain necessary until at least 1980. There-

R )

producers (see “Individual Companics” and “Econom-  fare, availability of petroleum and natural gas fuels will ;
ics”), Future manufacturing efforts will be largely influ-  help determine chlorine plant locauons until at lcast 1975,

trends in both of these related ﬁc]ds. A bnef '
trends follows: iy

<
. =
Ethylene production in the United States has been ¢
gtaly!l w“h‘ slight HCI excess. A csrculatmg coalant drifting away from the traditional patterns. Until recently G4
[rs ]
-
-~

80 percent has becn manufactured from ethane

- . -

the U.S. Gulf Coast.* Some recent plants have

involved movement toward the north and Puerto Rico
and cracking of heavy feedstocks. With developing short-
. ages of natural gas, a continuing erosion of the competi-
but the use of acetylene at current or projected US.  ive advantage of c;acking Gulf Coast ethane and propane
prices makes this process less than competitive with  j Jikely, and cracking of heavier feedstocks will probably
* balanced oxychlorination (sec “Economics™). result in hi,

igher ethylene prices. With ethylene much more

cmand has been slack in the 1969-1971 period.
as various chlorinited products resume their
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" These trends indicate that manufacturing locations for

., VCM are likely to be heavily influenced by availability
" of incxpensive hydrocarbon fcedstocks and fuels, with

relative labor and construction costs, water and transpor-
tation facilities acting as less important constraints.

Physical properties. Sec Table 6-1. ’

e MARKETS .
U.S. consumption of VCM was about 3.3 billion pounds
in 1970, with 664 million pounds being exported. Con-

.c..
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sumption of VCM is almost entircly {or production of
polyviuyl chloride resins and copolymer resins (propylene,
ctliylene and vinyl acetate are commonly copolymerized
with VCM). Domecstic consumption is projected to grow
about 10 percent annually from the 1970 level 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 experienced in 1970 to the morc 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 varieties
used in dolls to the strong and rigid PVC pipe invading
the construction markets. Fig. 6-5 demonstrates the rapid
growth in per capita consumption whicH has resulted
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 market. Segments which are more mature
and will grow at less than 10 percent include apparel,
flooring, home furnishings, phonograph records, trans-
portation cquipment, and wire and cable coatings. An
estimate of the 1965, 1970 and 1973 market share of
cach category is given in Fig. 6-6. While some categories
will have declined relative to all PVC consumption, ac-
tual volume sold in 1975 is projected to increase in all
categories,?® -

Construction uses for PVC include vinylcoated wall
coverings, and strips of PVC sheet to serve as water sto
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 relcased when packaging is incincrated, 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 13-20 percent for the next five years.
After 1975, however, Jook for growth to slow considerably
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 chloxinated polyethylene

- resin, Competition with acrylonitrile-butadicne-styrenc
" {ABS) resins and styrene-acsylonitrile (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, usc of PVC
in transportation equipment should continuc at a rela-
tively high growth rate. Further penctration of the auto-
mobile market 3s not a major hope for PVC, since scat

Fehruarr 1073 __. . HvnrOCARDON PROCESSING
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- Fig. G-7—PVC production by typs according to the U.S. Tarlff

Commlalon.

" covers, headliners and dashboards have all been heavily

penetrated. As a result, this end use will grow at about
the rate automobile production grows. While other trans-
yortation 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 coating are mature segments. Growth of thesc 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 brecakdown by processing methods,
' .dgain reflecting the diversity of PVC markets,

Polymer producers. One reason for the varied properties

,of PVC resin is the divensity of polymerization methods
" employed and another is the large number of PVC pro-
ducers, each with a slightly different product line. While
,65 percent &f VCM was polymerized captively in 1960,
“this percentage declined rapidly as older acetylenc-based
plants were replaced with larger ethylene-based plants.

‘Joday companies such as Dow and Shell are exclusively
‘merchant sellers of VCM, while PYC producers such as

"“Monsahto and Union Carbide have discontinued VCM
manufacture. As a result, only about 40 percent of VCM
was captively consumed in 1970, and the percentage will
probably be closer to 30 percent in 1975. 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 VCM (see Table 6-5).

* A final characterization of PVC production is the type

- of polymerization cmployed. Suspension homopohymer
~ resins have been an increasing fraction of PVC production

in recent years, mostly at the expense of capolymer resins,

- while dispersion resins have maintained a relatively con-
" stant share. Fig. 6-7 presents a brcakdown of PVC by

method of pol}menzatxon.
World markots. Dunng the 19603 expons of VCM

" aweraged less than 5 percent of domestic production. VCM

must be shipped and stored cither under pressure or in a
refrigerated tank. The relative difficulty of shipping, low
selling price in relation to freight cost, and ready avail-
" ability of VCM technology has created a strong tendency
to produce VCM locally rather than import for an ex-
tended period. In 1969, 1970 and 1971, however, rapid
expansion of European VCM demand and lagging pro-
duction capacity led to abnormally large imports from
the U.S. Exports accounted for a high of 16 percent of

. domestic VCM production in 1970. As added capacity

e

TABLE &-.-—~Procatsing methods for PVC™

Share of market, %

Extrusion
{wire. film, sheet and general extrusion}. .. ...... LY
(Gen, il“lt“t and conting).e.v.. tececesesesavcace t -3
c mi;:' injection, roto, compression). sensase 10
ol i, 1, oy !'.'.".".‘?f‘.‘.“.’:::::::::::::: %

........... Leominister, Mass. 13 companin
Diamond-
Ehamrock...e.. . Delawars Clw Del, 13

Firestone.........| Pottowa, P 1 Munn.uudw
B E T e )

mical . . town, .
Good{:r Tire &

Woezeooves Niagara Falis, N. Y,

Fitchburx, Mass.

-} Buslington, N, J
. a S8
by.r
S companies
Ssﬁhnu
450 MM lbs capecity
Cal Ity. Xy,
o Illio:;: nbh'y ?Eo';' E::u pacit.
o
;| Ashcabula. Ohio T ety
Chemical. ......
. Avon i,.n. Ohlo
Louisville, Xy.
Fainasvitie. Ghio
%oulhwut
vs.] Dogr Park, Texas 4 companies
E'm%%'ﬂii e Raton Kouge, La. Nt':t
Rubber.,....... i t
g . M:%a. 000 MM Jbs. capacity
Far Wesc
Chemical.,.....| Loag Beach, Calif. 3 compenies
n'glimkudﬁ Lon l-: Calif. 3 plaat,
....... . J
Keysot.srnennnss Seugus. Calif 200 AM Ibs. capacity
21 total eomponlu
31 total plants

3.530 MM lbs. total capacity

TABLE 8-4—Westorn European PYC consumption
{theusands of metric tons)

‘Total

Western

EFTA | Spain | Other | Europe
227 17 40 793
255 5 52 ™3
08 2 73 1.178
339 k] 58 1271
350 40 53 1.410
K ] » 141 1,661
474 7l 135 1.925
325 91 140 2.261
837 97 i) 2,400

12% 24% 18% s 15.‘7,

8% 18% 4% 10%

Source: Europenn Chemical hem and Oil, hlnt and Drug Reporter, Oct.
26, 1970, plus authors’ esimares.® - )

comes onstrecam in Western Europe and developing coun-
tries rush to build VCM plants, U.S. exports of VCM will
decrease again to 5-6 percent of production or lower.
U.S. exports of PVC rcsin are also minhnal; in 1969
and 1970, about 5.5 percent and 6 percent of the US.
PVC s0ld was exported. Two reasans for this are the

e o e e
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#4/ rapidly expanding domestic markets for PVC- and the

 high " relative freight costs. Furthermore, tariff barriers

;, » are high—20 percent or more—between European coun-

. tries, a3 well as between Europe and the United States.’?
¢ Despite “this, the specific properties required by resin users
most difficult barrier to a large world trade
_,‘j in PVC, In a recent report of the Standard Research
Insumte“ projections of the world output of PVC for
. 1970 and 1980 are compared. The percentages accounted
for by each produmng area are as follows: .

1970 1980
North America 26.5% 26.5%
Western Europe 41.3 39.7
Japan 16.5 17.9
Others 15.7 15.9
1000% 100.0%"

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

The European PVC market is considerably larger than

the U.S. market (see Table 6-4), based upon Europe’s
large population and greater per capita consumption.
Thu will allow European producers to build large, com-
- petitive VCM facilities to serve their own marksts. As
- U.S. producers cncounter higher ethylene costs based
‘upon cracking heavier feedstocks and higher chlorine
. costs from more expensive clectric power, exporting to
~ the European VCM market should cease to be attractive
* to U.S. producers.’*

. Japanuc"‘PVC producers also represent a sizabls market

. for VCM, but domestic Japanese production is ample to
prov:de the estimated 2.4 billion pounds which will be
a required in 1972, Estimated VCM capacity is in the
nexghborhood of 3 to 3.3 billion pounds/year (ses Table
" 6-6), indicating either sizable exports or low opennng
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
'L; consumption of VCM is even higher in Europe than in
.- the United States and trends toward oxychlormatwn are
evxdwt.

. INDIVIDUAL COMPANIES - :
Table 6-5 lists U.S. producers of VCM as of 1972,
.. Of the total capacity shown, 10 percent is based on
acetylenc and 8 percent on cthylene without oxychlorina-
. tion capability. These plants must be considered vulner-
.. able to continuéd construction of large oxychlorination
. facilities. ' The remaining 5 billion pounds (82 percent)

: ‘" ‘ar consists of modcm, apparcntly competitive oxychlorina-

" tion plmt:. Also noteworthy is the concentration of over
90 percentiof VCM capacity on the U.S, Gulf Coast.
Wuh the. exception of PPG’s Puerto Rican plant, all
recmt capadty additions have been in Texas and Louis-
The expans:on of VCM capacity from 24 billion
" pounds/year in 1965 to about 6 billion pounds/year by
* 1971 .was at an annual rate of 18 percent. The actual
" rate ot‘ new capac:ty construction has been, even more

VABLE &-3—1.S. producers of VCM

Nameplate
cupacil
Producer Locatlon (MM lbl./vyr.) Process
Allied. . oevees- Batoa Rouge. La. 300 Oxychiotination
Am“‘h“m-ﬂl Wawon, Calif, 170 Staull
..... " . er
ARCO-Stauffer) v o‘:‘;'chhrimuu
ng:m ..... Geismar, Ls. 300 Acetylens .
e
Uniroyal
Ceo:no}..) «ess| Lake Charles, La. 00 Stlullaf tion
Dow...c.uus +++| Plaquemine, La. 30 Dow
. T 180 oxychlotination
recpart Texas Pow
oxyl:hlotl.uuon
Oyster Creek, Texas 700
oxrchlorlnlden
Eehyl.......... Baton Rouge. La, 270 ElhyLelne/h.DC
cracking
Houston 150 Ethylene/EDC
- cracking
Goodrich....... Calvert City. Ky, 1.000 -‘ rich
oxychlorination
(mulliple train)
PPG..... .| Lake Charles, Ly. 300 *} Oxychlorination
§ Puerto Rico 500 QOxychlorination
Shell, ... . tecens Houston 800 Stautfer
{Expanding) oxychlorination
Norco, La, Stauffer
. (1974) oxychlorination
Tennreco...vs..0 Houoston 235 Acetylene
1972 Towal 5363

s (RTR p)

Many as interpreted by the authors. Note that
effective capmlr probably does nor equal nameplate capacity. A reascnable

clmdu' h:unwould probably be 90%% of the above rates. Oil. Paint and Drug

Reporier, Oct. 11, 1871, bas the most cumpkn listing.

rapxd with fully half of the 1965 capacity being shut down
in the same period. Eighty percent of 1971 capacity is
less than 6 years old.

Among individual compames, Dow hu about 19 per-
cent of VCM capacity, and about 23 percent of oxy-
chlorination capacity, Dow's position as a capacity leader
among ethylene, chlorine and chlorinated -solvents pro-
ducers leaves no doubt of Dow's long-term position as a
VCM producer. Raw materials costs are crucial to VCM
economics, being roughly equally split between chlorine
and ethylene (see “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 VCM 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 second largest VCM capacity belongs to B. F.
Goodrich at Calvert City, Ky. Two or three trains at this
site 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 l-(» percent
capacity share. Plants in Lake Charles, La., and Puerto
Rico benefit from large internal chlorine sources and

chlorinated solvents busincss to., absorb byproducls 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 arc oil com-
panies with large ethylene tapacity 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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TABLE 6-6~—-Forcign VCM producers

cl
Campany Oty (thonl'a"unn“ﬁlfw-"\‘:ic '\,;m) Trocess /completisn
seesvevenronsresass| BASF Stauffer
s Solvic fintwery 2 Solvay—ICI
Limburgse Viayl essenderioo 200 Goodrich
E ' Cxochoslovaking .ccepeavnnnens] Tech ovaky [2:] Goodrich/llocchat
Flolands oo, acosecervrcacsa...f Pekema - orvoo 53 Solvay/ICl
ssvesessennceenccl DAUFAC K I = §lvicus {supanding)
. nt-Goblan v
e e | Ve i Ebyiene-bared (107D)
pe 1 ne/set
| GrONCS asesiecsennareearsans Ethlyl,}!du Temex 25 Ethy) EDC cracking
. Jealys seeeaterarasenntvienonaan len 350 'llllﬂ" {compiction)?
- o Montedison Porto Marghern ?&9 997’;
Rumianca expanded) PG (1
Netharlandss vovcaeansrrassae, gszrﬁo . e""'kd §§§( Goodv‘lch/suufler
e mis trrsatacensietnnannran .
Rumanif? covcreseissascasaness| Industrial Import A ey
SPalng conurcasastrencarirncan. ,Lti‘o:nnh Iberics T:mmh ﬁ Mom-mnmhyhm
Oxycros Puertollano 80 (planned) Goodric
iniclor Martorell 83 Solvay/ICI (1972)
mt “ressecsssnravererentns .:e?.mmm 1.(,,.“..,“] 2;'8 Ethy|
oo -.------.-.-......-.: ;’iu.lb . .".‘..?'.'y:.;'{..l.- 1] GM )
- , g.t ﬁl ) fon
T B B}'.,,...u %0 ;ﬂg@;n
. IR R R L L R P P u
| West GErmADY: o iovnnrcrerress] BASKE ag Balanced
) = - cmmwme Huvls ozl 385 (expanded) Huls (1972)
iy . pemck 60 (planned) Goodrich/Hoechst
o xu.,;;ek AG 19 - Goodrkh/l!lo;?er)u
g 'LATIN AMERICA "“n “‘]":l'm'"
w " Capitsn Bermudes {
Sopit (ol (1974
Consorcio-Paulista Sancs ;g lhw\')l:f/‘c'
Uriton: Carbid cesssssanansaves #.Lm 3 ?lm m Ieo slent
E Ni da N
%‘ 5 » Pﬁ?“ti:." -tlnmkm‘?;tuh. oncepeion §,ﬁ3 "
X ENOIURIRT «csvriarisiseornres] B F.WWPM E .b‘:ln l.&nd:ﬁ 1973}
> umg&;:lmou - General Organizstion for Industry, . 43 (plansed) N. A (
g Y ) A -
‘ Potkim Petrokinya. {leandria 0 Salvay/1CE
) nommmmmnunun | e 37 (Chaned cxpassions | 1073
.| Goodrich - " Atona : Goodrich -
. Asahi-Penn Chemics! Got {‘ufgg PPG
T G ; .
Chivso Petro-chesical Minamais 85 h‘.m 0o
1grmm&m B l‘g Siaufier
Sl gn"?mummu . u;.‘;‘m,. ‘ ’g !lenuntoﬁ:huﬂk Deslgn
", ’ Mitubishi-Monsanto | Vi 2 A R eeerounmsmnonssrne | aeeeis evmacerrarerrnns
u:?::?m“'“‘m - Nokkaicht .80 AMiaui
. Mitsul Toatsu u&u N. A. B Sclentific Deslgn
: N ' - Sh;':pekuci":':mcmkdl 1% ﬁ,‘“"‘
— e Toyo Sods r.g.,..... 110 Toya Soda
e . ceimemzerrans Yokkaichl 100 Toyo Soda
" teesessennranss] Korean Pacifie Chemical 1 €0
3 cenesmrracneras ‘?htncn‘l”gn‘ﬂeum ) ng %3‘ onsan ctl‘l”akoi9 2?
TRAUARE? -.olvreesrevecnen.] Thal Plastle. ook D Bywarmie Nopel
f_Soum: Authors’ estimate based on many published sources. This 1 ist is not {ntended to be hensive, but to st most major producers.
o ' i & ¥ v : .
".capacity; at -Houston, Ethylene comes from a gas oil TABLE &-7—U.3, historical data YCM, 1939 to 1975
-cracker with ‘1 billion pounds/ycar capacity, but required Tom
;_chlorme is purchased actemally Shell produces chlorine Number o™i,
. and other chlorinated organics beside VCM, but has protmcers | Minereron [antiutye. | phneratt. | At
~.apparently chosen not to expand chlorine capacity for 3 o78 prey n 08
. use in VCM. With recent announcement of & similar scale ! Jaar 31 ® 10t
VCM unit in Norco, La., Shell will become the largest 1 i1 818 18
13 1438 501 70 100
.VCM pmducer by 1975, "Conoco has 10 percent of in- 1 814 So8 a3 ia
. Qustry capacity at Lake Charles, with cthylene provided 13 2,300 o &9 118
by ethane/propane cracking and chlorine requirements I 4] 1,403 48 138
purchased. It is reasonable to watch major cthylene and - n Vit v v 153e
chlonne pmdu..en for the iext VCM units, 1975....0 100 8.000° 4.200% \ndl s3e
S Source: U8, Tarlf Commisian
o HISTOL,LAL DATA ® Author's estimates, with price projection ia 1971 dollars.

. “Table 6-7 presents datz bascd on ULS. Tariff Commis- -
_sion reports for 1958 through 1969 and the authors’  past five years. Average sales price has continually dropped
- " estimates for 1975, These data show a steady risc in the  because oxychlorination of ethylene, which is accounting
. produchon of VCM, excepting a slump in 1967, when the  for an ever-increasing proportion of VOM production, is
mdnstry was particularly plagued with overcapacity. Pro-  considerably cheaper than the acetylene route, and be-
- duction ltas grown at over 17 pereent per year for thc cause of cconomics of scale. Because of these oflsetting
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Fly. 6-8—VCM J)roductlon in the Unlted States, U.S. Taiilf
mmlulon and authors’ estimates.

trmds the total value of production has mcreased only
6 percent per year since 1964. However, it is believed
that the average sales price (real dollars) will hold steady
through 1975 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 directly 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 VUM production, price and
value aré shown in Figs. 6-8, 6-9 and 6-10.

ECONOMICS
The price of VCM has exhibited the typical downward

.

trend of maturing petrochemical monomers. The major
reasons for this trend have been the consistently improv.
ing technology, the much larger scale of existing produc.
tion facilities, and the considerable decrease in the price
of major feedstocks—ecthylene, acetvlene, chlorine and
hydrochloric -acid.

As with other petrochemicals such as acrylonitrile, vinyl
acctate, and ncoprene rubber, the 1960s saw the introdiic.
tion of new processes which replaced acetylene as a raw
material with a less expensive feedstock. 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 ethyl.
ene/acetylenc units of the same size, the raw material
advantage of ethylene has been sufficient to more than
justify the added capital. At ethylene and d dtetylene prices
of 3 and 8 cents/pound, the switch in feedstocks reduces
raw material cost by about 1.1 cents/pound at normal
yield ratios. For a 500-million-pound/year plant, the raw

_material savings for balanced oxychlorination amounts to

$5 million/year {80 percent capacity), This in turn is
more than enough justification for the approximate $3-§¢
million increase in capital cost. While two U.S, vinyl
chloride producers (Tenncco and Monochem) have been
able to continue operation of highly integrated acetylene
complexcs, the operation of these units can almost cer-
tainly only be justified with an out-of-pocket analysis of
cost. No new acetylene-based plants will be built in the
United States.

The economics of a BOO-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-.

. TYABLE 6-8—Estimated cost o‘f VCM production by ethylene chiorination and oxychierination

* Manuiacturing cost
Usage rate Input price
(per 1b. YOM) (élunl!) (Thousand $/yr.) (¢/tb. YCM)
$ 7,650 uz
7530 o.ur
450 008 |
200 O4
550 410
300 06
800 o0
17,500 a2
$
3,000 veen
450 wvs
1o umglu!mw 8% 2.5
CAra “vee
8% "working capital | T erietseneattnsnontenrncesrnra e r—a————r—————aiemoiitnreeaora————— 200 b
Total xed Charges. .. .coumnnerocenncars D T P T LY YT TP TP L PR P PP PP PP PR $ 5900 1.00
8% profited maaufacturing cost (F. Q. B..plnt)..............'.;............. ........ sovtusverransasavinnanes $23,700 438

M-‘l 19-20, Marc
Ilio-mund/mr Gulf Coast plant (F. 0. l.) Lo Y

waﬂdn: capital = onr month of VUM sales val Ce

Capital cost = 18 on-sites {million dollare)

' # oft-sites

Bads: Ussge rates aml eno\:al costs are derived from published clalms. See wspecially Splu. Pater, “"Viayl Chloride Bconomlcs,” Chemical Exgincering Progress «

" 11 year tamble e o o E
" xa . . g
estimated yreful life

uct credits of disposal costs are incl

solvent

:eunu discounted cash uw misght m:. uce s noticably different pﬂtt- No by-
ary

vy and light ends disposal costs

Fcbrua:y 1973 HYDROCARBON PROCESSING

.
KL ".*;_‘-;'«71‘47"
.

PP SR

81€50 1490

st Y

R s TR Yy



" ha ‘ Chm&n cost

, FE of VCM by
o amau
, A changein this laput By this amount (Mbs
hlonng pric®.coescreicacosarcanran 6
; ‘E:thvluapﬂc- %:nm 0.3:{’
Epmry etk siamn, deciricia) | 10 002

- {without Iucreanuovchnﬂ} T "
Construction Coss. . .veevrrrroncains 10% -7
(O Deslved fsom p

. - tion of ethylene production (primarily because of byprod-
-~ uct handling from heavier feedstock cracking), the vinyl
chloride business is the obvious domain of both large
chlorine producers (Dow, PPG, Goodrich) and large
. ethylene producers (Conoco, Shell, Dow and Union Car-
bide). This definite trend should continue for the fore-
secable future,

A second notable feature (to the extent that these
published data re accurate) is the low profit margin on
4, Tecent VCM contracts. With the average price of VCM
¢ sales (reported by the U.S. Tariff Commision) ape
¢ proaching 4% cents/pound, it is evident that new VCM

plants must be operated very efficiently and with minimal
. startup difficulties to yicld any reasonable return to VCM
»* producers. The sensitivity of a VCM operation to the
. various manufacturing cost components is presented in

. Table 6-9. This indicates the probable upward pressure

- on VCM pricing in the event of increasing costs for fuel,
. ** construction, and ethylene which have been characteristic

“of 1970-1971.

. A recent development in VOM manufacture was the
announcement of a process to produce VCM directly
from ethane, chlorine and hydrochloric acid. The

. “TRANSCAT" process, as it has bsen dubbed by its

" inventors and potential licensors at Armstrong Cork and

xLummus, claims to have economics superior to the bal-

" anced oxychlorination process. Yields and raw material
prices*have been reported as superior to oxychlorination
~and capital costs seem to be cornparable. This

 .presents a potential reduction in manufacturing cost of

““%about ] cent/pound if these characteristics are present

%in commercial-sized plants.’* No announcements of a

’g‘ « commercial TRANSCAT venture have been made public
2.t0 date.”

A final, developing factor in VCM economics is the
producuon of 3-5 percent chlorinated byproducts by most
mychlonnatxon processes. While most of these are suit-
-able feedstocks for chlorinated solvenis manufacture, a

% fraction are suitable only for disposal. As environmental

- laws impinge on the more cconomic means of disposal—
almospheric venting, decp wells and deep sea dumping—
the VCM producers will be forced to more expensive

" disposal means. These costs will exert an unknown, but
Ppotentially significant, upward pressure on VCM price.

P oeavne e

- THE FUTURE
Dupnc ‘produchon volume which indicates approach-
ing matumy in its life cycle, vinyl chloride continues, to
grow dt a rapid rate. This growth has resulted from

extension of PVC and copolymers into new- materials

: 3[!p!amttons. Replacement of older materials—such a3
.- Steel and ison in pipe, glass and paper in packaging~will
,Gonunuc o prmnde the major impetus to PVC and,
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qu 8-9—U.S. VCM average selling price, authors’ estimates

and U.S. Taciff Commission.
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Fig, 8-10—Value of U.8. VCM production, authors’ eslimates
and U.S. Tariff Commission.
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Fig. 8-i1.- "“stimated baitery limil capital cost for VCM pro-
cessny®
therefore, “'CM growth. While these markets are them-
sclves mo:re and growiag only moderately, their very

size _aﬂou- 15-20 percent annual growth of PVC con-
sumed frovn only moderate inroads. At the same time,
older P32 markets are maturing noticeably and will
exhibit growth of 5-8 percent. The upshot will be PVC
consumptian growth of 10 percent from 1969 to 1975 and
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-a lower 7 percent growth of VCM production because
of a decreasing proportion of exports.

VCM manufacturing costs have been rapidly approach-
ing feedstock valucs. VCM sells for 4.5-5 cents/pound,

cthylene 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 1o assess the commercial success of the re-
. cently announced TRANSCAT process to convert ethane

dircctly to VCM. If preliminary information is confirmed,
watch for TRANSCAT to be employed on a very large
scale,

Location of newwv VCM production will be determined
by availability of low-cost hydrocarbons, with VCM
transportation by waler, pipe line and rail acting as a
constraint. If present erosion of U.S. Gulf Coast ad-
vantages continues, large VCM 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
PPG and Shell to
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Fig. 8-12—-Experlence curves for VCM prlce. PVC prlce. and

valus added by poamerizor Source: U.S, Tarlff Commission,

Boston Consuiting rour and Manufacturing Chemists Asso.

clation figures are combined with the GNP defiator (1958 base

rur) and authors’ ¢stimates of future production. A 3 percent
flation projection through 1875 Is Incorpom:od

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 (see Figs. 6-4, 6-5 and 6-6)
we predict that production of VCM aknost exclusively
from ethylene will reach 5.6 billion pounds by 1975, with
merchant sales at a price of 4.5 cents/pound (1971 dol-
lars). This will result in an imputed value of $252 million
for 1975 production (1971 dollars)., These large contracts

will be written with escalation clauses to offset increasing .

power and hydrocarbon costs.

Fig. 6-12 prescats the history of PVYC and VCM pric-
ing, as well as the valuc added by polymerizers. Projection
of the decreasing polymerization margin (using cumula-
tive production experience versus price) gives a further
estimate that average 1975 PVC prices will approximate
11 cents/pound (in 1971 dollars).**
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