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Monsanto’s Texas Clty vinyl plant is pioneering commercial applications of oxychlorination.

OXYCHLORINATION

E]

Danald P. Burke
and Ryle Miller

: What this country needs 15 o

% good 5¢/1b. vinyl chloride mon-
" omer, And that is exactly what
it can get from axychlorination.
declare some ardent boosters of
the process. Others say axychlo-
rination is simply » tool that gives more fexi-
bitity to some operations. Wherever the truth
lies—and it's probably somewhere between the
iwo extremes—oxychlorination is geuerating
more interest among chemical processors than
anything since the development of stereopoly-
merization.

The rcason for the interest in cheaper viny!
chloride is straightforward. 1t cosis 3e-1b. to
convert the monomer igfo polyvioyl chloride.
With the monomer selling {or 5¢/1b., it means
the polymer could sell for 8¢/Ib. And at that
price. it would be able 1o compete handily with
a number of convenlional structural materials
on a straight cost-strength basis. If it should
prove capable of competing with metals, brick,
glass, or wood, it could capilure a significant
share of the building market. And it would
quickly zoom ioto the Na. 1 spot among
plasiics. Oxyehlorination i< anything but a new
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idea, of course. In concepy, in fact, it's
simply a variation on (he ancient
Deacon. theme of making chiorine by
the oxidation of hydrogen chloride.
Actually, some of the current interest
in making viny! chloride ceoters on
use of Deacon process improvements
to generate chiorine in' a separate
unit, -

The term, oxychlorination, how-
ever, more properly describes an in
stiu Deacon process. In s single re.
actor, hydrogen chioride is oxidized
to chlorine, which reacts with an or-
ganic compound to form a chlorinat-
ed derivative.

Even that is not new; it's the basis
for the classic Raschig phenol process.
What is new is its application to ali-
phatics, and particularly to etbylene.
The immediate focus is on making
ethylene dichloride (EDC) for vinyl
chloride production. But the long-
range ramifications extend into the
whole field of chlorinated soivents.
Take trichloroethylene, for instance;
50% of U.S. capacity is acetylene-
based. Successfu! oxychlorination
processes could mean that furure ca-
pacity would be based on ethylene-
derived EDC.

Who's Doing It: Four firms in this
country now are using oxychlorina-
tion commercially (for products other
than pbenol). Three of them are oxy-
chlorinating ethylene to make EDC,
while the fourth—Du Pont—is oxy-
chlorinating methane at Orange, Tex.,
to make chiorinsted hydrocarbons.
Dow is employing oxychlorination to
make EDC at Freeport, Tex., and
Plaquemize, La.; Monsanto, at Texas
City; and Goodrich Chemicals at its
new plant at Calvert City, Ky. Far
and away the biggest oxychlorination
project yet revealed is the French
Solvay  330-million-lbs./year vinyl
chloride venture (CW Technology
Newsletter, June 13). Using knowe
how purchased from Ethyl Corp., this
company will put up the world’a larg-
est vinyl chloride plant. It will em-
ploy oxychlorination for its entire
productlion of !ntermediate EDC,

Indications are, moreover, that the
project may turn out to be even bigger.
The 330 million 1ba./year, it is felt,
may represent only French Solvay's
share of a plamt in which othera are
participating. Total capacity might
hit 500 millions 1bs./ year.
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A number of other oxychlorination
ventures are close to commercializa-
tion or in advanced stages of develop-

“'ment.

(1) Pittsburgh Plate Glass has done
2 lot of work on oxychlorination. It
is mot saying much right now and,
despite widely circulated reports o
the contrary, it's a safe assumption
that the company is not yet oXy-
¢hlorinating on a commercial scale.
Thiy is prohably only moments away,
however. .

(2) Frontier Chemical also hes
done much solid devclopment work
on oxychlorination, and has been
talking to contractors about know-
how arrangemenis. Any manufactur-
ing project, however, would probably
take the form of a joint venture,

(3) Hooker has carried a process
through the pilot plant, Oxychlorina.
tion is bound to be a serious con-
tender for its new chlorinated hydro-
carbon veniure in Louisiana.

{4) Staulfer is believed to have an
oxychlarination process in an ad-
vanced stage but will not discuss the
subject. -

(5) Allied, which makes viny! chlor-
ide from its own HCIl and purchased
acetylene {from Carbide), may have
an oxychlorination trick up its sleeve
for Geismar, La. Like Stauffer, it will
not talk. .

Engineering firms are active in the
field. Lummus is offering modified
Deacon as well as oxychlorination
processes. Scientific Design can be
expected to have an announcement
soon. Pullman, in ils annual report
said that subsidiary M. W, Kellogg
in conjunction with a major (un-
named) oii company is investigating
improved vinyl processing. It's a safe
ber that this means oxychlorination.
(Continental Oil, when asked if it
were Kellogg's partner, had no com-
ment.)

Technical Enterprises, which bas
rights to Air Reduction’s modified
Deacon process (CW, July 6, 57, p.
743 is offering that method as well
as oxychlorination. It says, however,
that while it is prepared to offer &
complete Deacon package, a firm in-
terested in oxychlorination would

have to do some development work .

of its own. Fluor Corp. has talked to
at least ope firm with know-bow for
- sale.

Chemical consultants, too, are hip
deep in oxychlorination projects. If
you toss a stone at a group of con-
sultants, the odds are good that you'll
hit a man involved in an oxychlorina-
tion study.

Market Impact: At the Chemical
Market Research Assn. meeting in
New York last spring, Dow investi-
gators gave a paper on uses of HCL
A little-more-than-incidental mention
of oxychlorination generated a lot of
heat and & fair amount of light.

In the question-and-answer session
follawing the paper, Dow's J. M.
Henske estimated that HCl now is
being substituted for 455 tons day
of chlorine. Most of this is being done
by Monsanto, Dow and Goodrich, all
of whom use the HCl to make EDC.
It means that upward of 360 million
lbs. of EDC are being made by oxy-
chlorination. Monsanto's oxychlorina-
tion capacity is 30 million lbs./year.
Dow probably accounts for the larger
share of the remainder—it's one way
the company has quictly raised its
EDC capacity to a whopping 800 mii-

. lion Ybs./year (rable, p. 102). Substi-

tution of HC! for chlorine, incident-
aily, means that the market is being
spared SO0 tons/day of caustic.

Fourth Round in Japan: Through-
out the rest of the industrialized world,
interest in oxychlorination is running
high. In Japanm, for instance, oOXy-
chlorination is getting serious consid-
eration as a key process in the coun-
iry's next round of vinyl chloride
expansion, The third round, just about
completed, is expected to raise ca-
pacity to 615,000 tons/year. At the
moment, however, production is run-
ning behind demand; the shortage for
fiscal '64 is expected to be 77,000
tons.

Industry is pressuring MITI (Minis-
try of International Trade and Indus-
try) to start considering a fourth
round. MITI, however, will probably
not reach a decision for another year
at least,

Meanwhile, Toyo Soda, which will
complete a 61,000-tons/year vinyl
plant this September, would like to
put in a 33,000-tons/year plant using
its own oxychlorination process. Asahi
Glass ig tied up with Pitisburgh Plate
Glass in an oxychlorination venture.

"An Asshi spokesman, however, says

it has not submitted a proposal to

«
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MIT! for a plant. Similarly, Mitsu-
hishi Chemical is experimenting with
oxychlorination but has no firm plans
to use it in'its Mizushima project now
under ‘construction. Tovo Koatsu has
been researching oxythlorinatiod in-
tensively for some time. It plans a
petrochemical center in Sakai, necar
Osaka, in cooperation with Mitsul
But chances of government approval

The ethylene-based process, on the

investment. It is a two-step process.
And 0.58 th, of HCl is produced
for each pound of vinyl. \Vhat the
ethylene process has that the acetylene
process lacks is low-cost starting ma-
terials.

in the past, several big vinyl chlor-
ide producers operated “balanced”
in the immediate futurc are not bright. vioyl plants. That is, both ethylene
By the time the project is approved, and acetylenc are used in two opera-
oxychlorination is bound to play an  tions. By-product HCl from the
important role in production of vinyl  cracking of EDC is fed to the second
chloride monomer. Nissan Chemical plant, where it reacts with acetylene
ais0 has hopes for making vinyl chlo. to make more vinyl. The percentage
ride via oxychlorination. it would im-  of total vinyl chloride made from eth-
port technology from Continental 0il. ylene and acetylene differs from year

COSTS ARE THE ATTRACTION to year but it has not varied much

from 50-50. Sume of the pewer pro-
Oxychlorination's popularity hinges ducers (Monochem, Tenneco) favor
on attractions of cheap ethylene

X acetylene, Dow has stuck to eth-
which would replace acetylene, s a ylene. Nons and Carbide employ-

starting material. The availability of
cheap by-product HCl is anothet
important consideration and one that
could bring more producers into the
fold. Here's why:

The big oil and chemical com-
panies that are getting into produc-
tion of linear alkylates for the new
soft detergents appear to have settled
on processes that will generate large
quantities of HCIl. One approach is to
chlorinate a paraffin, then dehydro--
chiorinate to form an olefin and two
moles of HCL. The other involves re-
action of the chlorinated paraffin
directly with benzene. lo this case,
the HCI is taken off in the alyklation
step, In either case, 15 Ib. of HCl is
formed for ecach pound of linear
alkylate. Proposed capacity of 600 mil-

balanced production. And Goodrich,
the No. | producer, which has his-
torically favored acetylene for its
U.S. production, started buying EDC
several years ago in a move toward
a balanced operation. (Last year, it
probably bought 55 million lbs. of
EDC from Pittsburgh Plate Glass
for vinyl production.) In its new Cal-
vert City operations, Goodrich is em-
ploying oxychlorination in a new type
of balanced plant based ennrely on
ethylene. And Monsantd

Setting the Parameters: An exami-
nation of raw-malcrial requirements
reveais the recasons for the trend
away from acectylene as a vinyl chlor-
ide raw material. it takes 0.45
of acetylene apnd U. )
make a pound of vinyl. If acetylenc
is charged in at 9¢/1lb. (a low figure),
and HCI at 2¢ ib., it means that raw-
imaterial costs are 5.2¢/1b. To that
must be added 0.9-1¢/1b. for other
charges® to give a manufacturing cost
of 6.2¢/1b. And that stili does not
include any admigistrative or sclling
charges, research and development
costs or profits, Vinyl chloride i

€ co o O ailnble HCI
cheap ethylene and oxychlorination
know-how could well be enough to
encourage new vinyl capacity.

istoricall

viny! chioride has been made mainly
in two ways: (1) Bthylene and chio-
rine react to form EDC, which is
cracked to vinyl chloride and HCI.

Or (2) acetylenc and HCI react to _[ficially quoted at 8¢/Ib, freight
form vinyl chloride directly. The sec- equalized. Oving far as

ond pracess has much (0 commend it. . (CW Market Newsletier,
It's a straightforward high-yield reac-  July 18).

tion with no by-product problems.
Capital investment for a piant is mod-
est and operating costs are small,

*Tn & 100 I'I'l!"luﬂ Iha./yese plant, Thess
include charges for wmiilities, d:pred‘h
s, would progace & atury' ‘3."'.'-‘1?1"‘""
couts
- for making vinyr-ohioride.
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other hand, calls for a higher capital )

. 1b, is conceivable.
using oxychlorination to supplemcnl ,

its acetylene-HCI production. -

On the other hand, an operation
using ethylene to make vinyl chloride
and em| oxychlorination o
make more EDC would have a net
requirement of 0.5 b, of ethylene
and 0.67 Ib. of chlorine per pound of
VinyT. Uther cosis would be slighily
higher than in the cthyleoe process
—1.3-1.4¢/1b,—but the difference be-
tween ethylene and acetylene could

' easily compensate for them.

The subject is not one that lends

itself to simple generalities. A study

-'based on official quotes can easily go
astray because of speciat cases, where
products move below lists. Sometimes,
the special cases far outnumber the
aormal. Here, however, are the price
parameters for the four key mate-
rials: acetylene, ethylene, chlorine, and
HCIL:

Acerylene: Companies buying acet-
yiene to make vinyl chloride are
probably paying 9.5-12.5¢/lb. In the
past, tbe rock-bottom for acetylene
prices has been consldeted to be 8-
10¢/1b.

However, captive producers, oper-
ating partial-oxidation plants, can
probably charge acetylene into a
process at a shade under 7¢/lb., pos-
sibly 6.8¢/1b. As a survival matter, -
merchants of carbide-hased acetylene
could probably set a lower price on
the output of amoruzzd plants; 7¢/-

Ethylene:
merchant_cth
is 4.75¢/1b. with downward escala-

“fion decpending on volume. The aver-

age price 10 large users is probablyf _
4.25.4.50¢/1b. JISL what TTATEc
Taptive producer places on his ethyl-
ene depends oo a number of factors:
size and efficiency of -the plant, and
smportantly, the return he is taking
on the, ethylene wnit. Some large us-
ers are undoubtedly charging ethylene

31 Tess TaB A¢7 b trsomedf the
big oew planis now conlemplated or
completed, ethylene could he charged
a1 lesa than Jt/ll:u.i say 2.94/1b. This
could, of course, exert a pressure on
merchant prices, bringing them: well
under 4¢/1b.

,__Chm;éQuoud price for chlorine
(gas} is $65/ton. -But a large user
should have no- trouble getting over
the-f
possible that, under favorable condi-
tions,. this could fail to $48/ton,

Sepr
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As a vmyl chloride raw material acetyleﬂe seems to show off
to best advantage when it is the product of » plant making

ethylene and acetylene {as in the Wulff process). in this .

scheme, naphtha or other light hydrocarbons wauld be fed to
the Wullf furnace; vinyl would be produced in » balsnced
operation. Compare this with a vinyl plant based entirely on
ethylene. Here, by-product HCI from the cracking of ethylene
dichloride (EDC) intermediate woutld be oxidized to chiorine
and returned to'help form more EDC. The figures (below) for
this comparison were prepared ftor CW in assacistion with The
Lummus Co., whiah offers the Wulff process, various axyehior-
ination processesy'and ODeacon modifications. A cholce hotwnn

i‘g-,
53 B
T
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oxychlorination snd a modified Deacon depends upon a num-
ber of variables, Alec Redniss of Technical Enterprises (New
York) thinks the Deacon is slightly mors expensive but gives
more flexibility. On the other hand, Shell has come up with
some techniques (e.g., feeding a dilute HC! stream to the
chlorination step) that are potentisl cost cutters. in any case,
there daes not seem to be a significant difference between the
yields of osychlorination snd Deacon processes. And their
utility requirements are nat much different. The rangas (per
pound of vinyl chiaride): steam, 1,8:3.3 ibs.; coaling water,
27-51 gel.; process water, 0-0.61 gal.; power, 0.19-0.21 kwh.
Fuel requirements are 1,500 Btu./Ib. for either approasch.

Ve
DD, Bt Ay et o

Ethylene Complex
(modified Deacon)

Cost per pound . Units Cost per pound

R

. . of viny! Needed . of vinyl ¢
Tilaw Materials ™ _ ce i ' b
ii niih. T Haphtha o ST B Y 1.05¢ L P
" 3Y. Emviena hs . - . 0.8 2.25¢ i
L) Crlonnn s " 0.625 188 ©. 0.87 2.00 "
Pt Catalysts and ' : i
;! - chemicats : ! 0.14 ©0.07 {
© 1l 7 Caustic soga s, © 3.0 0.001 0.003 0.0036-  0:258 - .
Pt Phenai ibs. 100 0.0005 a.005 © 0.001 © 0.01 e

CAtitities _ , . '
: " Steam ibs. n o6 . 6.25 , - 0.315 4 3.29 0.197 -
g Cootng watee  © qal, o oo 25.1 : 0.052 47.52 0.095 i
' Peocess watar qal. 0.n1% 0.325 0.005 0.18 | :0.003
- +Powat . kwh, 6 0.324 0.195 0.19°' +0.114
T . Fumet 1000 Btu. G O15 ~4,350° ~0.065" 1,500 0,023
, Labor i n ," ’ . b. i — -

o v men - $32.000 year KA 0.15 B .0.128

: . Sf‘l‘ltfl’ {three shifts) . ’ e

Fixed Charges T i !
' De;_\rém.\h-v maatinnan e n
; R A DYTCNIRL.L 1.175 : 0.588 ’*i
: .#’!',‘-.-\tnn
e

TR 4.905¢ §.504¢ i

Yhe Wulff project for vinyl chloride comes off very well under
the conditions chosen. For an incrementa! investment of $4
miltion, the differential cost of prodiction (0.593¢/Ib.) yields
an additional $900,000 in pretax profits. Taking additional
dapraciation of $400,000/year, it means the $4 miilion gen-.
erates $1.3 million/year cash fiow. it should be remembered,
however, that different conditions could change resuits dras-
ticaly. if ethylene were charged in at 3.2¢/Ib., for example,
the ditferentiai would be wiped out. iy the same token, it

would probably be fairar to compare 3.2¢./1b. ethylene with
ethane (rather than with naphtha) as the Wulff feed, and in this
case the differantiai might reappear. in short, these figures are-
useful mainly as » generai formula into which variables can
be inserted to give sn answer for a given set of circumstances,
it shoulid be remembered, too, that the capital costs are for a
contractor’'s battery-limits plant. The upentln'ﬁ company
would have to count on a higher investment for such things as
working capital and land; off:sitc facitities could add 309%,.
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2.4¢/1b. MowYaptive users charge
their material is complicated by the
fact that 1.1 1bs. of caustic is gener-
ated per pound of chiorine. So the

- value of chlorine depends on the mar-

ket for the rest of the “package” A
company like Dow, the world's big-
gest producer—and user—of chlorine
gan probably charge chlorine into a
process at slightly less than $30/ton,
1.5¢/1b. However, that figure, is prob-
ibly a safe minimum for normal op-
eration—and ogly under favorable

“caustic market cdnditions.

HCL: The price of HCI is probably
$35-40/ton. Monochem, for in-
stance, is thought to be paying close
1o $38/ton for HC! {from Morion
Salt). The price, moreover, is for HCI
in rolution, so that Monochem must
add costs of distillation. Under more
favorable conditions, HC! might be
purchased for $25/ton. In the case
of a producer charging his own by-
product HC! to s process. the range
is wide open. If it presents a disposal
problem, the HC1 could carry a nega-
tive charlge. -0.1¢/1b. Cases of
negative, or ‘even no raw-material
charges in chemical processing, how-
ever, almost always prove illusory.

Dow has made an economic evalu-
ation on the subject of HCI, It con-
cludes that it should be worth no more
than 70% of the value of chlorine.
That would mean, for example, that
the top price should be $3§ "ton, if
chlorine is valued at $50/ton. The .
bottom price, it feels, is $12/1on. This |
is set by sulfuric acid and is equivalent

¢ ——on an acidity batis—to the cheapest '

sulfuric that can 'be purchased.

Most companies seem to he trans-
ferring HCI at prices in the middle of
that range, Pittsburgh Plate Glass. for
example, is thought to be charging
$25/ton for HCI into an oxychlorina-
tion vnit. One engineering company is
basing {15 estimates on $30/ton.

Stating the Case: By placing raw-
material requirements against a back-
drop of price ranges for key mate-
rials, it is possible to compare the costs
,of viny!l chloride made from aceryl.
ene and from ethylene using oxychlo-
rination to balance the production

. (chart, p. 95). It can be seen that a
arm buying HCI and acetylene (even

at the fower end of the cost range)
would have a difficult time compet.
ing with one 1sing purchased ethylene
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and over-the-fence chlorine. One buy-
ing acetylene at the upper end of the
range would not be able 10 meet the
6.2¢/\b. vinyl price, even with free
,HCI and with no allowance for ad-
ministrative or selling costs. At the
postulated tow prices for both ethylene
and qacetylene, the difference is less
dramatic. Tt should be remembered,
' though, that small differences take on
more significance at the lower cost.

Many Roads to Vinyl: There arc
now five processey and combinations
of processes for vinyl chloride manu-
facture: {I} ethylene and chlorine; (2)
acetylene and HCI; (3) balanced op-
gration using acetylene and ethylene:

‘(\(4} straight oxychlorination of ethyl-
ene; (5) a balanced operation using
oxychlorination.

‘The straight ethylene process form-
ing EDC and HC! has a number of
attractions. Capital requirements are
-only slightly higher than those of a
comparable acetylene-HCI plant. And
manufacturing costs are attractive if
adequate credit for HCL is made.

Companies like Dow and American
Chemical can probably show good
costs for vinyl chloride. Dow has a
variety of uses for HCI and oxychlo-
rination skills tco. American Chem-
ical’'s HC1 is used to react with more
ethylene to. make tetracthyl lead.

Ethyl Corp.. is in a particularly
cnviable spot. It hax large HCI re-
quirements for its tetracthyl lead pro-
duction {i.c.. in the rgaction of ethylene
and HCI 1o make ethyl chloride). At
one time. in fact, Ethyl operated a
Mannheim furnace to make HCI (with
salt cake by-product). By going into
viny! chloride, it found a highly at-
iractive aiternate.

The firm also built a plant to make
ethyl chloride by the direct chlorina-
1ian of ethane. This. too, vields HCI
as a by-product. And with two new
sources of HCI. it was able to close
down tts Mannheim furnaces. (Morton
nicely filled the void with a Har-
greaves operation producing botb salt
eake and HC). Ethyl doet not always
operate its direct chlorination process;
it's used 1o regulate needs for HCt and
ethyl chioride,

What Ethyl charges for its vinyl
chioride, then. depends in good meas-
ure on what costs it places on the HC1
used in making cthby! chloride. By
tnking a hefty credit for it. it could

show vinyl casts that would he diffi-
cult to match. Lending weight to the
industry belief that Ethyl costs its vinyl
at between 4-5¢/1b. (and probably
closas to the lower figure) is the prob-
ability that the company will use viny!
chloride as a starting material for
making its chlorinated solvents (vinyl-
idene chloride, methyl chloroform.
trichloroethylene).

Regarding HCl, few companies are
as well situated as Ethyl. But even
Ethyl has done a iot of work on oxy-
chiorination processing, as evidenced

‘by its sale of know-how to French

Solvay. Lodg-term planning could be
béhind Ethyls interest in oxychliorina-
Hon. Vinyl chloride and chlorinated
hydrocarbons in general are growing
faster: than tetracthyl lead is.

NEW HOPE FOR ACETYLENE
In the early *50s, it was popular 10

‘taik of the coming batlle between

acetylene and ethylene as materials
Tor peirochemical manufacture. As
technology settled down, however,
each found its diche. But in the past
few years, ethylene bas been quictly
picking away at acetylene's markets
today many observers see oothing but
a grim future for acetylene. Principal

. reasons: acetylene is inherently more

expensive. than ethylene and improved
technology has found ways of utiliz-
ing ethylene for more processes, Car-
bide-based acetylene is proved tech-
nology but power costs bulk large in
this scheme and imposec geographic
restrictions. Hydrocarbon acetylene
has miso been “proved” to the extent
that plants bave been buiit and oper-
ated. But running these plants has
not always been easy and unexpected
maintenance difficulties have added as
much as- {¢/1b. 10 operating costs.
The soot problem hat been a particu-
larly knotty one.

A plant manager of one of the pio-
neering complexes using the BASF
hydrocarbon acetylene process was re-
ceotly asked his opinion of the even-
tual answer. -

“There is ho one solution.” he says.
“You do everything you can and then
you learn to get along with it.” More
recently, Diamond bas iastalled Mon.
tecatini’s acetylene process. and Ten-
neco hay .put in the SBA (Société
Belge de L'Azote) process, But thus far
at Jeast, neither has praved a smash.
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How oxychlorination saves steps in

THREE-STEP PROCESS

1. Modified
Deacon yields
chlorine

QHCIL V00— Cli 4+ H:0
A chtorine-trom-hydrogen
chloride plant is being de-
signed by Shell. HCl-oxi-
dation patents: U.S. 8S,.

-370; 141,333; 165,802

(Deacon). U.S. 2,204,172;
2,204,733; 2,312,952; 2,-
271,056; 2,447,834 (Air
Reduction), U.S. 2,577,
808;: 2,547,928 (Dow).
U.S. 2,745,844 and South
Africa 63716350 (Shall).

7

2, .. which is

used to make EDC
Cla4-CaHi—
C2#Chy

The direct addition ot
chlorine to ethyiene is well
established in large com.
mercial vinyl plants. The
key patents: U.S. 2,099,
231; 2,284,479 (Shell).
British 553,959 (Distillers
id.}. US. 2,601,322
(Jefferson Chemicai}, U.8.
2,929,852 (Unlon Car-
bide). British 781,414
(Celanese).

<

-

va

TWO.STEP PROCESS

'Oxychlorlnation
combines 1 and 2

2HCH+ B0+

Clad-2CHy—

2C2H\Cla+- 20
This process appears to
be nearing widespread
utilization. By feeding on
a8 mixture of chiorine and
hydrogen chloride it ab-
sorbs the hydrogen chilo-
vide from the pyrolysis
of ethylene dichloride;
thus it offers a balanced
route for vinyl production,
Patents on this approach
are numerous. Some of
the more recent and more

* significant: U.8. 2,636,

864; 2,752,401; 2,752,-
402; 2,866,830 (Dow).
U.S. 2,644,846; French
1,352,657; Beigian 630,-
738; @ritish 907,435
(Shell), French 1,304,-
711; 1,323,939; 1,341,
711 (Pittsburgh Plate
Glass). Belgian 636,856;
British 932,130; French
1,321,708 (Distillers
Ltd.). French 1,304,911;
Belgian 608,678 (Dyna-
mit Nobal AG.). French
1,359,016; Belgian 632,-

© 044 (imperial Chemical

Industriss). Belgian 643,-
262;:643,263 (Vulcan).

<

3. Pyrolysis of EDC yields vinyl chloride
CaH Cla=>CoHIsCI4+HCl

Most of today's vinyl chioride production involves gyrolysis of

ethylene dichioride, and the newer oxychiorination-based proc-

#3301 alw depend on this reaction. important patents: US. 2,

474,208; 2,369,923 (Shell). British 869,291 (Distiilers). And

U.S. 2,412,308 (Mathieson) on by-produced HCI.

- - R

% e

vinyl synthesis
ONE-STEP PROCESS

Oxychlorination
and pyrolysis
15024+ Cla+2C2H v—
2CHACI+H20 .
This general route is on_
«  the frontier of oxychlorina-
tion technology. Somse of .
these processes start with
sthane, instead of ethyt- |
1 ene. In these cases it ap-
- pears that the sthane is
*  crackad to ethylane, which .
v Is oxychiorinated to ethyi-
! ene dichloride; the latter
i is simultanecusly cracked’
:  to .vinyl chloride. Such
i processes are‘ouigrowths
. of chlorinated solvent pro.
* duction, and they ufially
direct the reaction by re-
tycling undesired chlorine
compounds. Crjtics of
these processes ques-
tion the availability of .
ethane for large-scale
production. Other proc:
esses introduce naw tech-
nology. Case in peint: a
limited direct chlorination
over a Deacon-type cata.’
+ lyst supplemented with
! palladious chloside - and"
.- directive agents (e.g.,
" esters and ethers). Dis-
tillers Ltd. has a pat-
: ent (see balow) on this
«  method. Key .patents Is-
i sued thus far: French 1,-°
' 360,896; 1,355,870; 1.
35%,886; 1,341,711, Brit-
ish 916,137; 913,040;
934,329, ' Belglan 631,-
155; 631,725 (al Pitts-
burgh Plate Glass). British
918,062 (Distillers Ltd.).
Balgian 637,537 (Toyo
Koatsu). Belgian 614,467
(tmperial Chemical Indus-
tries). Belgian 636,443
(Vulcen Malarlalg). '

boae.
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It has never been publicized, hut
Union Carbide hac heen operating 2
Wulff plant at Institute, W. Va,, since
'62. This unit can make up to 12
million bs./year of acetylene, Carbide
says it started up in '62, met perform-
ance guarantces in the same yecar. And
I.ummus, which offers the Wullf proc-
css. reports a lot of inferest, primarily
overseas, in the Wulff process. (Fluor
aiso offers a Wullf process plant.}

In Japan, Kureha has developed a
process for making vinyl chloride
from a gastous mixture of lacetylene
and ethylene and this, too, is getting
a close Took. Kureha built the process
into a $10.5-million plant to make 66
million bs./vear of vinyl at Nishiki.
The process, il says, cut construction
costs by'20% . Figuring on naphtha at

Processes employed by U.S. viny! producers

cialie oy At

Process - F e UL

m————r— e

t .. 3 N e
N E_ocetymnr T

335  yucetylene. .,

{tatal) i.}(hyleno PRt 3

Capacityt

:

Goodrich Chemical*” © 5,
. iagora Falis, N.Y.

Loursville, Ky, § Ty
' Calvert Gity, Ky.. .. 73]

Union Coarbide 77" i
. $0. Chariestan, W. V.
. Texas City, Texd =+

o Iy o

EthyiCorp. 7
-+ Baton Rauge; la
Houston. | ©

N

.

Dow Chemical 3.,

c-.i'

- Plaguemine, La, (totaly '

‘Tenfinco Chumicat® -
" Houston I

Allicd Chemical LEa g R 1¢/1b., chlorine, at 3¢/Ih.. and oxy.
Moundsville, W; Va, i.% 130 [ acutylehe T45, “gen at 14 4/1b., Kureha says the proc-
. wiE T m Y exs can cut sefling price of viny!
b o = i 1 gﬁy{:{fﬁm chloride to 6¢/1b. This it expects to
z R T3 i TSN P2 achieve when production reaches
7 Mensanto- 2 , Ebalanced with 110 million Ibs./year "in the near fu-
‘ TexasCity, Te cetylene and 7 ture.” In fdpan, at teast, one com-
TR 3 « 150 ¥ pxychiorinatio pany which has made an oxychiori-
z Air Reduction Lo tZead - 'ﬁ s nation arrangement with & U.S. com-
Gumberland Cifamicar & g" ; pany, i8 having serious second
Salvert City, Ky, & 7 60 -thdughts. %t is now thought to he
1 OO - learing toward the Kureha process
D",‘;::‘r':;:_:‘f:,'e;' | % The idea of using the dilute gus -
BTG Al A D {ethylenc and--acetylene) - from the
Gordyear: :“-g s 3 pyrolysis of hydrocarbons has heen
- Niagara ‘Fails, N.Y. 1y 45 ' advocated by SBA. (CW, April 11, p.
General Tire. ~ & i3 0R - " 71). 1n fact, SBA says that it oh_ui‘ned
Ashtabuta, 0. " v 30 the first patents on the process in 'S9,
z - It feels the patents are hasic. em-
American Ghemical ';_if” phasizes that it intends to do its ul-
Long Beach, Calif, - 40 ) mosl 1o see that they are enforced.
1 pow .14 1,960 OXYCHLORINATION KEYS |
tEstimated in milion .;.Fun;ubyotu. . . n oxychlori -  None of the companies now work-
nation 31 Calvart City rayes 1 GHcult 16 pir down e arevent ing on oxvchlorination or employing :
SPRiars; L aee i mass PiehaRly 280 bl bt o i commercislly is saving, much abor
4  Butit startad 16 purchase EDC sovarat years 200. l{s naw opers- itt process. Dow probably hac had
3 , itﬁ::.';mc.dl::c':nn,‘" will grobably set the n'ltlern for the hn‘n ) more  commercial experience than
' **Borden sna U.S. Rubber. ‘anv other firm, both from the stand-
. point of time and quaotity of mate-
6 ing success; both Diamond and Ten. ers helieve, v 2 plant making both « rial processed. It regards oxychiori-
4 neco have staried suits because of acetylene and cthylene. This might nation as.3 “flywheel” operation, 1o
i what they regard as unsatisfactory  prove particularly attractive for vinyl  balance its requirements for EDC and
P operations. :. chloride manufacture. In any event,  vinyl chioride against the supply of
Du Pont has developed a modified- processes such as the perenially prom-  chlorine and.HCI.
g arc process it is proud of. But evep ising Wulff, are getting a lot of seri-’ Dow's work is an outgrowth of
A4 Du Pont is working both sides of cus study. 1t's possible to show at-i-  studies on modified Deacon process-
1 the.strect, using an acrylonitrile proc-  tractive costs far making vinyl chlor-  ing apd s covered by three patents
ess based on propylene as well as one  ide in & balanced operation using eth-  (U.S. 2,636,864; 2,752,402 1,866.-
' hased on acetylenc. ylene and acetylene*from a2 Wulf  830). Dow's oxychlorination process is
i Therbest bet, some acetylene boost- furnage ichart. p @7y, not looked on as a primiry method
! 100 CHEMICAL WEEK August 22, 1964 N
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What's news in mixing?

SOLID-LIQUID
DISPERSIONS
SPEEDED

Ever-increasing demands for
faster, more complete solid-liquid
dlsperszonu typily. today’s CPI
requirements. Efficient deagglomer-
ation and ¢reation of scientific turbu-
lence and hydraulic shear for tho-
rough. wetting of particles are
easential.

Ability of Cowles Dissolvers to
speed ultimate ‘dispersion is attrib-
utable to the unique HI.SHEAR®
impeller and efficient pawer delivery

- _..,_.,__,.1

f" va-—

e

'M%?

[ .-
“'VHY"' series ~ Custom
models with MPD* vari.
sble Spedd transymil.
sions, hydraulic itrts,
!ull instk ruummhu.
-84 H.P, VR

"D" series — Mator and
SHEAR® impeller u
umbilu for "-u tank,
batch or conlinuous op-
restions. 10 H.P. up,

nriu-s inIar 18 abovs,
1 with standerd Cowies

E.‘ 1‘&_ . \ transmission, 5-150 M.P,
halp sol It
e LR

_..— z
| §
]
rangs. Single- or two-spaed

)
.l.
mg tmu lor greatee tlexi.

TR - Y.

R e

systems. Each Cowles is built to
highest quality standards, expertiy
engineerad to amply meet or exceed
design specifications. Each is com-
pact, operatea economically. Impel-
ler cannot clog—is easy to clean.
Applications include processing of
liquid.-lKquid and gas-liquid materials
and a wide variety of products such
as adhesives, textile colors, chem.

icals, foods, coatings, plastics, plaat;/ —

sols, organisols, metallic dispersions;
and hundreds of similar ones. !

FREE cost cutting demons(nlhn\
. im your plant

Let our Application Service De-
partment show you how the right
mode!l “COWLES DISSOLVER,"”
properly applied, can improve qual-
ity, cut costs-Write us today on your
business [etterhead.

MUREHO?&E-BUWLES.
:%— 1150 San Fernando Rosd

Los Angeles 65, California
Product chmntc!wn in Pr{mipn.l Cities
“Tyademark of - 199, b

TECHNOLOGY

for making LDC. Although it rep-
resents an achievement of no small
stature, the process probably. is not
one :that many others would find
overwhelmingly attractive.

Monsanto also has been operating
an oxychlorination unit at Texas City.
The unit was shut down during ’61
and '62 because acrylonitrile demand
was down and the firm had excess
acetylene. As the acrylonitrife ‘market

improved, the oxychlorination unit was -

reactivated and has been operating for
18 months. The plant is a fluidized-
bed unit employing oxysen. rather
than air.

The oxygen poses no pl‘oblen'lt for
Monsanto; it has a plant at the site
for its ncetylene production. Oxygen
requirements, are modest: stoichio-
metricafly, 0.13 1b. is peeded per
pound of vinyl and prices of tonnage
oxygen are less than V¢ tb.

PPG's approach is also thought to
call for oxygen, rather than air. Fron-
tier, on the other hand, uses air in a
fixed-bed process. It apparently does
not atwin complete conversion of
HCI. About 5% of the total HCI fed
to thet unit appears as 20% scid in a
by-ptoduct stream. This, of course,
can be credited to the process or
cieaned up for recycle. Frontier Chem-
ical has a number of patents on
oxychlorination. Its key ones, however,
are just starting to appear {(Belgian
patents 643,262, 643,263, The Fron-
tier patenis are appearing in tandem.
One relates to oxychlorination of
aliphatics: the other, aromatics).

Shell's oxychlorination wrinkle is a
three-step method in which chlorine
is produced from HCI in a separate
unit. One of Shell's contributions: feed-
ing a dilute chlorine gas. into_an ad-
joining unit for chlonnauun Result:
~reduced.. pyrification costse”The Shell
group is planniog 10.000-ton, -
year, plant cmploying the chlorine-
from-HCI process in the Netherlands,

Shell has been seeking customers-
for the provess—ii-~utilizes w-foidized

bed and features a catalyst coasisting
of a mixture of copper and other
chlorides. The reaction t1emperature
is 630-800 F, considerably below the
850-1220 F 1ypical of the Deacon.
The lower temperalure, as Shell poinis
out, favors conversion of HCl into
chiorine, also reduces corrosion prob-
lems. The process employs either
oxygen or air; Shell suggests oxygen
only if it is available at aun attractive

102 CHEMICAL szk August 22, 1964 "
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Ethylene dichloride makers

Company

I aratinm Canxcitv™

American Chemical
Watson, Calif. 40

Diamond Alkali

DeerPark, Tex. 110
Dow

Freeport, Tex. 500

Plaquemine, La. 300
Ethyi Corp.

Baton Rouge, Ls. 300

Houston, Tex. 140
Mansants

Texas City, Tex. 210
Olin Mathieson .

Brandenburg, Ky. 100
Pittsburgh Pleta Glass

Lake Charles. La. . .. 12D
Union Carbide

South Charieston, W. va. 200

Texas City, Tex. 240
Total " 2.260

*Estimated in millon pounds/vase

price. The content of the effluent de-
pends vpon the feed HCl. But one set
of conditions. produces n-48% chlorine
stream that can be wsed, says Shell,
“in various industrial_processes."
Deacon’s Descendan®: Air Reduc-
rion’s process, being offered-by Tech-
nical Enterprises, can trace its Jineage
to the Deacon pracess, as in fact can
all -the straight oxychlonnatmn proc-

gen chloride is'3 d-with air over
2 hot copper catalyst to produce chlo-
rine and water. The reactions procecd
in 1wo steps—hydrogen chioride oxi-
dation at about 1000 F, followed by
catalyst regeneration at about S50 F
—but all modern processes conduct
ese reactions in one step. Further-
jmore. all of the patent innovations

“deal either with improving the selcc-

tivity of the complex reaction, or with
catalyst volatilization, a problem in.
herent in tht Deacon process.
Catalyst volatilization can be partly
suppressed by adding alkali metal

. chlorides (US. 2,206;399). Copper

chloride, however,. will sublime and
concentrate in places in a motionless
bed of catalyst. Result: hot spots,

..which are .the main drawback of
-These hot spdts

fixed-bed reactors.
make it difficult ta remove the heat
of the mildly exothermic Deacon reac-

'AP00034144
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Quaternary Ammonium Compounds

[ -y

I

. Propisnate:
Parabens
lesters of p-hydraxy benzoic acid)

v

Aqua Ammonia

Ammonium Acetate

Calclum Acetats

- -« So8ium Diacstate

Other Acetate Salts

e

Salts-of Other Organic Acids
-

e

Sodium Hyprochiorite

o

AND OTHER PRODUCTS
ON A CUSTOM BASIS -

In addition to promgn. and dependable
delivery of these high quality materiala
of our cown manufacturs we provide a
complete custom manufacturing snd
development service for itema that do
not fit_your current processing sched-
ules. We have glass lined, stainlesa
ateel, high temperature and low pres-
sure squipment.

Inquire today about both our produsts
and services. '

WASHINE CHEMICAI
CBR PUR AT“]“ LODI, N. J.
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ions,
ontrol.

Hot spots can be overcome by
witching 1o Auidized-bed reactors,
vith the particle-buoying reaction
:ases passing ypward jinstead of down.
vard, through the catalyst bed. How-
ver, these fluidized-bed reactors pre-
ent three additional problems: (1) the
alkali metal salts, which suppress cop-
per chloride volatilily by ferming a
low-melting cutectic, cause the catalyst
particles 1o bccome sticky and ag-
glomerate in the fluidized bed; (2) the
catalyst particles are gradually pulver.
ized in the fluid bed, so that dust col-
lectors must be installed in the highly
corrosive gases leaving the reactor;
and (3) the combined reactions and
uniform (cmpcratures of the fluidized
bed are less favorable to the produc-
tion of chlorine.

Chlorine Acceptors: Oxychlorina-
tion is a big step forward in improv-
ing the equilibrium limitations of the
Deacon process. The hydrocarbon
present serves as a “chlorine acceptor”
and in effect moves the equilibrium in
the desired direction. This, of course,
is the foundation of the Raschig proc-
¢ss.

In oxychlorination, ‘however, HCl i$
burned in the presence of a hydro-
carbon, and the trick is to keep the

thus complicate temperature

—,

hydrocarbon from burning. In the :
Raschig process the hydrocarbon s |

benzene, which is stable because of its
resonating*
hranched-chain compounds present 2
different set of problems. Branched-
chain hydrecarbons, in particular,
prove difficult subjects for oxyehlo-
rination. Ethyvlene i< in the interme-
diate class; it's tougher to process than
benzene, easier than ethane.

Even in the case of ethylenc, how;
ever, some oxygenaied products are
bound 10 form, and their presence
¢ould conceivably raise havoc. There's
a belief that trace quaniities can cause
difficulties when the monomer is
polymerized. Monsanto. however,
says that it has experienced no such
problems with its process.

Catalytic Keys: Although most of
the companies invoived will not givé
details of their processes. the patent
literature is enlightening. Over a dozen
innovations in oxychlorination tech-
nology have shon up in patents,
Among the contributors: Distillers,

*Naphtlhiene, which al can bw
maved M:n'fyln:pr""’im .u'é tolnene
tend to degrade under axychlorination conditions,

structure, Paraffins and*

Du Pont, Esso, Frontier, impcrial
Chemica! Industries, Pechiney, Pitts-
burgh Plate Giass, Shell, Toyo Ko-
atsu,

The patents indicate that catalysts
are a key subject for research and
development. Distillers, which is not
now offering an oxychlorination proc-
ess, has a series of patents that could
he significant (Belgian patents 630,-
963 and 6356,856; British patent 932,
130 and French patent, 1,311,708),
Yields of ethylene chloride, based on
ethylene, are pegged as high as 96.5%
in these patents. Only some 1.4% of
the ethylene feed is oxidized to car-
bon dioxide. And yields over 90%,
based on hydrogen chloride, are re-
ported.

The Distillers catalyst makes some
radical departures from conventional
oxychlorination catalysts. It uses a
support (for the copper chioride) of
activated alumina—rather than dia-
lomaceocus earth, silica gel, pumice,
broken fire brick. eic., which are the
conventional supports. Also, the Dis-
lillers catalyst includes 0.2-10.0% rare
earth metals, such as cerium, lantha-
num, and neodymium, which have
atomic numbers between S7 and 71.

Only one other oxychlorination ¢at-
alyst appears to use rare carths. And
this catalyst, patented by Shell {Brit-
ish 907,435) states that conversion of
ethylene info dichioroethane is prac-
tically quantitative, while the exam-
ples cited in the patent state that mare
than' 90% of the hydrogen chloride is
convertéd. Otherwise, this Shell cat-
alyst uses a silica-gel support having
an unusually large surface area (200
5q. meters;gram).

To suppress volatilization of 1he
copper chloride. both the Distillers
catalyst and the Shell caralyst employ
about one part alkali metal sait (KCD)
to one part copper chloride. Both
catalysts are made by impregnating
the baked or calcined support mate-
rial with a solution of copper chloride
and then evaporating to drypess,

In this impregnation technique, the
rare earth catalysts appear ta ditfer
from other oxychlorination catalyst
preparations. The support for the rare
earth catalysts is soaked in copper
chidride solution and then dried.
whereas some other processes empha-
size spraying or dropping a copper
chloride solution onto a hot catalyst
support, so that the solution is vapor-
ized before it has a chance to sink

AP00034145
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these items were added to the famous list of

9280
9187

8848

9036
811

EASTMAN Organic Chemicals:

Azelaoyl Chloride BP iﬂ-llS'/‘l mm. . . 25 $4.90
CICO{CHz}1COC!, .. NW 228.1 10 g 1450
(Ethylencedinitrilo) tetrucetie Acid Cerium

Monosodium Salt . v . ... ... ... g 390
[-CH4N(CH;C00) 3)CeNasH20. . MW 505.44 25 g, 15.50
4-Ilydroxy-3-1mthoxyb¢nznie Aeid

MP 213-214% .

HOCHYOCHACOOH ... MW 168.18 26, 1260
2-Iodothiophene BP 65-08°/10 mm. . .. 26,  6.75
SCHYCHCH:CI.. MW 210.0§ j 100 2435
Palniitic Acid Sodium Salt 5g. 2.35
CH3(CH;), COONs, .. MW 27341 ) 25 g, 7.00
Pentyl Ether BP 183-1856* 254, 270

[CH:(CH:).’]:?’- L MW 15820 100, 825

!'l 1t

Prices subject ta changs withgut notice

and in larger-than-laboratory guantities

compounds may be mvailable even if they aren't
on the lixt. /f there is anything you need, oxk
Diitkllotion Products Industrics, Rochester, N.Y.
14808,

Loigde

nlstI!Ialinn Products {ndusiries is a division of Easiman Kodsk Company
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Right Bag Service:

(in multiwall

and plastic bags)

£

What goes on the bag is sometimes as
important as what goes in it.

That's why we have our own commercial art departiment. Our artists are
specialisls in multiwall and plastic bag surface design. How good arc
they? Ask the O-1 customer whose bag look a Merit Achievement Award
/in the 1963 National Flexible Packaging Association competition. Graphic
know-how is just parnt of Right Bag Service. Your O-l represenlative can

make it'pay off for you.

OWENS

i

UCTS DIVISION
FOIBST"G'QE“ YOLEDO 1. omo
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in. In fact, an carly Dow chlonine-

" from-hydrogen chloride process (U.S.

2,547,928) features a technique for
recovering volatilized copper chlor-
ide by cq'ntinuou:ly absorbing the
vapors in condepsed hydrochloric acid
and returning (his golution to the re-
actor, whete it is sprayed over the
hot fluidized bed of catalyst.

A recent British patent (941.353)
to Du Pont stresses the measled, or
, spotted, appearance of the desired
cstu‘yst. which has the copper chlor-

. ides irregularly distributed over the

surface of tire catalyst support ma-
terial (calcined distomaceous earth).
However, the Du Poant patent points
out that copper chloride salts remain
on the surface of the support mate-

_.rial, even though the support malterial

is immersed in the copper chloride
solution.

Aunother feature cited for the Shell
catalyst is an upusually low reaction
temperature: 485 F for oxychlorinai-
ing etbylene to EDC. This low tem-
perature is purported to virtually
eliminate corrosion and’ copper chlo-
ride volatilization. Thus, thin catalyst

. appears to have licked the problems

of the fixed-bed oxychlorination reac-
tor; and if it doesn't agglomerate or
pulverize in a fluid bed, it may have
licked the problems of the ﬂmd-bed
reactor, as well.,

Selectivity by Con!ml: The import-
ance of cloge operating control for
high yields is pointed up in & voiumin-
ous group of recent patents® to Pitts-
burgh Plaie Glass. These. plus some
issued to Vulkan Materials Co. (Fron-
tier Chemical), illustrate the pivotal
position of EDC in the production of
a wide range of chlorinated hydro-
earbons, including vinyl chloride. vi-
nitidene chloride. ethyl chloride. per-
chloroethylene, irichloroethylene. etc.

Resides serving as foed for the con-
ventional pyrolysis vinyl chloride proc-
ess, EDC can be further chlorinated
in oxychlorination reactions. The usual
copper chloride catalyst stabitized
with potassium chloride is employed.
EDC may also be used as a diluent 10
direct further chlorination reactions.
as shown in Belgian patent 636,443 10
Frontier.

Ton the PPG process the EDC con-
version is carried out in 1wo steps

) 333.919

305,026, 130401
P hlil {M T and
1,187,453 Heir 5T
and 924,529, Tan: oor.o‘h usi isS 431,451
and 631,725, ete,
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“Want the secret, young fella? Life really begins when you discover
‘Spencer Sarvice is Wanderfult’’

S
Need Nylon? ®
ca“ spencer! Spencer Chemical Division

Gulf Ol Corporation

SPENCER PRODUCTS: Agiscultural Chamicals w Industnal Chemicais ® Plastics ® Flaxibie Packsging ® Wood Adhosives

Highest purity at /owesf cost

This is another SCHULTZ Steam-Methane Hydrogen Plant delivered
in the past year.

The designs give fexibility of operation for remote control. Start-up
can be accomplished in 3 to 4 hours, production varied or shutdown
in minutes.

For full intonmtlon apphcable to your hydrogen problem, write, wire
or phons

35 Yam Ezperlcmn buildlu Hydnmn Planls

VAR S CHULTZYINGS

%3890 Fln-m Road 7% Doravile' (Subih of Allanta) Geargla WeT¥Area Cade 404-451.3517 %

o
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(British 913,040): (1) chlosination. in
which hydrogen chloride is a hy-prod.
uct; and (2), oxychlorination, in which
by-product hydrogen chioride is used
as the chlorinating agent. Yields of
chlorinated hydrocarbons appear to he
ahout 80%, while chlorine utilization
is said 10 be as high as 82%. PP(: is
said to he' usmg a version of this
process to make "chlorinated com-
pounds in pilot quantities.

However, a more striking variation
of oxy:hlorinagi?ﬁ'is described in <ev-
eral PPG patents that cite ethane us
the starting material. In a combined
cracking and oxjchilofination reaction
(French 1.341,711), approximately
309 of the ethame is converfed into
vinyl chloride and 50% cracked to
ethylene, while some 20% of the
ethane is burned. And in French patent
1,355,870, the vinyl chloride alone ix
recovered by distillation, while the
ethylene and chlorinated hydrocar.
hons are recycled to be converted into
vinyl chloridle, PPG is cutrently offer-
ing vinyl chlcnde from a proposed
plant that is btllcvcd‘to ln:orporalc
these techniques.

Selectivity by Separation: PPC's
patents also bring out fhe critical rale
of EDC in the newer oxychlorinalion
roules to vinyvl chloride' Thé question.
here, is when'to crack. Three answer,
are proposed: (1) crack EDC as a pure
component, (2} crack it in a recvele
strcam with selected other chlorinated
components. or (3) ¢rack'nt in situ.

The first approach is the one now
used commercially in the U.S, The
second. where EDC in rccvn:led with
other chlorinated hvdrocarbons afier

the vinyl is removed. is described in
 the PPG patents and a Belgian patent

(637.437) 10 Tovo Koalsu. And the
third is described in Belgian patent
614,467 to IC1, as well as in British
patent 956,657 to 8. Tsuisumi, o pro-
fessor of Osaka University (fapan).
The critical operating variable in
these different approaches is tempera-
ture. Ethylene can be oxychlorinated
to EDC over conventional catalysts
at about 570 F. whereas EDC is not
cracked until the temperature reaches
850.950 F.. The proponents of the
two-step route say that, while an extra
step is required to crack EDC
separately, this extra step is justified
by the increased yields resulting {rom
the lower operating temperatures.
Osaks University's Tsutsumf ap-.
pears to get around this problem hy
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Stabllity

Is child's play for VEEGUM'T

From thixotropic paints to paper coat-.

ings, from pastel crayons to ceramic
glazes, whatever the product. .. stabit-
ity is child’s play for Veeeum 7.

Vergum T is our technical- gfade of
magnesium aluminum silicate. A hydro-
philic colloid, it disperses in water read.
ily without soaking. It is supplied in the
form of odarless, tasteless, non-toxic,
small white flakes.

Added to your formuia, Vereus T will
retard the sattling of pigmants, stabilize
smulsions, impart body and serve as a
non-migrating binder.

If you requirs @ mors highly refined
product with these same properties, wa
suggest you try our regular grade of
Verauu, suitable for cosmetic and phar.
maceuticat uses,

For more information and sampie of

the Vetgum grade best sulted for your
products, fill out and send us the cou-

' pon below, attached to your letterhead.
R.T.VANDERBILT COMPANY, INC. |
Speciskars Dupt., 230 Park Ave., MY AT NY. |

Pieass send Information on VEEGUM T for use |
In the tallowing industrlal preduciss {

esavananty

Please send lnfarmelion on the regular grads of
VEEGUM for use In the fallewing cosmetie
products: 1

Plunse and ample Plesas send cample
o VEEQUM T OO of VEESUM O
[P
ML
[T
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employing vacuum (460 millimeters of
mercury or less} and ultraviolet light.
‘Temperatures are thus reduced. His
patent says that vinyl chioride yiclds
of 85-90% based on ethylene are ob-
tained when the pressirc is- 360 milli-
meters—over 95% when the pressure
is under 260 millimeters.

Otherwise some of the recent oxy-
chlorination patents show that re-
searchers ‘are still looking for new
solutions of the old problems of cop-
per chioride volatility, hot spots in

+ fixed beds, etc, Belgian patent 632,044

to ICI dedthbes a process far pass-
ing the feed to the oxychlorination
reactor through a bath of molten cop-
per. chloride; so that the feed vapors
will contain eénough copper chloride
vapors to suppress its volatilization
from the catalyst, This process appears

“to permit the use of fixed-bed reaciors,

sibce it eliminates hot spots.
And Peehiney appears to have de-
veloped a dual-reactor process (French

- patents 1,286,839 and 1,304,072) com-

-

bining benefits of both the fixed-and
fluid beds, while avoiding the dil-
ficulties of both. According lo these
patents, the ldrfest part of the heat
of lreaction is liberated during the
early paris of the oxychlorination re-
actidn, :and the products of this early
reaction can subsequendy act as
dilue'l_uts- 10 hold down the temper-
ature, e

So Pechiney has proposed a flui-
dized-bed reactor lo be immediately
followed by a fixed-bed reactor. Heat
exchange, residence time and feed
materials to the fluid-bed reactor are

‘controlled to limit the temperature and

keep conversion below 80%. The fluid-
bed efluent passes immediately over
and down through a fixed-bed reactor,
which collects any fines that resuit
from cajalyst attrition. Hot spots are
said to eliminated. And yieids of
EDC from ethylene are said to be
well over 95%,

Weighing Up: Such high yields ap-
pear 10 be the rule rather than the
exception in oxychlorination praces.
ses.

The importance of yield should
not be underestimated. However, judg- -
ing from the work that has been done,
it does not seem likely that significant
differences can be expected on this
core.

Qther factors are significant in
weighing the merits of the various
processes: whether oxygen or air is

AP00034148




process represents the best approach
is a matter of some dispute. Some
feel that a fluid-bed process is in-
herently more expensive but that it is
justiftable on the basis of superior per-
formance.

A company considering licensing
might find the averbearing considera-
tion to be the amount of develop-
ment work that has been done on
the process and the size of Ihe
royalty payments.

Acetylene’s Future: Regardless of
the rnermof the individual oxychlor-
ination procenu, it seems cerlain that
the new technology will have 1 heavy
impact on the future of acetylene.

And acetylene can hardly afford to
lose mapy more markets. Same time
ago, it lost out in this country as a
raw material for acetaldehyde. And
Shawinigan Chemicals, which has been
looked on as an operation to “upgrade
hydropower” through acetylene chem-
icals, switched to ethylene for its
acetaldehyde expansion (CW, July 6,
'63, p. 28).

Acetylene captured the acrylonitrile
market from ethylene oxide (except
in the case of Union Carbide, which
bas an unusually favorable posi
tion in oxide); but it is now losing out
there to propylene. ICI and Celanese
are switching to cthylene for their
one-step vinyl acetate processes (CW

- Technology Newsleiter, June 6}, And
some think it is only a matter of time

fo r the 70,‘. ; In before Du Pont does the same.
Oxychioripation bas already cut
into acetylene's vinyl chloride outlets.
i Future inroads could reflect the suc-
cess of such operations as Kureha's,
the Wulff process and other new hy-
CON I AI N E RS 4 | drocarbon processes. And oxychlo-
J rination could help elbow acetylene
K right out of the manufacture of chlo.
PAI N T E D R rinated solvents, trichioroethylene, in
particular. It could leave chloroprene
u DEC O R AT E D y as the only important chemicall, de-

Ll N E D % rived exclusively from acetylepe.

k.

The companies that would be most

TECHNOLOGY
; used, the life of the catalyst, and
the materials used against corrosion.
: O - Whether a fuid-bed or fixed-bed
e g Ldovr o b - = e e —

- ———— A e

b ro Spdanpes o

F»L-:..-u.«-«.- )
1
f

; - N immediately affected would be the
3 big carbide-based acetylene merchants
_?E \:/T ~Union Carbide and Air Reduction.
s Fan ] Corrugatlng It oxychlorination processes are suc-
¥ IHUJ o cessful, acetylene prices would have
S to drop drastically for acetylene to
" on lpany xm competitive. And at the very
< that would be felt in tyl

; WARREN. OHlO profits, peelylene *
3
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New route tolilli

Oxychlorination offers a new solution to

old problem; vinyl chloride from ethyl-
ene can be produced without finding a
high-value outlet for by-product HCI

EDWIN F. EDWARDS

and THEODORE WEAVER
The Fluor Corp., Ltd.

Log Angeles

VINYL CHLORIDE IS MADE today
on a commercizal scale from eith-
er of two raw materials, acetyl-
ene or ethylene. With acetylene
feed, the synthesis is accom-
plished by the simple addition
of hydrochloric acid :

C:Hy + HCI » C,H,Cl (1)
With ethylene feed a two-step
synthesis iz involved. First,
chlorine is added to ethylene
to produce 1,2-dichloroethane
(commonly called ethylene di-
chloride or EDC). Then, the
dichloroethane is dehydrochlor-
inated, usually by thermal treat-
ment, to produce the vinyl chlor-
ide product and by-product hy-
drochloric acid:

C.H, + Cly » C;H,Cl; (2)
C,H,Cl. » C.H,Cl + HCI (3)
For both of these routes, the
fixed charges againsgt capital per

pound of product are low. Thus,
the final economic choice be-

tween these two alternate hy-
drocarbon feed materials de-
pends very heavily on their rela-
tive costs, and on the value of
the by-product hydrochloric
acid.

Ethylene ia usually cheaper
than acetylene; therefore, one
tends to be atiracted to the eth-
yvlene route. However, the con-
ventional ethylene-based synthe-
sis as described ashove degrades
one pound of chlorine to KC} for
every pound of chlorine that ap-
pears in the vinyl chloride pro-
duced. In a really large plant it
is often very difflcult to find a
high value use for such a large
guantity of HCl.

Several producers have sought
a solution to thiz by combining
the ethylene and acetylene routes
into & single faecility, producing
essentially equal! amounts of
vinyl chloride from each hydro-
carbon raw material, and using
the waste HCl from the ethyl-
ene operation as the chlorine
gource for the acetylene-based
section of the plant. But, this
to0, has its drawbacks. First,
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VIEWS PLUS INTERPRETATION

the average cost of hydrocarbon
raw material is increased by the
higher price paid for acetylene.
Second, one is forced to employ
two smaller units in lieu of a
single, larger one, with the at-
tendant increase .in unit capital
cost and operating labor. Today,
a new, potentially attractive so-
lution to this problem is avail-
able through the use of an oxy-
chlorination reaction.

Oxychlorination is a general
term referring to reaction in
which a mixture of oxygen and
HCI is employed to bring about
a chlorination reaction. As ap-
plied in the present instance,
oxychlorination means a combi-
nation of by-product HCI from
reaction (3) with oxygen (usu-
ally in the form of air) to bring
about the chlorination of ethyl-
ene to produce 1,2-dichlore-
ethane:

C.H, + %40, 4 2 HCl »

C.H,Cl. - H.0 (4)

The dichloroethane thus pro-
duced is then dehydrochlorin-
ated conventionally to make
vinyl chloride.

Oxychlorination thus pro-
vides the possibility of making
vinyl chloride from ethylene

January 1965 21



VIEWS PLUS INTERPRETATION

without significant degradation
of chlorine. The requirement for
fresh chlorine for the ethylene
based route is thus cut in half,
and essentially all of the chlor-
ine feed appears in the final
product vinyl chloride. This now
makes the choice between the
acetylene- and ethylene-based
processes essentially a question
of the relative cost of the two
hydrocarbons.

What's been happening

A review of the literature
shows that oxychlorination of
hydrocarbons was conceived as
early as 1922, In the intervening
years there has been sporadic
interest, building more recently
to & high level of activity.

The technical literature on
oxychlorination processes is con-
fined largely to the information
contained- in issued patents;
however, - a review of these
brings out a nurhber of interest-
ing and important features:

1. The reactions are general-
ly catalyzed by metallic
chlorides, the one most
commonly mentioned being

..cupric chlaride.

2. For_ any given chlorination
reaction there is an opti-
mum temperature, and
temperature control is erit-
ical. If the temperature
dropa too far below the op-
timum, the reaction iz diffi-
cult to initiate. On the
other hand, too high a
temperature level will
cause the formation of
eompounds with a higher
chlorine content than de-
sired.

3. Catalytic reactors employ-
ed in oxychlorination tend
to form hot spots, which in
turn cause poor tempera-
ture control, and may
cause the catalyst to vapor-
ize and migrate through
the bed.

A number of interesting solu-
tions have been proposed to
overcome the temperature con-
trol and hot spot problems. One

.2 January 1965
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Figure 1. Vinyl chloride from ethylena with oxychiorination.

solution is to conduct the resc-
tien in a fluidized bed of cata-
lyst, another is to use inert filler
materials such as silicon car-
bide, in a fixed bed of catalyst.
Today, several different proc-
esses have been successfully
demonatrated on a pilot plant
and commercial scale. Specific
process details are treated as
proprietary and confidential.
Thus, only the over-all results
may be described.

How the process works

The oxychlorination process
discussed in this article has been
commercialized by a substantial
chemical’ company whose pri-
mary business is the production
of chlorinated organic chemi-
cals. The process has been fully
tested in a pilot plant, and a
commercial plant j :

[T i

In the oxychlorination proe-
ess, ethylene and hydrogen
chioride are reacted over a cu-
pric chloride catalyst at a mod-
erate pressure and temperature.
The cupric chloride catalyst is
supported on a fixed bed of inert
material:

2 CuCl; 4-C.H, » C,H,Cl; +
Cl

U201e
CusClz 4+ 3% O3 » Cu0+CuCl;

CuQ+CuCl; 4+ 2 HC1 » 2 CuCl,
4 HO

The exothermic heat of reaction

is removed by generating steam

(at sbout 150 lb./sq. in. gage)

and special provisions are made -

for maintaining uniform tem-
perature throughout the reactor.

The reactor effluent is cooled
with cooling water and refrig-
erant to separate dichloroethane
and water from nitrogen and
unreacted oxygen. A smasll
amount of unreacted HCI leaves
the system with the water as a
20% agqueous solution.

Vinyl chloride monomer

Figure 1 illustrates how the
oxychlorination process can be
used in a complete vinyl chloride
plant. In thiz plant two reactors
are used to produce the dichloro-
ethane (DCE) which is dehydro-

chlorinated to yield vinyl

chloride. One employs the oxy-
chlorination process described
above and the other a conven-
tional process for making DCE.
About half of the DCE inter-
mediate is produced in the oxy-
chlorination reactor from ethyl-
ene and the HCl resulting from
the thermal dehydrochlorination
of DCE. The rest of the DCE is
produced in the conventional

CHEMICAL ENGINEERING PROGRESS, {Vol, &I, No. 1)
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reactor from chlorine and ethyl-
ene. Thus, in such a plant chlor-
ineeaquirements are about one

-

quirements for the twe ethylene
based processes and the classicel
acetylene process are given in

half those for a conventional
vinyl chloride plan sed on
ethylene, and there is ;o _co-

duct IICl. The oxychlorina-
tion section of the plant has al-
ready been described.

In the conventional reactor
gection of the plant the chlorine
and ethylene are reacted in a
circulating stream of DCE. A
small amount of &n inexpensive
catalyst is added to the DCE to
insure completion of the reac-
tion. Noncondensables ara sepa-
rated from the reactor effluent
and the effluent is washed free
of impurities.

DCE from the conventional
and oxyehlorination sections of
the plant are combined, dried,
and purified in the DCE purifi-
cation gection. Drying is carried
out by azeotropic distillation
and the remaining purification
steps by ordinary distillation.
The latter yield a highly purified
DCE, plus light and heavy ends
cuts. Purified DCE is dehydro-
chlorinated in a pyrolysis fur-
nace in the vinyl chloride mona-
mer section. The furnace outlet
is caoled and fed to & distillation
train. In the distiliation train
anhydrous HCI, unreacted im-
pure DCE, and viny! chloride
are separated from each other.
HCI ia fed to the oxychlorina-
tion reactor and unreacted DCE
recycled to the DCE purification
section. Inhibitor is added to the
viny) chloride monomer (VCM)
and the monomer is sent to
product storage.

The conventional process for

manufacturing vin){l chloride
rom e ene and chlorin -
ploys zll the process steps de-
seribed above t the oxy-
chlorinalion step. !% This has
Hetara co-product which must
be disposed of. Plans for any

new venture uging the conven-
tiona et%%lene route must of
necessit, efin,
or captive use of about 0.6 ton
étl_{,_,__CWUpemimg re-

~Table 1.

In the classical acetylene,
based process vinyl chloride is
produced by reacting HCI and
acetylene in the presence of a

catalyst, usually mercuric chlor-
ide supported on carbon, in a
tubular reactor. The reaction is
carried out at about atmospheric
pressure and around 200°C.
Heat of reaction is removed by
a coolant which circulates
through the reactor. Reactor

Units7alort ton viny) chioride

. '_u-jmt.

Acetylene
Oxychlor., Conv. route

Raw materials
Ethylene 9994, tons 0.476 —
Chlorine 9%, tons 1.205 ———
HCI produced, tons 0.590 —
Acetylene 89.89%,, tons — —_— 0.424
HCI| 99.89;, tons 0.596
Utilities, catalysts & chem.
Power, kwh 214 154 156
Steam

150 Ib./sq. in. gage, tons 0.46 1.05 0.51
Steam

50 Ib./sq. in. gage, tons 1.07 1.07 » —
Cooling water 80°F, tons 257 236 K 80
Fuel gas, mmBtu 35 35 T —
Catalysts, chem. & supplies, $ 1.25 1.10 091
Operating tabor
Supervisor 1/day 1/day 1/day
Operators 5/shift 4 /shift 3/shift

Ethyiene route Acetylene
Oxychlor.. Conv. route

Battery limits plant r_'_‘— $4,700,000 $3,700,000 $3,400,000
Off-sites 1,200,000 1,200,000 800,000
Working capital 300,000 380,000 240,000
Startup expenses 200,000 180,000 150,000
Land, negligible
Royality-—not included

Tota! $6,400,000 $5,460,000 $%$4,590,000

CHEMICAL ENGINEERING PROGRESS, (Vol. 41, No. I}
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effluent gas is cooled and the
vinyl chloride recovered and
purified by distillation.

What does It cost?

To illustrate the economics of
oxychlorination in vinyl chloride
manufacture, we have developed
costs for producing 200,000,000
lbs./year of vinyl chloride by the
three process routes deseribed
above—ethylene with oxychlor-
ination, conventional ethylene,
and acetylene, Comparative
manufgcturing costs for the
various routes are presented in
the form of calculated minimum
profitable selling prices for vinyl
chloride, Since raw material
prices and the value of by-prod-
uct HC] vary from situation to
situation, profitable selling
prices are presented as a fune-
tion of these important vari-
ables. Likewise, since fixed
charges, royalty, and profit will
vary from company to company,
these elements of manufacturing
costs are pragented In such a
manner that the reader may ad-
just them to fit his own particu-
lar situation. However, reason-
able changes in the allowance
made for flxed charges, royalty,
and profit do not alter the rela-
tive economics of the various
routes.

Capital cost estimates which
are shown in Table 2, include all
equipment, materials, construe-
tion labor, engineering and con-
struction fees for erection of the
plants in ready-to-operate con-
dition in a Gulf Coast location.
The estimates are predicated on
building the plants at sites
where the necessary utilities
would be supplied from central
utility producers. Utility costs
used in the economic analysis &al-
low for all direet and indirect
charges and profit associated
with producing the utilities;
thus no capital need be added
for the utility producers.

Although offsite capital costs
will vary from site to site, it is
our experience that the estimates

24 January 1965

made for Table 2 are reasonzbly
good averages for the type sites
envisioned. They include the
cost of product storage and load-
ing facilities and storage for
heavy chlorinated organics and
other minor products. In the
case of the ethylene route plants,
the offsite estimates include
chloride unloading and storage.
The gaseous raw materials—
ethylene, acetylene, and HCl—
are assumed to be delivered
from adjacent plants by pipe-

line.

To illustrate the differences in
the three process routes and to
show the magnitude of the vari.
ous components of manufactur.
ing costs, typical manufacturing
cost and proﬁtability calcula-
tions are shown in Table 8, for
two typical Gulf Coast sxtua-
tions;

Case 1. Ethylene is avaxlable
from a large ethylene plant
by pipeline at 4.5¢/1b. There
is an “across the fence mar-

Doliars/shart ton

Case 1l Case 2
Ethylene route Acetylene
Oxychior. Conv. route
Raw materials
Ethylene at 414¢/1b. 43.56 42.84
Chlorine at $50/ton 33.70 60.25
By-product HC! at $25/ton — (14.75)
Acetylene at 8¢ /1b. —_— —_— 67.84
HCI at $50/ton a——— —— 29.80 .
Total raw materials 77.26 88.34 97.64.
Direct conversion costs
Labor and supervision 1.79 1.46 1.12
Chemicals, catalysts &
supplies 1.25 1.10 0.91
Utilities 4.35 4.04 1.63
Maintenance 2.35 1.85 1.70
Piant general expense 247 1.97 1.62
Total conversion cost 12,21 10.42 8.98
Estimated selling and
corporate administrative
costs 1.50 1.50 1.50
Estimated to be required
for depreciation, taxes,
insurance, royalty, and
profit 26.00 22.00 18.00
Minimum profitable selling
price $/ton 116.97 122,26 124,12
¢/lb. 8. 6.1 6.2

ﬁ’-'zc 68’; 45% f’{("/'
77
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Figure 2, Effect of HC] vaiue an the cost of making vinyl Figure 3. Comparison of ethylene and acetylene processes
chloride from ethyiens and chiorine, for making vinyl chloride,
ket” for 118,000,000 Ib./
year of by-product HCl at
a value of $28/ton at the
vinyl chloride plant battery 1 yaper $3.20/hr. pilus 209% for vacation,
limits, holiday, sick |leave and other
Case 2, Acetyliene iz available benefits. - -
from a large acetylene plant <
by pipeline at 8¢/lb. HCl is 2, Direct supervision $11,500/yr.
purchased ‘‘across the , - ¢
fence’” from a chlorine 3. Chemicais, catalysts and At prices prevailing on U. S. Gul
%lant manufacturing the supplies Coast
Cl by reacting chlorine -
4. Utilities
and hydrogen. Cost of the
HC {8 assumed to be the  Electric power 0.6¢/kw.h.
same as that for purchased Steam 150 |b./sq. in. gage 45¢/1000 Ib.
lquid chlorine, as the cost 50 Ib./sq. in. gage 40¢/1000 Ib. .
of “burning” hydrogen and Coaling water 2¢/1000 gal. circulated
chlorine is small, and chlor- Fuel gas 25¢/mmbtu
ine cell gas would be used . ;
rather than liquid chlorine. 5. Maintenance _ 39& ro! Battery limits capital cost
The unit costs and indirect 4
charqes usgd in the caleulations g Plant general 809% of maintenance and operat-
are given in Table 4, ing iabor to cover local plant ad-
How the routes compare minlstralion,‘ accounting, person-
The importance of the oxy nel, purchasing, and analytical
chlorination process depends on laboratory isbor,
thedfaitnt(};lat miarkets for by- 7. Selling & corporate Allowance of $150,000/year.
produc are limited in many administrative cost )
cases. In the United States there m .
are many areas of local surplus 8. Depreciation, taxes, Assumed at 409, total capital
of HCl, and in many cases HC] insurance, royalty, and profit shown in Table 2/year,
CHEMICAL ENGINZERING PROGRESS, (Vol. &1, No. 1) January 19465 28
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ig being neutralized and disposed
of as a waste. In such areas the
conventional ethylene route suf-
fers a severe competitive disad-
vantage because of the need to
dispose of sizeable quantities of
HCI. By employing the oxychlor-
ination process it is possible to
produce vinyl chloride from
ethylene and chlorine without
also producing HCl. The market-
ing of anhydrous HC! from a
conventional plant is compli-
cated by the fact that the HCI
by-product from the pyrolysis
of DCE is not a normal item of
commerce. It can be disposed of
by pipeline to an adjoining fa-
cility, absorbed in water and
shipped as aqueous HClL or
shipped in special pressurized
tank cylinders. The first method
is often the only economic way
of disposing of the large quan-
tity of HCl produced in a con-
ventional ethylene-based vinyl
chloride plant. In the second
method, the value of the HCI is
reduced and shipping costs are
increased due to the need for
transporting water. In the third,
shipping costs can be prohibi-
tive due to the need to ship the
anhydrous gas in expensive,
high-pressure, tank cylinders.
Thus, the value of by-product
HCI may vary considerably, de-
pending upon the availability of
the market and its proximity to
the vinyl chloride plant.

Using the same basis as for
Case 1, Table 8, the minimum
profitable selling price has been
determined for vinyl chloride
manufactured by the conven-
tional ethylene route at several
different values for the by-prod-
uct HCI produced by this proec-
ess. These are plotted in Figure
2. The corresponding minimum
profitable selling price for the
oxychlorination route is also
plotted in Figure 2 to show the
advantage of the oxychlorina-
tion route at various values for
by-product HCl. Note that the
value shown for HCl is the value
of this material as a gas at the
plant battery Yimits after taking

26 Januery 1965

account of expenses associated
with collecting, delivering, and
selling it to the ultimate cus-
tomer.

Figure 2 illustrates that in
plants of the size sfudied in this
paper, the additional capital cost
and operating requirements of
the oxychlorination route are
usually justified when the spread
between the value of chlorine
and the value of by-proeduct HCl
is more than about $15 per ton,

A word of caution is in order.
This “break-even spread” varies
with plant size. For smaller
plants a diatinctly larger value
may be found.

Ethylene vs. acetylene

Most vinyl chloride producers
in this country sare operating
plants using the conventional
ethylene route or a combination
of the conventional ethylene and
acetylene routes. However, some
producers have found the classi-
cal acetylene route more econom-
ical and have selected it for
their plants. Since their choice
was made before the commer-
cialization of the oxyehlorina-
tion process, it is now appropri-
ate to make a new comparison
of the ethvlene and acetylene
synthesis routes.

To permit the rapid evalua-
tion of the relative merits of the
ethylene and acetylene routes
for other particular situations,
we have developed a picture of
the minimum profitable vinyl
chloride selling prices as a func-
tion of these raw material costs.
This picture is presented in Fig-
ure 3. The minimum profitable
selling prices shown were calcu-
lated using the same conversion
and indirect costs as in the
earlier analysis given in Table
8. Again, it was sassumed that
HC! would be produced in a
chlorine plant, as explained in &
the description of Case 2. Thus
the chlorine cost is the same for
both the syntheais routes shown.

Figure 8 illustrates that for
new large plants in most, if not
all, U. S. locations the ethylene

route with oxychlorination is
more sconomie than the acetyl-
ene route. On the Gulf Coast,
for instance, where one may pic-
ture Iasrge quantities of ethylene
selling on long-term contracts
for 4 to 4lp¢/lb. and acetyl-
ene for T to 9¢/lb., the
ethylene route with oxychlorina-
tion is the clear-cut choice.

This does not automatically
foreclose the future of acetylene
as a raw material for vinyl
chloride, in other circumstances.
For example, where existing
process units aré now on hand,
the economic comparison he-
tween the salternate raw mate-
rials may change. Even more
important may be changes in
the relative cost of ethylene and
acetylene that will occur in for-
eign situations, particularly
where ethylene must be made on
a small scale from a naphtha
feedstock. In some of those
cases the acetylene route may
indeed be the better choice.

The oxychlorination process
permits economic manufacture
of ethylene-based vinyl chloride
in areas where low cost ethylene
ia available and there is a poor
market for anhydrous HGL
When the spread between the
values of chlorine and by-prod-
uct HCJ is more than about $156
ton (taking HC! as = gas at
the plant battery limits) wvinyl
chloride can be produced at a
lower cost in a large plant using
the oxychlorination process than
in & similar size plant using the
conventional ethylene-based
process.

In the U. S, except for un-
usual acetylene and ethylene
cost relationships, the ethylene
route should prove more econom-
iec than the acetylene route for
new viny! chloride plants.

Edwards
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To devalope n proveas Lov tha oxychlorlusiion of rmothane to produce chloxinated
nethanes.  Opera’. ain’ Manh ta develors =oenrnie snslysia iy orde» to obkaln
mool nnkerisl halancze

Procedure

The crevation of the miuviplant fc dizcribed in the gceenpanyiag (low sanet. The

ragctant~ yore cylinder methrme. nlv sud hydrechievic ool

bata

Tyelve reus of four-hour dvration were wrde. The vemmliz of 10 runs were
inccusinten: necessitoting minor changes in the product yccovery systom ond
malysiv.

Hydreochloric aeid (HCL), cerbon dloidide (€0n) aud? chlovine (Clo) zae mrosured
by volunelwic titrations. The reueining comporenis exceph water (Bal) ore
meazuvred by grs chromatrgraphic mebthods. 150 S eoperad by soight A48 Cerence.

The datn obhained forr the lagt Liro vons {0, Y5 and A7) 3o Yistnd helas.

A« Pezetant Flews (Moles/ o)

L CHa_ JOs Fa L1
Run Mo, 16 0.370 0.5i7 2.188 L.ohh
Man He. 17 0. 3T D.ST7 2.163 1. 200

B. [Loncler Temparntuore Teinge (70}

e =7 .0 —ati T B
mm Ho. 16 389 etd el Pakd 26 1 e
fan Yo, Uf bS] TR =h 2% 33 i R
C. Txi% Tyrrducks (Heles fdonv !
Grelt o etonoewen, o ee.. o 00
lun No. 316 0.0050 0.0¥s oMY 0.0195 0.0217 0.6
Fun ¥o. 1T G.875  onNTh . CMY 0037 0.ee7s 0,870
TR T B T




Oxychlorination ~f Methane {sontirued) -2

Intexpreotation of Datn

A complote carben anslyais was cbtained on rums 16 and 17; however, thé numbers
for nmethyl chloride are estimated. Soms of this material vapordced vhen the
gollection traps were allowed to warm to room temperature. A separats procedure
will be used to measure methyl chloride yields.
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