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TIIE MONSANTO/3D VINYI, CLILORIDE PROCLSS
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INTAOUCTION

The importance of vinyl chloride as a monomer and its spectacular market
growth to over 4 billion 1bs/yr in the Usnited States alone are well known and need
not be reviewed here. Itz major use -- in th2 menufecture of polyvinyl chloride
and vinyl chloride copolyiuers -- has been exploited in the production of {1lm,
extruded goods, wolded itecins, coatings, latexes and the like,

Historically, viny! chloride has been manufactured from acetylene and
hydragen chiloride by a classical organic synthesis technique, This technology
is still employed in many parts of the vorld, However, the decreasing cost of
ethylene,relative to acelylene, promoted the investigetion of alternate meihods
for making vinyl chloride. The first major departure {rom the total usc of acetylene
occurred through the chlerination of ethylene to 1, 2-dichloroethane, f{cllowed by
pyrolysis 1o vinyl chloride and hydrogen chloride, In meny plants, the hydrogen
chlovide produccd by pyrolysis has been reacted with acetylene to produce cdditional
vinyl chloride. Nevertholess, complete elimination of the use of acetylene has
been a majer objzciive of vinyl chleride mroducers [ur meny yeais, IMn earlv approich
to this preblem involv2d the investigation of the Deacon process, whereby hydrogen
chlonde is gxidizad o chlsiine, which, in turn, can be used {or c¢hlorinastion of
ctliyleae,  Thic epproesch provad 1o 2o uratlraclive ecenornidcally because of the
thermodyvnormice Inaitations of hydrogon ablcude oridation, Therclare, tha next
legical ervroach irvorived the catalviic oxidation of hydroygen chleride in th2 presence
of @ chlorine eccuptor (citiylene) io overcome the cquliblium Ymitstion on HCI
oxidation. Such invzsligaiions regulted in a proccss which has come to be known
¢s oxychlorination, The mechanism of oxychlorination has not been completely
do{incd and is outsidc the scope of this paper. .
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This paper describes picneering work conducted first by Monsanto alone, ard
then in collaboration with Scientific Design Company, in the development and
commercialization of a unique oxychlorination process. In this precess, either
air or oxygen reacts with hydrogen chloride and ethylene in a modified fluidized bed
reactor to'produce 1, 2-dichlorcethane., The latter is combined with dichloroethane
produced by a simplified chlorination process and then dehydrechlorinated (cracked or
pyrolyzed) to high~-purity vinyl chloride and to hydrogen cliloride {or recycle.

BACKCGROUND

Monsaunto began the manufacture of vinyl chloride at Texas City in 1950 using
elthylene and acetylene in a "balanced operation”, This operation utilized the
classicul combination of cthylene chlorination, cracking of dichlorocthane, and
hydrochlorination of acetylene. In 1958, Monsanto inilialed 1esearch dirccied toward
the development of an cconomical ethylene oxychlornination process.
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In 1958, after successful laboratory and pilot plant studies, a commercial
oxychlorination unit having an annual capacity of 30 million pounds of dichlorocthane
was installed at Texas City., This oxychlorination unit was uscd primatily to
supplement the acetylenc hydrochlorination unit, In 1964, Monsanto and Scientific
Design entered into an agreement provicing for cooperative further developrment of
the vinyl chloride process and for the licensing of the process by SD on behalf of
Monsanto., Licenses werz ¢granted to Kasei Mizushhima (a joint venture of Mitsubishi
Chesmical Industries, Ltd, and Nippon Carbide Company) in Japan and to Pemex in
Mexico, The former license provided for an oxychlorination unit using oxygen and
the latter was based on the use of air. Additional licenses were granted later.

In 1868, the first plant designed by SD to usc the Monsanto process was
started up in Japan., Unexpszcted startup problems occurred in the oxychlorination
section, but a joint effort by hasei Mizushima, Nonsanto and SD isolated and
solved the problem, After simple modification, the oxychlorination unit has operated
very successfully and the entire plant has been operating as designed.

In late 1968, SD designed and Monsanto installed a complete oxychlorinat.on
pilot plant at Texas City for additional process cevelopment and for the study of
any plant problems which might occur in future plants for licensees, The use of
this pilot glant has resulted recently in the testing and approval of a new and
superior oxychlorinaiion cztelyst which is now being instelled in a licensee's plant,
During *he semz veriod of ime, throuvgh coooeration batweon Monsanto and SD,
othel IfLLITVRILLNWS i6 lhe p10ueds wele JEVCISpLd and 4o included in the process

jobdete
describzcd in this payper.

THE MONSANTO/SD VINYL CHLORIDE PROCESS

Process Development Objectives

In the development of an orychlorination process, a number of objectives
must be accomplished., Primary attention should, however, be applied to
reactor design and catalyst characteristics.
~ Several basic types of reactors were considered. A conventional fixed-hbed
reactor was eliminaled because of the severe heat-transfer problem, Oxy-
chlorination is highly exothermic and hot-spot temperatures in a fixed hed

- were too high to achieve good vields and lo employ low-cost materials of
construction, Heat-irans{er probleins can be mitigaied in fluidized bed
reactors, bul scale-up was considerad to be too unreliable to justify adoption
of this technique. On the other hand, fluidization of catalyst in tubes
allows good heat transfer and ease of scale-up, so maximum effort was
devoted to development of such a reactor design.

The catalyst development progrem had sevceral objectives. The catalyst
must cnable the achievement of high conversions of both ethylene and hydrogen

chloride at no sacrifice in yield, If must have sufficicnt activity so that high
gas velocities can be employed and so that reaction temperatures can be
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reasonably low. The latter criterion is necessary if carbon steel is to be
used in reactor construction, as well as to prevent volatilization of copper
‘salts (the active catalytic component) and thus maintain long catalyst life,
The catalyst must aiso demonstrate very low attrition loses and must be
adaptable to the use of either oxygen or air,

Finally, the process must be safe, especially from the standpoint of
avoidance of combustible or explosive mixtures under reaction conditions,

All of these objectives were met, as will be observed from the following
process description,

Chlorination (Figure 1)

Ethylene and chlorine vapors are charged to a carbon steel reactor
containing liguid dichloroethane which acis as reaction medium and coolant.
The following reaction occurs:

CH,=CH, ~Ci — L ~CH:C

The heat cf reaction is removed by circulating liquid dichloroethane through
external water- cooled exchangers. The reaction lakes place at inlld tempratures
(§0°-€5°C) and lov =ressure. Chlorine is completely reacted, with ethyliene
convergion renyinge wrom yr-357 dopending on v opaiting conditione and
cthylene purity, 1ne rroduct dichlorociiiane is of high purily, containing
less than 0.5 wi, percent of chiorinated by-10ducts, mainly trichloroethaie,

The reactor overhead gas is treated {o rocover dichlorocthane and remove
hydrogen chloride, The crude dichloroethane is washed to remove acidic
compounds .

Cracking and Purification

Dichloroethane Purification (Figure 2}

”

. Dichloroethane from chlorination and oxychlorination is dried and

‘purified by distillation, The major by-product is a heavy chlorinated
hydrocarbon stream which can be sent to waste disposal or used as a
feedstock for conversion to perchlorocthylene and/or carbon tetrachloride
by a well-known process developed by SD, The purified dichloroethane
is pumped to the cracking section,

Dichloroethane Pvrolysis (Figure 3) CBY 1017526

Purified dichloroethane is vaporized and pyrolized in a fired heater
to produvce vinyl chloride and hydrogen chloride. The reactionis as follows:

CW,C1-CH,Cl = CHy ™ CHC + WCl
../
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The furnace operates at moderate outlet temperatures (450°-500°C)
and medium pressure. Conversion per pass is controlled at 50-60% to
minimize production of coke and undesired chlorinated hydrocarbons, resulting
in a high yield (greater than 993 efficiency to vinyl chloride),

-

Furnace decoking is infrequent - when required it is carried out using
air, The hot fumace effluent gas is quenched by direct contact with a
recirculated dicnlorocthane-rich liguid, The quenched cracking effluent
streams arc then sant to the 1IC] recovery section,

Hydrogen Chloride Recovery - Vinyl Chloride Refining (Figure 4)

Anhydrous hydrogen chloride gas is recovered from the guenched cracking
effluent using a novel ebsorption/stripping process, The high-purity HCl by-product
is recycled to oxychlorination or can be used for acetylene hydrochlorination,

Unreacted d.chlorozihane is separated by distillation from vinyl chloride and
intermediate~boiling i=purities and recycled back to dichloroethane purification,
The crude vinyl =hloride is then refined by distillation to a product of greater than
89,99 wt. ¢ pur'ty, wiich incets the severest industrial specification.

Oxyehleoringtion (Figuie 5)

Reactior fead gas, coniaining 1IC1, ethylene, and oxygern in controlicd
conceniraiios, 1s chavged 10 a tubular, madif.ed {luid bed (slugging) reactor,
The over~all reazticn that cccurs is:

. — - Ly~ ... Yo o N ™oL s O
Q ‘-\l-. Q"&_J\:\ + 2 o-\\"‘ KalAAY Q:,\ el (\,l‘\t&c { ot ‘:‘«,k ] + H,‘O

i

The oxychlcrination catalyst consists of a copper salt on a special refractory
support, The high activity of this catalyst allows the oxychlorination recaction to
occur at moderate temperatures (260°~250°C) and permits the use of a carbon~-steel
reactor,

The slugging fluid bed is used for efficient heat removal from the highly
exothermic reaction, Medium-pressure steam is generated in the reactor shell
.and used lo provide heat in the cracking and purification scctions,

The yield in the reactor is high; HCI conversion is in cxcess of 99%, with 99%
selectivity to dichloiocthane; cthylene losses by oxidation to carbon oxides are
small, Theeaciion products zre treated to remove unconvertied HC1 and then
processed {o recover crude dichloroethane and unconverted ethylene, -~

¢y 1017527
Descriplion of Slug I'low

The {low patierns in a fluidized bed vary depending on Lthe bed dimensions,
particle size distiibution and gas velocity, Fluidized-bed reactors are usually
operaled with low height~to-diameter ratios so that bubbles of gas will flow up
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through the bed and burst at the surface, Tor relatively deep beds,

the bubbles may grow to the diameter of the containing vessel, even

for beds a few feet in diameter (1), When this occurs, the bed is
- called a slugging bed and ihe flow pattern-slug flow,

In the small diameter fluidized beds used in laboratories, slug flow
occurs commonly and has been studicd in detail (2,3}, A typical slug
flow pattern is shown in Figure €. The slugs rise at regular intervals
with a dense phase of particles between them, The particles rain down
the sides of the large bubble to allow it to move upward,

The regular patiemn of slug flow lends itself to theoretical analysis,
For simple reactions, overall conversions can be predicied with reasonable

accuracy (3).

Reeactor Scale~Up

Since 1he bubble size and flow patteims in large-~diameter fluidized beds
are difficult to predict, the scaling-up of massive beds can be a problem,
A slug {low reacror uses multinle tubes of fixed diameter and height,  Since
the capscity renae of each tubz is set by the operating conditione, the capzcity
of the reactar will vary lincearly with the nimber of tubes, Scale-—-up is
therefore now nronlam, and the results obizincd in the pilot-piant reaclor can
be duplicated in any zize of comuazrcialieactor.

Desion variables

The capacity and efficiency of cach tube depend on a number of veriables,
the most {important of which are: : .

Reaction Temmnerature: Shell-side pressure is adjusied {o control
reaction so thzat the tubc operates within the range 200°-250°C, This

- .temperature range permits the use of carbon~steel reactors and results
in optimum vyields and minimal catalyst loss,

L ' Ratio of Reactants; The stoichiometric ratios of HCl/cthylene/oxygen
are 2/1/0.5. The Monsanlo reactor can operate over a wide range of
reactant ratios, but for optimurmn HCI conversion angd seleclivity,
operates with ethylene and oxygen ratios slightly in cxcess of
stoichiometric,

Velocity:  The Monsanto slug flow reacior can operate satisfactorily
with HC! conversions of 99% over a wide velociiy range as shown in
Figure 7. At very high velocitics, the HCI conversion slowly decreases,
Dichlorosthane purity is essentially constant at 99 wt, % plus, over

the entire aperating range shown in Figure 7,

cay 1017528 /6
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Use of Air or Oxvaen

The Monsanto oxychlorinalion process can operate with alr or oxygen.
When air is used, the gas flow is once~through, With oxygen, thc un-
reacted gyases are recycled back to reaction {eed. The selection between
the two processes is bascd on the parlicular cconomics of a proposed project,
since the higher cost of oxygen (rclative to air) in one is offset by the
incrcased capital and utilities cosis of the other,

PROCESS TEATURES

.

Market expansion, improved technology and increased plant size have all
coniributed to the development of the modern vinyl chloride plant, In summary,
these fcatures ares

1. Vinyl chloride purity in excess of 99,99%, which resulfs in
improved polyvinyl chloride quealily and reduced polymerization costs.
2, Use of ethylene and chlorine and/or HCI has reduced raw material
cosls, Better reaction yields and imvroved product recovery have
reduced raw material reqguirements.par unit of vinyl chloride,

3, Toial recvcle of by-product HCL and high vields have reduccd

ey [ AT Fo I I + .- e IO s e ~
Untdiedly i Ly~ peolaidCuo, Clailiinalaiun Sruses58s ol exanpie, G

produce peiciiloroethylene} permit the profitable utilization of by-nroducts,

4, The increased capacity of the modern plant has made it ccor omical
to introduce process refinements which reduce utilities requiremerts,

5. The trend to large plants has reduced the capital invesiment per
unit production, In addition, improved tcchnology based on cont:nued
development work has increased process capabilities and hence, reduced
capital costs,

SUMMAMARY

In summary, vinyl chloride technology has advanced significantly over the
past decade, with the major development being the commercialization of economical
ethylene oxychlorination processes. The use of all-ethylene plants has now
become entrenched and resulted in significant reduction in vinyl chloride cost of
production, The efficient utilization of hydrogen chloride and the reduction of
by-products and waste are of great importance in the current drive to reduce
pollution. [Lvolulion of the preseni Monsanto/SD all-ethylene vinyl chloride
process is a good example of how chemical manufaciurers and process-oriented
engincering companies can collaborate in the improvement of chemical processes
and commercialization of these processes through licensing,

CBY 1017529
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