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tion of Delaware e

Application January 26, 1953, Seriél No. 333,249
4 Claims. (Cl..260-—-498)

This invention relates to the production of vinyl esters
generally and more particularly to an improved process
for the production of vinyl acetate.

The vapor-phase catalytic reaction between acetylene
and a carboxylic acid to produce a vinyl ester is a well
known reaction. The acetylene and carboxylic acid
vapors can be conducted through the reaction zone in
stoichiometric proporfions. However, advantages are
obtained if the rate of supply of the acetylene is greatly
in excess of the rate of fixation. Hence, optimum re-
sults are achieved when the feed to the reactors con-
sists, for example, of approximately four moles of acety-
lene per mole of carboxylic acid with the level of con-
version maintained at about.30-35% per pass.

Operation under the above conditions leads to a large
recycle of acetylene gas:-for every mole of acetylene re-
acted, -twelve moles .of acetylene - are fed:~ The inert
content. of the recycle stream is limited to about 10%.
Higher percentages, -while they serve to reéduce the ex-
plosive hazards connected with the handling of acetylene,
tend to repress the reaction of acetylene and the car-
‘boxylic acid. Recycle of the acetylene-rich stream neces-
sitates the use of some form of compressor.  The ideal
type of compressor in this application from the stand-
point of economy in both capital cost and operation is a
positive displacement rotary-type compressor. At low
production rates, however, a large recycle occurs, and,
with the constant output required in the -operation of
such a rotary compressor, which is normally driven by a
constant speed motor, a high temperature. rise occurs.
The heat of compression is transferred-to a small gas
stream which becomes hotter and hotter until heat losses
to the atmosphere balance the heat of compression.
These temperatures in the case of compression of acety-
lene could readily range between 200-300° F. and cause
a real hazard or threat of explosion.

It is'an object of this invention, therefore, to provide
an improved process for the production of vinyl -esters
by the vapor-phase reaction of acetylene and a carboxylic
acid in the presence of suitable catalysts.

Another object-is to provide a process for the pro-
duction of vinyl esters, such as vinyl acetate from acety-
lene and a carboxylic acid, whereby hazards 'attendant
upon acetylene handling are materially reduced.

A still further object is to provide a process of op-
timum efficiency for the production of vinyl esters by
the vapor-phase catalytic reaction of acetylene and a
carboxylic acid whereby both capital and operating costs
are minimized.

It has now been discovered that the recycle stream
from such a compressor can be readily cooled by intro-
ducing it into the product gas stream downstream of
the reactor and then passing this mixed stream into a
condenser for cooling and partial condensation. This
method of cooling is particularly advantageous since it
provides for equally. efficient plant operation at various
production levels and permits keying production to de-
mand without the usual elaborate storage equipment and
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accessory plant equipment required for such changes.
The economies thus made possible are obvious. The
method is practicable because at times of large recycle,
i. e., decreased production rates, the condensers in the
system. are operating well below rated capacity.. Con-
versely, at high production rates, low recycle rates pre-
vail and the cooling operation is. equally feasible. In
addition, the hazards inherent in the handling of acety-
lene ‘are minimized since the acetylene stream is signifi-
cantly diluted by its injection into the product stream.
According ‘to the invention, ‘an -acetylene-containing
gas stream made up of recycled gas and fresh feed acety-
lene is passed through a constant'speed compressor. The
output from the compressor is controlled so that a pre-
determined proportion of the flow is admixed with the
vaporized carboxylic acid and directed into a catalytic
reactor while the remainder of the stream by-passes the
reactor and is cooled by introducing it into the product
gas stream emerging from- the reactor and then passing
the mixed stream into a condenser where the vinyl ace-
tate present is condensed. Acetylene and any other
non-condensable gases from the condenser are recycled
to the compressor and again processed in the same man-
ner. - The condensate is then purified by conventional
distillation techniques to recover the pure vinyl estér.
The process of the invention is illustrated in the
following detailed description of a preferred embodiment
of the invention for the production of vinyl acetate from
acetylene and ‘acetic acid. - References are made to the
attached drawing which represents a diagrammatic flow-
sheet. ‘
" Dry, pure’acetylene gas is fed via ling 1 into the pipe 2
where it is admixed with an acetylene-rich recycle stream.
The ‘combined streams contain 90-95 volume percent
acetylene. ‘The recycle stream is about 10 times as large
as the fresh feed acetylene stream. The combined stream
i$" passed into the compressor 3 and as it comes from

'the compressor through line 4 it is regulated by means

of a flow recording controller 5 so that the flow is divided
and a stream of acetylere-containing gas containing ap-
proximately 93% CsHa is admixed with vaporized acetic
acid entering at point 6 and fed to the reactor 7. The
reactor is packed with a catalyst of zinc acetate impreg-
nated on coke and maintained at a'temperature from
200-220° C. The remainder of the flow in line 4 is
diverted via line 8 to by-pass the reactor and is cooled
by introducing it into line 9 where it blends with the
product gases from the reactor. The relative flow in
streams 4 and § is controlled by process demand. When
the product demand is high, the flow via line 8 is small;
on the other hand, when the flow of reactants to the proc-
ess is low, the flow through line 8 is high. The tem-
perature is thus controlled so that the maximum tempera-
ture rise is about 50° F. which for 90-95% acetyléne in
the pressure range of 0-8 p. s. i. g. employed falls within
the non-explosive range. ‘

The combined gases are passed to the condenser 10
where they are cooled to 0° F. The condensate is with-
drawn via-line 11 and sent to a conventional distillation
train for recovery of the pure vinyl acetate. Gases from
the condenser are recycled via line 12°to the compressor.
A portion of the recycle gas stream is vented to prevent
the build-up of inert material in the system by passing
the gas through line 13 into a vent scrubber 14 where
the vented gases are scrubbed with acetic acid which
enters through line 15 to remove acetylene. Inert gases
after scrubbing are discharged to the atmosphere or to a
flare through line 16. The acetylene may be recovered
readily from its acetic acid solution by stripping in one
of the columns of the purification system and returned
to the system for re-use.
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~ In carrying out the novel improved process of this
invention, the specific reactants, quantmes of reactants,
and reaction conditions set forth in the preferred em-
bodiment are subject to substantial ‘variation. Although
the process is partlcularly advantageous when a constant-
speed compressor is employed for compression of the
feed and recycle gases, there are obvieus advantages in
its employment when the equipment includes a variable-
speed compressor. Neither is the process limited to the
production -of vinyl acetate; it is equally applicable to
the preparation of vinyl esters generally. Viny! formates,
propionates, butyrates, benzoates, etc., may be produced
by the process of the invention by reacting the respec-
tive - carboxylic acids with acetylene. Lower aliphatic
monocarboxylic acids containing from one to seven car-
bon atoms are to be preferred:

As mentioned previously, the acetylene and carboxylic
acid vapor mixture can be passed through the reactor
in equimolecular proportions or with either reactant in
excess. It is preferred to operate at an acetylene to acid
molecular ratio of 4 to 1. . At this ratio; about 30-40%
of the acid is reacted per pass. These dilute conditions
and partial reaction promote increased catalyst life.

Any of the catalysts commonly employed for the
vapor-phase reaction of acetylene and carboxylic acids
may be employed in the process of the invention. Suit-
able catalysts include zinc or cadmium salts of the car-
boxylic acids of which it is desired to prepare the vinyl
esters, mercury salts such as mercury acetate, mercuric
chloride, etc., free phosphoric acid, zinc and cadmium
chromates, and silicates and polysilicates of zinc and
cadmium. = These compounds may be supported on car-
riers such as activated carbon, wood charcoal; silica,gel,
activated alumina, etc. i

In general, the process of the invention is operated at
températures in the range of 180-300° C. The upper
temperature limit at which the process is operable de-
pends upon the thermal stability of the compounds in-
volved. - The use of temperatures within the range of

180-300° C. is preferred. The actual values selected :

within the preferred range are dependent upon the prop-
-erties of the acid and the activity of the catalyst. Opti-
mum temperature is one which is high enough to main-
tain the acid in a vaporous condition during contact with
the catalyst and one at which catalyst efficiency ap-
proaches a maximum as indicated by an exothermic ef-
fect within the catalyst bed.

Operation at atmospheric pressure ‘is preferred but, if
it is necessary in some instances to insure a practical rate
of reactiorn, superatmospheric pressures may be employed.

While the process of the invention has been described
with relation to the preparation of vinyl esters, it is
equally applicable with the proper adjustment of tem-
peratures, acetylene-to-acid molecular ratios, etc., known
to those skilled in the art in the production of ethylidene
diesters with all the attendant advantages. )

What is claimed is:

1. A process for the production of vinyl esters which
comprises the following steps: compressing an acetylene-
containing gas stream by means of a constant-output com-
pressor; .combining a predetermined portion thereof as
it comes from the compressor with a quantity of vapor-
ized aliphatic monocarboxylic acid and passing said com-
bined stream into a catalytic reactor; injecting the- re-
mainder -of said -acetylene-containing stream -into the
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product gas stream emerging from the reactor and pass-
ing said mixed gas stream into a condenser where the
vinyl ester is condensed; recycling the acetylene and other
noncondensable gases to the compression step; venting
a portion of said recycled gases through a scrubber where
the carboxylic acid is employed as the scrubbing agent
to remove acetylene; and purifying. the condensed ester
by conventional distillation techniques.

2. A process for the production of vinyl acetate which
comprises the following steps: compressing an acetylene-
containing gas stream by means of a constant-output

. compressor; combining a predetermined portion thereof
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as it comes from the compressor with a quantity of vapor-
ized acetic acid and passing said combined stream into a
catalytic reactor; injectirig the remainder of said acety-
lene-containing stream into the product gas stream emerg-
ing from the reactor and passing said mixed gas stream
into -a condenser where the vinyl acetate is condensed;
recycling the acetylene and othér non-condensable gases
to the compression step; venting a portion of said re-
cycled gases through 4 scrubber where the acetic acid
is employed as the scrubbing agent to remove acetylene;
and purifying the cordénsed viayl acetate by convén-
tional distillation techniques.

3. In a process for the production of vinyl ésters by the
catalytic vapor-phase reaction of acetylene and aliphatic
monocarboxylic acids te produce a gaseous product coii-
taining the vinyl estér, unreacted acetylene and acid,
and other impurities, wheréin said product gas is com-
densed and unreacted acetylerie and other non-condens-
able gases are récycled to the reactor and combineéd with
make-up acetylene, a portion of said récycled gases bemg
vented through a scrubber wheie the carboxylic ac¢id is
employed as the scrubbing agent fo iémove acetylene,
the improvemert which comprises . injecting any -prede-
termiitied portion of said combined gas stream aftér-com-
pression in-a constant-output ¢ompressor into the product
gas stieam emerging from the reactor.

4. In a process for the production of vinyl acetate by
the catalytic vapor-phase reaction of acetyléne and- acetic
acid to produce a gaseous product containing vinyl ace-
tate, unréacted acetylene and acetic acid; and other im-
purities, wherein said product is condensed and unreacted
acetylene and othei non-condensable gases are recycled
to the reactor and comibined with make-up acetylene, a
portion of said recycled gases being vented through a
seribber whére acetic acid is employed as the scrubbing
agent to remove acetyléene, the improvement which com-
prises injecting dny predetermined portion of said com-
bined gas stream after compression in a constant-output
compressor into the product gas stream emerging fron
the reactor.
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