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tially below 1:1, i.e., in the range of 0.15:1 to 0.75:1.
Outside the upper limit of this range only insignificant
amounts of acrolein will be produced, and only very
Small amounts of acrylonitrile will be produced at
ammonia-propylene ratios below the lower limit of this
range. It is fortuitous that within the ammonia-propylene
range stated, maximum utilization of ammonia is obtained
and this is highly desirable. At present price levels am-monia is more expensive than the propylene, and it is
generally possible to recycle the propylene to the process,
whereas the unconverted ammonia may be recovered and
recycled only with difficulty. .

6 Claims. (Cl. 260–465.3)
This invention relates, to the manufacture of acrylo

nitrile. It is particularly concerned with the production
of acrylohitrile; from propylene.
.. . . .
Several methods of producing aliphatic nitriles are
known to the art. For example, one known process in
volves the dehydration of the corresponding amide. Ac
cording to another scheme, an oc,5-unsaturated: aliphatic
aldehyde is reacted with ammonia; and molecular oxygen
in the presence of a catalyst to form the corresponding
unsaturated nitrile. Still another process for the pro
duction of unsaturated: nitriles involves the vapor phase
reaction of acetylene, and hydrogen; cyanide in the pres

:. . .

H2O-PROPYLENE RATIO
15
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A particularly surprising aspect of this invention is the
effect of water on the course of the reaction... I have
found that the presence of water in the mixture fed to
the reaction vessel improves the selectivity and yield of
the reaction so far as the production of the acrylonitrile
is concerned. Improvements on the order of several
hundred percent have been observed in the presence of
water as compared to similar runs made in the absence
of added water. Consequently, the presence of water has
a marked beneficial effect on this reaction, but reactions

25

not including water in the feed are not to be excluded

from this invention.

.
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. .

.

In general, the molar ratio of water to propylene should
be at least about 0.25:1. Ratios, on the order of 1:1 are
U.S. Patent No. 2,481,826 to Cosby also describes a
particularly desirable but higher ratios may be employed,
process, for the manufacture of the lower aliphatic nitriles.
According to this patent, an olefin is reacted with at least 30 i.e., up to about 10:1. Because of the recovery problems
involved, it is generally preferred to use only so much
one mel of ammonia per mol of élefin in the presence of
elemental oxygen to give aliphatic nitriles. The patentee water as is necessary to obtain the desired improvement
in yield. It is to be understood that water does not be
states that an oxidation catalyst will improve the results
have as a diluent in the reaction mixture. This con
of his process, but the presence of a catalyst apparently clusion
has been verified by employing other diluents in
is not considered necessary to the process. The process 35 the reaction
such as propane and nitrogen. No
of the present invention is to be distinguished from all correspondingmixture,
improvement in yield and selectivity is ob
of the aforesaid known processes.
with such diluents. Although the exact manner
In its broadest aspect the process comprises contacting served
which the water affects the reaction is not understood,
a mixture coñprising propylene, ammonia and oxygen 40 in
it is clear-that the water does have a significant influence
with a catalyst at an elevated temperature and at atmos
on the reaction. . . . .
.. .. ."
; :
pheric or near atmospheric pressure... . . . . . .
One theory which has been postulated to explain the
effect of water on the reaction involves the phenomena
The reactants are propylene, a
ia, and oxygen. occurring at the surface of the catalyst. Water, because
Any source of oxygen may be efnployed in this process. 45 of its polarity, may assistin the desorption of the reaction
For economic reasons, however, it is preferred that air products from the surface of the catalyst. According to
be employed as the source of oxygen. From a purely º another hypothesis, the water may change the nature of
technical viewpoint, relatively pure molecular oxygen the catalyst at the catalyst surface by affecting the acidity
will give equivalent results. The mòlar ratio of oxygen of the catalyst. Notwithstanding the fact that either
of these theories may be in error, the improved results
to the olefin in the feed to the reaction vessel should be 50 occasioned
by the use of water are evident and the theory
in the range of 0.5:1 to 3:1 and a ratio of about 1:1 ** by which these
results are to be explained is therefore
to 2:1 is preferred. .
The presence of the corresponding saturated hydro
to be considered immaterial. '
carbons does not appear to influence to any appreciable
ence of a catalyst. .

.. . . .

-*

degree the reaction, and these materials appear to act 55
A particularly desirable group of catalysts for the pur
only as diluents. Consequently, the presence of the corre
sponding saturated hydrocarbons or other saturated hy- * poses of this invention are the bismuth, tin, and antimony
salts of phosphomolybdic and molybdic acids, and of
drocarbons in the feed to the reaction is contemplated
these a bismuth phosphomolybdate is preferred and gives
within the scope of this invention. Likewise, other di
luents such as: nitrogen and the oxides-of-carbon may be 60 the most outstanding results. A preferred method of pre
paring a bismuth phosphomolybdate will be described
present in the reaction mixture without deleterious effect.
hereinafter in connection with the working examples of
the invention.
. .
. . .. .
.. . . "
. .
AMMONIAPROPYLENE RATIO
It is, of course, contemplated that the aforementioned
The molar ratio of ammonia to propylene in the feed catalysts
can be used alone or supported on carrier ma
to the reaction may vary between about 0.05:1 to 5:1. 65 terials. Any
suitable carrier material may be used, such
There is no real upper limit for the ammonia-propylene
ratio, but there is generally no point in exceeding the as, for example, silica. Silica is particularly suitable;as a

5:1 ratio. At ammonia-propylene ratios appreciably less
than the stoichiometrie ratio of 1:1, various amounts of
oxygenated derivatives of propylene will be formed. …
Significant amounts of acrolein as well as acrylonitrile

will be obtained at ammonia-propylene ratios substan

support for the catalysts of this invention and it is pre
ferred. In general, the support will be employed in

70

amounts less than 90% by weight of the final catalyst

composition.

..
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The catalyst may be prepared by any of the numerous
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comprises the step of contacting in the vapor phase at

ture of propylene, ammonia and oxygen with a catalyst

a temperature of about 850°F. a mixture of propylene,
ammonia, and oxygen with a fluidized bed of catalyst con
sisting essentially of bismuth phosphomolybdate sup

selected from the group consisting of the bismuth, tin,

and antimony salts of phosphomolybdic and molybdic
acids and bismuth phosphotungstate.
2. The process of claim 1 in which the molar ratio of
oxygen to propylene is in the range of about 1:1 to about

ported on silica, said mixture having a molar ratio of
propylene to ammonia of about 1:1 and a molar ratio

2:1.

3. The process of claim 1 in which the ratio of am
monia to propylene is about 1:1.
4. The process of claim 1 in which the catalyst is
bismuth phosphomolybdate.

5. The process of claim 1 in which the catalyst is
bismuth phosphomolybdate supported on silica.
6. A process for the manufacture of acrylonitrile which

of propylene to oxygen of about 1:2.

. . . . . . .-
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