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[57] ABSTRACT

This invention relates to the preparation of molybde-
num acid salts by directly reacting the carboxylic acid
with a molybdenum compound while removing the
water that is formed. These molybdenum acid salts are
useful as catalysts in such processes as in the epoxlda-
tion of olefins.

9 Claims, No Drawings
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PROCESS FOR PREPARING MOLYBDENUM
ACID SALTS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to the preparation of molybde-

num acid salts. More particularly it relates to a process -

for preparing Molybdenum salts of carboxylic acids by
direct reaction of particular molybdenum compounds,
with a mono carboxylic acid of from 2 to 35 carbons.
Various metal compounds including salts of molyb-
denum have been employed for use as catalysts in a
variety of processes including the epoxidation of olefins
such as propylene. Ini the preparation of molybdenum
salts for such purposes various techniques have been
uses, all of which are extremely diffucult and expensive,
particularly for preparing hydrocarbon soluble compo-
sitions containing a high metal content. Up to this time,
the art has not been able to directly prepare the molyb-
denum carboxylates of this invention and at the same
time obtain a composition with a high metal content.
In one prior art method for preparing molybdenum
salts of carboxylic acids, MoQj3 is reacted with oxalic
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acid in the presence of hexanoic acid, the carboxylic -

acid use for the eventual molybdenum carboxylate. This
technique leads to the formation of molybdenum hex-
anoate, wherein the final composition of the molybde-
num in hydrocarbon soluble form is approximately 5%.

In this prior art process, it is critical to have oxalic acid

in the system in order to obtain this 5% final composi-
tion. In still another prior art method, molybdenum
carboxylates have been prepared by reacting molybde-
num hexacarboxyl in the presence of an excess of a
carboxylic acid, and the reaction mixture heated until
evolution of gases ceases.

Each of these prior processes use expensive starting
materials, form carboxylates with low metal content
and/or require several steps for the process. The art is
thus presented with the problem of finding a simple
inexpensive method for preparing molybdenum carbox-
ylates. In addition, in order to make these molybdenum
carboxylates more attractive as catalysts, a soluble hy-
drocarbon composition is desirable which has a high
molybdenum content. It is an object of this invention,
therefore, to prepare molybdenum carboxylates by a
direct inexpensive method. It is a further object to pre-
pare molybdenum carboxylates which have a high
metal content. Further objects will become apparent
upon reading the specification.

In accordance with my invention, I have found that a
molybdenum oxide, alkali or alkali earth molybdate, or
ammonium molybdate [or a molybdenum halide] or a
combination of the [molybdenum halides,] alkali, al-
kali earth or molybdenum oxides and ammonia, may be
reacted directly, at elevated temperature, with the de-
sired carboxylic acid while removing water, to form
molybdenum carboxylate compositions containing high
percentages of hydrocarbon soluble molybdenum. Ac-
cordingly, it is an advantage of my invention that the
preparation - of molybdenum carboxylates requires a
simple heating step without any further processing and
that the cost of manufacturing this catalyst does not
materially differ from the raw material cost of the reac-
tants. It is a further advantage that my process produce
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a molybdenum: carboxylate composition of high molyb-
denum content. It is still a further advantage that these

..compositions .can be prepared by employing commer-

cially available relatively inexpensive molybdenum
compounds.

Both molybdenum metal and molybdenum sulfide .
will not react directly with'a carboxylic acid and, there-

 fore, will not form molybdenum carboxylates. Further,

none of the molybdenum compounds hereinabove men-
tioned will react with a carboxylic acid by merely di-
rectly heating one with the other. It was, therefore,
unexpected to find that the before mentioned molybde-
num compounds*could be directly reacted with a car-
boxylic acid, while removing water, to form molybde-
num carboxylate compounds.

DETAILS OF THE INVENTION

The process of this invention comprises the direct
reacion of a molybdenum compound with a carboxylic
acid at elevated temperatures, while removing the
water from the reaction mixture, to form a molybdenum
carboxylate. It is a critical feature of this invention that
free water is removed during the reaction; this includes
water that may be initially present and the water that is
formed during the reaction.

The molybdenum compounds contemplated by this
invention are. [molybdenum halides such as molybde-
num hexafluoride and molybdenum pentachloride, ] the
various oxides of molybdenum such as molybdenum .
dioxide, trioxide and sesquioxide, and the like; alkali and
alkali earth molybdates such as cesium molybdate, so-
dium molybdate, potassium molybdate, calcium molyb-
date and the like; and ammonium molybdate or molyb-

'dic acid 85%, (the latter two are the same compound,

however, the specification of molybdic acid 85% usu-
ally shows a slightly lower MoO3 content). In the pre-

- ferred aspect of this invention ammonium molybdate
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(molybdic acid 85%) and molybdenum trioxide are
employed and especially ammonium molybdate.

The carboxylic acids contemplated by this invention
are mono carboxylic acids, such as mono aliphatic
acids, mono alicyclic acids, and mono aromatic acids.
The aliphatic acids may be lower aliphatic acids of 2 to
6 carbon atoms such as acetic, propionic, butyric, isobu-
tyric, valeric, caproic and the like; intermediate ali-
phatic acids.of from 7 to 11 carbon atoms, such as hepta- .

" noic, octanoic, decanoic and the like; and higher ali-

50

55

65

phatic acids of from 12 to 30 carbons such as dodeca-
noic, hexadecanoic, docosanoic, tetracosanoic, tricosa-
noic and the like. The alicyclic acids may contain from
3 to 12 carbon atoms such as cyclopropionic, cyclohex-
anoic, cyclodecanoic, cyclododecanoic and the like.
The aromatic acids may contain one or two fused rings
and contain from 7 to 14 carbon atoms wherein the
carboxyl group may or may not be attached to the ring;
such as benzoic, 1 or 2 naphthoic, o, m-p-toluic, phenyl-
acetic, 1 or 2 naphthalene acetic, phenylbutyric acid
and the like. In the more preferred aspect of this inven-
tion, the carboxylic acid is a lower aliphatic acid, inter-
mediate aliphaitc acid or a mono phenyl aromatic acid,
and especially an intermediate aliphatic acid such as
octanoic acid. _

The starting molybdenum compound and carboxylic
acid may be reacted in the presence of an inert solvent
and in fact unless the carboxylic acid is a liquid at the
temperature of reaction, a suitably inert solvent is em-
ployed. However, when employing the preferred car-
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boxylic acids hereinbefore described, it is preferred to
employ the carboxylic acid reactant as a solvent also.

As indicated previously, the removal of water is a
critical feature of this invention. If the reaction is car-
ried out without the removal of water, essentially no
molybdenum compound is formed. However, although
water removal is necessary, the manner in which it is
removed is unimportant, and therefore, one may em-
ploy any known techniques for water removal. For
example, the water may be removed by the use of dehy-
drating agents such as calcium chloride or more prefer-
ably one may employ an azeotropic agent. Any azeo-
trope may be used which would be inert to the reaction
itself. The preferred azeotropes are benzene or aralkyl
compounds such as lower alkyl benzenes containing
from 1 to 3 alkyl groups and each alkyl group contain-
ing from 1 to 4 carbon atoms (ethylbenzene, xylene,
cumene and the like) or any other straight or branched
chain hydrocarbon such as an alkane of from 5 to 12
carbon atoms, (hexane, octane, decane and the like). In
the preferred method of this invention, a lower alkyl
benzene is employed such as ethylbenzene. If it is so
desired, the azeotrope may also be used as a solvent in
the system or if desired, the azeotropes may be used in
addition to a solvent. The amount of azeotrope neces-
sary depends upon the amount of water to be removed
and will vary from one system to another and can be
easily determined by one skilled in the art.

The reaction is suitably carried out at a temperature
of from 100° C. to 300° C. In its preferred aspects, the
reaction is carried out at a temperature of 150° C. to
250° C. and especially 190° C. to 225° C. It is to be
understood that among other factors, the temperature
of the reaction will depend upon the carboxylic acid
employed, in that the temperature should be at or below
the boiling point of the carboxylic acid at the pressure
employed. Accordingly, the time of reaction is not
critical and the reaction is carried out for a sufficient
length of time to allow for substantial reaction to take
place. Suitably, the reaction is carried out from 2 to 48
hours or more. The concentration of reactants, are not
critical and accordingly may suitably be adjusted with
regard to the specific reactants and conditions.

EXAMPLE 1

(a) A mixture consisting of 60 gm. octanoic acid, 17.7
gm. “molybdic acid, 85%,” and 30 gm. ethylbenzene is
charged to a 250 cc. flask equipped with a thermometer,
reflux condenser and a Dean-Stark tube. This flask is

then placed in a constant temperature oil bath which is -

kept at 200° C. The flask content is refluxed atmospheri-
cally for 48 hours, followed by filtration to remove any
undissolved solids; yield 15.2 weight % molybdenum.

Similarly, when the above reaction is carried out at
100° C., 150° C., 250° C. or 300° C. until water is no
longer evolved, similar results are obtained.

(b) Similarly, when an equivalent amount of molyb-
denum ‘trioxide is used in place of molybdic acid in
Example 1a above, there is obtained molybdenum octa-
noate; yield 3.4 weight % molybdenum.

Similarly, when an equivalent amount of [molybde-
num hexafluoride, molybdenum pentachloride,J mo-
lybdenum dioxide, molybdenum sesquioxide, potassium
molybdate or calcium molybdate is used in place of
molybdenum trioxide, similar results are obtained.

When Example 1 above is carried out using an equiv-
alent amount of molybdenum trioxide in place of mo-
lybdic acid and the reaction is carried out such that 1
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liter of ammonia per hour is passed through the reac-
tion, similar results are obtained.

Similarly, when the above reaction is carried out with
octane, any xylene isomer or cumene in place of ethyl
benzene, there is obtained similar results.

Similarly, when the above reaction is carried out with
valeric acid, naphthenic acid, dodecanoic acid or cy-
clohexanoic acid in place of octanoic acid, there is ob-
tained molybdenum valerate, molybdenum, naphthen-
ate, molybdenum 'dodecanocate or molybdenum cy-
clohexanoate respectively.

When Example 1a is carried out using molybdenum
metal or molybdenum sulfide in place of molybdic acid
there is obtained an octanoate containing 0.04 or 0.2
weight % molybdenum respectively.

What is claimed is:

1. In a process for preparing a molybdenum carboxyl-
ate the improvement which comprises [intimately con-
tacting} directly reacting a molybdenum oxide, [mo-
lybdenum halide,} alkali molybdate, alkali earth mo-
lybdate, ammonium molybdate, or a mixture of a mo-
lybdenum oxide, [molybdenum halide,] alkali molyb-
date or alkali earth molybdate and ammonja; with a
monocarboxylic acid, at temperatures in the range of
100° to 300° C. while removing water.

2. In a process for preparing a molybdenum carboxyl-
ate the improvement which comprises the direct reac-
tion of a molybdenum compound selected from the
group consisting of a molybdenum oxide, [molybde-
num halide,] alkali molybdate, alkali earth molybdate
and ammonium molybdate; with a monocarboxylic
acid, at temperatures in the range 100° to 300° C. while
removing water.

3. In a process for preparing a molybdenum carboxyl-
ate the improvement which comprises directly reacting
a molybdenum compound selected from the group con-
sisting of molybdenum oxide, [molybdenum halide, ]
alkali molybdate, alkali earth molybdate and ammonium
molybdate; with a monocarboxylic acid selected from
the group consisting of mono aliphatic acid, mono ali-
cyclic acid, and mono aromatic acid, at temperatures in
the range 100° to 300° C. while removing water azeo-
tropically.

4. The process of claim 3 wherein the molybdenum
compound is selected from the group consisting of mo-
lybdenum trioxide and ammonium molybdate; the car-
boxylic acid is selected from the group consisting of a
lower aliphatic acid, an intermediate aliphatic acid and
a higher aliphatic acid[. The}, the temperature is
above 100° C. and the water is removed azeotropically
with a compound selected from the group consisting of
a lower alkyl benzene, and an alkane.

5. In a process for preparing molybdenum octanoate
the improvement which comprises reacting ammonium
molybdate with octanoic acid, at temperatures in the
range 100° to 300° C. while removing water.

6. A process of claim 5 wherein, the temperature of
reaction is 100° C. to 300° C., and the water is removed
azeotropically. -

1. A process of claim 6, wherein the temperature is
between 150° and 250° C., and the water is removed
azeotropically with a lower alkyl benzene or an alkane.

8. A process of claim 7, wherein the azeotrope is a
lower alkyl benzene. ‘

9. A process of claim 8, wherein the lower alkyl ben-

zene is ethyl benzene.
- * * * * *



