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This invention relates-to:a process for oxidiz-
ing aromatic hydrocarbons and more specifically
comprises an improved process for obtaining ke-

tones and carbinols by the catalytic oxidation of.

aromatic hydrocarbons, having alkyl substituents
of at least 2 carbon atoms, in the liquid phase by
means of an oxygen-containing gas in the pres-
ence of an oxidizing catalyst comprising in part
cobalt carbonate. .

It has heretofore been proposed, as in the Bi-
napfl Patent No. 1,813,606 to effect the catalytic
oxidation of such hydrocarbons as ethylbenzene
in the presence of metallic . oxide. catalysts in
order to obtain carbinols and ketones. We have
found, however, that when oxidations are ei-
fected according to the process described in that
patent, carboxylic acids are also formed in such
quantities as to lower the yields of carbinols and
ketones and also render the reaction product cor-
rosive to the reaction equipment emplioyed. This
is also true of other known methods for the ox-
idation of-dralkyl hydrocarbons to ketones and
carbinols, For example; in the Loder Patent No.
2,245,528, the liquid phase oxidation of ethylben-
Zene in the presence of cobalt acetate and acetic
acid gave a 58% yield of acetophenone, but there
was obtained at the same time a 25.6% conver-
sion to benzoic acid. - Also; Senseman and Stubbs
(Ind. Eng. Chem. 25, 1286 (1933)), employing a
manganese dioxide catalyst, found when the ox-
idation was carried far enough to cobtain appre-
ciable yields of oxidation products that the ox-
idation of “ethylbenzene with air often gave
greater conversion to benzoic acid than t6' the
carbinol and that the yield of acetophenone de-
creased as conversion . to henzoic acid was de-
creased.

Now Wwe have found that production of acid in
the liquid phase oxidation of aralkyl. hydrocar-
bons may be considerably suppressed, or even én=
tirely eliminated by the use of cobalt carbonate
in eonjunction with metallic oxide catalysts.
While even comparatively small proportions of
cobalt carbonate with a metal oxide catalyst are
instrumental in decreasing formation of carboxyl-
ic acids in the liquid phase oxidation of aralkyl
hydrocarbons, we prefer to use amounts of cobait

carbonate in quantities which are at least equiva-

lent by weight to the amount of metallic oxidge
employed. Particularly good results with respect
to  suppression of acid are obtained by using
higher ratios of cobalt carbonate to metallic ox-
ide; -a 4:1 ratio of cobalt carbonate to metallic
oxide has been found to be especially desirable.
We find, for example, that a catalyst consisting
of one part-of & metal oxide such as chromium
sesquioxide. . Cr203, and 4 parts of cobalt car-
bonate, CoCOs, effects good conversion of ethyl-
benzene into acetophenone and phenylmethyl-
carbinol and only 0.01% of benzoic acid; on the
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“condenser.

other hand when the oxidation:is conducted un-
der-similar conditions but in the presence of chro-
mium sesquioxide, alone, as catalyst, the amount
of benzoic acid formed is 2.1%. Ordinarily it is
preferred to employ from 2% to 10% total weight
of catalyst based upon the weight of hydrocar-
bon treated, although generally from 3% to 5% is
sufficient. .
. The effect of coba,lt carbonate in suppressing
the formation. of dcid in the catalytic liquid phase
oxidation of aralkyl hydrocarbons is surprising
in that the results obtained appear to be specific
for this particular carbonate. We have investi-
gated the effect of other carbonates in this re-
spect. and have found, for example, that the use
of chromium sesquioxide with manganese car-
bonate or with calcium carbonate results in the
production of 24% and 1.2% of acid, respectively.
That the use of cobalt carbonate with the same
metal oxide under the same reaction conditions
results in the formation of only 0.01% of acid was
entirely unexpected. ‘

The invention is further illustrated, but not
limited, by the following examples:

Example 1

This example illustrates the 11qu1d phase
oxidation of ethylbenzene at atmospheric pres-
sures in “the presence of catalysts comprising
various oxides in the presence and in the absence
of cobalt carbonate,

The apparatus used for the ox1dat1on con51sted
of a 1-liter, 3-necked flask, having standard-taper
joints and being fitted with a thermometer, alun-
dum disperser thimble gas inlet and a spiral reflux
The condenser was  connected to a
second . spiral condenser at the bottom of which
was fitted a 500 cc., 24/40:-flask having & tube inlet
irom a water-pump. .

The ethylbenzene. and the. catalyst employed
were charged to the fiask, air was:led through the
ethylbenzene-catalyst mixture, and the tempera-
ture of the reaction mixture was raised to about
120° C. by means of an oil-bath. Air was passed
through the reaction mixture for approximately
28 hours, during which time the temperature
varied from 115° C.-125° C.

400 g. of ethylbenzene was used for each run.

itie catalyst employed in each Tun amounted to
5% by weight of the ethylbenzene employed and
consisted of 4 parts by weight of cobalt carbonate
and 1 part by weight of the metal oxide or oxide
mixture.

'The constituents of the reaction mixture were
separated in' the following manner: Upon com-
pletion of the oxidation, i, e., after passage of air
throughthe ethylbenzene- catalyst mixture, the
reaction mixture was allowed to cool 4o room

- temperature, diluted with benzene, and fitlered in
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order to remove the catalyst. The filtrate was
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then treated with a 1% sodium hydroxide solu-
tion just to neutralization and the sodium ben-
zoate solution, after concentration, was acidified,
filtered and the benozic acid was dried to constant
weight. The material remaining after separating
out the sodium benzoate was subsequently dried
over potassium carbonate, filtered and submitted
to fractional distillation. Upon separation of the
benzene, the fraction boiling at 197° C.-202° C,,

and representing a mixture of acetophenone and 1

methylphenylcarbinol was collected. Except in
run No, 2, given below, the refractive index of this
fraction corresponded to substa‘ntially pure aceto-
phenone. The refractive index of the fraction
collected in run No. 2 indicated tHat 4% conver-
sion to the carbinol had been obtained.

The following results were obtained in a num-
ber of tests: :
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reaction product was worked up as in Example 1.
The following results were obtained:

Per cent
Conversion to ketone-}-carbinol _ ________.___ 11.5
Conversion to carbinol _— 0.5
Conversion to acid 0.3
Ethylbenzene recovered 72.0
Minimum yield _ 412
Maximum yield 92.8

Pressure oxidation of ethylbenzene as described
above in the presence of chromium sesquioxide
alone results in a 2.0% conversion to acid.

Example 3

This example provides a comparison of results
obtained with respect to decrease in conversion

 to acid by using as catalysts mixtures of various

carbonates with metal catalysts. Ethylbenzene

Yield of ketone and
Catalyst used with | conerioato | . Pereent |menory carbinol
atalyst used wi converted to yibenzene
Test No. CoCO3 ketone and conv:(:‘rit(izd to 1™ recovered
carbinol Minimum | Maximum

: vyield yield
) S, (€} 710 T 18.4 0.01 75.5 70.4 89.0
2. V305.. 10.6 0.09 810 55.5 89.9
F J— Cr:03+CeOgueeeee. .o 25.2 0.13 66.1 74.0 90.5
4. Pb benzoate 24.4 0.00 52.7 516 88.8

In the absence of cobalt carbonate, however,
the oxide catalysts give the following yields of
acid under the same reaction conditions:

Per cent converted to acid

Test No. 1 without CoCOs... 2.10
Test No. 2 without CoCOs3 1.75
Test No, 3 without CoCOs3 ——— 1.70
Test No. 4 without CoCO3 1.70

In the tests, the minimum yields indicated the
per cent theoretical yield of acetophenone or a
mixture of acetophenone and methylphenylcar-

binol based on the unrecovered ethylbenzene. ;

Material balanced showed, however, that some

mechanical loss occurred during the ozidation,
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for example, by volatilization of either the ethyl- -

benzene or the product. The maximum yields
shown above take such losses into consideration
and represent the yield expected in a plant pro-
vided with efficient recovery means. The uncon-
verted ethylbenzene may, of course, be returned
to the reactor for further treatment.

Example 2

This exampile illustrates the liquid phase oxi-
dation of ethylbenzene under superatmospheric
pressure in the presence of g catalyst consisting
of 4 parts of cobalt carbonate and 1 part of chro-
mium sesquioxide.

Oxidation was effected in an autoclave at a
pressure of 250 pounds gauge and a temperature
of 130° C. for a time of 6 hours. 400 g .of ethyl-
benzene and 20 g, of the catalyst mixture was
charged into the aufoclave, and air was led into
it continuously with stirring and continuously
bled out while maintaining the pressure indi-
cated above. At the end of the run, the autoclave
was allowed to cool to room temperature, and the
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was oxidized as in Example 1, except that the
following catalysts were employed:

Per cent con-
version to
acid

Catalyst (4 parts carbonate; 1 part oxide)

Pb benzoate+4CaCOQs
Pb benzoate+CoCO3

SPoHOHNON
WO RO N
BISSEBEI

The use of cobalt carbonate as a component
of the oxidizing catalyst thus appears to have a

-specific effect in decreasing formation of acid in

the liquid phase oxidation of ethylbenzene.

Example 4

This example shows the liquid phase oxidation
of isopropylbenzene, employing the procedure
used in Example 1, but using isopropylbenzene
instead of ethylbenzene and maintaining the
reaction temperature at 130° C.-140° C. instead
of at temperatures used in Example 1. In order
to show the specific effect of cobalt carbonate as
a constituent of the catalyst, tests were made in
the presence of chromium sesquioxide, alone, and
in the presence of a mixture consisting of 1 part
of chromium sesquioxide and 4 parts of cobalt
carbonate. '
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Per cent Iso-
converted | Percent | i) Mini- Maxi-
Catalyst-used | to ketone |converted ll))enlz)&e mum
carait)lgl o to acid recovered yield | yield
Cr208. oemeeemen 16.6 1,20 66.3 49.7 78.0
CraOa+CoC O3 16.6 0.10 7.0 72.2 83.7

Yields were calculated as in Example 1.

When oxidizing isopropylbenzene, the products
obtained are acetophenone and dimethylphenyi-
carbinol. When a carboxylic acid is found, as in
the absence of cobalt carbonate, such acid is ben-
zoic acid.

The use of cobalt carbonate in admlxture with
other known oxidation catalysts, for example,
the oxides or hydroxides of copper, manganese,
cobalt, lead, cerium, uranium, ete.; also results in
suppressing the formation of acid in the lquid
phase oxidation of aralkyl hydrocarbons having
an alkyl group of at least 2 carbon atoms,

While the present process has been illustrated,
particularlyl with ethylbenzene and iscpropyl-
benzene, it is likewise gpplicable to liquid phase
oxidation of other aralkyl hydrocarbons in which
there is present at least one alkyl group of two
or more carbon atoms, for example, the diethyl-
benzenes, mn-propylbenzene, - isobutylbenzene,
cymene, the ethyl- or isobropylnaphthalenes,
etc. ‘The use of cobalt carbonate in admixture
with the usual catalysts of oxidation likewise
results in the suppression or entire elimination
of reactions leading to the formation of acids and
a consequent production of the corresponding
ketones and carbinols in good yields.

As will be gpparent to those skilled in the art,
the selection of optimum temperature, pressure
and other reaction conditions will vary with the
aralkyl hydrocarbon which is to be oxidized.
Generally, conditions which give optimum yields
of ketone and carbinol in the presence of the
known catalysts of oxidations give good results
when operating in the presence of mixtures of
such catalysts with cobalt carbonate.

The temperature employed for oxidation
should preferably be maintained at a point above
the decomposition temperature of peroxides
which may form at temperatures below 80° C. or
85° C. Suitable temperatures for the reaction,
when it is earried out at atmospheric pressure,
may be within the range of from 100° C. to the
boiling point of the hydrocarbon at atmospheric
pressure which, in the case of ethylbenzene, is
135° C. at atmospheric pressure and in the case
of isopropylbenzene is 145° C. It is, of course, not
necessary that the process be restricted to opera-
tion at atmospheric pressure since satisfactory
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opération may also be obtained at pressures below |

normal atmospheric pressure as well as at pres-
sures above atmospheric. Hence by the employ-
ment of pressures it is possible to employ temper-
atures above the normal boiling point of the hy-
drocarbon to be oxidized. Such temperatures,
should generally, however, be maintained below
165° C,

Reaction may be effected in presence or absence
of a diluent of either the hydrocarbon employed
or the oxidizing medium. - Also, while we prefer
to use air as the oxidizing medium we may use
pure oxygen or a prepared mlxture of oxygen
with an inert gas.

‘What we claim is:

1. In the process of oxidizing aralkyl com—
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pounds in which fhe alkyl group contains at least
2 carbon dgtoms and in which process the oxida-
tion is effected in the liquid phase by means of
gaseous oxygen, the improvement which com-
prises carrying out the oxidation in the presence
of cobalt carbonate.

2. In the process of oxidizing the alkyl group
in aralkyl hydrocarbons, and in which process
said alkyl group contains at least 2 carbon atoms,
the improvement which comprises carrying out
the oxidation in the liquid phase by means of
gaseous oxygen in the presence of a metal oxide
oxidation catalyst and cobalt carbonate.

3. In the process of oxidizing ethylbenzene in
the liquid phase by means of gaseous oxygen the
improvement which comprises contacting said
ethylbenzene with oxygen in the presence of
cobalt carbonate.

4, The process of oxidizing an alkylbenzene to
an aryl ketone, which comprises contacting said
alkylbenzene in the liquid phase with gaseous
oxygen in the presence of a metal oxide oxidation
catalyst and cobalt carbonate.

5. The process of producing acetophenone

-which comprises contacting ethylbenzene in the

liquid phase with oxygen in the presence of a
metal oxide oxidation catalyst and cobalt car-
bonate.

6. The process defined in claim 1 in which the
oxidation is effected at a temeprature above 100°
C. but below the boiling point of said aralkyl
conipound.

7. The process defined in claim 5 in which the
oxidation is effected at a temperature bet,ween
100° C. and 165° C ’

8. The process for producing a mixture of
acetophenone and methylphenylearbinol which
comprises contacting ethylbenzene in the liquid
phase with gaseous oxygen in the presence of a
metal oxide oxidation catalyst and cobalt car-
bonate.

9. The process for producing a mixture of
acetophenone and methyiphenylcarbinol, which
comprises contacting ethylbenzene in the liquid
phase with gaseous oxygen in the presence of an
oxidation catalyst comprising a mixture of
Cr20: and CoCOa.

. 10.  The process defined in claim 9 in which
the oxidation catalyst consists of 4 parts by
weight of CoCOs and 1 part by weight of Cr20s,

11. The precess defined in claim 9 in which
the oxidation is carried out at temperatures be-
tween 100° C. and 165° C .

12, The process for producing a mixture of
acetophenone and dimethylphenylcarbinol,
which comprises contacting isopropylbenzene in
the liquid phase with gaseous oxygén in the pres-
ence of a metal oxide oxidation catalyst and
cobalt carbonate.

13. The process for producing g mixture of
acetophenone and dimethylphenylearbinol, which
comprises contacting isopropylbenzene in the
liquid phase with gaseous oxygen in the presence
of an oxidation catalyst comprising a mixture of
Cr203 and CoCOs.

14. The process defined in claim 13 in which
the oxidation catalyst consists of 4 parts by
weight of CoCOs3 and 1 part by weight of Cr20s.

15. The process defined in claim 13 in which
the oxidation is carried out at temperatures be-
tween 100° C, and 165° C.
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