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This invention relates to the preparation and

use of improved ecatalyst compositions, and more

particularly to promoted chromite catalysts

which are especially suitable for the carrying out
5 of organic hydrogenation and dehydrogenation
reactions. )

This case is a continuation in part of my co-
pending application Serial No. 285,501, filed June
14, 1928 which has matured into U. S. Patent No.

10 1,857,921, May 10, 1932. : : o

The rapid development of technically success-
ful processes of synthesizing useful organic com-
pounds from water gas has led to the proposed
use of numerous combinations and mixtures of
various catalytic metals and metallic oxides. In
general, such catalyst compositions as have been
suggested have consisted of two or more elements
or compounds in the form of intimate physical
mixtures, such as those formed by the co-pre-
cipitation of hydroxides or salts. A typical and
widely used catalyst of this type is prepared by
co-precipitating a mixture of zine hydroxide and
chromium hydroxide with a base, or by mixing
chromic acid with an excess of zinc oxide. Ac-
ecording to U. S. Patent 1,746,782 issued to me on
February 11, 1930, particularly useful catalyst
compositions are obtained by igniting at a red
heat chromates of various hydrogenating metals
to form chromites containing the hydrogenating
30 metal oxide partially combined with chromium
sesqui-oxide to form loosely bound but very re-
fractory compounds of indefinite chemical com-
position which may be classified under the term
“chromites.”

Another convenient method of preparing these
important chromite catalysts consists of heating
a double salt of a hydrogenating metal and a ni-
trogen base, such as ammonia, to its spontaneous
decomposition temperature, as disclosed in Patent
40 1,746,783. For example, basic zing ammonium

chromate when ‘heated to 400° C., undergoes an
exothermic gaseous decomposition resulting in a
finely divided, powdery, black residue of zine
chromite containing free zinc oxide as well as
45 zinc oxide combined with chromium sesqui-oxide.
These simple chromite compositions when used
alone as catalysts for various organic hydrogena-
tion and dehydrogenation reactions, have been.
found to be particularly effective. However, so
50 far as I am aware, no mixed or promoted multi-
ple chromite catalysts containing a plurality of
chromites of hydrogenating metals have been de-
veloped or applied in such catalytic hydrogena-
tions or dehydrogenations previous to my inven-"
55 tion.
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This invention has as an object to provide a
new catalyst composition which is particularly
effective in catalyzing a variety of organic chem-
ical reactions, especially those involving the hy-
drogenation of unsaturated carbon compounds,
the dehydrogenation of oxygenated organic com-
pounds, such as the alcohols and other hydrogen-
ations and dehydrogenations in general. A fur-
ther object is to provide a promoted catalyst
composition comprising a mixture of various hy-
drogenating metals in the form of their oxides or
chromites, said composition having as a whole a
catalytic effect in the various reactions to which
it is applied greater than the sum of the effects
of its constituent oxides or chromites. A still

fTurther object is to carry out catalytic organic

hydrogenation and dehydrogenation reactions
more efficiently than heretofore by the aid of
these mixed chromite compositions. It is a spe-
cific object to carry out the high pressure de-
hydrogenation of ethyl alcohol to form ethyl
acetate by employing a mixed chromite catalyst
prepared according to this invention.

These objects are accomplished by the follow-
ing invention which, in its general aspects, com-
prises mixing or intimately associating a small
amount of an oxide or chromite of one or more
hydrogenating metals whose oxides are read-
ily reducible with a chromite of one or more hy-
drogenating metals whose oxides are difficultly
reducible, and the application of the resulting
mixed or promoted catalyst to various organic
hydrogenation and dehydrogenation reactions.
The invention also contemplates various combi-
nations or mixtures of chromites of difficultly
reducible hydrogenating metal oxides and easily
reducible hydrogenating metal oxides, as well as
mixtures or combinations of various easily reduc-
ible hydrogenating metal oxides, in widely vary-
ing proportions of the respective constituents.

In the following examples I have set forth in
detail several catalyst compositions prepared in
accordance with the principles of my invention,
together with methods for their employment
in various catalytic reactions, and also compara-
tive data showing the improvement effected
through their use. These examples are presented
only for purposes of illustration and are not to
be regarded as limitations.

Ezample 1.—A cadmium promoted zine chro-
mite catalyst was prepared as follows: 62 grams
of cadmium nitrate was dissolved in 150 cc. of
water and added to a solution of 574 grams of
crystallized zinc sulphate dissolved in two liters
of water. To this mixed solution there was added
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with stirring 2.2 liters of neutral ‘ammonium
chromate solution containing 305 grams of

(NH4) 2CrOs.

Additional ammonium hydroxide was then added
to bring the mixture to neutrality to litmus,
after which the resulting precipitate was allowed
to settle and the mother liguor- was drawn off.
After washing five times by decantation, the yel-
low precipitate of mixed pbasic zinc ammonium
chromate and cadmium chromate was filtered
and dried. In order to conver: the chromates to
chromites, the precipitate was heated in a muffie
furnace for four hours at about 406° C. A spon-
taneous disintegration took place with the evolu-

. tion of considerable heat, ammonia, and oxides of
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nitrogen, resuléing in about & 26% icss in weight
and leaving behind an almost black, powdery

-residue containing the oxides of zinc and cad-

mium partially combined with chromium sesqui-
oxide in the form of chromites. The chromium
was substantislly all converted by the heating
process from the hexavalent to the trivalent
form. In order to give the promoted catalyst suit~
able form, it was compressed into tablets which
were broken up and the grains screened to 6-14
mesh. oo

The activity of the above described catalyst
was tested by employing it in the catalytic dehy-
drogenation of ethyl alecohol vapor at atmospheric
pressure as follows: One cc. of the catalyst was
placed in a glass reaction tube having a diameter
of 15 mm. in such a manner as to form a disc-
shaped catalytic screen held in place with plugs
of glass wool. The tube was heated at 400° C.
and absolute ethanol vapor was- passed there-
through at the rate of 50 ce. of liquid alcohol per
hour. There was formed per hour 4.5 liters of
gas measured at ordinary conditions of temper-
ature and pressure, consisting of 5% ethylene and
95% hydrogen, representing a conversion of 1%
of the alcohol to ethylene and water and 19.7%
to acetaldehyde and hydrogen, or an overall con-
version of about 20.7%. -

By way of showing the improvement to be ob-
tained by the addition of a small amount of cad-
mium to the above catalyst-composition, a plain

zinc chromite catalyst prepared by the method

described, but without the use of cadmium, when
employed in the same manner in the same testing
equipment, gave only 3.5 liters of gas having the
same composition as indicated above, represent-
ing a total conversion of the alcohol of only about
16%. It will be seen, therefore, that the addition
of cadmium to the zinc chromite catalyst caused
a 299 improvement in activity toward this par-
ticular reaction. ‘ .
Example 2.—A. solution containing 190 grams
of zinc nitrate and 12 grams of copper nitrate
dissolved in one liter of water was treated with
g solution prepared by dissolving 160 grams of
ammonium chromate and 50 cc. of ammonium
hydroxide in one liter of water. 'The resulting
brownish yellow precipitate was filtered, dried
without washing and ignited for two hours at
400° C. while being freely exposed to air, after
which the residue weighed 155 grams. The
bluish, black copper-zinc chromite resulting from

_the ignition was briquetted and screened to 6-14

mesh grains. .
A copper-zinc chromite catalyst obtained as

just described was employed for the catalytic syn-

“thesis of methanol from water gas containing

75

509 hydrogen, 34% carbon monoxide, 1.5% car-
bon dioxide angl 79% of methane and nitrogen. A

portion of the catalyst was placed in a pressure
resisting tube and heated to 352° C. At this
temperature the water gas was passed through
the tube at the rate of 20,000 volumes of gas,
measured at ordinary conditions of temperature
and pressure, per unit volume of catalyst per hour
and at & pressure of 267 atmospheres. There was
formed per 100 ce. of catalyst per hour 136 cc. of
crude condensate containing 90% pure methanol.

The improvement in activity due to the pres-
ence of the copper is shown by the fact that a
plain zine chromite catalyst prepared exactly
as just described, but without the addition of
copper, when employed in methanol synthesis
under similar conditions of temperature, pres-
sure, and gas composition, gave per 100 cc. of
catalyst per hour only 114 cc. of crude conden-
sate containing 86% methanol. ’

Example 3.—4A special study was made of the
effect of cadmium, lead, and bismuth when in-

‘corporated separately into zinc chromite cata-

lysts employed for the high pressure dehydro-
genation of ethanol, wherein ethyl acetate is
formed as the major product of the reaction.

The plain.zinc chromite control catalyst_and
the three promoted zinc chromites containing
the various metals just mentioned were all made
in the same manner by precipitating 2-molar
solutions of the base metal salts with an equiva-
lent amount of 2-molar neutral ammonium
chromate solutions, followed by neutralization
with ammonia, washing by decantation, filtering,
drying and igniting at 400° C. o

The plain zinc chromite catalyst was prepared
from zinc sulphate. The cadmium-zinec chro-
mite composition was prepared from a solution
containing 25 mole percent cadmium nitrate and
75 mole percent zinc sulphate. The lead-zinc
chromite combination was prepared from a solu-
tion containing 10 mole percent lead nitrate and
90 mole percent zinc nitrate. The bismuth-zinc
chromite catalyst was prepared from a solution
containing 10 mole percent bismuth nitrate and
980 mole percent zinc nitrate.

Test yuns on each of the four catalysts were
carried out as follows: 25 cc. of the catalyst un-

- dergoing investigation was loaded into a %'’

cylindrical -catalyst bed contained in a pressure
resisting shell, 95% ethyl alcohol was vaporized
and passed over the catalyst at a temperature of
400° C. and a pressure of 204 atmospheres, at the
rate of 400 ce. of liquid alcohol per hour. The
gaseous products were separated from the liquid
components and the latter analyzed for ethyl
acetate. Disregarding such minor products as
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acetaldehyde, acetone, butanol, crotonyl alcohol,

and esters higher in molecular weight than ethyl
acetate, the following table shows the relative
activities of the various catalysts as measured
by the ester content of the condensate calculated
as weight percent of alcohol converted to ethyl
acetate: :

’ Percent conver-
Catalyst sion of alcohol
to ester .
Zine chromite (control). ... 11.0
Cadmium and zine chromite 15.0
Lead and zinc chromite.__. 13.5
Bismuth and zinc chromite. . 4.5

It is to be noted that with each of the catalysts
containing. as a promoter a hydrogenating metal
ha_wing a reducible oxide, the yield of ester is
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& substantially greater than with zinc chromite
alone,
Ezample 4—Maximum conversion of ethanol

o to ethyl acetate by high pressure dehydrogena-

@ tion was obtained when a zine chromite catalyst
. -g_promoted with both copper and cadmium was

employed in an elongated reaction tube heated
by means of a vapor bath maintained at a care-
+« fully controlled temperature.
1% The catalyst was prepared by precipitating a

. mixed solution containing 82.5 mole percent of

@zinc sulphate, 10 mole percent copper sulphate
O and 7.5 mole percent cadmium nitrate with a
:chemically equivalent amount of ammonium
l&chromate freshly prepared from chromic acid
and ammonia. The multiple chromates, con-
—taining also ammonium chromate, were washed,
~dried, and ignited at 400° C. to form s black pow-
~der containing the chromium oxide still uncom-
2 ined with the base metals, but existing sub-
+—stantially in the trivalent form. This chromite
LT material was briquetted, crushed, and screened to
14-18 mesh material. :

25 cc. of the finely grained catalyst was loaded
into a %'’ cylindrical cartridge which was placed
in a vapor heated pressure resisting jacket. As
in Example 3, ethyl alcohol was pumped there-
through at the rate of 400 cc. per hour. The
catalyst temperature was maintained at 380° C.
and the pressure at 204 atmospheres. The liquid
condensate contained esters equivalent to a con-
version to ethyl acetate of 25 weight percent of
the alcohol injected. In addition, the condensate
contained a little acetaldehyde and acetone and
5.8% of material boiling above 100° C. consisting
of about 25% 4-carbon alcohols, 23% acetic acid,
35% ethyl butyrate and butyl acetate and some
higher boiling compounds.

The very high conversion of ethyl alcohol to
10 ethyl acetate obtained was due to the extraordi-

nary efficacy of the three-component chromite

composition, containing a lesser amount of the
chromites of two hydrogenating metals having

easily reducible oxides and a greater amount of a
5 chromite of a hydrogenating metal having a

difficulty reducible oxide.

That the improvement obtained is not the aver-
age of the catalytic effects of the various con-
stituent chromites of the composition, as would

i0 be expected from a consideration of the effects
of the individual components when acting sepa-
rately, is shown by the following table in which
the conversions of the respective single chromites
are given. It is also shown that no two-compo-
5 nent chromite catalysts containing 10 mole per-
cent of the promoting chromites were equal in
activity to the preferred three-component chro-
mite catalysts of the above example. The tests
were made in the same equipment and under the
o same conditions outlined above, and the catalysts
were prepared by the same general method al-
ready described. ’

25

Percent conver-
sion of alcohol
to esters as

b Catalyst .
’ ethyl acetate

Erample 5—Nickel and zinc ammonium chro-
mates were prepared by dissolving 297 grams of
zinc nitrate and 290 grams of nickel nitrate in
2.0 liters of water, adding a solution of 250 grams

[ 1}

‘more hydrogenating metals whose oxides are dif-

3

of ammonium bichromate and 350 cc. of ammo-
nium hydroxide in two liters of water and heat-
ing to boiling. The resulting precipitate was
washed, filtered, dried and heated to its spon-
taneous decomposition temperature, after which
the resulting black residue was reduced in hy-
drogen. at 300-475° C. The firal composition
contained 13% elementary nickel.

When used in liquid phase hydrogenation, 10
grams of this catalyst caused the rapid absorp-
tion of hydrogen by solution of 100 grams of glu-
cose in 100 cc. of water at a temperature of
150° C. and at a pressure of 1000 pounds. ' Sor-
bitol was formed quantitatively. : .

Ezample 6—A hydrogenation catalysts is pre-
pared as follows: 23 grams of cadmium nitrate,
24 grams of copper nitrate, and 245 grams of
zinc nitrate are dissolved in 500 cc. of water and
mixed at ordinary temperature with an equal
volume of water containing 126 grams of ammo-
nium bichromate and 75 ce. of 28% ammonium
hydroxide. After stirring, the mixture is exactly
neutralized with additional ammonium hydroxide
and allowed fo settle. After several washes by
decantation, the precipitate is dried, ignited at
400° C. and compressed into tablets or grains suit-
able for use in ecatalytic gas apparatus.

25 cc. of the mixed chromite catalyst prepared
as above was loaded into an alloy steel reaction
vessel capable of being heated and withstanding
high pressures. The tube is fitted ‘with a pre-’
heater, a pump for injecting liquid. at a con-
stant rate, a T connection for introducing hydro-
gen under pressure, a suitable condenser and
trap for separating liquid products, and exit
control valves. ‘

A sample of 93% n-butyl n-butyrate was sub-
jected to hydrogenation over the catalyst pre-
pared as just indicated. The rate of flow was
700 cc. of ester per 100 cc. of catalyst per hour.
The system was heated to 346° C. and main-
tained at a pressure of 2600-3600 pounds. The
hydrogen-ester molecular ratic was 13.8. From
710 cc. of the butyrate so treated there was
obtained by distillation 580 cc. of pure normal
butanol boiling at 117° C.; representing a conver-
sion of the ester to butanol of approximately
73% of the theoretical.

Although in the above examples I have indi-
cated certain definite conditions of temperature,
pressure, gas velocity, amounts of materials,
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-duraiion of reactions, ete., it is to be understood
-that any and all of these may be varied widely

within the scope of my invention, since the par-
ticular conditions “of operation are governed
largely by the specific reaction, the materials
treated, and the catalysts composition selected
for a given reaction.

The promoted chromite catalysts, which. are
the subject of this invention, may be prepared
by various methods. For example, they may be
brepared by heating a mixture of. compotinds
containing one or more hydrogenating - metals
whose oxides are reducible by hydrogen, one or
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ficultly reducible or non-reducible by hydrogen

and hexavalent chromium, to a temperature suf-
ficient to cause the chromium to be reduced sub-
stantially to the trivalént form. I may, for ex-
ample, prepare a mixture of copper chromate
and zinc chromate and ignite the mixture at a red
heat, that is to say, a temperature of 600° C.or
above, in order to drive off oxygen and form a

i45

-mixture of copper oxide, zinec oxide, copper chro-

mite. and zin¢ chromite. A more convenient 150
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method consists of co-precipitating multiple
chromates of the reducible and non-reducible
oxides with ammonium chromate whereby double
ammonium chromates are formed which decom-
pose spontaneously and exothermically when
heated to about 400° C. :

By hydrogenating metals and oxides, I refer
to those metals and oxides which are capable
under proper conditions of serving as catalysts
for the addition of hydrogen to such unsaturated
compounds as ketones or olefins, or are capable
of inducing the dehydrogenation of alcohols in
the vapor phase in preference to dehydration.

By difficultly reducible-oxides, I refer to those
which remain substantially in the oxide form
after several hours’ exposure in a pure state to
the action of hydrogen at 400° C. Reducible
oxides under the same conditions are readily
converted to the elementary metal and water
vapor. - Suitable hydrogenating metals whose
oxides are readily reducible are silver, cadmium,
copper, lead, mercury, tin, bismuth, indium, iron,
cobalt and nickel. Hydrogenating metals whose

. oxides are difficultly reducible are magnesium,
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zine and manganese. .

I have referred herein several times to pro-
moters. By this term I refer to.a metal or
metals, either in the metallic state or in the form
of an oxide or other compound, which is added
to a simple hydrogenating metal chromite, such

as zine chromite for the purpose of increasing "

its propensity to catalyze certain reactions, such
as the hydrogenation or dehydrogenation of cer-
tain organic compounds. As indicated elsewhere,

_the effect of such addition in the case of the com~

positions forming the subject matter of this in-

vention is to give the resulting composition a

catalytic effect which is considerably greater than

the sum of the effects of the various constitu- -

ents. In other words; the catalytic effect of the
catalyst is not merely the additive effect of these
components.

According to the principles of my inventon, a
single metal having an easily reducible oxide may
be used in.conjunction with the simple chro-
mites, ot a plurality of such metals may be em-
ployed. Among those mentioned above, copper
and cadmium are particularly useful, either when
used alone or in combination. I have found that
especially good results are obtained when a cop-
per-cadmium-zine chromite combination is em-
ployed.- ) ’

The amount of promoter may be varied within
wide limits.. In general, I prefer to use much
less reducible metal oxide than eatalytic non-re-
ducible oxide. Suitable concentrations are found
between 1 and 25 mole percent of the total base

. metal used. It istobe understood, however, that

reducible oxides are not nearly so susceptible to
reduction when combined wholly or in part with
chromium oxide to form chromites as they are
when not so combined. For example, a zinc chro-
mite catalyst promoted with copper may be
rather inert to reduction after which the copper
is still contained largely in the oxide form.

“The promoted chromite catalyst compositions
which are the subject of this invention may be
characterized as finely divided, refractory, dark
colored powders containing chromium sesqui-
oxide rather completely combined with a greater
proportion of a hydrogenating metal whose oxide
is difficultly reducible and a lesser proportion of a
promoting hydrogenating metal whose oxide is
easily reducible. Base metal oxides may or may
not be present in excess of the amount neces-

sary to form chromites with the chromium oxide.
The term chromite as here used does not neces-~
sarily refer to a compound of definite chemical
composition, since the-chromites, in the sense of
this invention, may contain widely differing pro- 80
portions of their components and yet be substan-
tially combined. ‘

By means of acid extraction I have been able
to prove that in these chromite compositions,
compound formsation exists between a part of the 85
base metal oxides and the chromium sesqui-oxide.
For example, zinc oxide is completely soluble in
109, acetic acid. Likewise, a catalyst mixture
prepared by co-precipitation of zinc hydroxide ,

“and chromium hydroxide yields substantially all 9(

of its zinc oxide to such an acid extraction.. On
the other hand, when. zinc chromite containing
an excess of zinc oxide and prepared by igniting
zine ammonium chromate was extracted with di-

lute acetic acid, the residual product contained 9!

41% of zinc oxide in the form of an acid re- -
sistant chromite compound. The same phe-
nomenon is observed with mixed chromites and
demonstrates the chemical nature of the product.
The hydrogenating metal may exist, for example, 10(
either. in the metallic form, or as an oxide, or
hoth. The chemical relationships of the various
elements of the composition depend to a certain
extent upon the methods of preparation and re-

' duction employed. 10

I have disclosed above several methods of prep-
aration of promoted chromite catalysts, including
the heating to their spontaneous decomposition
temperature of mixtures of certain double am-
monium chromates of various hydrogenating 11
metals. '

The promoted chromite catalyst compositions
of my invention are applicable to a wide variety
of catalytic reactions, but particularly to those
involving hydrogenation or dehydrogenation of 11
organic or  other carbon compounds. They are
particularly suitable for the dehydrogenation of
aleohols at ordinary or higher pressures, the
catalytic hydrogenation of esters under pressure _
to form the corresponding alcohols, the syn- 1¢
thesis of methanol and higher alcohols from
oxides of carbon and hydrogen, the hydrogena-
tion of aldehydes or ketones under pressure, and
the conversion of ecarbon monoxide and steam to
carbon dioxide and hydrogen (the water gas j:
reaction). -

As many apparently and widely different em-
bodiments of this invention may be made with-
out departing from the spirit and scope thereof,.
it is to be understood that I do not limit myself to .
the specific embodiments thereof except as de-

'fined in the appended claims.

‘I claim: - :

1. In a catalytic process of forming organie
compounds in a three component reaction system 4
comprising a mixture consisting of an oxygen-
containing carbon compound capable of hydro-
genation, an oxygen-containing carbon com-
pound capable of dehydrogenation, and hydrogen,
the step which comprises bringing the mixture 1
into contact with a catalyst composition contain-
ing essentially a plurality of hydrogenating metal
chromites.

"~ 9. The process of claim 1 in which the catalyst
is a composition comprising a plurality of hydro- j
genating metals, including a hydrogenating metal
whose oxide is difficultly reducibie and a hy-
drogenating metal whose oxide is easily reducible,
both of which are associated with and at least
partially combined with chromium sesqui-oxide. ]
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3. The process of claim 1 in which the cata-
lyst contains zine -chromite and a chromite of
a metal having an easily reducible oxide.

4. The process of claim 1 in which the cata-
Iyst comprises a mixture of zinc, copper and
cadmium chromites. )

- 8. The process of claim 1 in which the cata-
lyst is prepared by igniting a mixture of hydro-
genating metal chromates.

6. The process of claim 1 in'which the catalyst
is prepared by igniting a mixture of double chro-
mates of hydrogenating metals and nitrogen
bases. .

7. The process of claim 1 in which the tem-
perature is maintained above 346° C. and the
pressure is superatmospheric.

8.-In the process of converting a primary al-
cohol into the corresponding ester in the pres-
ence of a catalyst and under an elevated tem-
perature and pressure, the step which comprises

bringing the primary alcchol into contact with.

a catfalyst containing essentially a composite
mixture of hydrogenating metal chromites.

9. The process of claim 8 in which the cata-
lyst is a composition comprising a plurality of
hydrogenating metals, including a hydrogenat-
ing metal whose oxide is difficultly reducible and
a hydrogenating metal whose oxide is easily re-
ducible, both of which are associated ,and at least
partially combined with chromium sesqu1 -oxide.

10. The process of claim 8 in which the cata-
lyst contains zinc, copper and cadmium chro-
mites.

11. The process of converting ethyl alcohol
to ethyl acetate and other organic products in-
cluding butyl alcohol, acetaldehyde and hydro-

5

gen, which comprises conducting the vapor of
said alcohol at a temperatiire of 340° C. to 410° C.
and a pressure of 10 to 500 atmospheres over a
catalyst composition comprising a composite
mixture of zinc chromite, copper chromite and
cadmium chromite.

12, The process of claim 11 in which the cata-
lyst contains a chromite of a hydrogenating metal
having a difficulty reducible oxide and a chro-
mite of a hydrogenating metal having an easily
reducible oxide. .

"13. The process of claim 11 in which the cata-
Iyst contains zine, copper and cadmium chro-
mites.

14. In the process of making methanol from a
gaseous mixture of carbon monoxide and hydro-
gen, the step which comprises passing the mix-
ture over a catalyst composition comprising a
plurality of hydrogenating metal chromites.

15. The process of converting an ester of an
gliphatic carboxylic acid containing more than
one carbon atom into the carresponding alcchol
which comprises heating a mixture of said ester
and hydrogen to an elevated temperature at an
elevated pressure in the presence of a catalyst
composition comprising a plurality of hydrogen-
ating metals, including a hydrogenating metal
whose oxide is difficulty reducible and a hydro-
genating metal whose oxide is easily reducible,
both of which are associated with and at least
partially combined with chromium sesqui-oxide.

16. The process of claim 15 in which the cata-
lyst contains a ‘mixture of zine, copper and cad-
mium chromites. )

WILBUR A. LAZIER.
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