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No Drawing.

This invention relates to catalytic proc-
esses, and more particularly to a process of
carrying out catalytic reactions by passing
reactive gas mixtures at suitable tempera-

& tures and pressures over highly efficient chro-
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mite catalysts prepared by heating multiple
chromates of metals and nitrogen bases to
convert hexavalent chromium into trivalent
chromium with the formation of chromites.

This application is a continuation in part
of ‘my co-pending application Serial No.
115,692 filed June 12, 1928,

Numerous mixtures and combii.ations con-

‘taining oxides of chromium and other metals

have been made and used as catalysts in
various processes. Such mixtures have been
prepared in many different ways, but those
prepared by heating have generally been re-
duced with hydrogen, since it has been found

- in the past that heating the usual oxide cata-

lysts to high temperatures destroys their
catalytic activity.

I have found that catalytic reactions may -

be carried out by passing a reactive gas mix-
ture containing a carbon compound, at suit-
able temperatures and pressures, over a chro-
mite catalyst prepared by slightly heating
an exothermic multiple salt containing hexa-
valent chromium, a hydrogenating metal,
and a nitrogen base, and allowing the de-
composition to thereafter proceed spontane-
ously, \

This invention has as an object to carry out
catalytic processes by the use of highly effi-
cient chromite catalysts. A further object
is to carry out such catalytic processes by
the use of chromite catalysts prepared by
slightly heating exothermic multiple salts of
hydrogenating metiis aad nitrogen bases.

It is a specific object to carry out such proc-.

esses by the use of catalysts derived from

double chromates of ammonia and manga- .

nese. Other objects will appear hereinafter.
The following specific examples are given
by way of illustration but are not té be re-
garded as a limitation of my invention:
Ezample 1—Manganese ammonium chro-
mate is prepared by precipitation as the re-
sult of mixing solutions containing molecular
equivalents of manganese nitrate and am-

Application filed December 21, 1928, Serial No. 41‘5,832.

monium chromate. When heated slightly to
start the reaction, this basic double salt de-
composes spontaneously with the evolution
of sufficient heat to leave a glowing residue
which probably consists of combined man-
ganese oxide and chromium sesquioxide.

_ One liter of such a catalyst, when placed
in a pressure resisting copper lined tube yields
800 cc. of crude condensate per hour contain-
ing about 50% methanol and 25% alcohols
of higher molecular weight when the reaction
is carried out at about 400° C. and about 300
atmospheres pressure using a gas consisting
of about 30% carbon monoxide and about
60% hydrogen, when the gas mixture is
passed through the catalyst at a space velocity
of about 10,000 liters per hour as measured at
normal temperature and pressure. -

Example 2—245 grams of manganese ace-
tate are dissolved in 500 cc. of water and pre-
cipitated with a solution of 152 grams of neu-
tral ammonium chromate in 500 cc. of water.
After washing and drying the precipitate is

.impregnated with a solution of 15 grams of

potassium oxalate and again dried. The dry
mass containing manganese ammonium chro-
mate and potassium oxalate is then heated to
400° C. whereupon the double chromate is
spontaneously decomposed, the hexavalent
chromium being converted substantially to
the trivalent form with tue evolution of am-
monia, water vapor, oxides of nitrogen and
other gases. The ignited material is then
compressed into tablets of suitable size for
use as catalytic material. ’

Water gas containing aboui 35% carbon.
monoxide and about 49% hydrogen is passed -

over the above described contact mass at 450°
C. and 283G atisospheres pressure and at a
space velocity of about 10,000 liters of gas

-per liter of catalyst per hour, the gas being

measured at about atmospherie pressure and
20° C., there is obtained per unit volume of
catalyst per hour 0.66 volumes of crude con-
densate containing about 85% methanol and
309 higher alcohols.

- Example 3—A solution containing 190
grams of zinc nitrate and 18 grams of man-
ganese nitrate is precipitated at 20° C. with
a solution containing 167 grams of neutral
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ammonium chromate and 45 cc. of ammonium
hydroxide. The mixed precipitate contain-
ing zinc ammonium chromate and manga-
nese ammonium chromate is filtered, dried

without washing, and heated to 400° C. there- -

by causing it to decompose exothermically,
resulting 1n'a 30-40% loss in weight.

‘When suitably granulated and used as a
contact mass for the synthesis of methanol
from water gas of approximately the com-

position stated in Example 2, good yields:

are obtained at a space velocity of 20,000 and
at a pressure of 267 atmospheres.
these conditions there is obtained at 350° C.
180 cc. of crude condensate containing 92%
of methanol for every 100 cc. of catalyst em-
ployed. At 450° C. the yield is 108 cc. of
condensate containing 69% methanol and
18% higher alcohols.

Example 4—A chromate of manganese
containing also ammonium chromate is pre-
pared by precipitating manganese nitrate
with a solution of neutral ammonium chro-
mate or its equivalent of ammonium bichro-
mate and ammonia. After impregnating the
dry chromate with 15% of its weight of po-
tassium carbonate, the mixture is heated to
400° C. at which temperature the chromate
spontaneously breaks down to chromite with
evolution of heat and gases.

The granular residue may be employed for
the synthesis of methanol and higher: alco-
hols under widely different conditions. The
results tabulated below are obtained when

® employing water gas containing 31% carbon

monoxide and 47% hydrogen. The yield of
crude condensate is given in ce. per 100 ce.

. of catalyst per hour:
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Composition of
condensate

Condition Tem- | Pres- Space Yiezid of__
No. velocity | coRden- .

.atm. sate | Per cent| Per eent

meth- | higher

anol | alcohols

430 | . 2701 40,000 82 38 21
450- 279 1 40,000 90 45 23
-470 279 | 40,000 106 132 23
420 500 | 40,000 178 47 27
468 500 [ 40,000 174 .32 32
475 700 | 55,000 232 44 29
425 900 | 40,000 152 35 28

Haample 5~60 cc. of 95% ethyl alcohol
were passed over 10 cc. of a catalyst prepared
as in Hxample 1 and at a temperature of
400° C. and substantially atmospheric pres-
sure. There was obtained approximately
50%: conversion to acetaldehyde and hydro-
gen and about 5% conversion of the ethyl
alcohol to ethyl acetate by dehydrogenation.

The term space velocity as used in the
above examples may be defined as the volume
of gas mixture, measured at approximately
20° (. and about atmospheric' pressure,
_passed over the catalyst per unit volume of
catalyst per hour. It is, of course, under-

Under-

stood that the space velocity as here used is
the velocity of the gases at the exit end of
the ap(f)aratus in which the process is being
carried out. '

It will of course be understood that the
specific operating conditions, such as space

“velocities, temperatures, and pressures may

be varied within wide limits within the scope
of my invention, depending on the type of
reaction catalyzed and the product desired.
For example, certain dehydrogenation reac-
tions may be carried out at approximately
atmospheric pressure and elevated tempera-
ture. ~ On the other hand, it may be desirable
to use both high pressures and temperatures
as in the formation of higher alcohols.

Although ammonium compounds of man-
ganese and chromium have been given in the
above examples, compounds of organic bases,
such as manganese bichromate tetrapyridine,
and other organic derivatives such as salts of
aniline and methyl amine, may be employed
and when heated these compounds behave in
a manner similar to the ammonium deriva-
tives and yield manganese chromites pos-
sessing the same catalytic properties.

In addition, it has been found that the ac-
tivity of the chromite catalysts, prepared
according to the present process, may be im-
proved still further if the ignited product is
treated to remove the less active substances
present in such product, which substances
are not combined in the form of chromite
and are of low catalytic activity. These un-
desirable substances may be removed in any
suitable way, such as by leaching the cal-
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cined product with a weak acid, e. g., acetic

acid in concentrations of about 5-10%.

The chromites made as described are stable
and are substantially insoluble in water and
in weak acids. The }ilreparation of the cat-
alysts, according to t
sults in the formation of catalytic bodies of
great porosity, which, after drying, consist
of nearly pure, highly stable chromites sub-
stantially free from acid soluble oxides oF
other substances of low catalytic activity.
These chromite catalysts' are highly stable

"and do not lose their activity after use in a

catalytic process. For instance, manganese
chromite, which has been prepared as just
described and was leached with acid prior to
its use as a catalyst, is found to contain no
additional acid soluble manganese after
using the manganese chromite as a catalyst.
The present catalysts have the further ad-

vantage that they are not affected by use at

high temperatures.

As has been pointed out, the active cata-
lysts forming the subject of the present in-
vention are chromite compounds containing
chromium in the trivalent form. However,
the term chromite, as here used, does not nec-
essarily refer.to a compound of definite chem-
ical composition since the chromite may con-

e present process, re-
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tain Widelgidiﬁering proportions of its com-
ponents. Manganese chromites, for example,
are known to contain a varying proportion
of manganese oxide, and this proportion is
dependent on the ratio of manganese to chro-
mium in the compound or mixture of com-
pounds -calcined and upon the. temperature
and duration of the calcination. In any
event, the chromites contain the chromium in
trivalent form.

The

able for general use in all of the catalytic proc-
esses in which chromium oxide mixed with
other oxides is used as the catalyst. For in-
stance, the chromite catalysts are suitable for
use in the high pressure synthesis of oxygen-
ated ‘organic compounds such as methanol
and alcohols of hig%er molecular weight from
mixtures of hydrogen and oxides o carbon.
The chromite catalysts may al¢o be used for
the water gas reaction wherein carbon mon-
oxide and water vapor are converted catalyti-
‘cally to carbon dioxide and hydrogen; or the
catalysts may be used for dehydrogenations
such as the catalytic conversion.of an alcohol
to an aldehyde. _

- Although the manganese chromites of this
invention are highly efficient catalysts for the
production of alcohols such as methanol and
also for the production of higher alcohols,
the proportion of higher alcohols formed may
be increased by the addition te the catalyst
composition of certain promoting substances,

such as compounds of the alkali metals. The.

modification of the catalyst by the addition
of these alkali compounds will, of course, de-
pend largely upon the product or products

desired. . )
Various elements may be combined with

‘trivalent chromium oxide to form chromites

which are suitable foruse as catalysts. Man-
ganese has already been mentioned as an ex-
ample of the basic elements which, combined

with chromium oxide to form chromites, are -

extremely valuable catalysts, particularly
when used for methanol synthesis. In place
of manganese any one of that group of ele-
ments, which, either in the form of the finely
divided metals or in the form of the oxides,
constitute active catalysts for the methanol
synthesis, or for other reactions. may be com-
bined with chromium oxide to form the cor-
responding chromite. Included in “this
group of metals, which may be designated
the “hydrogenating metals”, are zinc, copper,
cadmium, manganese, silver and iron. ‘
In the various embodiments of the present
invention, including the various .methods of
preparing
of these hydrogenating metals may be used
as the more basic element to form the chro-

mite; or, if desired, several of these metals

resent catalysts contain chromium
“sesquioxide combined with oxides of other
elements, 1. e., as the chromites, and are suit-.

chromite catalytic bodies, any one.

3

may be used to form mixtures of the desired
chromites. : -
Asmany apparent and widely different em-
bodiments of this invention may be made
without departing from the spirit and scope
thereof, it 1s to be underst that 1 do not
limit myself to the specific embodiments
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thereof except as defined in the appended

patent claims. A :
I claim: . :
1. Ina Ca.ta}f'_tic_process of forming or-
ganic compoun

76

s in a three-component reac- ..

tion system comprising an oxygen-contain- -

ing carbon compound capable of hydrogena-
tion, an oxygen-containing carbon comppun
capable of dehydrogenation, and hydrogen,

d 8o

the s‘ep which comprises passing the react-

ants over a heated catalyst prepared by ig-
niting an exothermic double chromate of a
nitrogen base and manganese.

2. The process of claim 1 in which the cat-
alyst is prepared,/by igniting an exothermic
double chromate of ammonia and manganese.

85

3. The process described in claim 1in which" -

the catalys: describéd therein has been modi-
fied by the addition thereto of an alkali metal
compound. :

4. The process described in claim 1 in
which the - catalyst ~described therein, - is
Jeached with a weak acid, after ignition,
whereby to remove the less active substances
present in the.ignited catalvst. ’

5. In a catalytic process of forming or-
ganic compounds in-a three-component re-
action system comprising an oxygen-contain-
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ing carbon compound capable of hydrogen-

ation, an oxygen-containing carbon com-
pound capable of dehydrogenation, and hy-
drogen, the step which comprises passing the
reactants over a catalyst prepared by ignit-
ing an exothermic double chromate of a ni-
trogen base and manganese, said catalyst be-
ing heated to a temperature of at least 350° C.

6. The process of catalytically synthesiz-
ing methanol from a mixture of carbon
monoxide and hydrogen which comprises
passing the reactants at a temperature of
about 350-475° C. and at a. pressure of about
979-900 atmospheres over a catalyst prepared
by heating a double chromate of a nitrogen
base and manganese to its spontaneous de-
composition temperature.

7 The process of claim 6 in which the cat--

alyst is prepared by heating a double chro-
mate of ammonia and manganese to its spon-
taneous uecomposition temperature.

In testimony whereof I affix my signature.
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