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The present invention relates to the cata-
lytic production of synthetic methanol or
other oxygenated organic compounds under
pressure and particularly to the composition

5 and preparation of improved catalysts for

use in such a process. . ,
Methanol can be obtained by the reduction

of carbon monoxide or, less favorably, of

carbon dioxide with hydrogen at elevated

10 temepratures and pressures through the use

15

of appropriate catalysts according to the
reactions i—

C0+2H,=CH,0H
C_Oz + 3H2 = CHgOH + HzO

In addition to these reactions, side reac-
tions may occur, including the deposition of
carbon and the formation of methane.
er side reactions may occur giving alde-

20 hydes, organic acids, ketones, and various

hydrocarbons other than methane.

The main reaction occurs, in the presence
©f the proper catalyst, at temperatures be-
tween 300° and 500° C., and pressures above

25 50 atmospheres, using a mixture of carbon

- monoxide or dioxide with hydrogen, the lat-
ter preferably in. the theoretical proportion
or higher. .

It is, however, advantageous in practice

30 to use so-called blue water. gas, composed

chiefly of approximately equal quantities of
hydrogen ang carbon monoxide, with the hy-
drogen usually in slight excess, together with
small amounts of carbon dioxide, nitrogen,

35 and oxygen. The proportion of hydrogen to

40

45

50 gmounts.

carbon monoxide is preferably increased by
the addition of hydrogen from an outside
source. The commercial water gas general-
ly also contains as impurities hydrogen sul-
phide and various organic sulphur com-
pounds, consisting largely of carbon disul-
phide with smaller amounts of such com-
pounds as thiophene, carbon oxysulphide,
and mercaptans. The hydrogen sulfide may
be readily removed by known processes,

complete removal of organic sulfur, which,

in commercial blue water gas made from coke -
Wy present only in small

or coal is

of organic sulfur in the

Oth-

!
It
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reacting gases are sufficient, however, to ren- -

‘der most of the catalysts mentioned in the

literature completely inactive in a relatively
short time..

It has been the aim, in part, of the re- 55

search leading to my invention to secure
catalysts of high activity in the synthesis -
of methanol, which are resistant to the ac-
tion of sulfur and which may consequently |

be used with commercial blue water gas, sub- 60

jected only to the ordinary routine purifica-
tion for removal of hydrogen sulﬁge, as is
usually practiced in gas works. : :

A f)lrxrther object of the invention is to

produce a catalyst, which may be termed the 65

primary catalyst, giving a minimum of side
reactions in the catalyst chamber, but per-
mitting the production, if desired, of high-
er alcohols or other oxygenated organic com-

pounds through the use of an auxiliary cata- 7

Lyst of known composition, such as a stron
alkali placed after the primary catalyst an
maintained at an appropriate temperature.

The most efficient primary catalysts dis- .
covered in an extensive study have been of 8

the class of combinations of oxides of the
metals of different groups of the periodic
system, especially those not easily reducible
to metal under the operating conditions. In -

a systematic investigation of a great variety 80

of combinations of oxides of the metals be-
tween the second and seventh groups, inclu-
sive, of the periodic system, I have found, in
particular, contrary to U. S. Patent No.

1,558,559 to Mittasch and Winkler, no advan- 85
~tage in the use of a predominating quantity

of the more basic oxide, but, on the other
hand, have found the use of predominating
quantities of the less basic oxide to give su-

perior results; both as to activity with pure %
_and commercial gases and in regard to life

with gases containing organic sulfur. I
have also found the properties of certain of

such binary combinations may be improved. _°

by the -addition of a third metallic oxide, 95
while certain difficulties are involved in the W

ith variation in the temperature, pressure
and proportions of gas, the character of the
product may be varied to modify the char-
acter of the oxygenated organic products. .

For & satisfactory yield of methanol of high - 100
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~ concentration, rather than of other oXy-
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genated products, conditions have been chosen
as stated in the examples hereinafter cited.
T have found the use of a mixture of zinc

-and chromium oxides, with or without a pro-

moter, in proportions corresponding to 5080
per cent of chromium, to gi
resistant to the effect of high temperatures
and to the poisoning effect of impurities of
commercial blue gas. The use of manganese
as a promoter has proved effective. Other
satisfactory catalysts include mixtures of ap-
proximately 10 per cent of zinc oxide and
90 per cent thorium chromate, and of 10 per
cent of zinc oxide and 90 percent manganese
chromate. S

The catalysts may be placed on various
carriers, such as pumice. I have found it
advantageous in many cases, of which exam-
ples are given, to make the catalysts without
carriers, either by fusion together of the in-
gredients or by subjecting the mixture of
oxides to high pressure in a mold.

The following are typical examples of cata- .
lysts which I have found effective:—

Ezample 1

200 parts of zinc oxide (ZnO), containing
15% manganese oxide (MnQ) are precipi-
tated from a mixture of aqueous solutions of

the corresponding nitrates by means of potas-

- sium hydroxide, washed, filtered, dried, and -
_ added slowly with stirring in small amounts

3

40

45

&5

65

to 400 parts of melted chromic anhydride
(CrO;) at a temperature of 200-250° C.
The mass after cooling is broken into granules
and reduced at about 400° C. in a slow stream
of hydrogen.

Ezample 2

120 parts of zinc oxide (Zn0), containing
15% of manganese oxide (MnQO), are added
slowly with stirring to 300 parts of melted
chromic anhydride, with subsequent prepara-
tion for use, all in the same manner as in
Example 1. : /
Ezample 3

. 125 parts of zinc oxide (ZnO) precipitated
from a solution of zinc nitrate are added to
400 parts of melted chromic anhydride, with
subsequent preparation for use, all as in the
preceding examples.

Example }

Oxides of chromium, zine, and manganese
corresponding by weight to 87% zinc, 5%
manganese, and 58% chromium reckoned s
the metals on the percentages by weight of
the total calculated metals present, are pro-
duced from a mixture of aqueous solutions of
ammonium chromate, zinc nitrate, and man-
ganese nitrate, which is evaporated to a pasty
mass, when a vigorous reaction occurs be-
tween the ingredients of the mixture leaving
a light, easily powdered mixture. After

ve active catalysts, -

moistening,' _fhe mass is subjected to high
pressures, e. g. 15,000 bs. per sq. inch, which

gives & hard catalyst that is broken into gran-

ules and subjected at a temperature of about
400° C. to the action of & slow stream of hy-

dr(égen. :
ommercial blue water gas, supplemented
by & small excess of hydrogen and containing

6 grains of organic sulfur per 100 cu. feet-

as animpurity, was passed over about 130 c. c.
of the above catalyst continuotsly for a pe-
riod of about two weeks at a space velocity
of 10,000. per hour and at an average tem-
perature of 390-400° C. and an average pres-
sure of 235 atmospheres. During this period

- the condensate recovered per hour was 50.8

cubic centimeters containing 86.8% methanol,
the activity of the catalyst remaining un-
diminished at the.end of this period.

Now having f)articularly described my in-

vention, what I claim as new and desire to
secure by Letters Patent of the United States
is— -

1. A heat resistant catalyst for the pro-
duction -of oxygenated organic compounds,
consisting ‘of an intimate mixture of zinc
oxide ang an oxide of chromium, the oxide
of chroniium being in the greater amount.

2. A catalyst for the production of oxygen-
ated organic compounds consisting of an inti-
mate mixture of zinc oxide and an oxide of
chromium, the oxide of chromium being in
the greater amount, and containing a_pro-
moter consisting of an oxide of a metal lying
in the fifth to seventh group, inclusive, of the
periodic system. .

3. A catalyst for the production of oxygen-
ated organic compounds consisting of an mti-
mate mixture of zinc oxide and an oxide of
chromium, the oxide of chromium being in
the greater amount, and containing manga-
nese oxide as a promoter in an amount not
exceeding 20% of the total weight of the
catalyst.

4. A catalyst for the production of oxygen-
ated organic compounds, consisting of an
intimate mixture of oxides corresponding by
weight to approximately 37% zinc, 58%
chromium, and 5% manganese, produced in
the evaporation of a mixture of aqueous solu-
tions of ammonium chromate, zinc nitrate,
and manganese nitrate, the resultant mass
being subjected to pressure to give a hard
cataigyst, which is broken into granules and
treated in a stream of reducing gas.

5. A process for the treatment of gaseous
mixtures of hydrogen and carbon monoxide
containing organic sulfur as an impurity,
comprising passing the said gaseous mixture
over a catalyst consisting of oxides cor-
responding to 58% chromium, 87% zinc
and 5% mangsnese, at a temperature of
300-450° C. and at a pressure in excess of 50
atmospheres, cooling the gases after reaction,
and recovering the resultant methanol.
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6. A catalyst for the production of oxygen-
ated organic compouné)s

tially exclusively of an intimate combination
of zinc oxide with at least one metallic oxide,
not readily reducible to the metal under oper-

ating conditions, the metal of which lies in.

the fifth to seventh group, inclusive, of the
periodic system, with the latter in the greater
amount. ‘

7. A catalyst for the production of oxygen-
ated organic compounds consisting substan-
tially exclusively of an intimate-combination
of zinc oxide with at least one metallic oxide,
the metal of which lies in the fifth to seventh
group of the periodic system, with the latter
oxide in the greater amount, in which at least
one of the component oxides is formed b
precipitation from a salt of the correspond-
ing metal. :

8. A catalyst for the production of oxygen-
ated organic compounds consisting of an inti-
mate mixture of zinc oxide with at least one
metallic oxide, the metal of which lies in the
fifth to seventh group, inclusive, of the
periodic table, with the less basic precipitate
in the greater amount, in the preparation of
which one of the component oxides is fused
for the purpose of securing an intimate mix-
ture with the other component. :

9. The process of preparing a catalyst for
the production of oxygenated organic com-

- pounds comprising precipitation of oxygen

containing compounds from a mizture of

- solutions of salts of zinc and of metals be-

longing to the fifth to seventh group, inclu-

" sive, of the periodic system, with the less basic
_precipitate in the greater amount, filtering,
and drying the resultant mass. '

10. The process of preparing a cetalyst of
the class described comprising the evapora-
tion and heating of solutions of & zinc com-
pound and of a compound of at least one

metal belonging to the 5th to Tth group inclu-.

sive, of the periodic table, with the less busic
in the greater amount, subjecting the result-
ant mass to pressure to produce a relatively
hard mass, breaking said mass into granules

of suitable size, and subjecting the said ma-.

terial at a suitable temperature to the action
of a reducing gas. :

11. The process of preparing a catalyst for
the production of oxygenated organic com-
pounds which comprises the addition of a
solution of zinc nitrate to & solution of am-
monium chromate, using an amount of am-
monium chromate at least equal to that of
the zinc nitrate, and calcining said precipi-

. tate, compressing the resultant mass, break-

60

ing said mass into granules, and subjecting
the said material to the action of a reducing
gas at an elevated temperature.

12. The process of producing oxygenated

organic compounds which comprises circula--

tion of a mixture containing hydrogen and
carbon monoxide over a catalyst consisting

consisting substan-

originally of a mixture of zi..c oxide and of
an oxide of at least one metal belonging to the
5th to Tth group, inclusive, of the periodic
system, with the less basic in the greater
amount, at a temperature of 300 to 500° C.
and at a ﬁressure in excess of 50 atmospheres,
cooling the gases after reaction, and recover-
ing the resultant organic product. )

13. A process of producing synthetic oxy- .

genated organic compounds which comprises
circulating  a mixture containing hydrogen
and carbon monoxide over a catalyst consist-
ing of an intimate mixture of zin¢ oxide with
at least one metallic oxide, not readily reduci-
ble to the metal under operating conditions,
the metal of which lies in the 5th to 7th group,
inclusive, of the periodic system, with the
latter in the greater amount, at a temperature
of 800 to 500° C., and at a pressure in excess
of 50 atmospheres, cooling the gases after
reaction and recovering the resultant organic
product. : .

14. A process for the treatment of gaseous

‘mixtures of hydrogen and carbon monoxide

containing organic sulfur, comprising pass-
ing the gaseous mixture over a sulfur resist-
ant catalyst of the type set forth in claim
6, at & temperature of 300 to 500° C., and at
& ‘pressure in excess of 50 atmospheres, cool-
ing the gases after reaction, and recovering
the resuitant oxygenated organic product.

15. The process of treatment of gaseous
mixtures oé) hydrogen and carbon monoxide
comprising passing the gaseous mixtures in
series over a primary catalyst of the type de-
scribed in claim 6, and an auxiliary catalyst
comprising a strong alkali, whereby a part
at least of the gaseous mixture is converted
into oxygenated organic compounds.

16. 1In a process of synthesizing oxygenated
organic compounds by passing.a gas mix-

-ture containing hydrogen and an oxide of

carbon over a catalyst at elevated tempera-
ture and pressure, the invention comprising
using a catalyst containing difficulty reduci-
ble basic and acidic oxides, the acidic oxide
preponderating. . .

17. The process of synthesizing oxygenat-
ed organic compounds which comprises pass-
ing a gas mixture containing hydrogen and
an oxide of carbon over a catalyst at elevated
temperature and pressure, said catalyst con-
taining difficulty reducible basic and acidic
oxides with the acidic oxide preponderating
in excess of that necessary to form a neutral
compound with the basic oxide.

18. The process of synthesizing oxygenat-
ed organic compounds which comprises pass-
ing a mixture of hydrogen with carbon mon-
oxide at elevated temperature and pressure
over a zinc oxide-chromium oxide catalyst in
which there is a preponderance of chromium
oxide. -

'19. The process of claim 18 in which the ra-
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tio of zinc oxide to chromium oxide is less
than 2, . X

20. In a catalytic process for producing
oxygenated organic compounds utilizing a
three material equilibrium involving a car-
bon-oxygen bearing compound in which at
least one atom of the oxygen is attached only
to the carbon, said compound being capable
of adding hydrogen, a carbon-oxygen con-
taining compound capable of losing hydro-

gen, and hydrogen, the invention which com-’

prises the use of a catalyst containing diffi-
cultly reducible basic and acidic oxides, the
acidic oxide preponderating.

21. In a catalytic process for producing
oxygenated organic compounds utilizing a
three material equilibrium involving a car-
bon-oxygen bearing compound in which at
least one atom of oxygen is attached only to
the carbon, said compound being capable of
adding hydrogen, a carbon-oxygen contain-
ing compoun(f capable of losing hydrogen,
and hydrogen, the invention which comprises
the use of a catalyst consisting of an inti-
mate mixture of zine oxide with at least one
metallic oxide, not readily reducible to the
metal under operating conditions, the metal
of which lies in the %fth to seventh group,
inclusive, of the periodic system, with the
latter in the greater amount, the total of the
basic oxide material being less than the total
of the oxide material which lies in the fifth
to seventh group, inclusive, of the periodic
system.

In testimony whereof I hereunto affix my .

signature. -

OSCAR W. LUSBY.



