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CATALYST FOR SYNTHETIC METHANOL PRODUCTION.

Our invention relates to the production of

methanol by the high pressure catalytic com-

bination of oxides of carbon with hydrogen,

and pertains more directly to the preparation

of improved catalysts and their use in the

process, | o | Sy e
Methanol may be produced by combining

_oxides of carbon with hydrogen in the pres-

- -ence of a suitable catalyst at elevated temper-
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ature and pressure. Carbon monoxide, car-

. bon dioxide, and mixtures of the two oxides
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may be employed, these substances reacting. -
‘with hydrogen according to the following

equations :—

I. carbon monox::ide"-_-'.(}io -+ 2H2': OH30H
11. carbon dioxide—CO,+3H,= =

, CH,0H+IL,0
It is observed that when carbon dioxide is

the oxide employed, one molecule of water is
formed for every molecule of methanol pro-

duced. On the other hand when pure carbon
monoxide 1s used, theoretically there is noth-
ing produced by the reaction but methanol.
Actually in practice pure carbon monoxide
and pure carbon dioxide are both difficult to
obtain economically, so that the methanol

‘synthesis is frequently carried out by react-
~ Ing a mixture of carbon monoxide and carbon

dioxide with hydrogen.

The production of methanol by the in.temcf'

tion of hydrogén and carbon oxides is essen-
tially a hydrogenating reaction effected by
hydrogenating catalysts. While the metha-
nol reaction is ordinarily represented accord-
ing to Equations Iand II above, it is probable

~that thereis an intermediate reaction and that
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this reaction may .involve the production of
formaldehyde which is afterwards further

hydrogenated to methanol, thus:—

IIL CO+2H,=CH,0+H,=CH,0H .

In the case of carbon -dioxidé, the first reac-

tion occurring is, probably the reduction of

that material to carbon menoxide, and Equa-

- tion T may thus be expanded as follows —

60

~_ IV.CO,+H,=H,0+CO
CO+ 2H2=' CHzo +H2 = CH,OH

~Under certain conditions no. methanol’ is

produced by the high pressure catalytic reac-

tion of hydrogen and carbon monoxide—only
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methane being formed. This reaction isillus-
trated by the following equation :— -

V. CO+3H,=CH,+H,0

1t 15, of course, certain that E

uation V repre- -

sents a summation of several intermediate re-

actions.
genation of carbon oxide.

below. o . |
VL. CO+H,=CH,O

. . CH,O+H,=CH,0H
CH,OH+H,=CH,+H,0

a l' -, = . | * . | . - | | _
~In addition to the methane reaction there
~are other side-reactions which sometimes oc-

cur 1n which there are produced esters, alde-

‘hydes, organic acids, ketones, and hydrocar-
bons other than methane; these reactions oc-

curring as the result of the polymerization or

condensation of methanol or its decomposi-

tion products. | -
When a gas mixture comprising carbon ox-

1des mixed with an excess of hydrogen over
the amount theoretically required to produce
‘methanol 1s passed over a catalytic substance

consisting of metals or their oxides at a pres-
sure above 50 atmospheres and at a tempera-
ture above 2502 C. there is nearly always pro-

duced some reaction between the gaseous com-
ponents. The extent of this reaction depends
“to somé degree on space velocity, temperature,
and pressure, but the fact remains that un- 8
~der the conditions outlined, carbon oxides and

hydrogen react to some extent in all cases. -
The substances formed-by such a process

depend, both as to identity and as to amount,:
~almost entirely on the nature and activity of
the catalytic substance present. The meth:
anol catalysts mentioned in prior patents and
literature are combinations of metals or their

oxides ‘which substances normally exert a
hydrogenating  catalytic -effect on gas re-
actions. e T
The literature on the high pressure cata-
lytic process for synthesizing methanol states

that the presence of nickel or any of its com-
‘pounds 1n a catalyst. destroys or poisons the
catalyst and tends to inhibit methanol forma-

tion. While reduced nickel is an excellent

hydrogenating catalyst for many reactions, it
‘has been reported to react with carbon mon-

It -represents the complete hydro-

A possible course of reaction is indicated
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 oxide,and with mixtures of hydrogen and the

2

~ carbon oxides (i. e. carbon monoxide and/or

10

carbon dioxide) used in the methanol re-

action, forming a volatile carbonyl compound
which, it has been stated, inhibits the meth-
anol. reaction. The normal effect of the
presence of nickel in a methanol - catalyst

“according to present theories 1s to cause the
- reaction of hydrogen and carbon oxides to

produce mainly methane and water.

- 'We have now discovered a method
ploying nickel as a methanol catalyst where-
by the desirable: hyvdrogenating catalytic
effect productive of methanol is obtaimed.and
the tendency to methane formation 1s In-

~ hibited.. Briefly, our- nickel catalyst- com-
~ prises granules of nickel, per se. prepared by
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reducing nickel compounds with hydrogen

~at an elevated temperature.
20

~ We have discovered that a nickel catalyst
- of this type is suitable for use in the high-
pressure synthesis of ‘methanol, all of

the
prior art literature notwithstanding. We

attribute the lack of success of prior efforts

to employ nickel catalysts in the synthetic
methanol reaction to the character and to the

~ degree of catalytic activity of the nickel cata-
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lyst emploved. According to our own ex-
periments, ordinary nickel catalysts such as

have been employed in other siinilar chemical

- processes are not suitable for synthetic meth-

33

anol production. We have discovered, how-

ever, that reduced nickel, prepared by the

treatment with hydrogen at elevated temper-

ature of reducible compounds of nickel such
as the hvdrate, the oxide, the nitrate, or vari-

" ous organic salts such as the oxalate or tar-
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trate, may form a very valuable catalyst for
- synthetic methanol production.

~ In prier attempts to adapt nickel catalysts

to synthetic methanol production a catalyst-

~of high activity has apparently been“em-

. 45

‘ployed and the result attained has merely
‘been the complete iydrogenation of carbon
“monoxide to metlighe, as was indicated 1n

IEquations V and VI. The nickel catalysts

- which were found valueless in prior art tests
- were composed of nickel or nickel oxide 1mn

admixture with.an inert support or in ad-

mixture with another catalytic oxide. In
case the catalyst initially contained nickel

oxide, it would, of course, be largely reduced

to metallic nickel, either prior to or during

use. It is a fact well-established in the cata-
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lytic hydrogenation art that. nickel reduced

while in admixture with an inert supporting
mass is a' more active catalyst than 1s the
identical nickel compound when reduced at
the same temperdture in the absence of a sup-

portin; medium. It is also well-known that
a reduction temperature above 300° C., all

other things being ailual, produces a less
active nickel catalyst than does a lower tem-
perature. We have found, however, that a

granular reduced nickel catalyst prepared by

of em-
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the reduction of nickel compound, per se, may
satisfactorily serve as a methanol- catalyst,

provided the proper degree of activity is 1m-.

parted during the reduction. - _
Nickel reduced at temperatures in excess
of 950° C. has little or no catalytic effect 1n
the synthetic methanol reaction.. We attrib-
ute this fact to the character of the nickel.

N

Reduced at, so high a temperature it is too

ingctive a catalyst. Nickel reduced at tem-
peratures below 300° C. 1s so active a catalyst

“that its effect in the synthetic methanol reac-

tion is to completely hvdrogenate carbon

monoxide and thus to produce only methane.

Wehave discovered that nickel catalysts pro-
dueed by the reduction of nickel compounds:

within a temperature rarige of 300-950° (.
mav be emploved in the synthetic methanol

reaction.  We have further discovered that

nickel reduced within a temperature range of

500-600° (. is the best synthetic methanol

catalyst. '

i

HS

In the tabulation below:we have shown

the results attained in the synthetic methanol

process with our nickel catalysts. The proc-

ess was carried out by passing a mixture of

hvdrogen and carbon oxide through 10 c. c.

of granular nickel catalyst under the pres-
sures and at the temperatures indicated, the -
methanol being recovered by cooling the re- 93
“acted gases and condensing under pressure..

N

0N

The per cent methanol in the condensate 1s

reported and it should be understood that
the residual per cernt of condensate 1n all cases

* Carbon dioxide replaced carbon monoxide i this test.

For thie purpose of producing our im-

proved catalysts we may employ, as a base
material,. any easily-reducible compound of
nickel, for example the hydrate, oxide, m-

i

was water.
| - | | .

| - Reaction| ; ! . ,

. Re- l . Per cent

duction| Re- [ PTESSUIS Space ¢. ¢. ¢on- | carhon

of cata-| action |10 pounds| velocity | densate Per cent | 0 -
. - per of methanol .
lyst | temp. | square |  gases |Per hour | | oxide

C.) inch | I in gas

300 | 400 3000 | 10,000 ( 1.3 51.0| 165
300-| 400 3000 20, 000 2.2} 47. 5 16.5
300 400 3000 - 40, 000 3.4 43.7 6.5
500 400 3000 20, 000 4 | 20 16.0
500 420 3000 40, 000 3.4 44.5 17.0
550 400 3000 | 5000 1.3 78 | 1.0
5h0 4100 3000 3, 560 1.1 82 | 17.0
D 400 | - - 3000 10,000 | 2.0 62. 9 17.0
550 400 |- 3000 | - 20,000 | 3.5 539! 17,0 -
550 400 | 3000 40, 000 3.4 49.5 17.0 .
550 . 400 . 3000 60, 000 6.0 - 50,2 17.0
600 380 | 2000 ] 75,000 4.7  45.81. *10 '
600 435 2000 75, 000 2.7 19 16.6
950 400 | 3300 20, 000 1.8 44.3 16.9
950 400 3300 40, 000 2.5 41.6| 16.9
050 430 3000 35, 000 - 2.8 41.0 | 16.0
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trate, tartrate, or oxalate. The reduction .

may be carried out in the ordinary manner,
known to those skilled in the art, which con-

sists in heating granules of the nickel com-

pound to the proper temperature in a cur-:

rent of hydrogen. The precise time required
for reduction depends on the area of material

exposed and the space velocity of the hydro-
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gen. When reduction is completed it is pref-
erable, though not necessary, that the re-
duced catalyst be allowed to cool down to
room temperature in a hydrogen atmospliere.
Once prepared, the catalyst 1s not damaged

- by exposure to air.

10

It desired the reduction may be accom-

lished in the synthetic methanol apparatus
'lmmedlately prior to use.
When granules of a nickel compound are

~ reduced within the temperature range 800

- 20

950° C. the reduced nickel catalyst 1s suit-
able for methanol production, as was shown

in the above tabulation. Nlckel thus reduced
5 below 800° C. retains a powdery character

and no particle fusion is noted. The catalytic
activity of such material 1s so great that com-

plete hydrogenation of carbon oxides is at-

tained. Nickel reduced within the tempera-
ture range 300-950° C. is apparently in a
state of molplent fusion such that 1t has just
enough catalytic activity to carry the hvdro-

| ﬂenatlon of carbon monoxide to the methauol

stacre

- 25 cor dmﬂr to our belief so completely fused as

30

to destroy the catalytic activity in methanol
work.

Granules of nickel compound suitable for

reduction may be prepared by moistening
the powdered or crystalline compound with

water, compressing the moist mass into tab-
let form and permitting it to dry slowly.
place of pure water, a dilute aqueous solu-
tion of an ag lutmatmo* substance such as
dextrine-may be employed and better gran-

ules thus obtained.

Nickel hydrate in pure form and in dense
granules highly suitable for reduction and

- subsequent use as a catalyst may be prepared

40

| oI_' s_._imilar soluble nickel salt is made u
~distilled water to a c¢oncentration of a

- and is then treated with sufficient ammonium
“hydroxide to just render it alkaline, as in-
dicated by “brilliant yellow” indicator paper.

50
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in the following manner :—
A solution of mckel nitrate

Ni(NO,),.6H,0 :

1n
ut

1%. 'This solution is heated to 95-100° C.

The precipitate thus formed is alowed to

by siphoning or decantation. The. precipi-

fugmg, and 1S washed with about

done with a centrifuge.

tate 1s then spread out on plates in layers.
“about 1 cm. 1n thickness and dried at 100-105°

Nickel reduced above 950° C. is ac-

In

-.tures
tated nickel hydroxide is separated in any .
convenient manner, for example by centri-

ve times -

its volume of distilled water. The pr eolp1-
tate 1s again separated, and on account of its
Volummous character the final - separation
from the wash water is most conveniently
The moist precipi-

C. for about 10-15 hours. The precipitate

3
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forms hard dense cakes during the drying

period, and is subsequently broken up into

65

granules of a size suitable for catalytic use.

It is understood however, that the specific

example of the method of preparing nickel
“hydrate for reduction and subsequent use as
a methanol catalyst is illustrative merely. '
Other nickel compounds may be used as the
‘basis of a reduced nickel catalyst as was dis-

closed in a prior section of this specification.

While in the above tabulation of the re-
sults obtained in the production of synthetic
methanol with our nickel catalysts, the reac-

tion temperatures employed vary from

380-430° C., it should be understood that

these eatalysts are operative throughout toe -
‘entire operative range of reaction tempera-

ture for synthetic methanol production—that
1s 250—450° C.

Now having described our mventlou, we
claim the following as new and novel :—

1. A process for the production of syn-

80 -

thetic methanol which comprises passing a

mixture of hydrogen and carbon oxides at a

pressure in excess of 50 atmospheres and at
‘a temperature of 250—450° C. over a catalyst

containing nickel reduced at a temperature

~of 300-950° C.

90

2. A process for the productlon of syu- .

mixture of hydrogen and carbon oxides at a

‘pressure in excess of 50 atmospheres and at

a temperature of 250-450° C. over a catalyst

‘thetic methanol which comprises passing a

95 -

containing nickel reduced at a temperature |

' of 500-600° C.

3. A process for the produetlon of syn-
thetlo methanol which comprises passing a

~mixture of hydrogen and carbon oxides at a
pressure in excess of 50 atmospheres and at
‘a temperature of 380-430° C. over a catalyst
‘containing nickel reduced at a temperature |
of 500-600° C.
settle and the supernatant liquor is removed

In testimony whereof we aﬁix our 51gna-

- J OI-IN C. WOODRUFF
- GROVER BLOOMFIELD.
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 WILLIAM J. BANNISTER,
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