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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 fo the prepara-
tion and employment of improved catalysts
in the process.

Metnanol may be produced by combining

oxides of carbon with hydrogen'in the pres-

- ence of a suitable catalyst at elevated tem-
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perature and pressure.  Carbon monoxide,
carbon dioxide, and mixture of the two ox-
ides may be employed, these substances re-
acting . with hydrogen according to the fol-

lowing reactions :—

Carbon monoxide—CO -+ 2H,=CH,0H,
Carbon dioxide—CO, + 3H220H30H +H,0

It is observed that when ecarbon dicxide
is the oxide employed, one molecule of wa-
ter is formed for every molecule of methanol
produced. - On the other hand when pure
carbon monoxide is used, theoretically there
is nothing produced by the reaction but
methanol.~ Actually in practce pure carbon
monoxide and pure carbon dioxide are both
difficult to obtain economically, so that the
methanol synthesis is carried out by react-
ing a mixture of carbon monoxide and car-
bon dioxide with hydrogen,

In addition to the reactions producing
methanol there are, in the methanol synthesis,
undesirable side-reactions which cut down
the yield of the desired product. The prin-
cipal side reaction which may occur is the
formation of methane, which is illustrated
below : ' ‘

CO + 3H2—)CH4 +H20
002 + 4H2—)CH4 + 2H20

In addition to the methane side-reaction
there are other side-reactions which some-
times occur in which there are produced
esters, aldehydes, organic acids, ketones, and
hydrocarbons other than methane; these re-
actions occurring as the result of the poly-
merization or condensation of methanol or
its decomposition products. o

When a gas mixture comprising carbon
oxides mixed with an excess of hydrogen

over the amount theoretically required to

produce methanol is passed over a catalytic
substance comprising metals or their oxides
at a pressure above 50 atmospheres and. at a
temperature above 250° C, there is nearly
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always produced some reaction between the
gaseous components. The extent of this re-
action depends to some degree on space ve-
locity, temperature, and pressure, but the

- fact remains that under the conditions out--

lined, carbon oxides and h;'drogen react to
some extent in all cases. : :

Thé substances formed by such a process
depend, both as to identity and as to amount,
almost ent’rely on the nature and activity of
the catalytic substance present. In general,
finely .divided metals or mixtures of me-
tallic oxides non-reducible to free metal un-
der the conditions of the methanol synthesis
are catalytic substances which cause the pro-
duction of more or less methanol, Iron and
nickel and their oxides, while useful hydro-
genating and dehydrogenating catalysts in
inany other instances, have in the past been
deemed unsuitable for employment as meth-
anol catalysts on account of their strong
methanating action which largely prevents
methanol formation, the carbon oxides be-
ing reduced to methane,

We have discovered a new type of meth-
anol - catalyst which produces a higher
yield of methanol than those formerly em-
gloyed in the art, and at the same time pro-

uces a very pure methanol, uncontaminated .

by by-products. An additional advantage
accruing from the use of our catalysts is
that the formation of methane in the proc-
ess—with the consequent destruction of val-
uable hydrogen—is practically eliminated.
It is known that metal oxides, non-reduc-
ible or difficultly reducible to metals under
the conditions of the methanol reaction serve

as satisfactory base or 1;;rincipal materials in

the formulation of methanol catalysts (U. S.
Patent 1,558,559). For example the oxides
of metals of the second group in the Pe.
riodic Table of Elements—such as zinc and
magnesium—may be alternatively emploved
as principal catalysts, but since by them-
selves the oxides are not true catalysts they
are combined with smaller quantities of
catalyst “promoters”—which in turn. may
consist of other metallic oxides of the Third
to Seventh Periodic Table groups.

- For example, zinc oxide—per se—is not a
suitable catalyst, but in admixture with a
less basic metal oxide, such as the oxides of
chromium, manganese, molybdenum, titani-
um, cerium, vanadium, tungsten, etc., the
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said additive oxides apparently acting as
“promoters,” the mixture becomes a good
catalyst for methanol production.
Similarly magnesium may be used to re-
lace zinc in the production of such cata-
ysts. In the prior art the catalyst mixtures

-of this type uniformly contained a greater

proportion of the more basic (zinc or mag--
nesium) oxides, and a lesser proportion of
the additive oxide.

We have now discovered that methanol
catalysts comprising mixtures of non-reduc-
ible or difficultly reducible metallic .oxides
may be 1Frea.tly improved by the addition of
a metallic halide. The precise metal em-
ployed in the halide may be either identical
with or different from the metal of the
oxides. o ‘

The method by which the metallic halides
produce the improvement is not. known to

_us. At least three theories may be used to
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account for the phenomenon—namely :—
(1) The metallic halide acts as an ordi-

nary “promoter” in increasing catalyst activ-

ity; :

to produce oxychloride compounds which, in
turn, either serve as catalyst promoters, or
may so modify the purely physical state of
the mass as to produce a more active
catalyst; :

(3) The metallic halide may be reduced
by the high pressure contact with hydrogen
and carbon oxides during the commence-
ment of its use as a catalyst and the resultant
finely divided metal may increase the
catalyst activity, or alternatively, the metal-
lic halide may first react with some other
metal producing the halide thereof, which
may be reduced in the same manner.

owever, the precise explanation for the
improved result attained by the addition
of metallic halides to methanol catalyst is
not known and forms no part of our inven-
tion. .
To produce our improved catalyst it is not
necessary that the amount of metallic halide

.added bear any exact weight relation to the

remaining constituents of the catalyst,
though the amount of halide added should
preferably be less than one chemical equiv-

-alent of the amount of principal metallic

oxide present in the catalyst.
Our invention is of widespread usefulness

in the methanol art and to further disclose -

it but in no manner to limit it beyond the
limitations derived from' the whole speci-
fication we append the following examples:
Our improved catalyst consist of the fol-
lowing elements, - S
1. An oxide of a second group (Men-
deleef’s Periodic Table) metal; A
. IL. An oxide of a metal of the third to
seventh group to serve as a promoter; -

(2) The metallie halide interacts with -
other metallic oxides present in the catalyst.

III. A metallic halide.
Below are appended illustrative examples
of such catalyst mixtures:—
) dZinc oxide—chromium oxide—zi . chlo-
ride. .
Zine oxide—chromium oxide—vanadium
chloride. .
Zinc oxide—manganese oxide—magne-
sium chloride.

Magnesium . oxide—vanadium - oxide—
magnesium fluoride. » ’
Magnesium oxide—chromium oxide—

chromium chloride.
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Strontium oxide—thromium oxide—zinc -

chloride. :

Zinc oxide—vanadium oxide—magnesium
chloride. :

In general, catalysts of this type are most
effective if the oxide of the second group
metal is present in predominating quantity
over the other, promoting, oxide. However
catalysts containing oxides in the reverse
ratio produce methanol and are included in
our invention.

The addition of a solution of zinc chlo-
ride to a mixture of zinc oxide and chro-
mium oxide, followed by a drying and re-
covery of the mass, produces a catalyst giv-
ing results superior to those known in the
art. Similar improved catalysts are ob-
tained when other combinations of second
group metal oxides and metallic halides are
combined—for example magnesium com-
pounds.

As illustrative of our improved catalysts
the following results are appended. ’

Ezample I.

A catalyst base material is prepared by
dissolving 8 kilograms of chromic nitrate
(Cr(NOy);-9H,0) in 5 liters of water; add-
ing with stirring 5 kilograms of zinc oxide,
evaporating the mass to dryness, and heat-
ing until the chromic nitrate is converted to
chromic oxide. The mixture is then broken
up and sieved through a 65 mesh screen.

If a quantity of this material is mixed
with 10% of dextrin or a similar agglutenat-
ing agent dissolved in 10 parts of water and
the resultant mixture dried- and broken up
into granules, a catalyst is obtained such as
is described in the prior art. - _

When a mixture of .carbon oxides and
hydrogen comprising, say 10% of carbon
d’oxide and 90% of hydrogen at a pressure
of 2200 pounds is passed-through 1000 cubic
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centimeters of such a catalyst at a space ve-

locity of 75,000 and at a temperature of
about 350-400° C. there will be produced
about 900-1000 cubic centimeters of conden-
sate per hour. On analysis this condensate
will show 40-46% -methanol, the remainder
being largely water. An analysis of the re-
sidual gas will show a considerable methane
formation, i S

125

%



http://ww. Pat ent Gopher.com

10

15

1,635,925

If to the dextrin solution used to gran-
ulate the sieved material there is added n
zinc halide, preferably zinc chloride in such
amount that it represents from 6-109, of the
weight of zinc oxide and chromic oxide, the
mass being dried and broken up in the same
manner, an improved catalyst will result.
Under the same reaction conditions this cata-

lyst will produce from 1.7-2.0 liters of con- -

ensate per hour and this condensate will
show about 55% of methanol, the remainder
being substantially pure water. Further-
more an_analysis of the residual gases will
show a diminution in methane formation.

Example I1.

If the zinc halide mentioned in Example
I is replaced by an equivalent quantity of
magnesium chloride similar improved re-

sults will be obtained. The yield of conden- .

sate may’ fall to about 1.6 liters per hour, the

methanol content being unchanged.

o Example I11.
2200 grams of zinc oxide and 800 grams

" of chromic oxide are mixed in a solution

30,

of about 200 grams of zinc chloride and
250 grams of dextrin in 3 liters of water.
The mass is dried and broken up into gran-
ules. When a gas mixture comprising 10%
carbon dioxide, 2% carbon monoxide, and

- 88% hydrogen is passed through 1000 cubic
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centimeters of the catalyst, at a tempera-
ture of about 880-420° C., at a space velocity
of 75,000-100,000 and at a pressure of 3000
pounds there will be produced, hourly, about
2 liters of condensate analyzing about 57%
methanol. _

In the absence of the zinc chloride the
total volume of condensate will be reduced
and the percentage yield of methonal will
be greatly reduced.

Ezample IV, '

If in Example III, the zine oxide is re-
placed by magnesium oxide, the resultant
catalyst under similar operating conditions
will produce about 1.5 liters of condensate
per hour, the methanol content remaining
about the same. :

Example V.
2600 grams of zinc nitrate
(Zn(NOy),-6H,0)

and 160 grams of tungstic oxide (Wo0O,) are
mixed and heated until the zine nitrate is
converted to zinc oxide. The resultant yel-
low mass is powdered and mixed with 400
grams of 50% zinc bromide solution. The
resultant mass is dried and broken up into
granules. When a gas mixture comprising
5% carbon dioxide, 5% -carbon monoxide,
and 90% hydrogen is passed through 1000

cubic centimeters of this catalyst at 3 space

_position of our improved catalysts.

velocity of -about 100,000, s temperature of
about 400°, and at a pressure of 2500-3000
pounds, there will be produced, hourly, about

L5 liters of condensate analyzing about 50<
' .70

methanol.
' Example V1.
3900 grams zinc nitrate ,
(Zn(NO,),-6H,0) ,
and 500 grams uranium nitrate
(UOx(NO,),- 6H;0)

is dissolved in 5 liters of warm water. To
this mixture is added sufficient postassium

]

carbonate to precipitate all of the zinc and -
uranium as carbonate and basic carbonate. -

The resultant precipitate is ' recovered,
washed, dried, and moistened fvith a solu-
tion containing 200 grams zinc -chloride.
The mass is again dried, and is broken up
into granules, whereupon it is ready for use.

When a gas mixture com rising 10% car-
bon dioxide and 90% hydrogen is passed
at a space velocity of 75,000 over 1 liter

~of catalyst granules at a pressure of 2500

pounds and a temperature of 380-440° (.

there is obtained hourly about 8 liters of

ccndensate analyzing about 48% methanol.
A similar catalyst to which a metallic halide
is not added gives a far smaller yield and
conversion to methanol. '

The specific examples we-have related are
intende(f to display various phases of our
invention and not to limit it.  While in the
above specific examples we have shown the
use of metallic chlorides and metallic bro-
mides, it should be understood that similar
results are attained with other halides,
though in general we prefer to employ
chlorides on account of their relative non-
volatility and ready accessibility. There
exists, of course, a possibility of almost in-
finite variety in changes of percentage com-
We
have observed however, that while changes
in the proportionate amount of second group
metal to promoter produce changes in cata-
lyst effectiveness, at the same time the pres-
ence of a metal halide in the catalyst inva-
riably produces greatly improved results,

It is, of course, obvious that one may
replace a single second group oxide by a
mixture of two such oxides. For example
zinc oxide may be replaced by a mixture of
zinc oxide and magnesium oxide. Likewise
instead of on
mium oxide, one may employ a mixture.
Such changes are within the spirit of our
invention and the appended clains.

An increased space velocity produces an
increased hourly yield and an increase in op-
erating pressure has the same effect. Like-
wise the use of pure carbon monoxide as
dlstlngulshed from carbon dioxide or a mix-
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ture of -the two results in an ihcreasedv

methanol percentage in the condensate, and,

‘since carbon monoxide seems to react more

readily, an increased condensate volume.

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

1. A methanol catalyst comprising a plu-
relity of difficultly reducible second group
metal oxides, a plurality of difficultly reduci-
ble metal oxides from the third to seventh
groups, and a metallic halide. -

2. A methanol catalysbcompnsingl a dif-

ficultly reducible second group metal oxide, -

a difficultly reducible oxide of the third to
seventh groups, and a metallic halide.

3. A methanol catalyst initially compris-
ing a difficultly reducible second group metal
oxide, a difficultly reducible oxide of the
third to seventh groups, and a metallic
halide. : _

4. A methanol catalyst initially compris-
ing a difficultly reducible second group metal

oxide, a lesser quantity of a difficultly re-

ducible oxide of the third to seventh groups,
and a metallic halide.
5. A methanol catalyst initially compris-

ing # difficultly reducible second group metal -

oxide, a lesser quantity of a difficultly re-
ducible oxide of the third to seventh groups,
and a metallic chloride..

6. A methanol catalyst initially compris-
ing a difficultly reducible second group metal
oxide, a lesser quantity of a difficultly re-
ducible metal oxide of the third to seventh
groups, and a metallic halide in amount not

exceeding one chemical equivalent of the

second group oxide.

7. A methanol catalyst initially compris-
ing a difficultly reducible second group metal
oxide, a lesser quantity of & difficultly reduci-
ble metal oxide of the third to seventh
groups, and a metallic chloride in amount
not exceeding one chemical equivalent of the
second group oxide.

8. A methanol catalyst comprising zinc
oxide, chromium oxide, and a metallic I%a-lide.

9. A methanol catalyst comprising zinc
oxide, chromium oxide and a metallic
chloride. , v

10. A process for the production of syn-
thetic methanol which comprises passing a

- mixture of hydrogen and carbon oxides at &

pressure in excess of 50 atmospheres and at
an elevated temperature, over a catalyst
initially comprising a mixture of difficultly
reducible oxides and # metallic halide.

11. A process for the production of syn-
thetic methanol which comprises passing a

pressure in excess of 50 atmospheres emd at an
elevated temperature, over a catalyst initial-
ly comprising a mixture of difficultly re-
ducible oxides and a metallic chloride.

12. A process for the production of syn-
thetic methanol which comprises passing a
mixture of hydrogen and carbon oxides, at
a pressure in excess of 50 atmospheres #nd at
an elevated pressure, over a catal
ly comprising a mixture of zinc oxide,
chromium oxide, and -zinc chloride.

In testimony whereof we affix our signa-

tures. :
JOHN C. WOODRUFF.

t initial-

GROVER BLOOMFIELD.
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