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It is a known fact that practically pure

methyl alcohol can be obtained by the cata-
- Iytic reduction of the oxides of carbon at high

temperature and pressure, the alcohol form-
5 ing the principal product of the reaction.

It has also been proposed to incorporate
into the catalyzer, substances having a pro-
nounced basic character such as the alkaline
hydroxides, in order to obtain, by cooling

110 the reacting mixture under pressure, a con-

densate comprising an upper layer of an
oily nature which contains a large amount
of the higher alcohols. During the reaction,
water and carbon dioxide are formed in the
16 gasecous mixture. It has further been men-
tioned that, in like conditions, there may be
obtained concurrently with methyl alcohol,
certain oily substances which are insoluble
or but slichtly soluble in ‘water, consisting

20 chiefly of the higher alcohols, provided care ,

Is taken to circulate the reacting gas mix-
ture upon the catalyzer with a small output
- which is not over 3000 liters (measured at
atmospheric pressure) per kg. of the cata-

-"28 lyzer and per hour, and. at temperatures be-

tween 400 and 500 degrees C. Like results
may be obtained by circulating upon the
catalyzer methyl aleohol or its homologues
resulting from a former operation.

The object of the present invention is a
method whereby the principal and almost
exclusive product obtained by the reduction
of the oxides of carbon, is a mixture of prod-
ucts, which are insoluble in water, the major
85 part of this mixture consisting of higher alco-

hols and the corresponding esters and ke-
tones, this mixture containing no hydrocar-

“bons without the formation of methyl alcohol

being preponderant and with outputs of the
40 reaction mixture which attain or even exceed
10.000 liters per kg. of the catalyzer and per
hour, at a pressure of 200-250 atm., and
which will exceed 50.000 liters if the pres-
sure reaches or exceeds 500 atm.. ) .
According to the present invention these
results can only be obtained by adopting the
~ following measures for the preparation of
the catalyzer and for carrying out the opera-
tion. :
50 1. The catalyzer consists of one or more
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metallic oxides which, according to previous

researches, are known as methanol forming
catalyzers, i. e. metallic oxides by means of
which methyl alcohol is the principal prod-
uct of the reaction, said catalyzers %eing for -
instance the oxides of silver, of copper, zing,
manganese, molybdenum, uranium, vanadi-
um or of other metals, with which are very
intimately incorporated one or more alkali
metal oxides or alkaline earth metal oxides, «
said oxides being used solely in the form of
definite salts and in combination with metal-
lic oxides of ‘an acid nature such as chro-
mates, manganates, molybdates, tungstates
or vanadates of sodium, potassium, barium ar
and other metals. The components of the
catalyzer are employed, according to my in-
vention, in such proportions that the number

of atoms of the alkali metal such as potas-
sium, sodium, rubidium ete:, shall be at least o
equal to one-half the total number of atoms

of the metals, properly so called, contained

in the said catalyzer. "As éoncerns the alka-
line earth metal oxides (calcium, barium and
the like) the proportion may be one-half. the 75
above.’ ‘

I may obtain a catalyzing mass fulfilling
these conditions by intimately mixing 830
grams of zinc oxide with 2 kes. of neutral
potassium chromate, or by mixing 105 grams g;
of manganese bioxide with 2 kgs. of neutral
tungstate of barium. ‘ : :

2. It is quite essential to obtain an inti-
mate mixture of the said components of the
catlytic mass by the use of the most energetic gs
and efficient means, in order that the afore-
said results shall be obtained in a. reliable
and a durable manner and with a large out-
put and a uniform composition of the prod-
uct of the reaction, which consists chiefly of g0
higher alcohols, and chiefly of propyl, butyl
and amyl alcohol, and without formation of
methyl alcohol except as a secondary product.

To obtain this intimate mixture, according
to this'invention, I may mix the components 8
by a long and effective process with 10 to 20
per cent of a 10 per cent solution of dextrine
or of gum tragacanth, and I thus obtain a
thick paste which is drawn through a suita-
ble apparatus in order to produce a band Xt
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having 2 to 8 mm. width and 8 fo 4 mm. thick-.
ness. This is suitably dried, and is then
broken up into grains which are as regular
as possible, said grains being then -dried to
the maximum at a temperature not exceed-
ing 320 degrees C., all dust being eliminated
before the said material is employed.

I prefer however to grind the said mixture
between heavy grinding stones (1500 kgs.
as a minimum) for one or two hours, and then
to form it into plates or sheets under the
hydraulic press, said sheets then being
broken up into grains of the same size as
above mentioned, by means of the processes
employed in the manufacture of gunpowder
from saltpeter, sulphur and charcoal, or by
analogous processes. . \

3. The gas mixture will preferably consist
of industrial water gas which contains sub-
stantially 50 volumes of hydrogen and 40
volumes of carbon monoxide, which composi-
tion—as will be further set forth—corre-
sponds almost exactly to the proportion of
the .gaseous elements entering into the re-
action in order to produce the higher alco-

‘hols. But any other suitable gas mixture

may be employed for the reaction, provided
it contains oxygenated or hydrogenated com-

pounds of carbon. The gaseous products,

having sulphur or iron as a base, which may

be contained in the reacting gas mixture, may-

be sufficiently purified by the known methods
in use in illuminating gas manufacture. .
4. For the practical opération of my said

‘process, it is important, if not indispensable,

that the same should be carried out in a closed
circuit, i. e. the uncombined gases being
again circulated under pressure upon the

* catalytic mass. It is even advantageous to
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eliminate in a continuous manner the carbon
dioxide which is produced during the re-
action and which would rapidly attain
15-16 per cent, for this increase would offer
prejudice as concerns both the quantity and
the uniform composition of the collected
products. To eliminate carbon dioxide, I

utilize the very high pressure to which-the

gas mixture is generally subjected in such
syntheses in order to liquefy—by proper
cooling—the carbon dioxide contained in the

-gas mixture discharged from the aleohol

condenser, whereby the amount of carbon
dioxide will be reduced to 2 or 3 per cent at
the maximum. This result can be easily ob-
tained by operating at. pressures of 500-800
atmospheres and by the use of means which
will be further set forth. .

By operating as aforesaid, I obtain at 400

degrees C., by the cooling of the gas mixture-

under pressure, a condensate which consists
of an upper insoluble layer -(density 0.885-

10.890) and a lower aqueous layer (density

0.925-0.940) - which latter represents about

Ces two-thirds of the total volume. The upper

layer is drawn off, and the lower layer is

treated with a saturated aqueous solution lof o

sodium chloride, then cooling to about —20

degrees C. An upper layer is again formed

“which consists of a further amount of in-

soluble . products representing about one-
fourth the volume of the original aqueous
layer. This upper layer is drawn off and is
added to the portion which was previously
withdrawn. This. product is treated with

“potassium carbonate, to remove any water

which it may contain. It is then distilled
and is rectified firstly under normal pressure,

-

(.

[)

and. then in vacuo by the known methods, in -

order to remove the parts containing practi-
cally the whole of the series of monatomic
alcohols derived from the saturated hydro-
carbons, from propyl alcohol to the hexyl
and heptyl alcohols, and their higher homo-
logues. The heaviest- products have an
odour which is like that of wood tar or pitch.
The major part—or about three-fifths—con-

80

85

sists of propyl, butyl and amyl alcohol. The .
salt solution with which the aqueous solution

was treated contains a'small quantity of ethyl.
and methyl alcohol which are removed by

the known distilling processes.

90

From the composition of the collected lig-

uid substances and of the gaseous mixture:

after the reaction, it appears that the higher
alcohols are produced according to the equa-
tion . :

(8n—1) CO+(3n+1)H,=

95

QCnHzn;z_O + (n— 1) 002 + (nj 1) HZO. 7

The resulting alcohols will cdrrespond for

the most part to values of n between 3 and 7,

100

or 5 on the average, the corresponding mean

composition of the gases entering into the

reaction should be 48 parts hydrogen to 42
parts carbon monoxide, by volume, this cor-
responding almost exactly to the mean com-
position of industrial water gas. A

T find it necessary to remove the whole of

105

the water before the rectifying process, to -

avoid the formation of azeotropic com-
pounds between certain. alcohols and water,
as such compounds have a low boiling point
and would hinder the separation of the dif-
ferent alcohols by rectification. )

.By means of the installation which will be.

described hereunder I am enabled to carry
out the said process on a manufacturing

scale, this being given solely by way of ex-

ample and without limitingbthe scope of the
invention, the description being given with
reference to the appended drawing which

_ shows diagrammatieally the said installation.

The gas mixture, which is compressed to
the highest possible operating pressure, en-
ters at 1 in order to supply it to the catalyz-
ing apparatus 2, either directly through the
cock 15 or indirectly through the cock 16 and
the pipe 17,.18, after recovery of heat at 4.
After - circulating upon the catalytic mass

which is maintained at the operating tem-.
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perature of 400 degrees C., the gases are dis-

charged at 3 and are delivered into the up-
per part of the set of tubes ' con-
stituting the condensing apparatus which
comprises four sections. During their de-
scent to the lower part of said tubes, the
gases are successively cooled, 1°, in the up-

-Eer section, by the gas which is to be sent

ack to the catalyzing apparatus and which
enters at 17 and issues at 18; 2°, in the sec-
ond section by the alcohols to be evaporated,
which enter at 33 and issue at 34; 3°, in the
third section by cold water supplied at 65
and discharged at 66; 4°, in the bottom sec-
tion by the cold gases from the second con-
densing apparatus 7, which enter at 10 and
issue at 11, : ‘

Due to this successive cooling, the alcohols
and the water, contained in the gases, will be
entirely condensed and will collect at 5. The
non-condensable gases, comprising the carbon
dioxide formed during the reaction, will is-
sue at 6 and will enter the upper part of the
second condensing apparatus having the four
sections 7,7, 7, 7; the gases circulate through
these tubes to the bottom, and are successively
1°, in the upper section by
the gases sent back to the first condenser
which are supplied at 9 and discharged at 10;

. 2% in the second section by the gaséous car-

bon dioxide discharged from the bottom sec-
tion, which enters at 48 and issues at 49 at
which point a pressure regulating cock is
placed; 8°, in the third section, by means of
an ertifically cooled brine which enters at 50
at a temperature between —20 and —35 de-
grees C. and which issues at 51; 4°, in the
bottom section, by the evaporation of the
liquid carbon dioxide which enters at 46 and
is discharged in the gaseous state at 49, and
whersof the evaporation. pressure, and con-
sequently the temperature, is regulated by the
cock .disposed at 49. o
Under the action of this successive and sys-
tematic cooling, theé carbon dioxide in the
gas mixture condensers and collects at 8, at
the lower part of the second condenser. The

- uncondensable gases are discharged at 9, cir-
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calate in the upper section of the device 7 , is-
sue at 10, enter the lower section of the con-
denser 4, issue at 11, and are taken u by
the circulation pump 12 and are circufa
through 13 to the gas inlet piping into which
they enter at 14, and are again circulated into
the catalyzing apparatus 2. - .

The mixture of the alcohols and water
which collects at the lower part 5 of the ap-

-paratus 4, flows out through 19 and 20 and

the cocks 21 and 22 and enters one of the two
water-removing apparatus 23 or 24 which are
put into alternate use and may be externally
cooled by a cooling mixture which respec-
tively enters at 85—836 or 35—37 and issues
at 837"—35’ or at 86’—35". Since the total

amount of the liquid is about one-half the

ted

capacity of the recipient in use, the liquid is
first allowed to expand at 27 or 28 so as to
discharge the dissolved gases through the
pipe 29 which leads them to the compressor,
and the pressure being thus reduced to one
or two atmospheres, this being necessary for-

the circulation movement of the liquids.” The -

gases which are disengaged may be scrubbed

70

n the brine used to supply the recipients, -

as will be further mentioned. When the
liquid has thus been allowed to expand, I sup-
ply at 42 or 43 a suitable amount of a satu-
rated common salt brine, compressed to the
proper degree, and then the device -for the
cooling of the refrigerating liquid is oper-
ated. When cooled by the internal brine, the
alcoholic liquid separates into two layers,
whereof the bottom layer contains only the
very soluble alcohols (methyl and ethyl alco-
hols) which are present in very small quanti-

ties. This bottom layer is evacuated accord- -

ing to the indications of the external level
gauges, and the operation is performed a sec-
ond time. The insoluble alcohols remaining

in the apparatus are then circulated through

33 into the second section of the condenser 4,
in which they will be heated and will be
Wholl{ or partially volatilized, and will pro-
ceed thence through 34, after a total dehydra-
tion upon potassium carbonate, into the first
column 52 of the rectifying plant. The brine
discharged at 43—44 or 42—44 is separately
distilled to remove the soluble alcohols con-
tained therein, and said brine may be again
employed, after concentration. :

Ks concerns the.carbon dioxide which is
liquefied at 8, this is discharged at 45—46
and sent into the lower section of the con-
denser 7 in which it is volatilized,
thence at 19; it is heated in the second section
of the condenser 7 into which it enters at 48,
issuing at 49, at which point its expansion is
regtlated by a suitable cock. ,

The different alcohols are separafed in the
columns 52, 56, 60 and the like which form
part of the rectifying plant. The pure alco-
hols are collected in the recipients 54, 58, 62
and the like, and the last-distilled products
are collected at 64. The rectifying operation
may be completed in vacuo. 3

The alcohols which are thus produced will
afford the following products which can be
obtained therefrom %ymethods known per se.

I obtain in the first place, by dehydration,
the corresponding series of ethylenic hydro-
carbons and the latter may be transformed
by catalytic hydrogenation under pressure
into saturated hydrocarbons; secondly, the
alcohols themselves, by catalytic dehydre-
genation, can be made to produce the corre-
sponding aldehydes (as concerns the primary
alcohols) and ketones (as conecrns the sec-
ondary alcohols). Imay further employ oxi-
dation in order to obtain the corresponding
acids.” The process according to the inven-
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* tion thus comprises a series of simple and in-
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expensive means whereby I am enabled to
obtain various products in almost unlimited
quantities and without expenditure for ac-
cessory reagents, solely by the use, as raw
material, of the gases which are most com-
monly produced from coal as the sole raw
material. The said products which I obtain
consist of a continuous and very complete se-
ries of hydrocarbons, alcohols, aldehydes, ke-
tones and acids whereof the major part have
as yet been obtained only by indirect methods’
or as the by-products from other industries,
and in insufficient quantities and at prices
which were almost prohibitive as concerns
their use in the industries of organic chem-
istry. The products which are not employed
in these industries will constitute excellent
liquid fuels which may compete with oils de-
rived from coal or vetroleum.

Having now described my invention, what

" Tclaim as new and desire to secure by Letters
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Patent is: . .

1. The method of synthesizing methyl alco-
hol and higher alcohols which consists in
subjecting a mixture of carbon oxides and
hydrogen at a high pressure and at a tem-
perature of at least 800° C. to the action of a
mixed catalyzer formed of a very intimate
mixture of alkali metal salts of metal oxides
of an acid nature with methanol-forming
metal oxides catalysts, cooling while main-
taining the pressure the gases produced by
said catalytic action so. as to condense the
carbon dioxide and the methane contained in
said gases and subjecting the remaining gases.
again to the action of the said catalyzer.

9. In the process of forming a mixture of
aliphatic alcohols including methyl, ethyl,
propy), butyl, and amyl alcohols in which the
proportion of higher alcohols predominates,
from a mixture of hydrogen and carbon mon-
oxide, the step which comprises passing the
gas mixture, at a temperature of at least 300°
C. ‘and a pressure of 250-800 atmospheres,
over a mixed catalyst prepared by intimate-.
ly mixing a methanol-forming metal oxide
catalyst with an alkali metal chromate in
such proportion that the ratio of atoms of al-
kali metal to atoms of chromium in the cat-
-alyst is greater than 1. '

3. The process of claim 2 in which the
catalyst comprises an unfused mixture of
zine oxide and alkali metal chromate.

4. The process of claim 2 in which the cat-
alyst is an un unfused mixture of zine oxide
and potassium chromate. :

5. The process of forming a mixture of ali-
phatic alcohols including methyl, ethyl,
propyl, butyl, and amyl alcohols in which the
proportion of higher alcohols predominates,
from a ‘mixture of hydrogen and carbon

oxides, which comprises passing the gas mix-

65

ture, at a temperature of at least 300° C.and
a pressure of 250-800 atmospheres, over a

catalyst consisting. of an unfused, intimate

mixture of zinc oxide and potassium chro-
mate in which the percentage of zinc oxide is
at least 80%, cooling the resulting vapor
mixture while maintaining the. pressure to
condense and remove alcohol and water
formed in the reaction, thereafter cooling the

70

residual gas under pressure to condense

and remove carbon dioxide from unconden-
sable gases, and recirculating the uncondg'h—
sable gases through the catalyst. !
6. The method of synthesizing methyl al-
cohol and higher alcohols which consists in
subjecting a mixture of: carbon oxides and
hydrogen to.a pressure of at least 200 atmos-
pheres and to a temperature of at least 300°
C. in the presence of a mixed catalyst com-
prising a methanol-forming metal oxide cata-

lyst and a salt taken from the group consist- .

ing of alkali and alkaline earth metal salts
of acidic metal oxides. ‘

7. The method of synthesizing methyl al-
cohol and higher alcohols which consists in
subjecting a mixture of carbon oxides and
hydrogen at a pressure of at least 200 atmos-
pheres and at a temperature of at least 300°
C. to the action of a mixed catalyzer formed
of a very intimate mixture of alkali metal
salts of metal oxides of an acid nature with
methanol-forming metal oxide catalysts, the

number of atoms of the alkali metal contained

in said salts being at least equal to one-half

the total number of atoms of the metals prop-.

erly so called.

8. The method of synthesizing methyl al-
cohol and higher alcohols which consists in
subjecting a mixture of carbon oxides and
hydrogen at a pressure of at least 200 atmos-
pheres and at a temperature of at least 300°
(. to the action of a mixed catalyzer formed
of a very intimate mixture of alkaline earth
metal salts of metal oxides of an acid nature
with methanol-forming metal oxides cata-
lysts, the number of atoms of the alkaline
earth metal contained in said salts being at
least equal to one quarter of the total number
of atoms of the metals properly so called.

9. The method of synthesizing methyl al-
cohol and higher alcohols which consists in
subjecting a mixture of carbon oxides and
hydrogen at a pressure of at least 200 atmos-
pheres and at a temperature of at least 300°
C. to the action of a catalyzer formed of a
very intimate mixture of zinc oxide and neu-
tral potassium chromate substantially in the
following proportions by weight: zinc oxide,
80% ; neutral potassium chromate, 70%.

Tn testimony whereof I have signed my
name to this specification.

GEORGES PATART.
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