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PROVISIONAL SPECIFICATION.

Improvements in the Manufacture and Production of Synthetic
, Organic Compounds.

I, James YaTe JoHNsoN, a British sub-
ject, of 47, Lincoln’s Inn Fields, in the
County of London, Gentleman, do here-
by declare the nature of this invention
(which has been communicated to me
from abroad by I. G. Farbenindustrie
Aktiengesellschaft, of Frankfort-on-Main,
Germany, a joint stock ecompany
organized under the laws of Germany)
to be as follows: —

The process described in the Specifica-
tion No. 254,760 discloses the production
of organic compounds, containing oxygen,
from carbon oxides and hydrogen, or
hydrocarbons  rich in’ hydrogen, or mix-
tures of hydrogen and hydrocarbons, ab
elevated temperatures and pressures, use
being made of contact masses containing
jron, mnickel or cobalt, or compounds of
the same, in such & state of combination
that no free iron is formed during the
contact operation, the compound form
being maintained throughout.

My foreign correspondents have now
found that, by the reduction of oxides of
carbon organic compounds containing or
not containing oxygen may  be produced
in a highly advantageous manner by
‘employing contact thasses which, in
addition to iron, nickel or cobalt, or-com-
pounds of the same, in any convenient
torm, contain cadmium, or thallium, or
their compounds or mixtures of these sub-
stances. Such contact masses are effective
at comparatively low temperatures as for
example even at from 250° to 800°
Centigrade, or lower. . Again the admix-
ture of cadmium or thallium or their
compounds or mixtures.completely pre-
vents any deposition of soot on the con-
tact mass even if the gas under treatment
be rich in carbon monoxide. The other
elements of the 8th group of the periodic
system such as platinum, palladium and
the like also give in combination with
cadmium or thallium, a similar action to
that given by iron, nickel or cobalt. The
activity of the contact masses is assisted
by still further additions of substances
such as copper, gold, silver, cerium,
zirconium, - aluminiurm, vanadium,
chromium, ~molvbdenum, tung-

sten, manganese, -alkali metals and

alkaline earth metals or compounds of the
same. :

A typical contact mass suitable accord-
ing to the present invention is one con-
taining  iron, copper and cadmium,
employed either as such or with still fur-
ther additions. The contact masses may
be used in a great variety of forms, such
for example as alloys, and may also be
prepured in a great variety of ways. For
example, the oxides prepared by carefully
heating the nitrates, may be used as
initial materials or the components con-
cerned may be precipitated jointly, from
solution, as hydroxides, in some cases in
the presence of a carrier such as pumice,
asbestos and the like, or the oxides or
hydroxides and the like may be inti-
mately mixed together, and then charged
mto the reaction chamber after having,
if so desired, been reduced.

- Highly cffective contact masses may
also be obtained by using the correspond-
ing salts of ferro- or ferri-cyanic acid as
initial substances. The process may be
carried out at ordinary, elevated or very
high pressures and even at 1000 atmo-
spheres and higher. According to the
conditions of working as regards tempera-
ture, pressure, composition of the gases,
contact masses and the like, solid liquid
or gaseous hydrocarbons- may be pro-
duced, or also products containing
oxygen, or mixbures of these. In some
cases, the products containing oxygen
consist to a large extent of ethyl alcohol
or of esters, which boil at between 150°
and 300° Centigrade, and are highly suit-
able as solvents and softening agents for
lacquers and the like. Highly valuable
fats and waxes may be recovered from
the fractions of high boiling point.  The
liqguid hydrocarbons may be used as
motor fuel. The gaseous products may
be separated, for example, by strongly
cooling adsorption with active carbon,
extraction with washing oils and, if de-
sired, may be converted, by further treat-
ment, into aleohols, or also into liquid
Liydrocarbons. They may also be
employed as lighbing - or heating gas or
the like. The working operations
already known in the catalytic produe-
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organized. under the laws of Germany)
and in what manner the same is to be

‘of catalysts containing besides one or

more of the following elements, copper,

2 300,204 - R
tion: of compounus. irom gases, especlaily .EZ&AMPLE 1.
trom carbon monoxide and hyarogen, A solution consaming 12 parts of irony.
namely operduing In & CONLINUGUS cycle, 2 paris of cadmuum and 8 parts of copper, &€
previously purilying tue gases, separat- in the form of nitrates, ' is-precipisated
.9 1ng tue reacuon producus. by cooung  with potassium carbonaue,. and the result-
and or by adsorptlon masses, purnylng ing precipitate is thoroughly washed and:
the cirewatlng guses and so on, and also:  dred. About 8 cubic centimetres of the
the devices 1or carrymg off the heat of resulting contact mass are placed in a 55
the regetion: and the hke may aisa be  copper-ined. contaet tube, through which
10 applied, 1 a satable manner, to the 60U litres of water gas, freed from carbon
Present process. dioxide and sulphur compounds in the
A great. variety of gaseous mixbtures usual manner, are then passed, per hour,
.. Iay pe empioyed such as water gas, ‘ab from 300° to 850° Centigrade and at 64
goke-oven gas, coal gas, producer gas, or 100 atmouspheres pressure. The.separator, .
15 mixtures of the same, with or without the which is cooled to the ordinary tempera-
addition. of carbon monoxide and other ture, but maintained under pressure,
gases. Moreover, coals. or hydrocarbons furnishes a liquid composed of two layers;
such as natural gas and the like, or tar the upper one consisting mainly of hydro- 65
cils and. the like, may be incompletely carbons, higher aleohols and esters,
20 burned. with oxygen, or mixtures of whilst the lower one consists mainly of
oxygen and steam, the resulting gases water with about 40" per cent. of "lower
being employed. after purification and, if aleohals, especially ethyl alecohol and
necessary, atter eatalytic conversion of a  organie acids. The contast mass may be 70
portion- of the carbon moncxide by means kept in use for a long period without los-
25 of steam. into carbon dioxide and ing its efficiency.
bydrogen. By attaching a vessel; charged with
The bydrogen needed for the reaction active carbon; in rear of the separator,
may also be generated by the aid of the henzines and hydrocarbons boiling below 75
catalyst itself, by wholly or partially 20° Centigrade, may also be recovered.
80 replacing the hydrogen in the initial ExaMpLE 2.
gases by. steam, light hydrocarbons such Water gas is passed; as in Example
as methane, or mixtures of the same. 1, at from 250° ta 800° Centigrade and at
Such parts of the apparatus as grow from 50 to 100 atmospheres pressure over 80
hot and are exposed to the contact with 8 cubic centimetres of cadmium-copper-
35 the reaction- gases, are preferably con- ferrocyanide. The yield is still higher
strueted, with a view to prevenfing the than in Example 1.
deposition of carbon; in place of iron, of It the operation be conducted at
silver, copper, manganese bronze, ordinary. pressure, considerably larger 85
chromium-nickel,. aluminium, irvon alloys, quantities of contact materials must be
40 such as chromium-, tungsten-, or man- employed in order to obtain the same
ganese steels, ferrosilicon or the like, or yield.
the said- parts may be- provided with a
suitable coating. Dated: this 7th day of July, 1927.
The f{following examples will further JOHNSONS & WILLCQOX,
45 illustrate the nature of the said invention 47, Lincoln’s Inn Fields, London,
which however is not limited thereto. The W.C. 2,
parts are-by weight. Agents..
COMPLETE SPEGIFIGATION
. Improvements in the Manufacture and Production of Synthetic
: Organic Compounds.
I, Jaues Yare Jomvson, a British-sub- performed, to be particularly deseribed
90 ject, of 47, Lincoln’s Inn Fields, in.the and ascertained in and by the following 100
County of London,. Gentleman, do here- statement:—
by declare the. nature of this invention It has already been suggested to pro-
(which has been communicated to me  duce methanol or products consisting sub-
from abroad by I. G. Farbenindustrie stantially of methanol by reducing
95 Aktiengesellschaft, of Fraukfort-on-Main, ecarbon monoxide or dioxide at elevated 105
+ Germany, a joint stock company temperature and pressure in the presence
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.carried . out

silver, gold, zine, cadmium and lead, also

titanium, vanadium, chromium, —man-
ganese and other cognate elements related
to them, namely zirconium, ecerium,
thorium, niobium, tantalum, molyb-

denum, tungsten, uranium, or borém, or
more than one of these elements or com-
pounds, but the specific class of catalysts
described and eclaimed here which
furnish particularly good yields has not
been diselosed. It has further been
suggested to produce organic compounds
contalning oxygen- either alone or in con-
junction with hydrocarbons by the
reduction of oxides of carbon with hydro-
gen under diminished, ordinary or
glightly. elevated pressure and at an
elevated temperature below 800° Centi-
grade in the presence-of a cabalyst com-
s1stlng of iron, with small addition of
alkalies or alkaline earths or their com-
pounds, if desired in ~conjunection with
other substances. But the present
process- is carried’ out specifically with a
catalyst comprising in addition to con-
amounts of irom, mnickel or
Qoba]t, or compounds of the.same, cad-
‘mium or thallium or their compounds or
mixtures of these substances.

The process described in the Specifica-
tion No. 254,760 discloses the production
of organic compounds, containing oxygen,
from carbon oxides and hydrogen, or
hydrocarbons rich in hydrogen, or mix-
tures of hydrogen and hydrocarbons, ab
‘elevated temperatures and pressures; use
being made of ecatalysts containing- irom,
nickel, or cobalt, or compounds of the
same, in such a state of combinatiod that
no free iron is* formed during the con-
taet operation, the compound form being
maintained .throughout.

My foreign correspondents have now
found that by the reduction of oxides of
carbon, organic compounds’ containing or
not containing oxygen are produced in a
highly advantageous’ manner when
employing catalysts which, in addition
to considerable amounts of iron, nickel or

‘cobalt, or ecompounds of the same, in any

convenient form, contain cadmium  or
thallium, or their compounds or mixtures

.of these substances, the said catalysts

being free from substantial amounts of
metal halides and the treatment being
without an addition of
alcohols, esbters or aldehydes. .Such
catalysts are effective at eomparatwely
low temvperatures, ag.for example even ab
from 180° to 200° Centigrade, but pre-

‘férably the process is earried oub bétween

about. 250° and 850° Centigrade, . though
the catalysts mav also be used at’ tem-
peratures of about 400° Centigrade.
Again the admixture of cadmium or

thallium. or their compounds or mixtures
completely prevents any deposition of
soot on the catalysts, even if the gas
under treatment be rich in carbon moh-
oxide. The other elements of the 8th
group of the periodic system, such' as
platinum or palladium, also have in com-
bination with ecadmium, or thallium, a
similar effect to that of iron, nickel or
cobalt and may be employed in place of
or in conjunction with these latter
elements singly or as mixtures. The
activity of the catalysts is assisted by
still further additions of substances such
as copper, gold, silver, ceriuin,
zirconium, aluminium,. =~ vanadium,
uranium, chromium, molybdenum, tung-
steri, manganese, alkali metals’
alkaline: earth metals or compounds of
the same, provided that metal compounds
containing oxygen whicli are difficultly
reducible to the rietal are not present ab
all or only in an amount not exceeding
5 per cent., preferably less than 1 per
cent. of the catalytically active materials.
A typical catalyst suitable according
to the present invention is one  contain-
ing iroh, copper and cadmium; employed
either as such or with still further addi-
tions especially of oxides or carbomates of
the alkali metals
gmounts.
containing more than 50 per cent. of ivon
Pesides copper - and cadmium” and Tess
than one per cent. of an alkali metal in
any convenient form’ is particularly
effective.  The catalysts may be used in
a great variety of forins; such for example
as alloys, and may also be prepared in' a
great variety of ways: For example; the
oxides prepared by earefu]ly heating the
nitrates may be used as’ initial materials
or the components  concerned may be
precipitated jointly, fromi solution, as
hvdromdes, in some cases in the presence
of a carrier, such ag pumlce, asbestos and
the like, or the oxides’ or hydromdes and
the liker may be intimately mixed
together; and then’ charged into the
réaction- chamber after having been
reduced. Highly effective cabalysts may

‘also be obtained' by using the correspond-

ing salts of ferro- or' ferri-cyanic acid
ds inifial substances.

The .process may be carried out at
ordifiary or elevated pressure; e.g. up to
about’ 200 atnjospheres, thotgh even very
high pressures up to 1000  atmospheres
and’ higher may also be used. According
to- the conditions of” working' as regards
temperature, pressutre, cornposition of the
gases, catalysts and the like, solid, liquid,
or gaseous hydrocarbons may be pro-
duced, or also products conbaining
oxygen or mixtures® of these. In  somie

in the abovementioned
Thus for instance, a catalyst
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cases the produets -containing oxygen
consist to a large extent of ethyl aleohol
or of esters, which boil betwen 150° and
800° Centigrade, and are highly suitable
: solvents and softening agents for
lacquers and the like. Highly valuable
fats and waxes may be recovered from
the fractions of high boiling point. The
liquid hydrocarbons may be used as
motor fuel. The gaseous products may
be separated, for example by strongly
cooling, adsorption with active ecarbon,
extraction with washing oils, and, if de-
sired may be converted, by further treat-
ment, into alcohols, or also into liquid
hydrocarbons. They may alsc be
‘employed as lighting or heating gas or
the like. The working operations already
known in the catalytic production of
compounds - from gases, especially from
carbon monoxide and hydrogen, namely
operating in a continuous cycle, pre-
viously purifying the gases, separating
the reaction products by cooling and/or
by adsorption masses, purifying the cir-
culating gases and so on, and also the

‘devices for carrying off the heat of the

reaction and the like may also be applied,
in a suitable manner, to the present
process.

A great variebty of gaseous mixtures
may be employed such as water gas, coke-
oven gas, coal gas; producer gas, or mix-
tures of the same, with or .without the
addition of carbon monoxide and other
gases. Moreover, coals or hydrocarbons
such as natural gas and the like, or tar
oils and the like, may be incom-

pletely burned with oxygen, or mixbures

of oxygen and steam, the resulting gases
being employed affer. purification and,
if necessary, after catalytic conversion
of a portion of the carbon monoxide by
means of steam into carbon dioxide and
hydrogen.

The hydrogen needed for the reaction
may also be generated by the aid of the
catalyst itself, by wholly or partially
replacing the hydrogen in the initial
gases by - steam, light hydrocarbons such
as methane, or mistures of the same.

Such parts of -the apparatus as grow
hot and are exposed to the contact with
the reaction gases, are preferably con-
structed, with.a view to preventing the
deposition of carbon, in place of iron; of
silver, copper, manganese bronze,
chromium-nickel, aluminium, iron
alloys, such as chromiium-, tungsten- or
manganese-steels, ferrosilicon or the like,
or the said parts may be provided with
a-snitable coating. .

The - following examples will further

iltustrate how the said invention may be
.carried. into practical _effect, bubt . the

“compounds -

invention is not limited thereto. The

parts are by weight.
ExampLe 1.

A solution containing 12 parts of iron, 7

2 parts of cadmium and 8 parts of eopper,
in the form of nitrates,
with potassium carbonate, and the
resulting precipitate is thoroughly washed
and dried. Over the resulting catalyst
placed in a copper-lined contaet -tube,
water gas, freed from earbon dioxide and
sulphur compounds in the usual manner,
is passed at the rate of 60 litres per each
8 cubic centimetres of the catalyst per
hour, at from 800° to 850° Centigrade and
at 100 atmospheres pressure. From the
separator, which is cooled to the
ordinary temperature, but maintained
under pressure, a liquid is drawn off
composed of two layers, the upper one
consisting mainly of  hydrocarbons,
higher alecohols and esters, while the
lower one consists mainly of water with
about 40 per cent. of lower alcohols,
especially ethyl aleohol and organie acids.
The catalyst may be kept in use for a
long period without losing its efficiency.

By attaching a vessel, charged with
active carbon, in rvear of the separator,
benzines and hydrocarbons boiling below
20° Centigrade, may also be recovered.

Exavprre z.

Water gas is passed, at the rate of
flow described in Example 1. at from
250° to 800° Centigrade and at from 50
to 100 atmospheres pressure over cad-
mium-copper-ferrocyamde  prepared by
precipitating a solusion of potassium
ferrocyanide with a solution of cadmium
and copper salts. The yield is still
higher than in Example 1.

If the operation bhe conducted ab
ordinary pressure, considerably larger
quantities of catalysts, for example 20
times the amount employed in the fore-
going, must be introduced in order fto
obtain the same yield.

ExavpLE 3. .

A solution of 2 molecular proportions
of iron nitrate and 1 molecular propor-
tion each of thallous nitrate and copper
nitrate are precipitated with such an
amount of sodium carbonate. that litmus
-paper just becomes blue, in the form of
.their carbonates, and the precipitate thus
-obtained - is deecanted, filtered, washed
and dried. TUnder the conditions of
working specified in Example 1 ample
-quantities of hydrocarbons and organic
conbaining oxveen are
cbtained with the above catalvst which
does not gradually lose its efficiency by
_deposition of carbon as is usually the
case when employing iron catalysts d{ree

Cfrom cadmium or thallium.

1s precipitated .
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A similar action is produced by
catalysts prepared by precipitating the
heavy metal components from solutions of
their salts by means of the calculated
amount of ammonia, intimately mixing
the precipitates and impregnating them,
aifter drying, with such small amounts of
sodium, potassium, or lithium carbonate,
that the alkali carbonate content of the
catalyst preferably does not exceed 1 per
cent. caleulated as metal.

A process has already been suggested
for the production of a catalyst for the
synthesis of oxygenated organic com-
paunds by subjecting mixtures or com-
pounds containing hexavalent chromium
and one or more of the catalytic group of
metals inecluding zine, copper, cadmium,
magnesium, manganese, silver and iron
to a ftreatment abt red heat to form
chromites containing ftrivalent chromium
and I make no claim to this process here.

I am aware of Specifications Nos.
229,714 and 237,080 and do mnot claim
anything des.ribed or claimed therein.

Having now particularly deseribed
and ascertained tlie nature of my said
invention and in what manner the same
is to be performed, I declare that what
I claim is:—

1. A process for the manufacture and
orad wetion- of  synthetie organic com-
poands which consists in reducing oxides
nf carbon at elevated temperature and
ordinary or elevated pressure in the
presence of a catalyst comprising in
aldition to counsiderable amounts of iron,
nickel or cobalt or compounds of the
same cadmium or thallium or their com-

pounds or mixtures of these substances,
the said catalysts being iree irom sub-
stantial amounts of metal halides and the
treatment being carried out without an
addition of alcohols, esters, or aldehydes.

2. A modification of the process
according to Claim 1, which consists in
employing a catalyst containing, in place
of or in conjunction with iron, nickel or
cobalt, one or more of the other elements
of the group 8 of the periodic system.

3. A specific manner of earrying out
the processes according to Claims 1 and
2, which consists in employing a catalyst
as defined therein containing additions
of other substances such as copper, gold,

silver, cerium, zirconium, aluminium,
vanadium, uranjum, chromium, molyb-
denum, tungsten, manganese, alkali

metals and alkaline earth metals or com-
pounds of the same, provided that metal
compounds containing oxygen which are
difficultly reducible to the metal should
not be present at all or only in an
amount not exceeding 5 per cent., prefer-
ably less than 1 per cent. of the
catalytically active material.

4. A process for the manufacture and
production of synthetic organic com-
pounds, substantially as described in
each of the foregoing examples.

5. Synthetic organic compnunds when
prepared in accordance with the preced-
ing claiming clauses.

Dated this 5th day of April, 1928.

JOHNSONS & WILLCOX,
47, Lincoln’s Inn Fields, London,
W.C. 2,

Agents.

Abingdon : Printed for L. Maj;esty’s Stationery Office, by Burgess & Son,
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