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PATENT SPECIFICATION

Applicatianr Date : Feb. 5, 1936. No. 3525/36.
Complete Specification Left: Dec. 30, 1936.

Compfete Specification Aceepted : Aug. 5, 1837,
PROVISIONAL SPECIFICATION.

Improvements in the Manufaeture and Production of Hydrocarhons
and their Derivatives Containing Oxygen from Carbon Monoxide

and Hydrogen.

I, GrorgE WiLLiamM JOHNSoN, a British
Subject, of 47, Lincoln’s Inn Fields, in
the  County of London, Gentleman, de
hexeby declare the nature of this inven-
tion (which has been communicated to
wme from abread by I. G. Farbenindustrie
Aktiengesellschaft, of Frankfort-on-
Main, Germany, a Joint Stock Company
organised under the Laws of Germany) to
be as follows :—

The specification Neo. 16823 A.D. 1935
(Serial No. 458,035) describes a process ac-
aceording to. which in the preparation of
hydrocarbons and, if desired, their deriva-
tives containing oxygen, from carbon mon.
oxide and hydrogen, apparatus parts consist-
ing of metal, in particular of iron, and etehed
on one surface are used as catalysts, the
etehed surface of the apparatus parts
being swept by the reaction gases and the
other side by a gaseous or liquid heating
or eooling agent for the puxpose of sup-
plying or withdrawing the heat of reac-
tion. In this manner especially good
yields may be obtained with large con-
versions without a further addition of

catalyst to the reaction. chamber being

neCessary.

The said catalysts consisting of etched
surfaces suffer, however, a marked
diminution in their activity, in the same
way d4s many other catalysts, after a
greater or less time and finally become
quite exhausted. This renders an inter-
ruption of the conversion necessary and
a reactivation of the catalyst.

My foreign correspondents have now
found that the exhausted catalysts con-
sisting of etched apparatus parts can be
very readily activated again by decom-
posing on them small amounts of volatile
metal compounds which are capable of
decomposing at elevated temperatures, in
particular at temperatures up to 500°
Centigrade, if desired in a reducing atmo-
sphere, with the formation of metals.
Foe this purpose the carbonyls of iron,
nickel, cobalt and molybdenum have
proved especially advantageous, of these
iron carbonyl being the most suitable.
The decomposition of the volatile metal
compounds may be effected for example
by vaporising a small amount of the com-
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pound in the reaction gas and decompos-
ing the same during the conversion of the
reaction gas at the usual reaction tem-
perature. The volatile metal com-
pounds, in particular the carbonyls, may
naturally also be vaporised as such in an
atmosphere of inert or reducing gas, in
articular of hydrogen, and decomposed
at a suitable temperature. It has been
found to bhe especially advantageous to
add very small amounts of the said vola-
tile metal compounds continuously to the
reaction gas whereby the catalyst consist-
ing of etched surfaces is continuously
regenerated. In this case it has been
found to be preferable to add from about
0.01 to 10 cubic centimetres of volatile
metal compound, in particular iron car-
bonyl, per day per litre of reaction space.
The amount of metal compound to be
added depends to a great extent on the
reaction, temperature because most vola-
tile metal compounds, as for example
iron carbonyl, leave the reaction chamber
partially  undecompesed. When  the
volatile metal compound s added not
continwously but at intervals, as for
example after some hours or days,
amounts of from 0.1 to 1 cubic centimetre
per litte of reaction space may, for
example, be employed. The vaporisation
of the volatile metal compounds may be
effected merely by leading the gas current
over the metal compound for example at
from about ©° to 20° Centigrade or,
naturally, it may be heated to higher
temperatures when necessary. The metal
compound may be vaporised as such or a
solution of the compound in a solvent, as
for example in alcohols, hydrocarbens,
organic acids or esters, may be used for
vaporisation.

It has further been found that the
process according to this invention is not
restricted. to the use of etched apparatus
parts but that good results are also
obtained in the absence of eatalysts not
congisting of apparatus parts, ie. for
example of chips, pieces or the like filling
the chamber, by adding the said volatile
metal compounds, in particular carbonyls
and especially iron carbonyl, continuously
or also after certain intervals of time in
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carrying out or temporary interruption of
the conversion of carbon monoxide. For
example simple cleaned tubes onto which
the carbonyl is, then decomposed - and
which may consist of any material, as for
example iron, copper, aluminium or also
ceramic  materials, such as glass,
poreelain, quartz materials or enamelled
metals; or may be coated with the same,
are sufficient.

The yields of hydrocarbons and their

- derivatives containing oxygen when using

non-etched apparatus parts for the con-
version are, indeed, not as high as those
obtained with etched apparatus parts but
the metals formed by the decomposition of
the volatile metal compounds and
deposited on the surfaces of the apparatus
parts obviously exert a catalytic action on
the conversion in the case of unetched
apparatus parts, the said action leading
to a good yield of the desired products.

It is advantageous to carry out
the process at increased pressures,
especially at pressures of more than 20
atmospheres. ~The temperatures to be
used are those usual for the conversion,
namely between 150° and 500°, advan-
tageously between 250° and 400° Centi-
grade. The concentrations of hydrogen
and carbon monoxide in the initial gas are
also as usual.

The following Example will further
illustrate the nature of this invention but
the invention is not restricted to this
Example.

ExampLE.

Within an autoclave
capacity there is arranged a spiral 6
metres long of 40 windings of iron pipe
having an internal diameter of 5 milli-

" metres and ‘an external diameter of 8

millimetres.  Superheated steam at a
temperature of about 330° Centigrade is
led through the interior of the iron pipe.
The iron pipe has been pretreated by etch-
ing the outside with a solution of 200
grams of magnesium nitrate, 50 grams of
potassium nitrate and 5 grams of uranyl
nitrate in 100 cubic centimetres of water
and 1000 cubic centimetres of glacial
acetic acid (the tube being suspended in
the solution for 24 hours) and then dried.

Hydrogen is led through the autoclave
at 400° Centigrade under a pressure of

of 1.7 litres.

100 atmospheres for 10 hours. Then, at
100 atmospheres pressure and at tem-
peratures between 330° and 400° Centi-
grade, a mixture of 40 per cent of carbon
monoxide and 60 per cent of hydrogen is
led through for 8 weeks in such an amount
that 1 cubic metre of final gas is obtained
per hour. The daily yield is from about

1.6 to 2.4 kilograms of hydrocarbons,

alcohols, esters, acids and the like having
more than 2 carbon atoms. In the last
7 days the yield rapidly decreases almost
to nil. By one addition of 25 cubic centi-
metres of iron carbonyl in a small auto-
clave arranged before the reaction auto-
clave and through which the reaction gas
flows, the yield can again be increased to
1.8 kilograms of hydrocatbons and their
oxygen derivatives per day for a period
of 14 days while maintaining otherwise
identical conditions. After a further
vaporisation of 70 c¢ubic centimetres of
iron carbonyl within a period of 6 days,
the daily yield remains at the same value ;
thereupon about every 8 to 14 days 10
cubic centimetres of iron carbonyl are
vaporised in order to maintain the same
yield. "By vaporising 100 ec¢ubic centi-
metres of a solution of 50 cubic centi-
meétres of iron carbonyl in 1000 cubic

centimetres of the oil obtained by the-

reaction, the yield may be increased to
from 2.3 to 27 kilograms of hydrocarbons
containing more than one carbon atom per
day. Up to that time the repeatedly
regenerated catalyst has been continuously
in operation for 140 days.
carbon in the autoclave which may occur
about every 8 weeks may be readily
removed by scraping without the catalyst
tube being rendered useless. The tem-
perature in  the chamber fuctuates
between. 338° and 354° Centigrade and
the pressure between 100 and 120 atmos-
pheres. In addition to the hydrocarbons,
an about equal amount of an aqueous
product is obtained which contains from
about 5 to 20 per cent by volume of
alcohols.

The products referred to as hydro-
carbons contain from 1 to 3 per cent of
oxygen (combined in the form of alcohols,
acids, esters and the like).

Dated this 5th day of February, 1936.
J. Y. & G. W. JOHNSON,
47, Lincoln’s Inn Fields, London, W.C.2,
" Agents.

COMPLETE SPECIFICATION.

Improvements in the Manufacture and Produetion of Hydrocarbons
and their Derivatives Confaining Oxygen from Carbon Monoxide

and Hydrogen.
I, GEorGE WirLiaM JOHNSON, a British

the County of Lendon, Gentleman, do

Subject, of 47, Lincoln’s Inn Fields, in hereby declare the nature of this inven-
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tion (which has been communicated to me
from abroad by I. G. Farbenindustrie
Aktiengesellschaft, of Frankfort-on-
Main, Germany, a Joint Stock Company
organized under the laws of Germany)
and in what manner the same is to be
performed, to be particularly described
and ascertained in and by the following
statement :—

The specification No. 458,035 describes
a process according to which in the

preparation of hydrocarbons and, if
desived, their derivatives. containing
oxygen, from carbon monoxide and

hydrogen, apparatus parts consisting of
metal, in particular of iron, and. etched
on one surface are used as catalysts, the
etched surface of the apparatus parts
being swept by the reaction gases and the
other side by a gaseous or liquid heating
or cooling agent for the purpose of
supplying or withdrawing the heat of
reaction. In this manner especially good
yields may be obtained with large con-
versions without a further addition of
catalyst to the reaction chamber being
necessary.

The said catalysts consisting of etched-

surfaces suffer, however, after a cerfain
time of operation some diminution in
their activity, in the same way as many
other catalysts. This renders an inter-
ruption of the conversion necessaty and
a reactivation of the catalyst.

My f{foreign correspondents have now
found that the catalysts consisting of
etched apparatus parts can be readily
activated ~ after diminution of their
activity by decomposing on them small
amounts of volatile metal compounds
which are capable of decomposing ab
elevated temperatures, in particular at
temperatures up to 500° Centigrade, if
desired in a reducing atmosphere, with
the formation of metals. For this purpose
the cdrbonyls of iron, nickel, cobalt, and
molybdenum  have proved especially

advantageous, of these iron carbonyl being .

the most suitable. The decomposition of
the volatile metal compounds may be
effected for example by vaporising a small
amount of the compounds in the reaction
gas and decomposing the same during the
conversion of the reaction gas at the usual
reaction temperature. The volatile metal
compounds, in particular the carbonyls,
may naturally also be vaporised as such
in an atmosphere of inert or reducing gas,
in particular of hydrogen, and decom-
posed at a suitable temperature. It has
been found to be especially advantageous
to add very small amounts of the said
volatile metal compounds continuously to
the reaction gas whereby the catalyst con-
sisting of etched surfaces is continuously

regenerated. In this case it has been
found to be preferable to add from about
0.01 to 10 cubic centimetres of volatile
metal compounds, in particular iron
carbonyl, per day per litre of reaction
space. The amount of metal compound
to be added depends to a great extent on
the reaction temperature. because most
volatile metal compounds, as for example
iron carbonyl, leave the reaction chamber
partially undecomposed. When  the
volatile metal compound is added not con-
tinuously but at intervals, as for example
after some hours or days, amounts of from
0.1 to 1 cubic centimetre per litre of
reaction space may, for example, be
employed. ~The vaporisation of the volatile
metal compounds may be effected merely
by leading the gas current over the metal
compound for example at from about 0°
to 20° Centigrade, or naturally, it may
be heated to higher temperatures when
necessary. The metal compound may be
vaporised as such or a solution of the com-
ound in a solvent, as for example in
alcohols, hydrocarbons, organic acids or
esters, may be used for vaporisation.

Tt has further been found that the
process according to this invention is not
restricted to the use of etched apparatus
parts but that good results are also
obtained in the absence of catalysts not
consisting of apparatus parts, ie. for
example of chips, pieces or the like filling
the chamber, by adding the said volatile
metal compounds, in particular carbonyls
and especially iron carbonyl, continuously
or also after certain intervals of time in
small amounts when working in apparatus
with unetched apparatus parts during the
carrying out or temporary interruption of
the conversion of carbon monoxide. For
example simple cleaned tubes onto which
the carbonyl is then decomposed and
which may consist of any material, as for
example iron, copper, aluminium or also
ceramic  mbterials, such as glass,
porcelain, quartz materials or enamelled
metals, or may be coated with the same,
are sufficient.

The yields of hydrocarbons, in par-
ticular gaseous liquid and solid hydro-
carbons containing more than one carbon
atom and their derivatives containing
oxygen (such as methanol or other
alcohols, aldehydes, ketones or carboxylic
acids) are, indeed, not as high when using
non-etched apparatus parts for the con-
version as those obtained with etched
apparatus parts but the metals formed by
the decomposition of the volatile metal
compounds and deposited on the surfaces
of the apparatus parts obviously exert a
catalytic action on the conversion in the
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*;@;;ci..@nnleadi;ng to a good yield of the

desired produets.

It is advamtageous to carry out the

process at imereased pressures, especially
at pressures of more than 20 atmospheres.
The temperatures to be used are those
usual; for the conversion, namely between
150° and 500°, advantageously between
250° and 400° Centigrade. 'Fhe concen-
trations of hydregen and carhon monoxide
in; the initial gas are also, as. usual, namely
between; 10: and 0.3 parts and preferably
between: % and 0.5 pants of hydregen for
each part of carboy monoxide. ,
.. The following Example will further
iblustrate how the: saidi invention may be
carried out in practice but the invention
is mot restricted te: this. Example.

Within an  autoclave of 1.7
capacity there is amranged a spiral 6
motres long of 40« windings of iron pipe
having an internal diamefer of 5 milli-

~ metres and an external diameter of 8
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millimetres. Superheated: steam at a tem-
perature of about: 380> Centigrade. is: led
thnough. the interior of the iron pipe. The
iron. pipe has heen. pretreated: by etching
the omtside withi a solution of 200: grams:
of magnesium nitrate, 50 grams of
potassinm. nitrate and 5 grams of uranyl
nitrate: in 100: cubic centimetres of water
and: 1000t cubic centimetres: of
acetic acid (the tube being suspended im
the: solution for 24 hours) and' then dried.
~ Hydrogen is. led through. the autoclave
ati 400° Centigrade: under a pressure of
100: atrmospheres. for 10 hours. Then, at
100: atmospheres. pressume: and at. tem-
peratuves. between. 830° and 400° Centi-
grade, a mixture of 40: per cent of earbon.
monoxide: and! 60: per cent of hydrogen is
led: through: for 8 weeks: in such an amount
that 1 cubic metre of final gas is: obtained
per hour. The daily yield is from about
1.6: to 24 kilograms  of hydrocarbons,
aleohols, esters, acids. and the. like. having:
more than. 2 carbon atoms. In the last T
days the yield rapidly decreases almost to
nil. By one addition of 25 cubic centi-
metres. of iron carbonyl in a small auto-
clave  arranged hefore the reaction.
autoclave and through which the reaction:
gas. flows, the. yield can again. be increased:
to: 1.8 Lilograms of hydrocarbons and
their oxygen derivatives per day for a
period of 14 days while maintaining
otherwise identical conditions. After a
further vaporisation. of 70. cubic. centi-
metres of iron carbonyl within a period:
of 6. days, the daily yield remains at the
same value ; thereupon about every 8 to.
14 days. 10 cubic centimetres of iron
carbonyl are vaporised: in order to. main-

litres.

glacial

tain the same yield. By vaporising 100.
cubic eentimetres of a solution of 50 cubie
centimetres of iron. earbonyl in 1000 ecubic
centimetres of the oil obtained by the
reaction, the yield may be imcreased to.
from: 2.3 to 2.7 kilograms of hydrocarbons

containing more than ene carbon atom per’

day. Up to that time the repeatedly
regenerated catalyst has been continuously
in operation: for 140 days. A deposit of
carbon. in the autoclave whick may occur
about every 8 weeks may be readily
removed by seraping without the catalyst
tube being rendered wuseless. The tem-
perature im the chamber fluetnates
between 338° and 354 Centigrade and
the pressure between 100 and 120 atmos-
pheres. Tn addition to the hydrocarbons,
an about: equal amount of am aqueous
product is obtained which contains from
about & to 20- per cent by volume of
aleohols.

The produets referred to as hydro-
carbons. contain frem 1 to & per cent of
oxygen (combined in: the form of aleohols,
acids, esters and: the like).

I am aware that it has already been
proposed to preduce liquid hydroearbens
by interaction of metal carbonyls with
smaller amounts of hydrogen than is
theoretically required for the production
of methane and that in this operation the
hydrogen may be replaced by gases con-
taining the same, especially those contain-
ing earbon: monoxide;, such as water gas.
In this process the earbomyls, therefore,
are not added in small amounts and for
the: purpese of ecatalytically prometing
the interaction of earbon monoxide with
hydrogen: but as a reaction component to

" be reacted with the hydregen.

"Having new particularly described and:

aseertained the nature of my said imven-
tiom and: in what manner the same is to
})e» performed, T declare that what T claim
18— :
L. A process for the manufacture and:
production of liydroearbens eor their
derivatives eomtaining oxygen by thermal
conversion of carbon monoxide with
hydrogen which comprises passing mix-
tures of these gases. through spaces,
heated to- a reacting temperature, in
whith at the most the apparatus surfaces
confining the same have a catalytic
aetivity and into which small amounts. of
volatile metal compounds eapable of being
decomposed: at elevated = temperatures
preferably up to 500° €entigrade, are
introduced continueously or- at intervals
while continuing er after discontinuing
the: conversion. -

2. Tn the process as claimed in claim I,
introducing into the reaction space
carbonyls of iron, mickel, eobalt or
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molybdenum or of two or more of these
metals.

3. In the process as claimed in claim 1
or 2, operating in spaces confined by
apparatus surfaces of which at least part
consists of an etched metal, preferably
etched iron.

4. In the process as claimed in any of
claims 1 to 3; continuously introducing
into the reaction space from 0.1 to 10
cubic centimetres of volatile metal com-
pounds per day per litre of the said space.

5. In the process as claimed in any of
claims 1 to 4, adding the volatile metal
compounds while diluted by a solvent.

6. The process for the manufacture and
production of hydrocarbons and their
derivatives containing oxygen substan-
tially as described in the foregoing
Example.

7. Hydrocarbons and their derivatives
containing oxygen when obtained by the
process  particularly  described  and
ascertained.

Dated this 30th day of December, 1936.

J. Y. & G. W. JOHNSON,
47, Lincoln’s Tnn Fields, London, W.C.2,
Agents.

B Abingdon : Printed for His Majesty’s Stationery Office, by Burgess & Son.
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