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PATENT SPECIFICATION
No. 21623137 500,264

Improvements in the Manufacture of Hydrocarbons by Reaction
between Carbon Monoxide and Hydrogen.

- I, Hexry DrEy¥US, & British subject,
of Celanese House, 22 & 28, Hanover
Squsre, London, W.1, do hereby declare
the nature of this inventioh to be as
follows ;—

This invention relates o the manufac-
ture of hydrocarbons by reaciion between

“earbon monoxide and hydrogen.

When mixtures of carbon monoxide
snd hydrogen are heated a2t a sultable
temperature in the presence of shrongly
hydrogenating catalysts different pro-
duets are formed according to the condi-
tions employed. Thus at relatively high
temperatures snd  under atmoespheric
pressure, methane Is produced in large
quantities, while at lower temperatures
normally liquid hydrocarbons are the
main produects. For example, using =
nickel catalysts, at temperatures of 280°
to 250° C. methane is produced, while at
temperatures of 160° to 180" C. normally
liguid hydrocarbons are the main pro-
ducts.

There is, however, one difficulty which
arises in carrying out the synthesis of
normally liquid hydrocarbons from  car-
bon monoxide and hydrogen. It is found
that the catalyst used gradually loses ite

- initial activity and after a more or less

short pericd becomes commercially use-
less and must be regenerated. Tb is
believed that this gradual poisoning of
the catalyst is due, ab least in large part,
to the deposition or formatbiom. thereon of
wax-like materials which reduce the
active surface available for catalysing the
reaction. :

Aceording to the present invention the
reachion is carried out under an absolute
pressure which is at the least normally
above 0.5 atmosphere, but whieh is
periodically considerably reduced. By
this means it is possible to work continu-
ously for long periods without having to
stop the reaction and Tegenerate the
catalyst, awd at the same fime mare
material may be treated inm an apparatus
of any given size than when the reaction
iz camried oub entirely under =z low
absolute pressure.

In carrying out

[Price 1/-]

the new process the

reaction may with advantage be allowed
o proceed under aboud atmospheric pres-
gure or a higher pressure until the
activity of the eatalyst, and consequently
the rate at which the hydrocarbons are
formed, begin to fall off; the absolute
pressure in the apperatus may then be
veduced, for example to between 0.25 and
0.1 atwosphere or lower, untfl the
catalyst hes sufficiently recovered  its
activity, whereupon the absolute pressure
mey again be raised to a value in the
neighbourhood of atmaospheric pressure
or higher.

Although it is preferred to continue
passing the reactant guses over or
through the catalyst during the low pres-
gure periods, 5o as nob fo interrupt com-
plately the produstion of hydrocarbons.
this is not essential. For example. the
reactant gases may be replaced by rela-
tively imert gases or vapours, e.g nitro-
gen or steam, or by oxidising gases. e.g.
air or oxygen. Since the regeneration of
the catalyst is facilitated by a flow of gas,
whether reactant gas or sn inerbt or oxid-
ising gas or vapour, it is Detfer to main-
tain o stream of reactant or other gas
rather than to interrupt the flow of gas
during the low pressure petiod. aithough
this may be done if desired whether or nob
the reactant gaseés are replaced by imert
or oxidising gases or vapours.

Preferably the synthesis is carvied out
in the presence of a diluent whereby the
partial pressure of the reactants and pro-
duets, desired andfor undesired, s
reduced, For example the carbon
monoxide and hydrogen may be diluted
with nitrogen or better stitl with carban
dioxide or hydroesrbon gases or vapours.
The diluent may, of desived, comprise
hydrocarbons  produced  from carbon
monoxide and hyvdrogen in an  eariier
stage or operation. The amount of
diluent may, for example, be 14. 8, & or
10 or more parts by volume for each part
of carbon monoxide.

The conditions employed in the syn-
thesis depend on the produets which are
desived.  As catalysts there may be emn-
ployed metals of Group 8. For example
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cobzit and iron are particularly usefol
when it is desived to produce normally
liguid hydrocarbons, while nickel is mosh
valuable when methane is to he produced.
The catalysts may, for example, be
aetivated with alumina, magnesia, zine
oxide or other sciivating agents. The
catalysts, whether alone or mixed with
other catalysts or with activaiing agents,
may be employed in association with a
carrier; for example they may be de-
posited on chareoal, silica gel, pumice,
ashestos or the like. On the other hand
gelf-supporting catalyst masses may be
vsed with advantage, and In particular a
special nickel-alumine or similar catalysi
prepared in the cold as deseribed in

Specification No. 465,157 of British
Celanese Limited and ofhers js parbicu-
larly useful for wmaking methane;
analogous methods of making iron and
aspecially cobalt catalysts may be adopted
when normally liquid hydroearbons are to
be the main products.

‘The temperature employed may, for
example, be-between 150° and 300° C.
and like the catalyst the exact tempera-
fure depends on the products regquired.
For exsmple when ecmploying an
activated ocobalt catalyst to produce
normally liquid hydroearbons a tempera-
ture of the order of 180° to 200° C. may
be employed, while similar products ave
produced using an sctivated iron eatalyst
at temperatures in the neighbourhood of
250° C. On the other hand, when it is
desired to produce methane a nickel
alumina catalyst may be employed at a
temperature of, for example, about
350° C.

. The hydrogen and carbon monoxide in
the initizl gas mixture may be present in
approximately equal amounts, but pre-
ferably an excess of hydrogen is used.
For example good results are obtained by
using twice as mueh hydregen as earbon
monoxide by wvolume, but mixtures con-
taining still higher proportiens of hydro-
gen, for example three or four times as
much hydrogen as carbon monoxide, may
be used if desired. (Generally speaking,
$he higher the proporiion of hydrogen the
greater the tendency to produce methane.
Thus an increase in the proportion of
hydrogen may with advantage be secom-
panied by a decrease in the temperature

COMPLETE

employed if it is desired fo produce
normally liquid hydrocarbons, A de-
crease in the proportion of hydrogen
increases the proportion of unsaturated
hydrocarbons produced. )

The resction msy, for example, be car-
ried out by passing the gas mixtures
through heated tubes containing . the
catalyst. Preferably the dimensions and
strueture of the tubes are such that a high
degree of turbulence is imparted fo the
gas so as o ensure good contact between
the gas and the catalyst and fo secure
efficient hesting throughout the gas mix-
ture. For example relaztively mnarrow
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tubes may be used with a high vabeof gad

flow, or masses of catalyst may be so dis-
posed as {o break up the gas stream. A
similar effect may be attained by' insert-
ing baffles at suitable intervals along the
length of the reaction tube. If desired
the interior of the reaction tube and/or
any baflles contained therein may he
made of or lined with a catalyiic mebal.
Instead of tubes there may be used reac-
tion zones of annular cross-section of any
other suitable type of apparatus.

The gag may be subjected fo a single
passage through the reaction zone, especi-
ally when it iz desired to - produce
methane. However, when normally
liquid hydrocarbons are to be produced,
and therefore lower temperatures are em-
pleyed, the reaction iends tp proceed
somewhat more slowly and i6 may there-
fore be advisable to subject the gas mix-
ture repeatedly to the reaction condibions
either by passing it through a number of
resction zones or by recyeling it through
a gingle reaction zone. Befween the sve-
cessive passages through the reaction
zones or between svecessive cyeles -in a
recyeling process normally liguid hydre-
carbons may be condensed out of the gas
mixture and se remaved., If desired a
certain proportion of such normally liquid
hydrocarbens may be allowed to remain
in the gas mixture or may be refurned
thereto to act as diluent. .

* Dated this 4th day of August, 1937.
STEPHENS & ALLEN.
" Chartered Patent Agents,
Celenese House.
22 & 23, Hanover Sguare,
London, W.1.

SPRCIFICATION.

Improvements in the Manufacture of Hydrocarhons hy Reaction
between Carbon Monoxide and Hydrogen.

I, Hsxry DrEvruUs, & Dritish subject,
of Celanese House, 22 & 28, Hanover

Square, London, W.1, do hereby declars
the nature of this invention and in what
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manner the same is to be performed, to
be particularly described and ascertained
in and by the following statement:—

This invention relates to the manufac.
ture of hydrocarbons by reaction between
carbon monoxide and hydrogen.

When mixtures of carbon monoxide
and hydrogen are heated &t 2 suitable
temperature in the presence of stromgly
hydrogenating catalysts different pro-
ducts are formed according to the condi-
tions employed. Thus ab relatively high
temperatures and under atmospheric
pressure, methane is produced in large
quantities, while at lower temperatures
normally Heuid hydvoearbons are the’
main products. - For example, using a
nickel catalyst, ai temperatures of 230°
%o 250° ©. fnethane is produced, while ab
temperatures of 160° to 180° C. normally
liquid kydrocarbons are the main pro-
duets.

There is, however, one difficulty which
arises in carrying out the synthesis of
normally liquid hydrocarbons from ear-
hon monoside and hydrogen. It is found
that the catalyst used gradually loses its
initial activity snd after a more or less
short period beeomes commercially use-
less and must bhe regenerated. Tt s
believed that thiz gradual poisoning of
the catalyst is due, at least in large part,
to the deposition or formation thereon of
wax-like materials which reduce the
active surface available for catalysing the
reaction.

Ageording to the present invention
hydrocerbons are made by reaciion
hetween carbon monoxide and hydregen in

the presence of a hydrogenating eabalyst,

the absolute pressure in the reaction zone
being normally above 0.5 atmosphere,
but pericdically redueced to below 0.5
atmosphere. By operating in this manner
the active life of tha eatalyst may be in-
oreased. Moreover, more maberial may
be treated in an apparatus of any given
gize %han if the reaction is carried oub
entirely wnder & low absolute pressure.

T carrying out the new process the
reaction may with advantage be allowed
to proceed under about atmospheric pres-
sure or a Thigher pressure undil the
sctiviby of the cabalyst, and consequently
the rate at which the hydrocarbons are
formed and the hydrocarbon content of
the gases and vapowrs leaving the veae-
fion zome, begin to fall off, the absolute
pressure in the apparafus may then be
reduced, preferably to between 0.23 and
0.1 atmosphere or lower, until ~the
catalyst has sufficiently recovered its’
achivity, whereupon the sbsolute pressure
may again be raised to s value in the

_neighbouthood of atmospheric pressure

or higher.

Although it is preferred to continue
passing the reactant geses over or
through the catalyst during the low pres-
sure periods, so as nob to interrupt cam-
pletely the produetion of hydrocarbons,
this is not esseniial. For example, the
reactant gases may be replaced by rela-
tively inert gases or vapours, e.g. mitro-
gen or steam. Sinee the regeneration of
the catalyst is facilitated by a flow of gas,
whether reactant gas or an inerb gas or
vapour, it s betber %o maintain a siream
of reactant or other gas rather than to
interrupt the flow of gas during the low
pressure period, slthough this may be
done it desired whether or mnot the
reaciant gases ave replaced by inerb geses
or VAPOUurs.

Preferably the synthesis is corvied oub
in the presence of & diluent whereby the
parfial pressure of the reactants end pro-

ducts, desired andjor undesired, I
yedueed. Tor example, the carbon
wmonoxide and hydrogen may, before

entering the reaction zome, be diluted
with nitrogen or better still with- carbon
dioxide, steam or hydrogarbon gases or
vapours. The diluent may, if desired,
comprise hydrocarbons produced from
carbon monoxide and hydrogen in an
earlier stage or operation. The amount
of diluent may, for example, be 13, 8, 5
or 10 or more parts by volume for each
part of earhon monoxide,

The conditions - employed in the syn-

thesis depend on the products which are
desired.

Ag eatalysts there may be em-
ployed metals of Group 8. For example
cobelt and iron are particularly useful
when it is desited to produce normally
liguid hydrocarbors, while nickel is most
valuable when methane is fo be produced.
The catalysts may, for example, be
activated with alumina, thoria, magnesia,
zine oxide or other activating agents.
The catalysis, whether alone or mixed
with other catalyste or with activating
agents, may be employed in agsociation

with a carrier; for example they may be

deposited on eharcoal, silica gel, pumice,
asbestos or the Hke. On the other hand,
self-supporting catalyst magses may be
used with advantage, and in particular a
special nickel-alumina or similar catalyst
prepared in the eold as deseribed in
Specification No. 465,157 of British
Clélanege Limited and others is partieu-
larly useful for making methane;
analogous toethods of making iron and
especially cobalt catalysts may be adopted
when normally liguid hydrocarbons are to

- be the main products.

The temperature employed may, for
ezample, be bétween 150° and 800° C.
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“ally when it s

and like the catalyst the exaet tempera-
tare depends on fthe productz required.
For example, when employing an
activated cobalt  ocatalysts to produce
pormally liquid hydrocarbons & tempera-
ture of the order of 180° to 200° C. may
be ewbloyed, while similar products are
produced using an activated iron cabalyst
at temperatures in the neighbourhood of
250° C. On the other hand, when it is
desired to produce methane & nickel-
aluming catalyst may be employed abt a
temmperatures  of, for example,
350° c.

- The hydrogen and carbon mmonozide in
the initial gas mixture may be present in
gpproximately equal amounts, but pre-
farably an excess of hydrogen is used.
Hor example good results are obfained by
using” twice 28 much hydrogen as carbon

monoxide by volume, but mixtures can-

taining still higher pl'oporticma of hydro-
gen, for example three or four times as
much hydrogen as carbon monoxide, may
be used if desired. (Generally spesking,
the higher the propertion of hydrogen the
grogter the tendency to produce methane.
Thus an increase in the proportion of
hydrogen may with advantage be accom-
pavied by s decresse in the fernperabure
employed i it is desired to produce
normally liguid hydrocarbons. A de-
érease in  the pr0£orticn of hydrogen
t#nds fo increase the proporfion of un-
saturated hydrocarbons produced.

- The reaction may, for example, he car-
ried out by passing the gas mixtures
through hested tubes containing the
catalyst. Preferably the dimensions and

structire of the tubes are such that a high’

degree of turbulence iz imparted to the
gag so &8 o ensure pood conbact between
the gas snd the catalyst and %o secure
efficient heating throughout the gas mix-
For example relatively rarrow
tubes may be used with a high rate of gas
flow, or masgos of catalyst may be so dis-
posed a8 o breal up the gas stream. A
similar effect ‘mnay be attained by insert-
ing baffles at suitable intervals along the
length of the reaction tubs. If desired
the interior of the reaction fube and/or
any baffles contained thevein may be
made of or lmed with a catelytic metal
Instead of tubes there may be used reac-
tion zones of annular cross-section or any
other suitable type of apparatus.

- The gas may be subjected to a single
passage through the reaction zone, espeeci-
degired to produce
methane. However, when normally
liguid hydrocarbons are to he produced,
and therefore lower temperatures are em-
ployed, the rsaction may proceed some-
“what more slowly and it may there-

aboub

fore be advisable to subject the gas fmix-:

ture repeatedly to the reaction conditions

either by passing it through & number of’

reaction zones or by recycling it through
a single reaction zone. DBetween the sue-
cessive passages throngh the reachion
zones ol between successive eyeles in a
recycling process normally liguid hydro-

carbons may be condensed out of the gas

mixture and so remeved. If desired a
certain proporiion of such normaliy hqunl
hydmcalbons may be allowed to remain

in the gas mixture or may be returnedr

ghereto to act as diluens.

The following Examples illystrate -the
invention without in any way hm1t1ng lfs_—

Exavzpre 1.

Carbon monoxide mized with #wice its’

volume of hydrogen, and with or without
three times its volume of steam or of cax-
bon dioxide, is passed under aﬁmospherze
pressure thlough a tube which is heated
to 180° C. and which contains a catelyst
mass consisting of cobalt activated with
thoria, When after 2 number of hours
the properties of hydrocarbons in the
gsses and vapours leaving the reaction
zone beging to drop appreciably, the pre-
sure on Gthe gases passing through the
reaction zone iz reduced fo 0.1 atmo-
sphere. The pericd of low pressure
required to reactivate the eatalyst musi
be determined for each particular case,
depending as it does on the nature of the
ges  roixture, the properties of the
catalyst, and the other reaction condi-’
tlons.  Usually it is short as corapared.
with the peried of rumning at normal
pressure. The gases and vapours leaving
the reamction zone during both normal and
low pressure petiods are cooled, and the

greater part of the hydrocarbons formed.

iz condensed. The gases and vapours

remaining, consisting for the most part
of unchanged ecarbon monoxide and
hydrogen, together with the diluent i

such is used, with some light hydrocar-

bons and usuaily a lithle carbon dioxide:

formed in tha reaction, are mixed with
fresh carbon fmonozide and hydrogen and
agam passed over the catalyst.

Examrir 2.

- Carbon monoxide mixed with twice ité

volume of hydrogen and three times its
wolume of steam is passed over & eobalt-
thoria catalyst ag described in FExample
t. When the activity of the catalyst, as

indicated by the proportion of I:ydm-'
carbohs in the gases and vapours leaving’

the reactlon zone, begins to fzll off, the
supply of carbon monoxide and hydrogen
is interrupted, and only sieam, under a

~pressure. of 0.1 atmosphere, i3 passed in
contact with the--catalyst to resbore  is-

activity.© When -the aclivity - of %he
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catalyst has been restored the reaction-
reactivation cycle is started afresh.

Having now psrticularly deseribed and
ascerbained the natwre of my said inven-
tion and in what manner the same 8 to
be performed, I declare that whatb I claim
I8 =

1. Process for the manufacture of
hydrocarbons by reaction befween carbon
monozide and hydrogen in the preseuce
of a hydrogenating catalyst, wherein the
absolute pressure in the reaction zome is

normalty sbove 0.5 abtmosphers, bub
is periodically veduced to below 0.5
atmosphere.

9. Process according fo Claim 1, where-
in the absolute presgure iz periodically
reduced to between 0.1 and 0.25 atmos-
phere.

3. Process according to Claim 1 or 2,
wherein the vmreduced sbsolute preasure
‘in the reaction zone is of the order of
atmospherie.

4. Process for the manufacture of
hydrocarbons by reaction between carbon
monoxide and hydrogen in the presence
of s hydrogenating catalyst, wherein the
shsolute pressure in  the veackion is
normally #bove 0.5 atmosphere, but is
peviodically reduced withoutb complebely
interrupting the flow of carbon monoxide
and hydrogen, to below 0.5 atmmosphere.

5. Process according o any of Claims
1—8, wherein during the perieds of

reduced absolute pressure the carbon
monoxide and bydvogen normally pass-
ing through the reaction zone are re-
placed by inert gases or vapours.

6. Process according to Claim 5,
wherein the carbon monoxide and hydro-
gen are replaced by steam.

7. Process according to any of the pre-
ceding eclaims, wherein the reaction is
carried out under the desived normal
pressure until the rate of reaction begins
to fall off appreciably, whereupon the
pressure is reduced until the catalyst
activity is vestored to the desired value,
and is then raised to and maintained ob
it normal value and the cycle repeated.

8. Process scecrding to any of the pre-
ceding claims, wherein the carbon mon-
oxide and hydrogen are caused to react in
admixture with & diluent gas cr vapour.

9. Process for the manufacture of
hydrocarbons by reaction betwesn earbon
monoxide and hvdrogen In the presence
of » hydrogensting catalyst substantially
as described.

10. Hydrocarbons whenever made by
the process of any of the preceding
claims. -

Dated this 20th day of July, 1938.
STEPHENS & ALLER,
Chartered Patent Agents,

Celanese House,
92 & 23, Hanover Square,
Londen, W.1.

Abingdon: Printed for Hia Majesty’s Stationery Oifice, by Burgess & Son.
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