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PROVISIONAT, SPECIFICATION

Improvements in the Manufacture of Hydrocarbons from Carbon
Monoxide and Hydrogen

I, Huxnx Drnyrus, a British subject,
of Celanesa House, 22 & 23, Hanover
Square, London, W.1, do herehy declare
the nature of this invenlion to be as
followa:——

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

When mixtures of carbon momoxide
gnd hydrogen are heated at a suifable
temperature in the presenee of strongly
hydrogenating catalysts different pro-
duety are formed acevording to the condi-
tivus employed. Tor example at rela-
tively high {femperatures and under
atmospherie pressure, methane is pro-
dueed in large gnantifies, while at lower
temperatures normelly Liguid hydro-
carbons are the mafn produets, TFor
example, nsing a nickel catalyst, at tem-
peratures of 230°—250° C. melthave is
produced, while at temperatures of 160°
—130° (. normally Liquid hydrocarbons
are the main predneta.

There is, however, ene diffieulty which
arises in carrying out the aynthesis of
wormally  liguid  hydrocarbons from
cerhon monoaxide and hydrogen., Tt ia
found that the catalyst nsed gradually
loses 1tg initial aotivity and after & more
or less short period Leeomes commer-
cially useless and must be regenerated. It
i believed that this gradual polsoning of
the catalyst is due, at least in large park,
to the deposition. nr formation thereon of

. wax-like materials which redvce the
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active surface available for catalysing
the reaction.

Aecording to the present invention the
aynthesis of hydrocarhoma from carhon
monoxide pud hydrogen is carried out
under pregsures subslantially dower than
a,tmospﬁeric pressure. It is found that by
operating at sueh pressuras, the life of
the catalyst can be very considerably ex-
terided., Tt is thua possible to work con-
tinuously for longer periods without
hoving {0 stop the reaction and regenerate
the catalyst.

Advantageously the reaction is carried
ont under o pressure of ab most half en

atmosphere; preferably the pressure is
less thun 0.26, e.g. 0.1 stmosphere.

It is of further advanlege to operate
not only nnder reduced absolute pressure,
but algo in (he presenee of a diluent
whereby also the partial pressuze of the
reactants and producis is reduced. Ior
example ‘the carhon monoxide and
hydrogen may be diluted with nitrogen
or betier still with a gas or vapour which
is chemically related to the carhon
manexide or lhe hydrogen such as earhon
diexide or hydrocarbon gases or vapours.
The diluept may, if desived, comprise
hydrocarhons produced from  carhon
monoxide -and hydrogen in an earlier
gtage or operaticn. The amount of
diluent may, for example, he 13, 3, 5 or
10 or more parts by volume for each pari
of carhon monexide, . . )

The conditions employed in the synihe-
sis dopend ou the products which are de-
sired.  As catulysts there may be em-
ployed metuls of Glroup 8. Her example
cobalt and jron are particularly wseful
when it i3 desired to produee mnormally
Hguid hydrocarbons, while nickel is most
valuable when methane is to be produced.
The catalysts may, for example, be acti-
vated with alumina, Inagnesia, . zine
ozide or other aclivating agents. "The
catalysts, whether alone or mixed with
other catalyets or with activating agonts,
may be employed in asseciation with =
earrier; for example they may ba de.
posiled on - charconl, silica gel, pumice,
asbestos or the like. On the other hand
self-supporting: catalyst masses may be
used with advantage, and in particnlar a
special mickel-alumine ox similar catalyst
prepared in the cold as described in Spe-
eifiestion No. 465,157 of Britich Celanese
Limited and others is particularly useful
Tor maldng methane; analogous mathods
ol making iron " and especially eobalt
catalysts may be adopted when normally
liquid hydrocarbons are to ba the muin
produets,

The temperature emploved may, for
cxample, be between 150° and 300° 0.
and like the catalyst the exant tempera-
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" trive depends on the prudusts requived:

For example when employing an acti- -

vated cohalt calalysi fo produec -mnor-
mally liguid hydrocarbons a temperature
of the order of 180° to 200° C. may be
employed, while similer products are pro-
duced wsing an activated iron catulyst st
temperatures in the neighbourhood of
250° (. On the other hond, when it is
desired lo produce methane a nickel-
alnmina eztalyst may be employed at a
temperature of, for cxample, about 350°

~ The hydrogen and cerbon monoxide in
the initial gus mixture may be present in
approximately equal amounts, bud pre-
ferably an excess of hydrogen 1s used.
Teor example good results are obtained by
using twice as much hydrogen as earbon
monexide by volume, but mixtures con-
taining still higher proportions of bydro-
gen, for esample three or four times as

mueh hydrogen as carhin monoxide, may ' ;
" taire Tepeatedly to the veaction conditions

be used if desired. Generrlly speaking,

* efficient heating {hrougbout (he gas miz-

the higher the propertion of hydrogen the .

grester the tendency to produce metliane,
Thus an incerease in the proportien of
hydrogen may wilh advaniage be acenm-
panied by a decreuse in -the tempersture
employed if it is desired {o produce nor-
mally Hguid hydrocarbons. A decTease
in the proportion of hydrogen incraases
the proporticn of wunsaturated hydro-
oarbons produced. - : .

The zenction may, for esample, be
carried out by passing the gas mixtures
fhrough heated tubes containing the cata.
tyst. Preferably the dimensions and
gtructurs of the tabes are snch thata Ligh
degreer of turbulence is imparted to- the
gns 56 as to ensure sood contact between
the gas aud the catalyst and to secure

“ture.

Tor example relafively marvow
tubes ay be used with a high rate of gas
flow, or masses of eatalyst may be so dis-
posed as to break up the gas siream. -
similuy effcet may be attaine] by insert-
ing baflles ut suitable intervals along the
tength of the renction fuhe. If desirad
the interior of the reaction tube andfor
any baflles rontaineil therein may be mude
of ur lined with & calulyte metal. In-
stead of tubes there muy be used reaction
sones pf annular cross-section or any
suitahle type of apparatus.

The gas may be subjected to a single
paseage through the reaclion zome, espe-
clally when it is desired io produre
nicthane, However, when normally
liguid hydrocarbons are to he produced,
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" and thercfore lower temperaiures are am-

ployed, the repefiom tends to proeead
somewhat more slowly and it may therc-
fore be advisable to subject the gas mix- 65

. k) - :
either by passing it throngh a nomber of

“resction zones or by reeyeling it throagh
"4 single reaction zone.

Between the
suceessive passages through the reaction
zones or between snecessive cyeles in @
recveling process normally Hguid kydro-
carbons may be condensed out of the gas
mixture and so removed. If desired a ver-
tain proportion of such normaily liguid
hydrocarbons may be allowed to remain
in the gas mixture ar may be returned
thereto to act as diluent.
Dated this 20th dav of May, 1037,

- STEPHEXS & ALLEN.
Cliartered Tatent Agents,

Celanese Hnuse.
22 & 22, Hanover Square,

London, W.1.
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COMPTETE SPECTEICATION

Improvements in the Mﬂn“fa‘it‘_lf?f?? Hydrocarbons from Carben
- Monoxide a_nﬂf'Hydrogen

¥, Hixry DIRETFUS, & British subject.
of Colamess House, 22 & 23, Hanover
8quare, Londan, W.1, do herehlff
fhe. nalure of this invention and in what
manner the same i to be performed, 1o
be particularly deseribed and ascertained
in and by the following statement: — .
“This invention relates to the manufac-
tyra of hydrocarbons by reapt on, hetween
carban monoxide and hydrogen. ..
" \When mixiures of carbon .monaxide
and hydrogen are heated at u suitable
teraperuture. in the presencs of strongly
hydrogenating . ca’ca];ys‘ls different pro-
ducts are formed according to the condi-
Lions employed. TFnr example 2t rela-

declara

tively high femperatures and  under

atmospheric pressure. meibane iz Dro-

“dueed in lurge quantities, while o lower

{emperatures normally liguid hydro-
carbons, are the main produrtz. Thus
using a nickel eatalyst, at lemperatures
of 230°—250° C. methane iz produced.
while at temperatures of 180°-—180° C.
nornmally Hauid hydrvocarbons are the
main produsis.

There is, however, one diffieuliy whieh
apises in carrving out the synthesis of
nozmally liquig hydroearhons  from
carbon menoxide and hydrogen, Tt iz
found that fhe eatalyst used gradunlly
Toges its initial activity and after a mors
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or less short peried becomes commarcially
uselesy and must be regenerated, It 13
heliaved thai this gradual poisoning of
the catalyst is due, at least in large part,

& to the deposition or fermation thereon of
wax-like materials which redace the
active surface available fur cafalysing
the reaction.

Alilvuagh a few proposals have been set

1D forth for the synthesis of hydrocarbons
from earbon monoxide and kydrogen, ip
which it is stated that pressures aheve
atwospheric, or atmospheric or Umin-
ished pressures moy be used, neither de-

15 finite values for sueh diminished pres-
sures, nor any Teason for or advantage
sriging omt of their nse has heen given.

I have now found that by carrying out
the gynthesis of hydrocarbons from

20 earbon monoxide uud hydrogen under an
abgolute pressure of at most half an
atmosphere, the life of the catalyst can
be very considerahly extended. It is thus
possible to work continuvusly for longer

2b periods without having to stop the rean-
{ion and regenerate the catalyst. Prefer-
ably the pressure is bebween sbout 0.25
and 0.1 etmosphere, though still lawar
Pressures can be usad.

80 1t iz of further advantage to operale
not only under reduced absolute pressura,
bt also in the presence of 2 diluent
whereby the partial pressure of the re-
actanls and preduets is further reduced.

30 For example the earbon monoxide and
hydrogen may be diluted with nitrogen
or hebier witi gteam, carbon dioxide or
hydrucarbon gases or . vapours. The
diluent may if desired comprise hiydre-

40 carbons produeed from carbon monexide
and hydregen in an eurlier stage .1
eperation. The amount of diluent may,
for example, he 13, 3, 5 or 10 or mere
parts by volume for each part of carbon

4% monexide, )

The conditions employed in the synthe-
uis depend on the produets which are de-
sired. Ag eatalysts there may he em.-
ployed metala of Group 8, For example

50 cobalt and iron are particularly useful
when it 1z desired to produce normally
Liguid hydrocarbens, while nickel is
most valnable when methane is to e pro-
doced. The eatalysts may be activated,

55 for exemple with alumina, thoria, mag-
nesla, zine oxide or other activading
agents. Whe eatalysts, whether alone or
mixed with other ealulysts or with acti-
voting agenls, may be emploved in asso-

60 cigbion with a earrier: for example thev
may he deposited on chareoal, silica gel,
pumice, ssbestos or the like. On the
other hand self-supporting  eatalyet
mugses may be used with advantage, and

66 in particular a. special nickel-zinmina or

similar catalyst prepared in the cold as
deseribed in Specification No. 465,157 of
British Celanese Limited and others, Is
perticulacly useful for making methams;
analogous methods of maling iron and 70
especlally cobalt catalysls may De
adopted when normelly Liguid hydro-
carbons are to he the main products.

The temperature cmployed may, for .
exampls, be botween 150° and 300° C. 75
and like the cufulyst the exact tempera-
ture depends on the produets reguired.
For example when employing an acti-
vated " eobalt ealalyst to produce nor-
mally iiguid hydrocarbong s temperature 80
of the order of 180" to 200° C. may he
employed, while stmilar products are pro-
duved using an setivated iton eatalyst ot
temperatures in the neighbourhood of
250° C, Ou the other hand, when it is
desired {0 produce methape a nickel-
alumina catalyst may be employed at o
é‘}empera,tﬁre of, for exampla, ahout 850°

8y

The hydrogen and earbon monozide in 90
the inilial gas mixture may be present in
approximately "equal amonnts, but pre-
ferably an excess of hydrogen is wused.
For example good results are obtained by
using twice as muek hydrogen as carbon 95
monnxide by volume, but mixtures con.
taining still higher propartions of hydro-
gen, for example threo or four Himes ag
muck hydrogen as earbun monoxide, may
be wsed if desired. Generally spenking,
the higher the propertion of Lydrogan
the groater the tendency to produes
methene. Thus an increase in the 1ro-
portion’ of hydrogen may with advantage
be aceompanied Ly a dacrease in the tem-
perature emi:lloyed if it is desired {o pro-
duce normally liquid hydrocarbons, A
decrease in the proporiicn of hydrogen in-
creases the proportion of wnsafursted
hydrocarhons produced. If desived the 110
carbon mounoxide may even be in exoeots,
thus increasing the {endency to produce
ungzturates. a

Tha reactivs may He carvied oub by
passing the gas mixtués through heated 115
tubes contmining the catalyst, Prefer
ably the dimensions and strneture of the
tubes are such that a high degree of fur
bulence is imparted io the ges o as to
ensure good contart hetween the gas and 120
the catalyst and to secure eficient hesgi-
ing throughomt the gas mixture. For
example relatively narrow tubes may be
used with a high rate of ges flow, or
masses of catalyst may be so disposed as 125
to break up the gas stream. A similar
effect mway be attained by ingerting
bafles of suitable infervals along the
length of the reaction tube. Tf desired
the interior of the resction twhe and for 130
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any baffles contained therein may be tiom.
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made of or linad with a catalytic meial.
Tnetead of tubes thers may be used reac-
tion zomes of nanular cross-seation or eny
ather suitable type of epperatus.

The gas may be, subjected to » singla
passage through the reaction zone, espe-
cially whea 1t is desired to prodies
methane,  However, when normally
liquid hydrecarbons are o be produced,
and (herefore lower temperaturcs are
employed, the reaction fends %o proceed
somewhat more slowly and it may there-
fore be advisable to subject the gas miz-
fure repeatedly to the rezction conditinns

either by passing it throngh a number of

raaction wones or by recyeling it through
2. single resclion zone., Tietween Ihe
suecessive passages through the reavilon
zomes or between successive cycles in a
recycling process normally liguid hydro-
ecarbons may be condenscd ont of the gas
mixiure and so removed. If desired z cer-
tajn propertion of such normelty ligquid
kydrocarbons may be allowed te remain
ip the gus misture or may be returned
thereto to act as diluent.

The following Esample illustrates the
invention, hut does not in any way Timit
it —

Exauron. .

Carbon monoxide mixed with twice its
volume of hydrogen is passed under a
pressure of 0.2 atmosphere threugh o tube
containing o cohalt catalyst, aciivated

with thoria, ab a temperatare of 180° C. '

The gases and vapours leaving the reac-
tion zone are cooled, snd the greater part
of the hydrocarbons formed condensed.
The vapours remaining, consisting for
the most part of unchanged reactants
with some light hydrocarbons and

nsually & little carbon dioxide, are mixed-

with fresh carbon moneside and Tydro-
gen, and again passed nver the entalyst.
This example may be modified by em-
ploying in admixiure with the ecarbon
monoxide and hydrogen 3 to 6 yolumes of
stcam or carbon dioxida for each volume
of varbon monoxide present, Bteam con-
densing with the hydrocarhons formed
may be separated therefrom. by decanta-

Having now particnlerly described and
ascerteined tha nature of my said inven-
tiom, and in what manner the sams is i
be performed, I declara that what 1 elaim
1631 —

1. A manufaclure of hydrocarbons by
resction between carbon mennxide and
hydrogen in the presence of & hydrogenat-
ing catalyst, in which the reactant gases,
while in contact with the ecatelys, are
nnder an abselute pressure of at most half
an atmuoypherc.

2 Proeess aceording to Claim
wherein the guses are under a pressure
between 0.1 and 0.25 atmoesphere.

3. Process according to Claim L or 2,
wherein alse the partial pressure of the
gases is reduced by a diluent gas or
Tapour,

4. Process according to Ulaim 3.
wherein there is employed as diluent
gteatn, carbon dioxide or hydroearbon
frases 0T yapouss.

5. Process according o amy of the
preceding claims, wherein the eatalyst
comprises e mefal of Group 8 of the
Periodic Table promoted with a metal
oxide. _ _

§. Propess according fo any of the

preceding claims, wherein the reaction is
efected af o temperature between 150°
and 8507 C.
"%, Process according to any of the pre-
ceding claims, wherein ihe rcactant gases
contain more hydrogen (han earhon
moncoxide,

‘8. A manufacture ol hydrocarbuns by
reaption between carbon monoxide and
hydrogen in {he presence of a hydro-
genating catalyst substantially as herein-
before deseribed.

0. Hydroearbons whenever made by
the -process of auny of the preceding

alaims.
Dated this 24th day of March, 1988,
- STEPHENS & ALLEN,
Charlered Patent Agents,
(lelapese House,
. 92 & 23, Hanover Sgnare,
Tondon, W.1.
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Leamingbon Spa': Printed for His Majesty's Stationery Office,

1y the Courier Press.—1838.
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