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COMPLETE SPRCIFICATION

Process for the Production of Hydrocarbons by Conversion of
Carbon Monoxide with Hydrogen

I, Harozp Epwin Porrs, Charlered
Patent Agent, of 12, Church Sireet,
Liverpool, in the County of Lancaster,
Subject of the King of Great Britain, de
hereby declare the nature of this inven-
tion, which has been communicafed to me
by N. V. Internationale Eoolwaierstoifen
Synthese Maatschappii  (Inlernational
Tvdrocsrbun Synthesis Company, of 20,
Wassenaarscheweg, The Fague, Holland,
o Duteh Company), and in what manner
the yame is to be performed, o be particu-
larly described and ascertained in and by
tha following statement :—

The present invention relates to & pro-
cess for the produetion of hydrocerbons
with more than one earhon atom in the
molecnte by eonversion of ecarbon
menoxide with hydrogen.

In this process the initial gases are
passed over a calalyst ab elevated tem-
peratures and it has hitherto becu the
general practice to continue the treatment
until the initial gages are converted as
vompletely as possible inte hydroearhons.
1t was previamsly found after many ex-
peviments with different velocities of the
initial gases that the hest conversion of
the initial grases is vbtained when working
with an amount of initial gas of about
100 cubic metres per cubic metre of
catalyst per hour, when working at tem-
peratures between 150 and 350° Centi-
orade and with eatalysts confaining
cobalt, nickel or iron or mixtures of these
metals, if desired, together with addi-
tinnal catalytic materi;]s, such as thor-
immn oxide and mapgnesinm oxide, and cur-
riers, such. as diatomaceons earth, puntiee
stone and silica gel.

It has already been proposed in order
to inerease the vield of hydrocarbony wiih
more thax ono carbon atem In the wmole-
vuls that is the smount of these products
ror euhie metre of curbon monoxide and
}rvdrugen_, to worl in two or more gonver-
slon stages in series and to completely or
partially remove the hydrocarbons formed
from the reactinn produels after earch
stage,

Tn the first stage or stages an incom-
mlete conversion of the mixture of earhon

[Price 1]-]

monoxide and hydregen into hydreear-
hons ja earried out, and only iu the last
stage the residuum of carbon morexide
&L hﬁdrogcn is completely converted, if
desired.

According to this proposal the specific
throughput of the initial gases based on
the totzl amount of catalyst, that is the
throughput expressed as volume of initial
fap per total velume of catalyst per hour,
was, however, not different from the
specifie throughput nsed whea working in
a single stuge,

According to the present invention

when worling in stages with compleate or
partial removal of 1ke hydroearbons
formed in snch stage, the throughput of
the fnitial gas per enbic metre of eatalyst
is maintained substantially the same in
each of the stages and is such that further
inerease in the throughput doss not give
w substantial ineresnse in the amount of
the hydrccarbons desired produced per
volume of catalyst per hour.
. When working under conditions giv-
ing {he vplimum cuipud of hydroearbons
with more than one carbon atom in the
molecule generally alse the optimum vut-
put of liguid products iz obtained.

When increasing the throughput of the
initial gases in accordance with the pre-
sent invention in all stages of the process
to the mnitiple of the thremghput which
was hithorto nswal, ihe yield of the
desired  produets, caloulated on  the
amount of gus introduced, decrenscs but
the output of these producis per hour
bascd on the amount of catalyst, however,
increases up {v w certain limit. “When
still further inereasing the gas through-
put the ontput of the desired products
afain slightly decreases.

When working under conditions giv-
ing' the sptimum sutput sinall alierations
in the throughpugy employed do nod
result ip & substantial change in the out-
vut and therefore even with small varia-
tions in the snpply of yes, such us may
aceur in practical operation, a constant of
desived prodmets is obtained. The pas
throughpui gt which the oplimum out-
puts based on the amount of catalyst is
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ohtainad, -wvaries +with the catulyst
activity, the temperature, pressurs and
design of the apparatus. Generslly,
thronghputs of 200 to 600 cubic melres
par cubie mefre of catalyst per hour give
the desived results end preferably 3 or
more stages are nsed.

When working in several stuges with
the obove-mentioned throughputs, the
amount of catalyst te be used in order to
ohtain certain oulput of desived products
con be considerably decreased eceapared
with the method of carrying out the con-
version in a single stage or in severul
stages with the, throughputs hitharto
ugnel. The liguid hydrecarbons formed
in the individual sleges are suitably
separated after gach stage from the out-
going products by cooling,  The pases
coming frem the first conversion vessel

. which have been freed from liguid con-
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stitnents (for example, by cooling o
about 30" Centigrade) may be passed, in
aceordance with the decrease in volume
which has talen place, through a smaller
reaction vessel, and the third vessel may
sgain be smaller than the second one, gud
so on. Mach of the vessels can he divided
into any desired number of single spaces
connected in parallel,

It is slso possible fo pass the hydro-
carbons, which have haen formed in one
of the reection vessels, partly together
with the gases which have 2ot been con-
verfed into the next reaciion vessel.

The gases can also be revireulaled,
make up gases being added.

In genersl the time of contact of the
reaction gases in a siugle renction space
is mare than 6 seconds, even when re-
cyclinﬁl part of the gases.

In the individual zeaction vessels the
throughput can also be increased by an
addition of fresh gas before the entry of
the main gas stream into the vessel or ab
ong or more points Lelween fhe entry and
exit of the main gas stream. Tn this case
it is not necessary that the second and
further reaction vessels be of smaller size
but it is than possible fo work with vesscls
of the same size.

The cooling of the reaction vessels,
which 43 necessary in view of the
exothermie reaction is preferably carvied
out by mesns of indirect heat exchange
with # cooling agent which is in contaet
with the walls of the reaction wvessels.
The usual cooling media such as, for
examnple, boiling water or ofl under a
suitable pressure can be cmployed. An
additional cooling may be oblained by
gdding to the suhstanees which are being
converted & cold gas, for exampla, cold
hydrogea or cobd carbon monexide or mix-
tureg thereof or a cold inert gas.

The process may be carricd out under
normal or elevated pressure, for exsmple,
a pressure between 10 and 30 atmo-
spheres, or also under Ligher pressures,
such as 100 atmospheres or morg, The
reaction temperatures are between 180
and 350° Centiprade and preferably
betwesn 160 and 250° Centigrade. The
process is not limited o any {Teﬂlg'.u of the
conversion vessels. The usual catalysts
wwy be employed, [or cxample, those
eatalysts prepared by precipifation,
sintering, meiting or the like.

The following gExamples fucther ilkus-
trate the nature of the present invention
and in what manner the same can he car-
ried vut in practice butb it should be under-
stond that the invention is not limited to
the said Examples.

Hxawrers 1,

A gus -cmaisﬁi:u? of 28 per cent. of car-
bon monoxide, 57 per cent. of hydrogen
and 15 per cent. of accompunying wases
is passed under 10 atmospherss and ai
lBg ° Centigrade over 1,17 cuble metres of
catalyst consisting of 80 parts of cobaltb
and 15 parts of thorium oxide on 85 parts
of diptomaceous earth in an amouwnt of
110 cubic melres per cubic melre of
catalyst par hour. The total volume of
guy passed over is therefore JZBY eub.
melres per hour, A yield is obieined of
100 grams of liguid hydrocarbons per
eubic metre of 'g:le mixtnre of carbon
monexide and hydrogen and thus 12.87
kg, -of liquid preducts are obfained per
hour. When the smount of initial gas is
increased to 400 enbic metres of mas per
eubio-metre of catalyst per howr, then the
yisld amounts to 40 grams per cubic mefre
of the mixiure of carbon monoxide and
hydrogen and thes 18.72 kg. of lgnid pro-
duet sre obtained per hour,

In the fivat case per 110 cubic metres of
fresh gas and per cubie metre of catalyst
9.35 kilograms of lignid produet are
obtelned, in the sceond ease per 400 cubis
metres of fresh gas and per cublc metre
of catalyst 13.6 kilogprams of ligmid pro-
duets are obtained. In the first case 1t is
therefore necessory 1o use 45 per cent.
more of the catalyst for obtaining the
samea ouiput.

The gas remaining in the second case
has, after being freec% from, the liguid pro-
duets, o volume of 79 per cent, li?f that of
the fresh gas. It is. passed with a
throughput of 400 cubie metres per eubie
metre of catalyst per hour through =
second reaction vessel, the catalyst space
of which amounty fo only 7% per cent. of
the catalyst space of the first vessel. In
this manner & f£urther amount of 12.8
kilograms of liquid products are formed
per cuble metre of catalyst.
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The gas leaving the second vessel (with
a volume of 64 per cent. of that of the
fresh gas) is passed, after removal of the
liguid cospstibuents, with the same

5 throughpnt per cubic metre of catalyst
throngh o third reaction vessel, the
catalyst space of which amonnts to 64 per
cent, of that of the first vessel. Hereby a
turther amount of 11.4 kilograms of liquid

10 product is formed per cubie metre of
cotalyst.

The gus jssuing from the third vesscl
(with a volnme u? 58 per cent. of that of
the fresh gas) is passed, after removal of

15 the liquid constituents, with the same
throunghput per cubic meire of eatalyst
{haough @ fourth reaction wvessel, the
catalyst space of which amounts io o3 per
cent. of that of the firsi vessel. Hereby »

20 further amount of 10.1 kilograms of
liguid produets iz formed per cubic metre
of ratafyst.

Altogether in the four vessels 36.22
Filograms of liquid products per hour ara

25 oblained per 2.96 cubic metres of eataiyst
or 12.2 Lilograms per oubic metre of
cafalyst that is 80.5 per cent. more of
liquid produets than in the first ease. To
obtain the sams guaniify of hydrocarhons

80 2s in the firgt case the total caialyst space
reguired in the second case can be 23 por
eent, smaller than in the first case.

In both cases the heat generated in the
conversion is removed by cooling of the

85 reaction vessels.

ExamrLn 2.

A gas containing 28 per cent. of earbon
monoxide and 57 per cent, of hydrogen is
passed at a temperature of 185° Uenti-

40 prade and at a thronghput of 300 cuhic
metres per cubic metre of catalyst per
hour throngh a space of 1.18 cuhic metres
filled with cotalyst consisting of ™ 46
per  cent, of cobald, per cent,

45 of magnesium oxide and 46 per
cent. of diatomaccous earth, and subse-
quently, after saparation of the liguid
constituents formed, through a second
vessel of 1 cubic metre filled with the

50 same catelyst. The throughput in the
second vessel is then only 261.5 eubic
metres of gas per cubie metre of catalyst
space compared with 300 enbic metires in
the first vessel, The tolal yield is 10.8

55 kilograms of liquid products. This [Hus-
trates the process hitherto smployed. Dy
addition of fresh gas hefore the second
reaclion vesssl in an amount of 15 per
cent, of the gas freed from the liguid con-

&0 stitnents roming from the first vessel haw-
ever in this vessel alse the ophimum
throughput of 300 cubic metres per cubic

meirs of catalyst space per hour iy
obtained and thereby an incrense of the
total vield with 0.8 kilogram is obieined. G5

In both cases the surplus heat evolved
in the conversion is removed by cooling
of the conversion vessels.

Huving now particularly deseribed and
ascertained the nature of the said inven- 70
tien end in what maaner the same is to
be performed, as communicated to me by
wy forelgn corrcspondents, T declare that
wwhat ¥ claim 1s:—

1. A process for the production of 7
liydvoenrbons with more than one carbon
wtom in the wmolecule by conversion of
carbon monexide with hydrogen in atages
in sories with complete or pariial removal
of hydrocorbons formed from the reaction 80
products after each singe, characterized
in thet the throughput of fhe initiel gas
per cubic metre of catalyst is mainbained
substantially the same in each of the
stages and is such that further increase in 86
the thronghput does not give a substan-
tial increase in the amownt of the desired
hydrocarbons produced per volume of
catalyst per howr,

2, A process as claimed in claim 1, in 20
which in each stage gas throughputs of
200 to 60U eunbic metres per cu%'ic mebre
of catalyst per hour are wused.

3. In the process as clulmed in either
of claims 1 and 2, taking consecutive reac- 85
tion vessels, ihe volumo of which iz de-
creased in accurdance with the deereage in
volume of the gases inlreduced in each
stage.

4. A process as claimed in either of 100
claims 1 or 2, working with reaction
vessels of s similar aize and adding fresh
gas before $he entry of the main gas
gtraam inty the reaction vessel or at one
or more points hetween the entry and exih
of the main gas stream.

5. A process ‘ds ‘elaimad in any of
elaims 1 o 4 in which make-up gases are
added. .

8. A process as claimed in amy of 110
claims 1" to & characterised in that the
uneonverted gases are recyoled.

7. Tn ihe proecess as elaimed in amy of
claims 1 to 6, working in 3 or more stages.

8, Processas for ~(he production of 115
hydroearbons, substantially as disclosed
in fhe foregving Examples.

9, Products when obtained in aceotd-
ance with any of the preceding claiming
clavses.

Duted this 20tk day of Deceamber, 1930,

W. P. THOMPSON & €O,
12, Chureh Street, Liverpoel, 1,
Charfered Patent Agenis,

105

120

Leamington Spa: Primbed for Tis Majesty's Stativnery Office, by the Courier Press.--1941.



