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The present invention relates to the production
of hydrocarbons with ore than one carbon atom
in the by converslon of carbon monoxide
with hydrogen.

‘This-conversion is carried into effect by passing .

the initial gases. over a catalyst at elevaied tem-
peratures and it has hitherto been the general
Practice to continue the treatment until the inj-
tal gases are converted ag compiletely as possible
into hydrocarbons. The most complete conver-
sion of the injtigl gases was believed to be ob-
tained when working with an amount of initig]
. &8s of about 100 cubic meters per cubic meter of
-cetalyst per hour, while maintaining temperatures
between 150 and 350° . and operating in the
Presence of catalystg containing cobalt, nicke] or
iron or seversl such metals, if desired, together
with additional ecatalytic materials, such as for
example thorlum oxide and magnesium oxide, ang
curriers, such es for example diatomacegus earth,
bumice stone and silicg gel, .
In order to

with more than one
(that is the amount
monoxide ‘and

increase the yield of hydrocarbons
carbon atom in the molecule
of these products per cubic
hydrogen) it has

formed from the reaction products after each
" stage. )

In this operation an Incomplete conversion of
the mixture of carbon monoxide and hydrogen
into hydrocarbons takes place in the first stage
or stages, and

increase in outpit, .
When working under conditions glving the op-
Umum output of hydrocarbong with more than

0

. Products per hour based
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When inereasing the throughput of the initia)
gases in accordance with the present invention in
81l stages of the Process to a multiple of the
hitherto ususal, the yield of
. the desired broduets, calculated on the amount of

ga3 Introduced, decreases, but the output of these
on the volume of cata-
lyst increases up to g certain Hmit. When stin
further increasing the &as throughput the output
of the desired products (lkewise based on the
volume of catalyst) 8galn slightly decreases.
under conditiong glving the gp-

-employed do not resylt in & substantial change
in the output and therefore even with small veri-
ations in the supply of gas, such as may occur in
practieal operation, a constant output of de-

- sired products i obtained. The gas throughput
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&t which: the optimum outputs based on the
amount of catalyst ig obtained, varies with the
activity of the catalyst, the temperature, the
pressure and the construction of the apbaratus,
Generally, throughputs of Irom 200 to 600 cubic
meters per cubje meter of catalyst and per hour
give the desired results, .

When working in several stages with the sald
high throughputs the amount of catalyst to be

spaces connected in barallel,
However, 1t i3 also bosslble to pass the hydro-
carbons, which have been ‘formed in one of the
reaction vesseis, wholly or :
which have not
the next reaction vessel,
The Increaged throughputs to be used in ac-
cordance with the fnvention can also be obtained
by recirculating a part of the gases lssuing from
& reaction vessel or vessels, From the gas to be
recycled the hydrocarbons are preferably not
removed, - - ) :
In genersl the time of contact of the reaction
gases in a single resction space i more than &
- seconds, even when recycling part of the gases.
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In the single reaction vessels the throughput-
can also be increased by an addition of Iresh gas
before the entry. of {he meln:-gas stream into the
vessel or at one or more points between the entry
and exit of the main gas giream, I
is not necessary. that the second and further re-
action vessels are of smsller size but it is then
possible to work with vessels of the same si2&.

“The. gases need not pass through the second

- and further reachion vessels; with the same 10

throughput ag. through the first vessel. - Smaller
throughputs in the subseque 1t vessels may even
e advantageous when the “composition of the
gases has materially chaniged. Likewise the
other reaction conditions, such- s temperature, ]
pressure, catalyst activity, in the subsequent
stages need not. be the same:@s OF similar to
those in the previgus stages: - . S
“The cooling of the reaction vessels, which is
necessary. in view ot the exothermic reaction is

" preferably carried: out by means-of indirect heat

exchange.with & cooling agent.

" ing media such 8s, for exsm jle, water bolling. -
. inder a suitable pressure or ofl may be emplayed.

An sdditiona] cooling may be effected by, adding. o3

to the rescting gases & cold: gas, for- example,

cold hydrogen or cold carhon monoxide or mix-

tures thereof or a-cold inert gas.
The process may- be carried out

under normal

or elevated Dressure, for example, a pressure be= 3o

tween 10 ang 30.atmospheres, or also. under high
pressures, such -as 100 atmospheres or more. The
_reaction temperatyres usually rahge between 150
and 350°-C. and pre_ferablybetw.een_lﬁn and 250°
. in case ¢atalysts containing cobalt, as active

constituent are employed.. When working with
iron catalysts the I_;eu}p,erat_ures are usually high-
er. The process is not Limited to a certain con- -
struction of the conversion vessels. The .usual:
catalysts in particular _
jron and/or niockel may. be employed,- for exam-
ple, those .catalysts prepared by -precipltation,
sintering or melting.’ S Lo

.The foll_owing_examp!es further .illustrgl‘:e the
nature of the ‘present
manner the-same can be carried out in practice
but it should be. understood that the invention is

not limited to the said examiples.
Example 1

=

A gas: consisting of 28-per, cent of ¢arbon mon-
_oxide, 57 per cent of hydrogen and 15 per cent .
. "of ‘accompanying EASes is passed under 10, at-.
raospheres and af 195° C. over ‘a catalyst consist-

ing of 85 parts of cobait and 15 parts of thorium 5p

oxide on 85 parts ‘of. dlatomaceous earth'in an.
_ amount of 110 cubic meters per cubic meter of
. catalyst per hour. Thereby liguid hydrocarbons
gre formed in an amount of 100 grams per cubic
meter of the ]
hydrogen: - When the- amount of initial gas is In-
creased to 400 cubic meters of gas per cubie meter
of catalyst per hour, the yleld smounts to 40
. grams per cupic meter of the. mixture of earbon
‘monoxidé and-hydrogen. ' ’

In the first case 9.35 kllograms of liquid prod-
uct are obtained. per. 110. cubic meters of fresh
gas or per cubjc meter of catalyst, in the second

¢ase 13.6 Kilograms of liquid  produects. per 400

cuble meters of fresh gas or per cubic meter of 70

catalyst. Therefore in the first case an amount
of 45 per cent more of the catalyst is necessary
for ohtaining the same output. .

; In the second case- the, gas freed from the Ug-

_ Juid products. has a_volume amounting 1o 79 per 7

e

In this cage it &

&t
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to a.yield of '12.3 kilograms per

those comprising cobalt, 40

invention and In' what .
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mixture of carbon monoxide and go
- yessel the optimum
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cent of. that of the fresh gos, It 1s passed with
a throughput of 400 cublc meters Der cuble meter
of eatelyst and per hour through & second Teac-
tion vessel, the catalyst space of which amounts
to only 78 per cent of the catalyst space of the
first vessel. In this manner. & further amount of
12.6 kilograms of lquid products is formed per
cublc meter of catalyst.

The, gas leaving the second vessel has & volume
of only 64 ber cent of that of the fresh gas, it
is passed, after removal of the liquid constituents,
with the same throughout per cubic meter of cat-

" alyst through a third reaction vessel, the catalyst.
" space:of which amounts to 64 per cent of that of

the first vessel. Hereby & further smount of 114
kijograms of, liquid preduct is formed per. cuble
meter of catalyst. '

The gas issuing from the third vessel has &
volume of 53 per cent of that of the fresh gas:
it 1s passed, after removal of the lgquid constit-

“uents, with the same throughput per cubic meter
qof- catalyst through & fourth reaction vessel, the

catalyst space of which amounts to .53 per cent
of that of the first vessel, Hereby. a. further

amount of 10.1 kslograms of liquid products is

fortmed per cubic meter of catalyst.

In the four vessels containing 2,96 cuble meters

of catalyst, there are obtained 36.22 kilograms.
of . liquid products per hour which {s equivalent
) cublc meter of
catalyst-and per hour (that is 30.5 per cent more
of liguid products than in the first case). For
the production of the same quantity of hydrocar-
bons as in the first case the catalysi space re-
quired -in. the second case can be by 23 per cent

' cmaller than in the first case,

In both case the heat generated in the con-
version is removed by cooling the reaction vessels

by heat exchange with ‘i cooling liquid.
‘ ' Ezample:2

A gas containing 28 per cent of carbon mMonox-
jde and 57 per cent of hydrogen ls passed at a
teniperature of 195° ©. and with a. throughput
of 300 cubic meters per cuble meier of catalyst
and per hour through a space of 1.18 cubic meters
filleg with a catalyst copsisting of 48 per cent of
cobalt; B per cent of magnpesium oxlde and 46
per cent of diatomaceous earth, and, after sep-
aration of the liquid constituents formed by this
treatment, through & “second vessel of 1 cubie
meter of internal space which is filled with the.
same catalyst. The throughput in the: second
vessel is only 2616 cubic meters of gas per cublc
meter of catalyst space as compared with: 300
cubic meters in the Arst vessel. The total yleld
is 10.6 kilograms of liquid products. - By addition
of fresh gas before the second reaction vessel in
an amount of 15 per cent of the gas freed from
the liquid constituents coming from the first
_ throughput of 300 cubic me-
ters per cubic meter of catalyst space and per
hout- is also obtained i this second reaction
vessel and thercby the total vield is increased
by 0.6 kilogram.

. 1n both cases the surplus heat. evolved in the
conversion is removed by cooling the comversion
vessels by heat exchange with a cocting lquid,

‘What we claim is:. -

1. In a process for the production of hydro-
carbons having more than one carbon atom in the

.molecule by- the catalytic conversion of carbon
- ‘monoxide with hydrogen in a plurality of

con-

secutive reaction -vessels with, removal behind

-esch reaction yessel of the liquid hydrocarboos
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formed, the improvement of maintaining in wll
reaction vessels substantially the same through-
put within the range from 200 to 600 cubiz meters
of gas per oublc meter of catalyst per hour.

2. In a process for the production of hydrocar-
bons having more than cne carbon atom in the
molecule by the catalytic conversion of carbon
monoxide with hydrogen in a plurality of con-
secutive reaction vessels with removal behind
each reaction vesse! of the liquid hydrocarbons
formed, the improvement of maintaining in all
the reaction vessels substantially the same
throughput of gas per cubic meter of catalyst per
hour by using reaction vessels of decreasing ca-
paclty, the decrease in capacity being substan-
tially proportionsal to the decrease in volume of
the gas supplied to each vessel,

d. In a process for the production of hydro-
carbons having more than one carbon atom in

“the molecule by the catalytic conversion of car-
bon menoxide with hydrogen in a plurality of
consecutive reaction vessels with removal behind
each reaction vesse] of the liguid hydrocarbons
formed, the improvement of maintaining in all
the reaction vessels substantially the same
throughput within the range from 200 to 600. cubie
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Ietars of gas per cubic meter of catalyst per
hour by wing reaction vessels of decreasing ca=
pacity, the decrease in capacity being substan-
tinlly proporticnal to the decreass in volume of
the gas supplied to each vessel,

4. In a process for the production of hydro-
carbons having more than one carbon atom in
the moleculs by the catalytic conversion of car-
bon monoxide with hydrogen in a. plurality of
consecutive reaction vessels with removal behing
each reactlon vessel of the liquld hydrocarbons.
formed, the Improvement of maintaining in all
the reaction vessels substantially the same
throughput within the range from 200 to 600 cubic
meters of gas per cublc meter of catalyst per
hour by adding to the gas passing inte the second
and subsequent vessels fresh gas in an amount
substantially equal to the difference in volume
of gas between that passing into the first vessel
and that due to the contraction in. volume by
the reacifon and by the removal of the produced
liquid hydrecarbons from the reaction mixture

leaving each vessel
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