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It is known that the catalytic synthesis of ali-
phatic hydrocarbons from the oxides of carbon
and from hydrogen can be effected by reason of

the fact that when the gas mixture is of a suit-

g able composition, for example, 1 part of carbon
monoxide and 2 parts of hydrogen, all the carbon
monoxide can be converted into hydrocarbons by
being once taken over g good contact substance,
for example, at 190° C., and at a not too great

10 velocity. This synthesis of the hydrocarbons

: from carbon monoxide and hydrogen thus differs

- fundamentally from the synthesis of ammonia,
where at the necessary relatively high reaction

. . temperature, for reasons of chemical balance,

18 always only one part of the mixture of nitrogern
and hydrogen can be converted into ammonia.
Here, accordingly, while removing the reaction
products, the process must be carried out in a

) number of stages, and this is effected in practice

e by circulating over the contact substance. The
carrying out of the synthesis of hydrocarbons
from carbon menoxide and hydrogen in the man-
ner hereinbefore described, in which the whole
carbon monoxide is at once converted in a single

s stage into hydrocarbons, has however the disad-
‘vantage that a relatively large quantity of such
hydrocarbons as can be liquefied only under
pressure is particularly formed of methane.

It has further been found thaf there is a much

80 greater yield of aliphatic hydrocarbons which

contain more than one carbon atom in the mole-.

cule (more particularly liquid hydrocarbons
which readily volatilise) , if the method is carried
out in at least two stages and, in between, either
85 the oil, that is to say, the liquid hydrocarbons
produced by synthesis and having higher boiling
points and a greater specific gravity than benzine,
or the reaction water alone, or, in addition, ben-
zine and the hydrocarbons that boil at a still
‘40 lower temperature, are removed from the gas,
care being taken during the early stages, by oper-
ating at specially low temperatures within the
specified range, or by maintaining a high velocity,
or by having insufficient hydrogen, that is to say,
45 by the use of a mixture of carbon monoxide and
hydrogen containing less than two parts by vol-
ume, but not less than one part by volume of
hydrogen to one part by volume of carbon mon-
oxide or by any combination of these conditions,
80 to ensure that the mixture of carbon monoxide
and hydrogen present is not completely consumed
but only to the extent of, for example, one-half
or two-thirds. By this means the generation of
heat within the contact substance is clearly lim-
88 ited, and thus the consumption of the mixture of

carbon monoxide and hydrogen is arrested in the
direction of the undesirable formation of meth-
ane. The process is carried out also in the fur-
ther stages with the same effect, and only in the
last stage is the residue of carbon monoxide and g
hydrogen, where desired, completely converted.

The dividing up of the synthesis of hydrocar-
bons ‘from carbon monoxide and hydrogen in
stages with the intermediate removal of reac-
tion products thus leads to the practical result 10
that there is an increase in yield of the desired
hydrocarbons of 20% and over until nearly the
theoretical limit is reached, which is not possible
of attainment in a single stage, however carefully
the work is carried out. Operating in stages, 18
however, without removal of the reaction prod-
uet has previously been described in connec-
tion ‘with the synthetic production of methane
from oxides of carbon and hydrogen; there has
also been described a method of effecting in gg
the use of catalysts the complete conversion
of hydrogen and of oxides of carbon into lig-
uid aliphatic hydrocarbons by removing the
liquid hydrocarbons produced in one stage but
re-converting the undesirable hydrocarbons into g5
carbon monoxide and hydrogen by the use of
steam or carbon dioxide or both at a high tem-
perature, and then converting the gas mixture
produced into hydrocarbons in the same or in a
new contact stage, and so on. : 30

The present invention has nothing in common
with the two methods hereinbefore described. It
can be carried out as a cyclic process with one or
more contact stages, although this is not essen-
tial, the gases leaving the cycle, after removal of g5
reaction products, being completely converted in
a further stage. )

In the accompanying diagrammatic drawings
there are illustrated several of the methods of
carrying out the invention as hereinafter de- 49
scribed. - ‘ '

Figure 1 illustrates the use of a single contact
layer of extended length.

Figure 2 illustrates the use of three contact lay-
ers disposed in parallel. .

Figure 3 illustrates the use of three contact
layers disposed in succession.

Figure 4 illustrates the use of three contact
layers, two of which are disposed in parallel and
the third of which is used as a succeeding stage. 59

Figure 5 illustrates a further modification in )
the carrying out of the invention.

Exampie I
Referring to Figure 1 of the accompanyin. s
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drawings, 12 litres of a gas mixture (one part of
CO plus two parts of Hz2) are passed every hour
over a contact layer a of a length of 90.cms.
(12 grammes of cobalt) at a temperature of 180°
C.: the gas mixture passing away from the con-
tact layer a is treated at b for the separation of
water and oil and at ¢ is passed over activated
carbon; the product contains up to 110 grammes
of benzine plus oil per cubic metre at normal
temperature and pressure. )

As illustrated in Figure 2, by using three con-
tact layers a! of a length of 30 cms. (each layer
4 grammes of cobalt) disposed in parallel and
passing over each contact layer 4 litres of gas per
hour at a temperature of 190° C., the product
again contains up to 110 grammes of benzine plus
oil per cubic metre of gas at normal temperature
and pressure. The gas mixture passing from the
contact layers a! may be passed in common
through apparatus b for the removal of water
and oil and over activated carbon at c.

If, as represented in Figure 3, 12 litres of gas
be passed every hour over the three contact
layers a? of a length of 30 cms. (each layer 4
grammes of cobalt) in succession and, after pass-
ing each layer, the reaction products, oil and

water, be removed as at b and benzine, at ¢, the

temperature of the layers being so selected. that
in each stage no more than one-third of the
original carbon monoxide is converted—the prod-

uct contains up to 120 grammes of oil plus ben-

zine per cubic metre at normal temperature and
pressure.

If, as represented in Figure 4, 12 litres of gas
be passed every hour over two contact layers a3
of a length of 30 cms. (each layer 4 grammes of
cobalt) disposed parallel to each other and the
gas is then passed over a contact layer at of a
length of 30 cms. disposed to the rear of the
other two contact layers, the temperature select-
ed being sych that in each layer approximately
the same volume of carbon monoxide is con-
verted and then oil and water and benzine are
removed respectively at b and c after each layer,
the totai product contains up to 130 grammes of
benzine plus oil per cubic metre at normal tem-
perature and pressure.

It is possxble by this method to work with lower
temperatures in the first stages, and as a result
there is a better yield of liquid hydrocarbons at
the expense of the gaseous hydrocarbons which
are otherwise produced. '

Example 11

The temperature is not ‘the same in all the
various stages, but is lowest in the first stage and
highest in the last. The light benzine and the
hydrocarbons which boil at a lower temperature
are removed between the several stages, for ex-
ample by washing with cold oil, or by the use of
active carbon, or by other methods.

Example II1

The same procedure is followed as in Example

II except that after each stage all the desired

. reaction products are removed, the oil being re-

moved by washing with circulating washing oil
having a temperature of over 100° C., the water
by washing with water, the benzine by washing
with cold oil, and the unsaturated gaseous hydro-
carbons by washing with suitably concentrated
sulphuric acid and the saturated gaseous hydro-
carbons by treatment with active carbon.

: Ezample IV
Complete conversion of the carbon monoxide

in the early stages is avoided if an msufncient_

2,149,515

quantity of hydrogen is presenf, and after the
different stages so much hydrogen, or gas con-
taining a high percentage of hydrogen, be then
added to the remaining gas, as will limit the con-
version. Only before the last stage is the amount
of hydrogen required for complete conversion
added. The reaction products are removed be-
tween the several stages. The method of work-
ing Example IV is applicable when it is desired
to secure as large a yield as possible of unsatu-
rated hydrocarbons.

The process hereinbefore described and ex-
plained by means of examples of increasing the
yield of aliphatic hydrocarbons which contain
more than one carbon atom in the molecule, can
be carried out at atmospheric pressure or at high-
er or lower pressures than atmospheric pressure.

As a further example of the application of the
invention there is illustrated in Figure 5 the
carrying out of a method according to which 12
litres of gas mixture are passed every hour into
a circuit wherein under the action of a blast d
the gas is caused to traverse two contact layers ab
disposed in parallel an8 each of a-length of 30
cms. and thence after removal of oil and water
at b and the removal by means of activated car-

bon of the benzine at ¢ the gas is in part passed

to an end stage comprising a further contact
layer ab, 30 centimetres in length, and is in part
returned for re-circulation over the contact lay-
ers a5. The gas passing over the contact layer ab
is finally treated for the removal of oil and water
at b and tHe removal of henzine at ¢ before being
treated as the final product

I claim:

1. A'method of increasing the yield in the cata-
lytic synthesis of aliphatic hydrocarbons having
more than one carbon atom in the molecule, from
carbon monoxide and hydrogen, in which the
synthesis is carried out in a number of stages,
consisting in effecting partial conversion of the
mixture of carbon monoxide and hydrogen.in the

first stage to the extent of less than 24 the avail-

able quantity, removing the reaction products
and subsequently subjecting the mixture of car-
bon monoxide and hydrogen to partial conversion

in the succeeding stages, each time after separa- .

tion of the reaction products, and completing the
conversion in the final stage.

2. A method according to-claim 1, wherein the
partial conversion is effected by the use of tem-
peratures lying below the optimum conversion
temperature.

3. A method according to claim 1, wherein the
partial conversion is carried out by the use of a
content of hydrogen that is deficient with respect
to the content of hydrogen with which greater
conversion can be secured by carrying out the
operation in a single reaction.

4. A method according to claim 1, wherein the
partial conversion of the mixture of carbon mon-
oxide and hydrogen is effected in the individual
stages by the use of high speeds of ﬂow of the
gas mixture.

5. A method according to claim 1, consisting
in partially converting the mixture of carbon
monoxide and hydrogen in one of the early stages
by the use of a temperature lying below the opti-
mum conversion temperature, removing the con-
densible reaction products and bringing the con-
version of the mixture of carbon monoxide and
hydrogen to a conclusion in the further stages by

 raising the temperature so that the optimum con-

version temperature is attained in the last stage.
FRANZ FISCHER.
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