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The invention relates to a process of and an
apparatus for producing hydrocarbons by cata-
lytic hydrogenation of carbon monoxide.

It is known to produce hydrocarbons by cata-
Iytic hydrogenation of carbon monoxide, for in-
stance by the Fischer-Tropsch process, which can
be carried out also in such a manner that more
or less large amounts of hydrocarbon compounds,
particularly alcohols, fatty acids or the like are
simultaneously obtained. For this process re-
actors are used in which the catalyst is placed
between cooling elements which are narrowly
spaced and are kept at a constant temperature
by water under pressure. These reactors are of

a special, relatively difficult construction and .

cannot be made in any size desired. They have a
life time of about'5-10 years only, for the boiling
water under pressure has a considerable corrod-
ing effect. They have a small capacity; in con-
tinuous operation they can be charged with only
about 100/N-litres (i. e. the volume of gas at 0°
C., 7160 mm, Hg, dry) synthesis gas per liter of
catalyst per hour. As the heat of reaction must
be removed transversely to the gas passage
through the catalyst grains towards the cooling
surface, higher quantities of gas would cause
-an increase of the reaction temperature, which
might entail carbon deposits and clogging of the
catalyst near the entrance of the gas into the
catalyst. The capacity was raised by recycling
the synthesis gas through the reactor. But more
than twice the normal capacity could not be
reached with economic result.

Higher reactor capacities are possible with
other known processes using granulated or pow-
dered . catalysts kept in suspension by the flow-
ing gas. But also in these processes the heat of
reaction must be removed at a constant tempera-
ture by coolers working with boiling water under
pressure.

Another known method of operation applies

. very large quantities of circulating gas to effect
cooling. If for instance, working at about 20
atmospheres gauge and using fused iron catalysts,
 the gas temperature rise may be up to 30° C.
. Then 50-150 times the quantity of the feed gas
has to be recycled. This renders the process un-
economie, so that it was not adopted in practice.

The process covered by the present invention
makes it possible to operate the synthesis reactor
at a very high capacity with regard to both feed
gas and output of hydrocarbons formed; it sim-
plifies the construction of the reactor consider-

.ably and renders the process particularly eco-
nomie,

According to this invention there are

(CL 260—449.6)
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used, for hydrocarbon synthesis by catalytic .
hydrogenation of carbon monoxide, at least about
5 and preferably more, catalyst layers. The gas
containing carbon monoxide and hydrogen is
passed through one layer after the other, and
the temperature of the gas is reduced by cool-
ing between its leaving one layer and entering
the. following one, in order to remove the reac-
tion heat or at least a great part thereof. Con-
sequently, the inlet and outlet temperatures of the
gas can be controlled within each individual layer

- of catalyst. The application of a multitude of
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catalyst layers eliminates the fundamental draw-
back of the known process i. e. the necessity to
recirculate enormous quantities of gas.

- The température control according to this in-
vention may be effected, for instance, by leading
the gas along cooling surfaces after it has left
each individual layer of catalyst. Liquid con-
densation products, dropping from the catalyst
layer or forming on the cooling surfaces, may be
removed by conventional methods before the gas
enters the next catalyst layer.

Preferably, only a small part of the hot reac-
tion gas leaving the last catalyst layer is with~
drawn from the reactor and worked up in known
manner. The main part of the gas, if necessary
after removal of any liquid products such as
paraflin, is boosted by a blower or a similar de-
vice, and reintroduced into the first catalyst
layer. Before this circulating gas enters the first
catalyst layer, the temperature of the gas is ad-
justed to the starting temperature of the reac-
tion e. g. it is reduced by about 10-15° C. on its

. way from the last to the first catalyst layer, for

example due to normal heat losses. In the first
catalyst layer the circulating gas may react again.
The quantity of gas passing through the catalyst
and the volume of the catalyst layers are ad-
justed in such a manner that within the first
catalyst layer the temperature rises about 5° C. to
15° C. Before the gas enters the next catalyst
layer it is cooled by coolers described, or also
by addition of corresponding amounts of cold
gas, e. g. cold feed gas to such an extent that the
temperature is about the same the gas had when
it entered the preceding catalyst layer. In the
following catalyst layers the operation is analo-
gous. According to this invention the conver-
sion of CO-+H: entering the catalyst layer is kept
below 2%, preferably at 0.3-1% of the total
amount of entering gas. Therefore, in the cata-
lyst layer the change of gas composition is but

-small and the reaction is stopped before detri-

mental rises of temperature may oceur.
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The gas may be cooled ketween the layers by
cooling elements which are cooled preferably by
boiling Water 6r o6il. In this tase hot feed gas
may be added, in thé first stage of synthesis, to
the hot circulating gases before entering the
catalyst. A further advantage may be obtained
by introducing, according to this invention, cold
feed gas, equally distributed, iito the various
catalyst layers of the reactor. By admixture of
cold or warm feed gas, which is, however, not
heated up to the reaction témperatiire, the tem-
perature of these gases is likewise reduced bé-
twéen leaving one catalyst layer and entering the
following. By this reduction of temperature, the
reaction heat evolved may be rendered innocuous.

Furthermore, the process of this invention may
be improved by introducing, instead of cold feed
gas or together with the latter, cold circulating
gas between the various stages. Cold gas may be

obtained by branching off a portion of the gas 2

léavifig the reactor and cooling it, for instance,
to 30° C. By this coohng, paraffins, oils and
réaction watér are separated so that the ¢old gas
then intFoduced into the reaefor is alinost free
from fezction products of synthesis. By this per-
foitatiée of the invention the partial pressiire of
water and reaction products within the reactor
i§, theréfore, considerably reduced. Thus the
catalytlc capacity is inéreased and theé formation
of méthane is lowered. Furthermore, the octane
fivimber of the products of reaction is increased
as most of the addltxonal hydrogenatwn of the

is avmded if a ratio of freeh feed gas to cold
circulatinig gas of 1:3 up to about 1:5 (aceording
6 the Teaction temperatiire) is abplied, all of the
féaction heat can be absorbed by these cold
gases, and a sufficient reduction or temperature
of the gases between two catalyst layers each can
be reached, so that further means for cooling of
the gases between the layers may be dispensed
With. If the volume of mrculatmg cold gas is
sufficiently large (ifs uppér limit is the above-
mentioned ratio, or the gas would have to be

héated say to 50° C. to 100° €.) the volume of hot -

cnculatmv gas may be reducéd, if desired. This
1s particularly feasible if ah extremely high ole-
fine ¢ontent of the products and thus a maxi-
miam octane humber is désired, or if préferably
products are to be madé having an éspecially
lngh c'ontent of oxy'gen The hot gas circulation
high number of catalyst Iayers for iistance 15=30
la.yers or roore, aré used. The number of cata-

Iyst Iayers, the ratio of hot gas and cold gas cir- -

¢ulated to feed gas, and the temperature increase
within one catalyst layer are in a relatioriship to
éach other. The higher the number of catalyst
layers the smaller the amount of ¢iréulating gas
may bé kept, and the smaller the tefmperature in-
crease within each catalyst layér cah be. Cheap
plants and high yields of the synithesis products
are thus made possiblé, as the investment costs
are greatly influénced by the equipment for
transporting and ¢ooling the gas. Furthermore,
the formation of methane is reduced and thus the
yield increased if the pi‘ocess is cairied out with
5 small difference of temperature within the
catalyst layer. Moreover, this difference of tém-
perature may be the greatber, the higher the drop
of concentration in CO--Hz of the gas within the
¢atalyst layer. The process a¢cording to this in-
vention is, therefore, particulaily advantageous
in case of intensive ¢onversion of CO—!—Hz, i. e if
about 90 to 98 per cent of the CO+H; offered in
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the feed gas are transformed on their passage
through all catalyst layers. Thereby, the content
of inert substances of the cireulating gases be-
comes so high that thé gas entefirig 2a¢h indi-
vidual catalyst layer contains but a few percent.
of CO-+Hz; thus a considerable decrease of con-
centration within the catalyst layer results which
would catse a reduction of reaction velocity with-
ifi the catalyst layer. This reduction is levelled
by the temperature rising within the catalyst
layets in the direction of the gas flow in accord-
anee With this invention. By the process of this
invention it is, therefore, possible to adapt the
temperature of the individual catalyst particle to
the CO-|H; doncentration prevailing in its
neighborhood iri each particular case, and thus
t5 obtain a uniform capacity of the catalyst with-
in the layer, which was not possible in the re-
actors hitherto applied.

If, for instance, a synthesis gas of 88 per cent
purity (carbon mohoxide - hydrogen) is used and
the transformation of carbon fionokide and hy-
drogen contained in the gas amouhit§ to 93 per
¢ent, the reaction heat corresponds to a témper-
ature increase 0f tHé synthesis gds Of 1400° C.
Provided the temperature incredse between the
gis entering and leaving éach contadt layel should
ve, for instaxicé; ohly 14° C. the khoWn protess
would require for the abserpticil of thé reaction
héat 4fi amount of cirewlating gés of 100 times
the quatitity of fresH géis used. Fori motlern syn-
thesis plarits consiting up t0 about 200,008 m.?
B° &., 760 nith. Hg, dry) of feed gas per hotir,
30,000,000 m3 of cirtulsting gas per nowr would
be necessary, &hd this edil scarcely be peifoimed
in pr actice, eveni not by applitationl 6f the most
foderd wmeans: Aecording to the process of this
iriveiition ohly dbout 1,060,800 i3 of €old gas
pér hour are reguiréd fof reifioval of the redction
heat if 200,600 m.3 of syfithesis gas aré introduded
per hour. In the various catalyst layers thig eold
gas is preheated, for ifstdnce ﬁom 30° €. to
280° ., by raixing it with the gas leaving & pre-
ceding 1a_vel and the gas leaving the prededing

; Catalyst layer is simultaneously cooled frfin, for

instance, 265° C. to 2B0° €. In tlis examiple 5
catalyst layers are provided. By application of
additional weans, for instafice indirect ¢ooling
batween the layers, thé afdount of cold gas may
sveén be further réducéd. The number of lay\,ls
may be reduced for instance to 12 by passing: ds
alreddy mentioned, a hot gas c¢ycle through all
layers. The number of layers aiid the quantities
of hot and cold gases recycled may in é€ach par-

1 ficidar cdse be easily chosén by a cothpatrison of

thie cost for gas ¢oimpression on the one Hand and
for the reactor volume on the otheér hand.

The process according to this inveniion also
iivolves the advantage that the working condi-
tions, for instance the load of the catalyst reac-
tors in terms of cubic theters of CO-4-Hz trans-
formed per kilogram of catalyst ber day, and fhe
quaiitity of hot gases réeycled may be varied
within rather wide limits. 'The coipesition of
the teaction products may thus be influenced.
By working according to this invention, for in-
stance, at high reaction temperatutres and with
relatively large guantities of hot gas and par-
tieularly of eold gas circulated {(anhd imaintaining
constant the iheréase of temperature within the
catalyst layers) products are obtained which are
tich in olefixies dfid have a high octarie number.
The eatalyst femdins dry so that it guarantees a
high reaction velocity. The opeiration may ke
cartied out uibider nermal ol €lévited pressufe.
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for instance at 20 atmospheres and more. The
. synthesis may also be directed to a high produc-
tion of parafins. In the latter case the tempera-
ture is kep$ so low, for instance at 180° C.-250°
C., that the residual gas leaving the reactor and
branched off from the hot or cold gas circulating
still has a CO-}Ha content of about 20-80 per
cent, so that the complete amount of CC+Haz re-
acted upon is below 80 per cent, preferably 50-70
per cent. In the latter case it is advantageous
to connect in succession, for instance, two or
more reactors so that the gas which has partly
been transformed in one reactor is worked up in
the following reactor or reactors.

Moreover, using the process of this invention,
the circulation of gas, for instance of hot gas,
may he adjusted in such a manner that, even if
a synthesis gas of high percentage is used, the
gas transformed at the catalyst has a high con-
tent of, for instance, &£0-90 per cent of inert
gases (carbon dioxide, nitrogen and methane).
This involves the advantage that the gas leav-
ing the reactor is practically completely utilized
so that a single-stage synthesis is sufficient. This
simplifies and cheapens the whole plant and the
separation of the reaction products. Moreover,
ignitions at the catalyst itself even in case of very
high load can thus be avoided with certainty.

The catalysts may have the usual grain size of,
for instance, 2-10 mm. In some cases, for in-
stance, when large quantities of gas are passed
through per unit of time, the grain size may even
be coarser, which has for instance the advantage
that the pressure drop in the catalyst layers be-
comes smaller. It is also possible to use a powdery
catalyst material, for instance in such a manner
that the catalyst is kept in suspension by the
gas passing through from the bottom to the top
of the reactor. Even in the case of a suspended
catalyst, coarser catalyst grains of, for instance,
2-10 mm. may be used. Then, however, the gas
velocity must be very high in order to keep the
catalyst material in suspension, bub this does not
offer any gifficulties with a corresponding num-
‘ber of stages and volumes of the gas in circu-
lation.

The number of catalyst layers to be provided
in the reactor may vary with the quantity of hot
gas recycled. The use of smaller guantities of
hot gas is suitably connected with an increased
number of catalyst layers, but the quantity of
cold gas used need not be changed for the same
load with fresh synthesis gas. » ’

The quantity of cold gas is distributed to the
various catalyst layers advantageously in such a
manner that within each catalyst layer the in-
crease of the temperature of gas is the same.
Thus cold gas is introduced into each catalyst
layer in equal quantities. It is also possible to
vary the quantities of cold gas during operation,
or to pass through the catalyst layers alternative-
Iy cold gas and fresh synthesis gas or, if desired,
various mixtures of feed gas and cold gas, or to
introduce into the various eatalyst layers differ-
ent amounts of feed gas or cold gas or a mixture
of both.

By varying the quantity of cold gas which re-
enters into the synthesis and maintaining the
same quantity of feed gas added, it will, for in-
stance, also be possible to change the ratio in
which carbon monoxide and hydrogen are con-
sumed by the reaction. When increasing the
quantity of cold gas recycled, the consumption
of hydrogen will become larger, and therefore the
concentration of carbon monoxide in the reacting
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gas will increase. This results in a decrease of the
formation of methane and an increase of the con-
tent of olefines and of oxygen-containing com-
pounds of the products of reaction. If, on the
other hand, the quantity of cold gas, in propor-
tion of cold gas to feed gas, will be reduced, the
opposite ‘result will be obtained with regard to
the composition of the recycled gas. The con-
centration of hydrogen in the reacting gas will
increase, and the yield of saturated hydrocarbons
will rise. - .

A further possibility offered by a variation of
the quantity of reentered cold gas consists in con-
trolling the composition of the end gas obtained
from the synthesis in such a way that a gas spe-
cially suitable for its subsequent utilization can
be obtained. For instance, the end gas will con-
tain considerable quantities of hydrogen and car-
bon monoxide, when the synthesis, as already
mentioned, is directed to yield high paraffin out-
puts. In this case, the hydrogen content of the
end gas, in proportion to its carbon monoxide
content, can, by an adequate adjustment of the
cold gas circulation, be regulated in such a way
that a gas of a nature will be obtained, which
is suitable for a synthesis in one or more further
reactors, in which cobalt or iron catalyst may be
used.

It is possible also to vary the amounts of cold
gas recycled. By passing, for instance, the gas
leaving a catalyst layer along surfaces cooled
by boiling water before it enters the next cata-
lyst ‘layer, the elimination of reaction. heat by
cooling' and transformation of this heat into
steam may be performed more or less completely
by a corresponding alteration of the size of the
cooling surfaces used and of the cold gas stream.
The indirect cooling may even be carried out to
such an extent that the cold gas stream becomes
unnecessary and only hot circulating gas and
fresh synthesis gas are introduced into the cata-
lyst layers.

“The catalyst may be used in various layers in
succession. The layers, for instance, which the
hot gas enters first may be charged with old
catalyst and the following layers with a more and
more young catalyst. The catalyst is, for in-
stance, filled in boxes which may be rather easily
taken from one catalyst layer and placed into
another one or into or out of the reactor, prefer-

‘ably with application of a protective gas such as

carbon dioxide, to avoid any intrusion of air.
This arrangement is advantageously used even
if the catalyst remains in the same layer through-
out the whole of its life. .

According to this invention, horizontal or in-
clined cylindrical containers may be advanta-
geously used in which the individual catalyst lay-
ers are vertically or obliquely disposed between
screen, slotted or perforated plates or similar
walls permeable to gases. As there is some dan-
ger that the catalyst mass slides together in the

course of a working period whereby gas short

circuits may oceur according to the invention,

“the individual catalyst layers may be closed at

their tops by a body which is easily movable and

‘impermeable to gases and lies with its own weight

on the catalyst material. It may be useful, for
instance, to apply piston-like, ireely movable

‘bodies in the filling openings for the catalyst ma-
‘terial with which the casings for the catalyst
“layers arée provided. - When the catalyst material
slides together, these piston-like bodies also sink

‘down and ‘thus prevent the formation of gas

“short ¢ircuits. The opening of the filling tube
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should not be filled with catalyst material as in
this part of the catalyst material the gas current
would be slower and the gas would remain longer
than in the remaining parts of the catalyst mate-
rial. This longer time of stay of the gas in the
tube might be the cause of ignitions which might
spread all over the catalyst material and render
synthesis impossible.

Laminated or pipe coolers may be placed be-
tween the individual, vertically or obliquely ar-
ranged catalyst layers for cooling the gas before
it enters the following layer. In these coolers the
cooling agent is preferably boiling water or boil-
ing oil. If cold gas is added between the layers,
it is advantageously mixed carefully with the re-
maining gas to avoid local differences of con-
centration in the mixture which would cause
superheating of the catalyst material.

If high-boiling hydrocarbons such as paraffin
or the like are obtained by the synthesis which
condense at the reaction temperature and drop
downwards from the catalyst layers, the horizon~
tal reactors offers, as compared with the vertical
reactor, the advantage of an extremely simple

removal of the parafin. It is merely necessary to 2

connect the deepest place of the reactor or of
the individual catalyst sections with a pipe for
eliminating the condensation product. Other
measures are not necessary. It is in particular
impossible that, as it occurs in vertical reactors,
paraffin or similar liquid products obtained by
synthesis drop from one layer into the following
layer as the layers in the horizontal reactor are
arranged vertically. This guarantees also & uni-
form reaction velocity in all layers.

Moreover, the process according to the inven-
tion may be combined with all the additienal
measures which are used in known processes of
catalytic hydrogenation of carbon monoxide.
Tron, cobalt or nickel catalysts manufactured in
known manner may, for instance, be used. In
the process of this invention the reaction heat
of the synthesis may be contained to a great
extent in the gases leaving the reactor. Con-
trary to the older reactors of the Fischer-Tropsch
synthesis, this fact allows to utilize this heat
for other operations, for instance, for separating
rich washing oils as they are obtained during
the production of gasoline from the residual gas
of the synthesis.

Three different reactors according to this in-
vention are illustrated in the aeccompanying
drawings. They are given by way of examples
only without limiting the invention to the special
embodiments shown in the drawings.

Fig. 1 is & vertical section of a vertical reactor.

Fig. 2 shows the arrangement of cooling sur-
faces in ancther vertical reactor. A horizontal
reactor is illustrated in Fig. 3 in a vertical sec-
tion, and in Fig, 4 in a side-view.

According to the embodiment of the invention
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shown in Fig. 1, two gas cycles are applied, namely

one hot gas stream { and one cold gas stream 2.
At 3, feed gas is introduced into the plant. The
residual gas leaves the plant through the piping
4. 5 is the blower for hot gas; 6 is that for
ccid zas. The steam generator 7 and the conden-
sation plant 8 serve for cooling the gas arriving
through the piping 8 and for separating reaction
products from the gas. From the cold gas stream
2, partial streams branch off through the pipings
{8 into the various sections Ii of the reacter
which are formed by perforated bottoms 12 car-
rying the catalyst layers. In the sections there
ave devices {4 for thoroughly mixing the gas flow-

65

™

ing through the reactor with the parfial streams
of the cold gas. At i3, the synthesis gas charged
with reaction products leaves the reactor. Ab
{5 hot gas is introduced. 16§ is a furnace which
serves for heating the gas when the operation
of the plant is started. The division of the gas
leaving the reactor into hot gas, cold gas and
residual gas, the supply of fresh synthesis gas
and the temperature adjustment of cold gas and
hot gas are done in such a manner that in each
section the mixture of cold gas and gases leav-
ing the preceding section through the perforated
bottom has the prescribed temperature which is
either the same in all sections or may increase
from layer to layer uniformly or in accordance
with certain rules, the latter for instance if cata~
lysts of different age are used for the process.
The increase of temperature in each catalyst
layer may be kept small. Generally the temper-
ature differences between the gas enfering and
leaving the individual catalyst layers are con-
trolled to 10° C. to 30° C.

The process of the invention allows a passage
of gas per unit of time which is about 5 to 15
times that which may be used in the known
Fischer-Tropsch synthesis. According to the in-
vention the gas may, if desired, be transformed
practically completely in a single reactor so that
a multi-stage synthesis is not necessary. More-
over, the reactor according to this invention is
much cheaper and simpler than the known types,
and it is no longer necessary to have it manu-
factured by special factories.

Pig. 2 shows a reactor provided with indirect
cooling, The gas is flowing through catalyst lay-
ers 1{. When it has left the catalyst, it passes
along cooling surfaces 20 and 21, flowing for in-
stance first from top to bottom and then from
bottom to top. It then reaches the next layer
through which it flows after it has been mixed
with fresh synthesis gas and, if required, cold
gas.

In the horizontal reactor according to Figs. 3
and 4 catalyst layers 23 are disposed side by side
in a pressure vessel 24. The catalyst layers lie
between walls 25 and 2§ permeable to gases. Be-
tween the catalyst layers are cooling pipes 27
which are connected by pipes 23 with the steam
collector 30. 3i are fresh gas inleis, 3% and 33
are devices for a hot gas cycle. Through piping
34 the residual gas flows off; it is further treated
in known condensation plants.

In the process of the invention known catalysts
may be used, containing cobalt, nickel or iron

. and activators and carriers or the like as e. g.

applied in the Fischer-Tropsch synthesis or in
other known processes of producing hydrocas-
bons. In the products of reaction obtained hy
the new process the oxygen containing hydro-
carbon compounds may be present in varying

_amounts. The percentage of these compounds in

the hydrocarbons produced varies according to
the catalyst used and the conditions of reaction.
If for instance cobalt catalysis are applied, the
oxygen containing hydrocarbon compounds in
the reaction products may amount to only a few
per cent or even much less. Ircn catalysts will
produce essentially greater quantities of these
compounds even up to 20-50 per cent, consisting
mainly of alcohols, fatty acids, ketones, esters
and the like.

The feed gases may have the same composition
and purity as those used in other processes of
carbon monoxide hydrogenation.
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A vertical reactor used is about 30 meters high,
and has a diameter of about 3 meters. It con-
tains 12 perforated bottoms carrying a known
grain catalyst. The catalyst may be piled on
the topmost perforated bottom to a height of, for
instance, 1.2 meters. Following the direction of
the gas stream, the said height may inecrease
regularly or in accordance with other considera~
tions, for instance up to 2.4 meters on the lowest
bottom.

The total amount of catalyst material in the
reactor is 50 m.3. It is distributed to the various
layers in such a2 manner that the uppermost layer
contains about half the volume of catalyst of
the lowest layer. The layers between are gradu-
ated uniformly with regard to the volume of
catalyst. This reactor allows to work up 10,009
m.s3 (0° C., 760 mm. Hg, dry) of synthesis gas
per hour and more. A plant which required
hitherto 109 old-type reactors, therefore, re-
quires only about 6-8 reactors according to this
invention.

60,000 m.3 per hour of the gas leaving the
reactor are recycled to the gas inlet 15 by blower
§ (Fig. 1). The temperature decreases between
gas outlet and gas inlet amounts to about 15° C.
due to unavoidable heat losses. A quantity of
46,600 m.3 circulates in the cold gas cycle: after
the hot gas is branched off, the gas passes
through the steam generation and the condensa-
tion to the blower, 6. Before the blower a resid-
ual gas quantity of about 3,600 m.2 (normal
volume) per hour is branched off which may be
worked up in known manner. Behind the blower
the quantity of fresh gas mentioned above is in-
troduced. By the introduction of fresh gas the
amount of gas in the cycle is increased to 53,000
m.2 (normal volume). It is distributed to the
lower 11 catalyst layers, and by addition of cold
gas the temperature increase of the gas of about
15° C., admitted per layer of catalyst, is balanced.
The cold gas may be distributed to the various
layers, for instance, according to the diagram
indicated in the drawing.

What I claim is:

1. In a process for the catalytic hydrogenation
of carbon monoxide to produce hydrocarbons and
oxygenated hydrocarbons in which a gas stream
containing CO and H: at reaction temperature
is passed through a series of spaced fixed cata-
lyst layers arranged in a reaction zone and con-
taining the same catalyst, the steps which com-
prise maintaining said gas out of contact with
liquids other than those directly produced dur-
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ing the reaction while such gas passes through
the catalyst layers and the spaces therebetween,
recycling a substantial portion of the hot gas
stream leaving the last catalyst layer to the first
catalyst layer at reaction temperature, remov-
ing reaction heat and products from at least a
portion of the gas leaving the last catalyst to
lower iis temperature below the reaction tem-
perature, recycling a portion of the cooled gas
from which reaction products have been removed
into the gas stream between the catalyst layers
and introducing gas containing fresh CO and H:
colder than the reaction temperature hetween the
catalyst layers, the proportion of said cooled
recycled gas to the gas containing fresh CO and
H2 is between 3:1 and 5:1, the combined amount
of said cooled recycled gas and the gas contain-
ing fresh CO and H2 being sufficient to cool the
gas stream before it enters each succeeding cata-
lyst layer to approximately that temperature
which the gas stream had when entering the
preceding layer, the temperatures within the re-
action zone being essentially only controlled by
the thickness of the individual catalyst layers
and the gases introduced inte and passed through
said reaction zone.

2. In a process in accordance with claim 1, in
which the amount of CO and H2 converted dur-
ing passage of the gas through each catalyst
layer is below 2% of the CO and H2 contained
in the gas stream as it enters each catalyst layer.

3. In a process in accordance with claim 1, in
which the araount of CO and Hsi converted dur-
ing passage of the gas through each catalyst layer
is between 0.3 and 1% of the CO and Ha2 con-
tained in the gas stream as it enters each catalyst
layer.

4. In a process in accordance with claim 1, in
which the thickness of the individual catalyst
layers is such that the temperature of the gas
stream is between 5° and 30° C. higher than
when it entered each individual layer.
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