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COMPLETE SPECIFICATION

Process of and Apparatus for Producing Hydrocarbons

We, METALLGESELLSCHAFT AKTIENGESEEL-
SCHAFT, 2 Corporation orgamised under the
Laws of Germany, ol 45, DBockenheimer
Anlage, Frankfurt-on-the-Main, Getmany,

5 do hersby declare the nature of this inven-
ion and in what manner the same is to be
performed, to be particularly described and
ascertained in and by the following state-
ment —

10 ‘This invention relates to a process of and
an apparatus for producing hydrocarbons by
the catalytic hydrogenation of carbon
monuxide.

Tt is known to carry out the catalytic

15 hydrogenation of carbon monoxdde, for
instance by the Fischer-Tropsch-process, in
such a manper that in addition to hydro-
carbons, greater or less amounts of oxygenated
hyd.roca.rbonderivaﬁves,part'icularlya.lcohols,

20 fatty acids or the like are simultaneously
obtained. For this purpose reactors are used
in which the catalyst is disposed beiwcen
cooling elements which are narrowly spaced
apart and arc maintained at a constant

Z5 temperature by water nunder pressurc. These
reactors are of a speciel, relatively difficult
construction and cammot be made in any
desired size. Moreover they have a lifetime
of about only 5 {0 10 years, since the boiling

30 water under pressurc bas a considerable
corrosive effect. Such reactors have a small
capacity ; in continuous operation they can
be charged with only abont 100/N-litres
{i.e. volume of gas at 0° C. and 760 mm, Hg,

35 dry) of synthesis gas per litre of catalyst per
hour, Since the heat of reaction must be
removed transversely to the gas passage
through the catalyst granules towards the
cooling surface, grcater quantities of gos

40 would cause an increase of the reaction
temperature, which might enfail carbon
deposits and clogging of the catalyst ncer the
cnirance of the gas Into the catalyst.

Hitherto the capacity was increased by

45 recycling the synthesis gas through the
feartor. However meore than iwice the
normel capacity could not be econnmically
reached. Higher reactor capacities are
possible with other known processes using

[Pri—""" "]

granulated or pulvernlent catalysts main- 50
fained in suspension by the flowing gas. In
these processes however the heat of reaction
arust be removed at a constant temperature
by coolers operating with boiling water
under pressurc. 55

Ancther lmown method of operation em-
ploys very large quantitics of cirenlating gas
to effect cooling, If for instance, working at
gbout 20 atmespheres gauge and using fused
jron catalysts, the gas temperature rise may 60
be 10 to 80° C., then 50150 times the guan-
tity of the feed gas has to be recycled. This
renders the process umeconomic, so fhat #
was not adopted in pructice.

The process of the present invention aims 85
at enabling the synthesis reactor to operate
at & very high capacity with respect to both
feed gas and output of hydrocarbons formed ;
and at simplifying the construction of the
reactor. 70

To this end, the present inveution provides
a process of producing hydrocarbons, and if
desired, oxygenated hydrocarhon derivatives
by the calalytic hydrogenation of carbon
monoxide, in which synthesis gas containing 75
carbon monoxide and hydrogen is passed
through a stccession of layers of catalyst,
which process is characterised by reducing
the temperaturc of the gas leaving one layer
of catalyst by cooling, by an amount approxi- 80
mately equal to or only stightly less than the
increase in temperature produced in the layer
of ca.’ca?/st, before said gas traverses the next
layer of catalyst. ~

The invention. is preferably cartied out in 85
apparatus comprising at least five and pre-
ferably more, catalyst layers. The employ-
ment of a phirality of catalyst layers
eliminates the fundamental drawback of the
known process ie. the necessity of recir- 80
eilating large guantities of gas.

The temperature control according to the
invention may be effected, for instance, by
leading the gas along cuoling snrfaces after
it has left each individual layer of catalyst. 95
Liquid condensatioii products, dropping from
the catalyst layer or forming on the coulmﬁ
surfaces, may be removed by conventiona
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methpds before the gas enters the mext
catalyst layer. - '

Preferably only & small part of the hot

reaction gas leaving the last catalyst layer

5 is withdrawn from the-reactor and worked np:
in known manner. The bulk of the gas, if
necessary after zcunoval of any lguid: pro-
ducts such as paraffins, is buoosted by a

blower or a similar device, and reinfroduced’
10 into the first catalyst layer, Defore this

circalating gas enters the first catalyst kvyer,
the termperaturs of the gas iz adjusied {o
the starting temperature of tha reaction e.g.
it is reduced: by about 10 to 15° C: on iis
15 way from the last to the first catalyst layer,
for example due to norinal hest losses? Io
the first cutalyst layer the ciendating gas
may reack again. T _
The quantity of gas passing through the
20 catalyst und the volume of the catblyst
layers are adjusted in such @ manner that
within the first catalyst layer the temnperature
rises gbout 5°C., td 15°C. Before the gas
enfers the next vatalyst layer it is cocled by
25 coolers as hereinbefore described, {r also by
addition of suitable ameiitits of cold gas,

é.g. cold feed gas, td such ad extent that tile.

temperature is gbout’ the same as that the
gas had on entering the preceding cetalyst
30 Iayer. In the.following catalyst layers the
operalion is apalogous,
in can?rmg_ out the invention the con-
version of CO 4 H, enterihg ‘each catalyst
Tuyer is advantageously kept below 2%, and
35 preferably at 0.3 — 1%, of the total amonit
of gas entering each Jayer, Conseguemily the
change of compositiont .of the gas in’ the
catalyst layer. is' small wnd the resction is
stopped before detrimental rises of tempefas
40 tuze cau oceur, . : .
The'gas may be cooled betweel the layers:
by cooling elements which' are cooled pre-
ferably by boiling wdter or oil, In such cese,
fn the first stage of synthedis, hot feed gas
45 may be added to {he hol circilaling gases
befors entering .the cafalyst. A forther
advantagé can be dbtained by infroducing.
cold feed gas, uniformly disiributed, into the
varicus' catalyst layers of the reactor. By
50 the admixture of cold or warm feed gas—
which is, however, not heafed up fo the
feaction temperature—the tempirature of
{hese gades is likewige reduced between
leaving one catalyst layer and entering. fhe
55 next, By virtue of this reduction of tempera-
fure, the heat of rveaction evolved cam be
rendered innocuous. -
‘I'he hereindescribed process can be im-
proved hy introtucing, ‘mstead of cold feed
G0 gas or together with the latker, cold cir-.
- culating gas betweer the. various' siages.
Cold gas may be obtained b%ieranching off
a portiod of the gas leavirg the reactor and
cooling it, for instance, to 20°C. to 30°C.

By this cooling, paraffins, oils and reaction 65
water are separated so that the cold gas
subscquently introduced into the reactor is
almost free from the reaction products of the
gynithesis, TIn this embodiment of the
invention the parbial pressure of water and 70
reaction products within the reactor is there-
fore considerably reduced. Thus the catalytic
capacify Is increased and the formation of
methane is reduced, Moreover the octans
nimber of the products of reaction is in- 78
creased since most of the additional hydro-
genation of the olefines formed by the
synthesis, which are introduced into the
furnace in substantial amounts if hot ges only
is 1ecycled, is avoided, . B0

If'z ratio of fresh feed gas to cold cirenlating
fias of 1:3 up fo about 1:5 (according to

e reaction femperaturs) is applied; all of
the hedt of reaction cam be absorbed by
thesa cold gases, and a sufficiént reduction 85
of temperafute of the gases between each
pair of catalyst layers can he attained, so
that further means for cooling the gases
between the layers can be dispenscd with.
M the volumie of circulating cold gas is 90
sufficiently-large (its upper limit is the afore-
mentipned ratio, since otherwise the gas
would have to be heated say to-50°C. fo
100° C.y the volume of hot civculating gas
may be reduced, if desired, This is par- 95§
tioularly feasible if an extremely ]E]igh
olefine contenit of the products and this a’
miazimum octene nuisber iv desired, or if
preferably products are to be made having
an especlally high content of nxygen. . .
_ The hot gas circuletion may be dispensed
with-conipletely if a sufficiently large mmmber
of catalyst layers, for instanee 15 to 30 layers .
or more, ar¢ used. The mtonber of catalyst
layers, the ratio of hot gas dnd cdld gas105
cirenlated to feed gas, and the ternperatine’
increasé within one catalyst layer are related
to each. other. The higher the number of
cafalyst layers; the smaller the amount of
cirenlating gas may be kept, and-the snaticr 110
can be the temperature increase within sach
catalyst layer. . .

Cheap plants and high yields of synthesis
products are thus made possible, as the

100

ihvestment costs are greatly influcnced by 115

the nature of the equipment for fransporting
and cocling the gas. Moreover the formation
of methane iz refuced and thus the yield
increased If the process is carried out with a
small difference of tempezature within the 120
catalyst layer. Moteover, this lemperature
difference may be the greater, the higher the
drop of concentration in CO | H, of the gas
within the catalyst layer. The process of
fha préserif invention is therefore particulaly 125
adyafitageons i case of intensive canversion:-
of €0 + H,, Le. if about 90 to B8% of the

CU + H, present in the fresh feed gas are-
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transformed on- their pessage throngh all
catalyst layers.. By virtue of this the content
of inert substances of the circilating gascs
becomes so. high that the gas entering each
5 individual catalyst layer ¢ontains but a few
per cent of CO 4- Hy, Thus a considerable
decrease of conceniration within-the catalyst
Tayer results which would cause 2 reduction
of reaction. temperature within the catalyst
10 layer. This reduction is compensated by ths
- temperature rising within:the catalyst layers
in the direction of the gas flow in accordanes
with the invention. The hereindescribed
process thms rendess it possible to adapt the
15 temperuture of the individual catalystparticle
ta the CO + H, concentration prevailing. in
the vicinity thereof in each particular- case,
and thus to obtain a mniform capacity of the
catalyst within the layer, which. was not
90 possible in the reactors hitherto. employed. -
If, for imstance, a synthesis gas of 88,
purity (carbon monoxide 4 hydrogen) is
used and the degree of conversion of carbon
monoxide aud hydrogen contained in the
25 gas amounts to 93%,. the heat of reaction
corresponds to a temperature increase of the
synthesis gas of 1400°C. Provided the
temperatyre increase between the gas enter-
ing and leaving cach contact layer is to be,
30 for instanice, only 14° C., the known process
would require for the absorption of the heat
of Teaction an amount of circulating gas of
100 times the quantity of frech gas nscd.
For modern synthesis plants consuring.up
35 to abotit 200,000 cubic metres (0° C,, 760 mra.
Hi, dry) of feed gas per hour, 20,000,000
cubic meires of circulating gas per hour
wortld be necessary, which is scarcely poseible
in practice, not even by application of the
40 most modern means. According to the here-
indescribed process only about 1,060,000
ctibic metres of cold gas per hour are reqnired
for removal of the reaction heat if 200,000
cubic metres of synthesis gas are introduced
45 per hour. In the various catalyst layers this
cold gas is preheated, for instance from
30° C, o 280° C., by mixing.it with the gas
leaving a prccedir;%.layer, and the gas leaving
the praceding catalyst layer is simultancously
50 cooled from, for instance, 205° C, to 288° C.
Tn this exampple 40 catalyst layers aré
provided. By the use of addifional measures,
for instance indirect cooling. hetween the
layers, the amount of cold gas may he even
55 further reduced, The number of layers may
be reduced for instance to 12 by pessing a
tiot gas tecycle through all layers. The
mmber of layers and the quantities of hot
and cold gases recycled may in each particular
80 casc be easily chosen by a comparison of the
cost for gas compression on the ome hand
and for the reactor capacity vm the other

'I?h;: hereindescribed process also entails

the. advantage {hat the working conditions, 65
for instance. the load of the catalyst reactors
it-terms of cubic metres of CO -+ H; {ians-
formed per-kilogramme of catelyst per- day,
and the guantity of hot gases recycled can
be vared within rather wide Lmits, The 70
composition of the reaction producis may
thus be influenced, By operating.in accord-
ance with-the invention, fur instance,-at high
reaction.. temperatires and with relatively
large quantities. of Hot gas and partienlarly 75
of cold circulated gas {and mainiaining the
increase of ternperature constant within
each. catalyst layer) products: are ohtained
which. are rich in olefines and have a high
octane number. The catalyst remains dry 80
go that:it guerantees a bigh reaction velacity.
The operation: may be carried ouf under
nozmel. or elevated pressuve, for instance at
20. atmospheres-and meore,

‘Fhe synthesis muy also he directed to 4 85
high yicld of paraffins. In the latter case the
temperature s kept so low, for instance at
180°°C. to 250°C., that the residual gas
leaving the reacter and branched off from
the: hot or. cold cireulating ges. still has a 90
CO 411, content of about 20 to 60%, so
that the total amoéunt of CQ -+ 1Ty, reacted
upon.-is below 80%, preferably 50 to 70%,
In the latter case it is. advamtagecus. to
conpect two or miore reactors in serics 5095
that the gas which has partly been-cenverted
in. one reactor is worked up in the following
reactor OT Teactors.

Morgover, In’ ¢ out. the herein:
described process;-the circulation of gas, or 100
instance of hot gas, mey be.adjusted in-such
a manner thaf, even if a high percentage
synthesis gas is-used, the gas tramsformed at
the catalyst has a high content of, for instance
§0 to 909, of imcrt gases {carbom dicxide. 105
nitrogen and methane). This involves the
advantage, tbat the gas leaving the reactor
is practically completely utitized so that a
single-stage synthiesis is sufficient. This
simplifics aud cheapens.the whole.plant and 110
the separation of the reaction products
Morcover,- hot spofs in the catalyst itsclf
aven in case of very high load can thus be
cifectively avoided.: -

The catalyst may have the wsual grain 115
size of, for instatice, 2 to 10:mpy, In some
cases, for instance with large throughput
of gas per unit period, the grain size may
even. b coarser, Wwhich bas for instance the
advantage that the pressure drop in the 120
catalyst layers becomes smaller. If is also
possible to use’ a pulvernlent catalyst
material, for instance by keeping the catalyst
in suspension by e gas passing through from
the bottom to the top of the zeactor. Even in 125
the case of a suspended calalyst, coarser
catalyst granules of,.for Instance, 2 to- 10 mm.
may be used, Tn such case however, the gas:
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velomty must be’ very “high in ardef to keep
the catalyst material in suspension, hut-this
does not offer any difficulties with. a.suilable
number of stages and volumes of gas in
5 circulation.
The oumber of catalyst layers to be

provided in the reactor muy very with the

quantity of hot gas recycled. The use of
- smaller guantities of hot gas is suitably
10 cumbined with an increased number of

catalyst layers, but the quantity of cald gas

used meed not be changed for the same load

of fresh synthesis gas, -
The quantity’ of cold gas is ﬂlsl.ubuted
15 amiong the varions catalyst layers advan-
" tageously in such a mannerthat the increase
of the temperature of the gas within each
catalyst layer is the same. “ITms cold gas'is
introdaced into eacl: catalyst layer in equal

" 20 quantities. Ii is also possible to vary the

gnantities of cold gas during operafion, or
to pass througl the -catalyst layers alter-
natively cold gas and ‘irésh synthesis gus or,
. if desired, various mixtures of feed gas and
25 cold: gas, or to intreduce -inte the verious
catalyst layers: djﬁerent amoits of feed
gas or cold ges or a wixture of both,
It is alsé possible to vary the amounls of
cold gas ¢ ed. By passing, for instance,
30 the ges leaving o catalyst layer over Surfaces

cooled by hoiiing water before it enters the .

next catalyst layer, the elimination of heaf
of reaction by cooling and conversion of this
heat into steam may be performed more or
35 less completely by a correspondiug ulteration
of the size of the codling surfaces used aud of

may even be carried out 1o such an extent
that the cold gas stream betOmes unnecessary
40 and only hot- circulating  gas. and fresh
synthesis gas are mtroduced into the ca'talyst
layers.
The catalyst may be -used in various
layers in succession. The layers, for instance,
45 which the hot gas enters first may be charged
with old catalyst and ihe following layers
with a -progressively fresher catalyst. 'the
catalyst is, for instance; filled into boxes
; which may be comparatively easily removed
50 from ‘one catalyst layer and placed- into
- another fr in and ot of the reactor, prefer-

ably with the a.ld ‘of a protective gas such as

earbon dioxide, in order 1o avoid any ingress
of air. This arrangement is advantageously

' 55 used even if fhe catalyst remains in the same
- layer throughont the whole of its iife.

In carrying out the invention, horizontal

or inclined cylindrical containers may. be
advantagecusly used in which the individual

60 catalyst layers are vertically or obliguely.

disposed between screeps, slotfed or per

forated plates or similey partitions per-

meable to gases, In view of the danger of

the oatﬂyst mass sliding togethar in the

course’ of . working pe.n-nd -as a result of 65
which gas shart clrcuits: may ocour, the

_individual catalyst layers may be closed at

their top by a body which is easily movable,
and impermeable to-gases and bears with its -
own weight-on the catalyst material, T£70
may. be useful, for instance, to-

employ
" piston-like, frecly moveble bodies in fhe

filing openings for the catalyst material with
which the casings for the catalyst layers-are "
provided, When the catalyst material slides 753

- together, these piston-like bodies also sink
" down and thus prevent the formaiion of

gas short civcuits, The opening of the flling -
tube should mot be filled with catalyst
material since in this part of the catalyst 80
matecial the gas current will be slower, and
the gas will staylonger than in the remai
parts of the ca t material, - This longer -
time of stay of the gas in the tube may give
zise to hot spots which may spread through- 85
put the catalyst material and Iender 'Ehe
synthesis impossible. - :

Laminated or pipe coolers-may be disiposed

“between the individual, vertically or cbliquely

_arranged: catalyst Iayers for cooling the gas 90 .
.- before it enters-the following layer. The

“pooling agent emploved in these coclexs is

preferably boiling water or boiling 'oif. If -

‘coid. gas is added hetween the lagers, it is
advantageously mixed care
Tomaining gas. to avoid:local

Jwwith the 95
erences of
concentration in -the mikhire which would
canse.hot spots in the catalyst material,

“When conducting the synthesls so0.as to
araffine or fhe like which condense at the

from: the catalyst layers, {fe horizontal

“reactor, as compared -with the vertival

reactor, offers the advantage of an extremely 105

* simple removal of the paraffing, Tt is merely

necessary to comect the lowest point of the
reactor.or of the individual catalyst seclions
with: a pipe for eliminating the condensation
products.

oecnrs in vertical reactors, paraffin or
similar Hquid products obtained by the.
synthesis - drop from one layér into the

_following luyer, since the Jayers in the 115

horizontal reacfor are d verticaliy.
This also guarantees. a uniform: reaction
velocity in all layers.

Mozeover, the .process of the. present

invention can employ all the additional 120

measutes which are used in known processes
for. the cafalytic hydrogénation of carhon
manoxide:* Iron, cobalt or mickel catalysts
manufactured in known manper may, -for

instance, be used. In the hereindescribed 125

process the heat of reaction of the synthesis.
uay be contained to a great extent in the
gages leavmg the reactor. Contm:y to the

obtain high-boiling - hydrocarbons. such as 100
the cold gas streanz ~The indirect. cooling - :
‘reaction. temperature ahd dm downwards

Additiomal . measures are un-110-
_obecessary.  Thus it §s impossible that, as



670,289 &

older reucters of the Fischer-Tropseh syo-
thesis, this fact enables the utilization of this
heat for other operstions, for instanee, for
separating riclt washing oils, sach as are
& obtained during the productian: of gasoline
from- the residual gas of the synthesis.
- I order to emable the invention fo be
more veadily understoad, reference is made
to-the accompanying drawings-which illus-

10 trate  diagrammatically and by way of
example three different ycactors accerding:
tv {his invention, and in which :

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

15 Fig. 2 shows the arrangement of cooling
surfaces in apother vertical Teactor;

Tig. 3 is a vertical section of a horizantal
reactor ; and
Fig. 4 is a transverse-section,

20 In the-embodiment shown in Fig. 1, two
gas cycles are employed, namely one kot gas
strearn 1 and one cold stream 2, Feed

is introduced into the plant at 3. The
residual gos feaves the plant through the

25 condunit 4. § is the hiower for hot gas,
6 is the blower for cold gas. The steam
generator 7 and the- condensation plant 8
serve for cooling the gas arriving threugh the
piping @ and for separating products from

80 the gas. From the cold gas siream 2, partial
streams branch off through the conduits 10
into the varicus sections I1 of the reactor
wlich are formed by perforated trays 12
carrying the catalyst layers. Devices 14 for

85 thoroughly mixing thegas flowing through the-
reactor with the partial streams of the cold
gas, are provided in the sections. At 13
the symthesis gas charged with reaction pro-
ducts leaves the reactor. Tlot gas iy iniro-

4p ducerd at 15, 18 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 {resh synthesis

45 gas and the ferperature adjustment of cold
gas and hot gas are effccted in such a manner
that in each section, the mixture of cold gas
and gases leaving the preceding section
throngh the perforated tray has the pre-
50 scribed temperature which is either the same
in all sceticns or may increase from layer to
Jayer uniformly or in accordance with certain
rules, the latter for instance if catalysts of
different age are used for the process, The
55 increase of temperature in each catalyst
layer may be kept smeil. Generally the
temperature differences between the gas
entering and leaving the individual catalyst
layers are controlled to between 10°C. and
60 80° C.
. The process of the present invention
permits a gas throughput which is about 5
to 15 times that which may be used in the
known Fischer-Tropsch synthesis. The gas

may, if desired, be transformed practically 85
completely in & single seactor se that a
multi-effect synthesis isnot necessary. More-
over, the reactor: illustrated is much cheaper
and simpler than the known types, and il is
no-Jonger necessary to have it manufactured 70
by specialist factories.

Fig: 2 shows a reactor provided with in-
divect cacling. The-gds flows through catalyst
layers- 11, Adfter leaving ithe eatalyst, the
gas passes along cooling surfaces 20-and 21, 75
Howing for instance fifst from top to bottom
and tren from bettem to top. gas then
reaches the noxt layer throuwgh whieh it
flows. after it hus been mixed with fresh
syathesis gas and, if requiscd, cold gas.

In the Lorizomtal teactor shown in Figs, 3
and 4 catabyst layers 25 are disposed side by
side- in & pressure vessel 24, The catalyst
layars lie between gas-permeable partitiens
95 and 268. Beiween the catalyst layersS5
are cooling pipes 27 which axe connected by
pipes 29 with the steam collecior 80. 31
are fresh gus inlets, 52 and. 33 are deviees
for a hot gas cycle. The residual gas flows
off through condrit 34 for further treatment 50
in imewn condensation plasts.

The invention will be illustrated by the
following Example: - -

80

EXaAMPLE

The econversion is curxied out in a vertieal 85
reactor of thé kind ifustrated in Fig. 1,
having & height of about 30 metres end a
diameter of about 3 imetres. Said reactor
containg twelve perforated trays carrying a
known granular eatalgst. The catalyst may 100
be piled on the topmost perforated tray to a
height of, for instunce, 1.2 metres. Foilowing
the direction of the gas stream, said height
may increase regulatly or in accordance with
other considerations, for instance up: to 2.4 105
metres on the lowest tray.

The total ameount of catalyst material in
the reacter is 50 cubie meires. Tf is dis-
tributed among the various layers in sueh
a menner that the uppermost layer contains 110
ahent half the volume: of catalyst comtained,
in- the lowermost layer, The layers between
are graduated uniformly with respect to the
volmme of catalyst. This reactor ailows
10,000 cubic metres (0° G., 760 mm. Hg, dry) 115
of synthesis gas per hour sud more to be
worked up. A plant which required hitherto
100 old-type reactors, therefore, requires only
about 6 o 8 reactors according to the present
‘invention. -

60,000 crrbic metres ‘per hour of the gas
leaving the reactor aré recycled to the gas
inlet 15 by blower 5 (Fig. 1). The temperature
decrease hetween. gag-outlet and gas inlet
amounts to abont 15° C. duc fo mnaveidable 125
heat losses. A qguantity of 46,600 cubie
metres circulates in the cold gas cycle. Adter

120
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the hot gas is branched off, the gas passes
through the steam gemerator and tha con-

densor to the blower 6. Before the blower a. "

quantity of residual gas of about 3,600XN,

5 cubic metres -(as hereinbefore defined) per
hour is branched off which may be worked

1o in known menner. After the blower the
resaid quantity of fresh gas is introduced.

By the introduction
10 of gas in the cycle is incrcased to 53,000

N. cubic metres. It is distributed to the.’

lower eleven catalyst layers, and by addition

of cold gas the teémperature increase of the

gas of about 16° C., admissible per layer of

15 catalyst, is balanced, The cold gas may be

distafbuted among the varions layers, for

instance, in the manner Hlustrated m Fig. 1.

. Having now particularly described and

ascertained the nature of our said invention

20 apd in what manner the seme I8 to be per-

formed, we declare that what we claim
is:— SN

1. A process of producing h{drocarbam,_

- and if desired, oOxygenated hydrocarbon

g5 derivatives by the catalytic hydrogenation of

carbon monoxide, in which synthesis gas

carbon, mienoxide and hydrogen

contaning

is passed through a succession of layurs of °

catalyst, which process is characterised by
30 reducing the temperature of the gas leaving
one layer of catalyst:by cooling, by an
amount approximately squal to or uly
slightly less than the increase in femperature

produced in the layer of catalyst, hefore said .
. layersis slightly higher than the termperatire

35 gas traverses the next layer of catalyst.
2 Process as claimed in Claim 1, wherein
the temperatore of the gas is reduced between
two catalyst layers by indirect cooling andf-
or pdmixtinre of colder gas. ’
40 3. Process as claimed in cither of the pre-

ceding Claims, wherein the thickness of the.-

following catalyst layers is greater than that
of the preceding ones. ’

4, Process as cleimed in any of the pres” -

45 ceding Claims, wherein, in the case of catalyst
layers disposed one above the other, thegasis

of fresh gas the amount -

led through the catalyst layers from top to -
bottem.- ~ :
5. Process as claimed in any of the pre-.

‘cading Claims, wherein the gas throughput 50
'is kept much greater than in the hydrocachon

synthesis according to Fischer-Tropsch, the
increase being for instance five-to fifleen-fold.

6. Process as claimed in any of the pre-
veding Claims, wherein past of the gashs
leaving the last catalyst layer is cooled and
ied back beiween the layers. :

7. Process as cluimed.in amy of the pre-
ceding Claims, wherein CO 4 H, is added
5 the gas Tetween the catalyst layers. _

8. Process 23 claimed in any of Claims 1
to 4, in which two gas eycles are maintained,
the gas of the ane cyde being led back with-
out substential cooling after it has left the
catalyst layers and, if desired, after separation 65
of Hquid reaction products such as paraffins, |
and the gas of the second cycle, aficr having
left the catalyst leyers and having cocled

0

down, for instance,- to room tfemperahire,
. being freed from at least part of the reaction 70
products and being distributed if desired, in .

admixture with iresh gas for regulating the
temperature, among the varioms catalyst
layévs before entering the latter.

9. Protest as claimed in Clalin 6, whevein 75

. the hot circulating gas is passed, in succession

through all catulyst layers.

. 10. Process as claimed in any of the pre=-

ceding Claims, wherein the ‘lemperature with
which the gas enters snccessive catalyst 8o

with which it enters the preceding catalyst

- layer. -

711, A process of producing hydrocarbons
by the catalytic hydrogenation of carbon 8
monoxide, substantially as hereinbefore
described. :

* Dated this 14th day of June, 1949,

W. H. A. THIEMANK,
14 ta 18, Walborn, Londen, E.C.1, -
Agent for the Applicants.

" . Redhill; Printed for Her Majesty's Stationery Office, by Love & Maleomson, Lid. 1952,

~ Published at The Patent Offies,

25, Southampton Bnildings, London, W.C.2, from which
coples may be cbtained. '
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