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Method of Producing Hydrocarbons

We, TNuEreasmMmE  ANTIBSGESBELL-
souart, o body corporate organised
under the Luaws of Germany, of Chber-
hausen-Holten, Germany, and Tiowex

b GESELLScEAFY  TUR  WARMBTECHNIK
m.kH., a hbody corporate organised
under the Laws of Germany, of 17 io 19,
(ervinussbrasse, Frankfurton-the-Main,
(Glermany, do hereby declare the inven-
fion for which we pray that a patent may
be granted o us, snd the wosthod hy
which it is to be performed, to be par-
tienlarly deseribed im wnd by {he follow-
ing stotemoent: —

This invention relates to o method of
producing hydrocarbons.

In the catalyiic workmf-up of gases
sontaining carbon mopoxide end hydro-
gen. into higher hydrecarbons (which
mtay wlso be so conducted that more or
less large amounts of oxygen-containing
hydrocarbon  derivatives for exemple
aleohols, fatty acids, or the like, ure
obtained) hitherto cotelyst outpubs of
only about 0.16 to (.2 tuns of higher hy-
drocarbons .and, where  applicable,
ogygen-containing compounds per cubic
metre of catalyst per day have been
stiained in the case of stalionary cata-
lysls. o

The catalysis wers accommadated in
thin layers of a thickness of 7.5 to 10
mm. hatween indirectly cooled heat ex-
chunge. surfaces (lamellar Teantors) or in
tubes of 10 4o 15 mm. in diameter or in
the annular space of donble tubes with a
distance of aboat 10 mm. hetween fhe
inner and omier tubes. The eooling had
to be particularly effective in ocxder to be
40 yble fo rcmove the reaction heat pro-

duced, Tt was wsuslly effceted with bail-

ing water under pressure. The use of
catalyst layers of greater thicknesses was
not possible, hevause excess temperatures
48 wenld otherwise have ovcurred in the
catalyst layers, which would have given
rise tv subgidiary reactions, such 2s high
methane praduction, a separstion of car-
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bon, aud injury to the cabalyets. Cooling
with boiling waber under pressure had 50
the result that the reaction tomperatures
on the path of the gases through the
oatalyst resctors were almost conshans at
]l pointe.

In the spectfication of Application No. 55
633,018 there has been described a
method of carrying out catalytic gas
reactions, the epplicutivn of whieh to the
gynthesis of higher hydrocarbons -pro-
vides a substamtial increase of the cata-
lyst ontput. Mixtures of twu or mora
organic liquids huving different heiling
temperaturey, which partly evaporate in
the cooling mediurm ehamber of the cata-
1yst reactor, are used as nooling medinm,

he vapoura ara sondensed, snd the con-
densate is returned fo the surface or near
the gurface of the cooling medimm into
ihe catalyst reactor. The method permiis
the adjustment of rising feinperafures in Y0
the cooling medium apace, %‘am top 4o
bottom. I§ is thus possible, in the syn-
thesis of hydrocarbomg in which ‘the
carbon monoxide-hydromen concentration
progressively dsereaseg from fthe inlet to
the outlet of the gas, to keep the reaction
of carbon monoxids and hydrogen on lhe
passage of the gases through {he cutalyst,
at all points, guantitetively constant, or
to guide {he same In accordance with 80
other considerations, hy maintaining
raachion tfemperafures rising from the gags
inlet to fhe gas oablet. Whereas when
using nocling by means of hoiling waler
only the uppermost catalyst layers work,
with increasing reaction temperatures all
the catalyst layers are uniformly cffee-
tive, so that a subsfantial increase of
the output of the catulyst reactor and an
increase of the gas throughput are
chitained.

I furthermore in this process, de-
gcribed in the aforesald speeification use
is made of high rates of flow of the gages,
of over 0.5 and eonveniently over 2 ta 10 98
metrez per second, referred o 0° G, and
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. 780 mup. wmereury, snd to the fres cross-
section of the catalyst space, the caialyst
can be disposed with layer thicknesses of
more thap 156 mt., and advantageously

5 20 to 50 mm. Throngh the high gas
velority Lhe heat produccd at the catalyst
cure is rapidly removed, so that overheul-
ing cannot occur. In addition, the high
gas velocities have the effect that a fur-

10 hnleat flow iz obtained, which results n
a wniform distribution of temperature
over the entire cross-seciion of the cata-
lyst, In comsequence, wuorking with grest
diffarences of tomperature hetween the

16 catalyst and the cooling agent of hetween

10 and b0° C. is pussible, whereby an

inerease of the removal of heat from the
catalyst to the cooling pgent is obiained.

T+ hias now been fonud thot when using

high gy velocity und cabulyst layers of

gubstaniial thirkpesses, it 1 possible o

use o onoling medimm with a constant or
substzntially constant boiling tempera-
fure, ¥ the cotalysl layer cross-ections
inerease perpendiculur to the direetion of

flow of the mas in the direction of the
The

25

path of the gas through the catalyst.
great catalyst layer thickness  then

simultaneously permil @ simple sfrue-
inval formation of the apparatus and
relatively easy repincement of fhe cuta-
lyst. In the catalyst layers lying at the
gas inlet and having @ smaller oross-
cootion than the subsequent ones, there is
85 a greafer gas velocity than in the last
ones. This resulls in a greater. coeffieiont
of heot trunsfer and hence betier removal
of heat of renction neur the gas inlet. In
addition, the heat removal surfaces
enclosing the catalyst are larger in rela-
tion to the amount of calalyst than in
the following catalyst pars, gnd addi-
tionally inereage the rerpoval of the heab
of roaction. On the other hand, the
generation of heat for a’ gpecifie cat:‘ﬂys‘l;
outpub is smaller T cynsequence of the
small amounts of catalyst ab and neus fha
gas inlet, and in consequence of thehigh
aas veloeity, the time of contact of the
reachon with the catalyst is shorler, so
that the gas reaction and the heat of
reackion Temain lower there than on tha
remainder of the path “of the gases
through the catalyst. These eonditions
5B vmder svhich the reaction proceeds in the

catalyst layer lying at fhe gas inlet lead

o a low difference of temperature be-

40

a0

twreen the reuckion gas and the cooling

medium.
On ihe remafnder of the path of the
wus through the catalyst, on which the
Fatalvst oross-seetions inurcase gradually
" ar hv stages, the gas veloeity and hemce
fhe rosfcient of hest hamsfer gradually
85 become smaller; similarly, the heat ex-

L]

change surfaces surrounding the cutalyst
decrease in velation to the awount of
catalyst. Accordingly, the difference iu
temperature between the gas contuined in
the calalyst, or the ecatalyst space, and
the cooling agent Decomes increasingly
greater along the path of the gas. Given
syual femperature of the cooling medinm,
therefore, cunstantly increasing resc-
tion temperatures are fherefore ohtained
in the calalyst, With increasing culalyst
layer  cross-sections, morcover, the
gcneration of heat at ihe ecatalyst in-
creuses, and the gas reacton is inereased
through the longer time of contact of the
gas with the catalyst, which results in a
furiher constant rise 1n the reaction tem-
peratures, without a similar rise in ithe
{emperatare of the cooling medium hajng
TIRCESSUTY. :

Through the rising reaction tempera-
iures along the path of the gas, the effect
iy nchieved that the specific reaction of
parhon monoxide and hydrogen in all
parts of the valalyst can he kept equally
ereal or ean be adjusted aeccording to
other adsenfageous comsiderations, and
the disadvantageous influence caused by
the decrsasing couceniration of ocarbon
monexide end hydrogen In the lower
eatalyst luyers is eliminated. If, for ex-
ample, in a double {ube reartor the dis-
tance belween the immer tube and the
outer tube 1s allowed to inereass from 10
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mm. al the top end of the reactor to 25100

mm. af the Loltom end of the reaclor,
the reaction temperalure inereases, with
a carboa monoside-hydrogen reaction of
£09% of the amount present on fhe path
of the gas fram top v bottom through the
ratalyst, by about 15 to 20° C. The cata-
lyst works perfecily under fhese condi-
tions if sueh hizh mas velocities are main-
tained that in comsequence of the turbu-
jen} fvw n good removal of the heat of
rencltion and an egualisation of tempera-
ture in the contact necurs. Waler can he
used ns enolimy medium in this arrange-
ment. However, other ligaids having 2
nniform boiling priat, such as dinhenvl,
dipheny! oxide. hvdrorarbnms, silivones,
mercurv or the like can also be used.

In the hereindeseribed process it s
possible to work with or wifhout recveling
of the reaction gases. The variation of
the amount of reeycled mas, down to
workdne without reeveled zas, then ver-
mits the variation of the speed of flow of
the pases in the catalvef laver in tha
dircetion of the zas path to be adiusted
to the opfimum. Ii. for example, I is
desired in have a sreat difference hetwean
the speed of flow at the eas inlet and that
at the gas outlet, it is possible {o work
with Tow amounts of recyeled gaz or
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without reeyclea gas, Through the reac-
tion o great contraction of gas.-is then

brought ahout, so that this contraction-

wlso conbributes -lo the reduction of the

5. rate of flow and hence of the trensfer of
heat and to the increasing of the time of
sluy of the gas in the catalyst. Through
a variation of the amount of recycled pus
a varlabivn of the difference in tempera.

W tore hetween the gos inlet and the gas
ontlet i3 thus alse achieved.

The possage of heat through the heat
axchange surfaces can also he further re-
duced 10 the bottom ]if-rt of the catalyst

18 reactor by providing therein for the heat
axchangs surfaces a material having a
lower thermal conduefivity, or insula-
ton, for exampls by means of inerusta-
tions on the hest-exchange surfaces. As

20 i3 known per s¢, when wusing tube or
dwuble-tube reaclors, the tubez or tha
outer tubes respantively can also he made
with o larger dinmeter in the bottem
parl of the rewctor than in the upper

25 nart:

The process according to the present
invention permits the adjustmeny of Tis-
ing temperatures in the eatalyst, inde-
pendently of the direction of the flow of

30 gas, Thus, for example, when passing the
gases through the cafalyst in the direc-
tion from hottom to top, it is also possible
to increase the temperatures from boltom
to top, and it is than only necessary to
apply comversely the previously desuribed
mensures which produce these differences
in tewperafure, for example to incresue
the catalyst layer cross-sestions from
bottom o top and to deecreuse the gas

40 speeds and the specific size of the haat
exchange surfaces from bottom to top.
This possibility iz partieularly of impor-
tance when working wwith cabalysts in

. suspension, ginee that mathod entails the
flow of gas from hottom ¢ top.

Cerlumm  embodimenis of apparatns
which are suitable for wse in sarrying
ou} the invention are ilustrated diagram-
matically and by way of example in the
aecompanying (ﬁ-a.wing;s, in which:—

Fig. [ shows o catalyst reactor with
stationary catalyst and Hig, 4 u eatalyst
reactor with calulyst in suspension, In
vertical section. Details of thess reactors

85 gre shown in Migs. 2,8, 5 and 6,

The catalyst resctor illusirated in Fig. |

1 comsists of a pressurs vessel 1, which is
provided with an wpper Hd 2 and o baze
3. Calelysl {ubes § arve welded in the tube

0 bases 4 and 5. The catalyst fubes 8 con-
“tain in thelr interior coaxially disposed
eonical or stepped tubes 7, the diumeter

of which decreases from top to hotiom.
The fubes 6 and 7 sre connected together

A6 in such a manner that the cooling water,

which is located between the pressure
container 1 and the catalywt tubes 6, can
also circulate through the coaxially dis-
posed inmer tubes 7. The catalyst is
arranged in the sonular space bebween 70
the tubes 8 and 7, with a layer thickness
incressing in the downward diraction,
The synihesis gas passes through the
upper branch 8 info the oafalyst reactor
aud I reacted on the calalyst. With 75
Inereasing layer fhickness, the reduction

of the speed of the gas, and the incrcess

of the time of stay of the gas on the cata-
Lyst, the reaction temperature rises. The
heab of reaction is given mp to the boil- 80
ing vooling water, and the resuliing -
steam s withdrawn through the oon-
neobing pipe 9 and the steam collector
10. The cooling water cizculates back* into
the catalyst reuclor with the water fod in 85
through the pipe LI, through the cou-
neeting pipe 12.

In Fig, 2 is shown another shaps of a
cafalyst tube, The cafelyst inbs 13 con-
sisls of several langths of tubing 14, 15, 90
8 ., ., of dQifercnt dismeters and
diffevent lenpths, which are welded {o-
gether und thus provide different luyer
eross~aactions.

]]‘1% 3 shows u catalyst tube 17 in 95
which the heat-removing surfaces ure
modified by welding-on ribs 18 of a
height de¢reasing in  the downwurd
direction, whergby a variation of the
luyer thickness is likewise achieved,

The.catalysi renctor illustrated in Fig.
4 serves for working with catalysts ju
suspension. It consists of the pressure
vessel R1, in which the catalyst is dis-
posed oyer the grid 22, The synthesis gas105
basses 1nto the eatalyst reaclor through
the hottom branch 23. The gas velocity
is kept so high {hat the eatalyst romains
in suspension. The reaction heat evolved
1s given up through the vooling tubes 24 110
ﬁgf’_ec’mlg inte the catalyst space to the

yiling cooling water econtained thereim,
and the resulling sbesm iz taken off
through the collector pipes 5. The cool-
ing tubes 24 ure provided with welded-on 115
ribs 26, the height of which decreases
from bottom to fop. The heat exchange
surlace is thereby increased in the bottom
part and the layer thickness reduced, so
that reaction temperotures rising from 120
bottom to top can hs nhtained.

The following Fxamples will serve to
illustrate the invention. :

) Exameiw . '

This Example relates to a4 hydrocarbon 125
synthesis in a eatalyst veactor having a
diameter of 8 metres and o height of 7.5
metres, and in which the catalysts are
disposed statiomarily in tabes. The cata-
lyst reactor contains 3.100 tubes having 130
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 length of 8 metres helween the tube
hases and with an inside diameter oi 20
mm, at the top, inereasing to an inside
Jiometer of 40 mm. at the bottom.
This tatalyst reaclor holds 15 euhie
metres of catalyst, The eabalyst re-
aotor s charged with 15,000 cubie
metres {at nurmal temperature and pres-
snre) of synthesis gas per hour, ul a pres.
sure of 20 stmoespheres, and with 87,500
cubic metres (ot normal {emperature and
pressure) of recycled gas per Lour. The
ans velocity, roferved fo lhe free catulyst
fube cross-sectivn and o mormal condli-
tions (0° and 760 mm.Hg), amounts in
the eatalyst tubes l 13 3 meires per
second at tha reaclor inlet and 3.39 metres
per second ab the reaetor outlet. The eo-
oficient of heat framsfer is thereby re-
duced from 538 Keal per square mebre
per Ligur per degree Centigrade at the top
ond of the reactor to 165 Keal per square
metre per hour per dsgree Cen igrade at
the botlom end of the reastor, while the
heat sxclange surface helween the cula-
lyst and the Bboiling cooling wrater,
referred tn the sape amount of vatalyst
is redaced by abual 100%. With » cool-
iny medium temperaturc of the hoiling
water sarrounded the catalyst tiubes of
240° (., a reustion temperatuzre of 243°
(. is adjusted wab the eniry into the
catnlyst tubes, ond . in accordance with
the invention this increases wl the gas
ontlat in the catalyst fuhes to 263° C.
The production of hydroearbons of fhis
catalyst reactor amounts to about 40 fows
of Lydrorarbons por dag.
Exaarerr 2.

A calalyst reactor with eafulyst tubes
having an inside diameter of 74 mm. is
used. In the contact tubes are disposed
coaxial tubes the diameter of which de-
creuses from 44 om. external digmeter to
24 mm. external diameter in the down-
ward direction. The layer thirknesses
thereby obtzined in the ua-talgst- tubes
amvoumh to 15 mm, at the top snd 25 mm.
ot the hotvn in the annular crosg-seciion
o cofalyst
reacter having 2 diametor of 3 mefres
1070 . catalyst tubes of 2 beight of 6
meires are accommodated. The catalyst
capacity of the calulyst reactor snouUNtE
to 21 cuble metres, and fFhe culalyst
reactor i3 churged with 21,080 cubie
raetres {at normul tempsralure and pres-
sure) per hour of sypihesis gus, ander a
pressute of 20 atmospheres, and 52,5
cubic metres (at nermal temperature and
pressure) of recycled gas per hour, The
aos velovity, referred fo the free catalyst
Tube cross-section and referred to pormal
condition (0° €. uwnd 760 mm. Hgs,

5 amounts o 7 metres per second af the

top and at the hottom falls {0 5 metres
per second. The coefficient of heat trans-
fer is theveby reduced from 249 Keal per
sguave meter per hour per degree Centi-
grade at ilie top end of the reactor to 139
Keal per square metre per hour per de-
oree Centigrade at the bottom end of the
reactor. The heat removal surface is re-
duged from top to boitom by 17%, while
with the same specific catalyst vharge
the weneration of licaf is smaller by 40%
al the top than at the bottom, With a
eonling mediam temperature in the boil-
ing water of 240°, a reaction temperature
of 250° is adjusted ot the reacior inlet
in the layers of 15 mm. thickness, and
with inereasing cutalyst layer thickness
nt the roactor outlet, with a lhicknmess of
25 mni., {his inereases to 265°, The out.
put of the catalyst reactor amounts to 58
fons af hydroesrboens per day.
FizaMeLE 3.

A culalyst resetor having a diwacter
of 3.5 metres cuntains 5000 tlies having
an inside diameter of 31 mm., and in
which, over u lungth of 10 metres, about

4G cubie meires of .catalyst can be-

accommodated. The eatalsst reantor Is
charged with 46,000 cubic metres (at

76
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nornial femperature and pressure} of syn- @b

thesis gas per hour and with 115,000
¢ubic metres (at normal temperature and
pressure) of recyeled gus per hour, under
a gas pressure of 20 atraospheres. The
cutatyst tubes are covered on the outside
af the top end with au insulating layer
of a thickness of 1 mm. The insulating
loyer inereases from top to bottom wud at
the bottom end is about 4 mm. in (hick-
ness. Enamel coals or voatings of sili-
comes or other inzulating material may
be used. The insulation ran also be ob-
{ained by druwing over the eatalyst tube
q seeond tube flaring eonically in the

180

106

downword direetion, so thal between thellD

fwo tnhes there i3 formed am saunular
space having a radial inside width of
1 . ab the top, Inereasing to 4 mm. af
the hottom. The annular space is in com-

munication swith the gas spare or the 113

steamn chamher forming the wppermost
part of {he cooling medium space in the
eutalyst reactor, al one point. Tn this case
the aunular space filled with gas or
steam, aud the inside width of which
inereazes from 1 1mm. to 4 mm., forms the
insulation.

The cocfiivient af heat transfer, which
at the non-insulated tube would amount
to 444 Keal per squarve mstre per hour
per degree Centigrade, is redureq by the
insulation at the top. at the gas inlet, to
9495 Keal per square metre per hour per
Jegree Centigrade oud at the hottom, at
the gus oudlet, nwing {o the fhicker insu-
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lation to 90 Keal per square mefre per mercury in the cafalyst ond catalyst
hour per degree Centigrads, With a cool- layer thicknesses of more than 10 mm,,
g medium fempsrature of 220° G., charaoterised in that o conling medizm
Teachion ternperatures are obtained at having u constant or substantially con- 55
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233° C. at the gas inlet and 953° (. af  stant boiling temperature is used and

the gas outlet, With still thicker ingula-
tion layers, the cooling medium tem-
perature can be further reduced even ut
higher reaciivn temaperalures, whereby
when covling with boiling water, lowe
cooling medinm pressurcs are ohfained.
The gas reaction amounts to B0% of the
GO +H, introduced and the output of the

catalyst reactor is 90 tons of hydrocor

hons per day,
Exaimens 4.

In a cplalyst  reactor having a
digmeter of 8.5 metres, 1200 double
tubes of a langth of 10 metres are ane0m-
modated. Tach double tube consists of un
onter tube of an inside dismebor of S2.5
mm. and an Ianer tube of am outeide
diameter of 30 mm., conunested {0 Lhe
coolivg medium spage. Um cach inner
tube are welded six longitudinal rids of
a length of 10 metres uniformly distri
buted over the periphery. The height of
the ribs amoun{s at the fop af the Zas
inlet, to 26 mm. and decreases in the
downward direction towsrds the gas oub-
let to & mm. The heat transfer surtace on
the gas side is therelyy reduced frow the
gas 1nlet lowards the gus outled by B ;
the ecafalyst on acity of fhe Teactor
amounts to 53 cubic metres. 'With o loud
of 53,000 normal cubic matres per hony
of synthesis gas, with a pressure of 20
almospharas, and 03,000 normal eubic
metreg per hour of reeycled gas, and with
o cooling medivm temperafure of 220°
C., the reaction temperature is 234° C.
ab the gas inlet and 262° (1. o} fhe Zas
oublet, The oufput of the catolyst reactor
iy 100 tons of hydronarhony per day,

What we claim ig:—

1. A method of produsing hydroear-
bons, and if desived Oxygen-containing
hydrocarbon derivatives, by the catalytic
hydiogenation of varbon monoxide nsing
gus velociticy of over 0.5 mefrss ber
seeond referred f0-0° C. and 760 wm. of

that the temperature difference belween
the catalyst and the cooling medium
along the puth of the gas through the

catalyst is eaused fo vary continuously or 60

T stages, that the variation in the tem.
perature difference between the catylyet
and cooling medium iz effccted ¥
inereasing the cruss-sestion of the cates
Iyst layors in the direction of flow of the
gas wndfor by reducing the heat ex.
change surfaces in the direclion of fovw
of the gas andém‘ by reducing the heat
tramsler throngh the heat exchangs suy-
fares In the direction of fuw of the gas
by insulating said sucfuces, egpeeiaily on
the cooling sedium side.

2. Method as elafmed in Claim 1, in
which o part of tha gas leaving the syn-
thesis 1s recycled ta the synthesis after
partial or complete separafion of the re-
aclion prodnots therefrom,

8. Method as elaimed in Claim 1 op 2,
in which differenges in temperalura at
the gas outlet, between ihe catalyst and

"conling medium of bebween 107 and 50°

C. are maintained,

- 4. Method as elaimed in any of Claims
1 io 8, applied io catalysts held in sus-
pension, characterised in that the guses

are conducted in the direchion from -

botfom fo toy through the catalyst space
aud the temperature in the catalyst space
is kept luwer at the bobfem thon at the
top.

5. Method as claimed in any of Clajms
1 to 4, in which fhe height of the
entlysb-containing {ubes is between 6
and. 10 metres, ]

5, Method of producing kydracerbons,
substantially as descrihed with reference
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to the accompanying drawings and to the

foregoing Fxamples. _
W. I A, THIBMANN,
Prestige Hyuse, 14 io 18, Holhorn,
. London, K.C.1.,
Agent for the Applieants.

Leamingtor Spa: Printed for Her Majesty's Stationery Office, by {he Upurier Proas,—1953
Published at The Patent Office, 25, Southampton Buildings, Tondon, W.0.2, from which
copies may be oblained, -
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PATEHIS AC1,_ 1949

Reference has veen directed
Lo Patent o, 890,825,

THE PATENT OFFICE,
otk Hovember, 1934

producing hydrecarbons.

In the catalytic working-up of gases
condaining carbon monoxide and hydro-
gen info higher hydrocarbons (which
may alse be so conducted that mers or
less large amounts of oxygen-containing
hydrocarbon  derivatives for exzample
aleohols, fatty acids, or the like, arve
obtained) hitherto catalyst outputs of
ouly wbout 0.15 to 0.2 fons of higher hy-
drocarbons and, where  applicable,
oxygen-confaining compounds per cubic
metre of eatulyst per day have been
attained in the case of stutionary cata-
Lysts, )

The catalysts were uccommodsted in
thin lavers of u thickness of 7.5 to 10
mnt. between indirectly cooled heat ex-
change surfaces (lamellar reaclors) or in
tubes of 10 tu 15 mm. in diameter or 1u
ihe annelar space of double tubes with a
distunce of abont 10 mm. bebween the
inner and oubter tubes. The cooling had
ta he particularly effective in order to be
able o remove the reactivn heat pro-
duced. It was nsvally effected with boil-
ing water under pressure. The use of
catalyst lavers of greater thicknesses was
not
would othersise have occmrred in the
cotalvet layers, which would hare gtren
rise to subsidiary reactions, such as high
methane production, a seporation of car-

. ion
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40

ossible, besause excess (euperatures .

s 1 pursuance of Seetion 8 of the Patenss Act,

1949,

DB A7883/1(2) /2557 150 11/53 ”

lyst reactor, ure used as coohng meacimum.
The vapours are cendensed, and tha con-
densafe is refurned to the surface or near
the surface of the vooling medimn inte
the catalyst reactor. The method permits
the adjustment of rising tenperatures in
the cooling medium space, from top to
Lottom. Tt is thus possible, in the svn-
thesis of hydrocarbons In which the
carbon moenoxide-hydrogen concentration
progressively decreases Irom the inlet to
the outlet of the gas, o keep the reantion
of earhon monoxide and hydrogen on the
passage of the goses through the cotalyst,
al all voints, q_uantitative?y constant, or
tn guide ths same in accordance with
other considerations, by wmaintuinine
reaction femperatures rising from the gas
inlet & the gas ontlat. Wherens when
using ceoling by means of boiling waler
only the uppermost ealulyst layers work,
with increasing reaction temperatures all
the cafalyst layers are uniformly effec-
tive, so thal a substaniial incresse of
the vutput of the catulyst reactor and an

inerease of the pas  thronghput are
obtained.
If furthermers in  this process, de-

soribed in tha aforesaid specification mse
iz made of high rates of flow of the gases,
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of over 0.5 and conveniently over 2 1o 10 95

uietres per second, referred to 0° (Y and



