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COMPLETE SPECIFICATION

Synthesis Reactor for the Hydrogenation of Carbon Monoxide
in a Liguid Medium

We, REEINPREUSSEN ARIIENGESELLSCHAFT meang of cooling surfaces disposed within the 45
FUER BERGDAD  UND CHEMIE, of Homberg, suspension, the zreq of the cooling surfaces
Niederrhein, Germany, o German Company, boing reduged in the direction of flow of the
do hereby declare the vention, for which we synthesis gas, The area of the cooling surfaces
3 pray that a patent may be granted to us, and may be reduced contimously or in stages.
the method: by which {t is o he performed, to According t the favention furthermore, a 50
he particularly described in and by the foliow-  synthesis reactor for the hydrogenaton of
ng statement; — carbun monoxide in the presence of a catalyst
The fuvention relates o a reactor for the suspended in a liquid medigm through which
10 synthesis of hydrocarbeng by the hydrogena- the resctanrs are passed o upward flow,
tion of carbon monoxide in the presence of a  inchides a series of fuhes disposed within the 55
caralyst suspended in a liguid medium, and  reacior through which tbes a cooling medium
&0 a pracess for the production of bydrocarbons  may be pussed, the tmbes being decreased in
by the hydrogenation of carbon monoxide in  finmber in the upward direction whereby the
15 the presence of a catalyst suspended in a  total euter surface area of the tibes decreases
Yiquid medium, in the same direction. The total quter surface 60
@ dissipation of the heat evolved in the areg of the tubes may decrease continuonsly
caralytic hydrogenation of carbon mopoxide or in stages,
has probably always been the most difficul; The tubeg may be provided as a number
20 technical problens in this syothesis. OF all die  of short cooling sets or bundles, Tt is preferred,
Enown methods of carrying our the hydrogena- however, to provide the tithes substantiailty 65§
tion. of carbon monoxide, the most favouar vertically in the reactor apd to combine
able conditions for dissipation of the hcar of together two or more of the Tubes Into a
reaction are probably provided when the smailer number of tubes whereby (he toml
25 synthesis Js cerried out in a lgd medinm. outer surface of the tubcs decréases in the
However, cven in this cace, overhearing may  upward direction, 70
occur when very acrive catalysts and high I the accempanying drawings, two reactors
space velocities of the synthesis ges are used. are diagrammatically illustrated by way of
‘The increase In temperature generally resnlts  example, Figure 1 showing 2 vertical section
30 in a large increase in the formation of through z known kind of reactor, and Figure
methane and the separation of carbon, with 2 showing a vertivul sectiog through a reactor 75
consequent reduetion in the yield of C, and according to the fovention.
higher hydrocarbons and a Sh(}rti?‘ﬂﬁlg of the The two reactors, except for their cooling
active life of the cazalyst. fAystems, sre similar and comprise a shell 10,
35 It has now been found that this overheat an inlet tube 11 for the symrhesis gas, an out.
ing and, more Particularly, the regults thersof Tet tube 12 for the gaseous preducts of the g0
may be avoided if the cooling area of the synthesis, and an inler pibe 13 throngh which
cooling elements s reduced, contivuously or  a catalyst and 2 liguid medium are introduced
in stages, in the wpward direciion. into the reaction space 14, The lower
40 Aceording to the invention,, a process for boundary of the reaction space 14 is defined
the production of hydrocarbong by the hydro- by a diffusion plare 15 or the lke through g5
genation of carbon monoxide m the bresence  which the synthesis gas passes from the inler
of 2 catalyst suspended. in o Liquid medium tuhe 11 jno rontact witli the catalyst in he
comprises cooling the catalysr suspension by  liquid medium in the Teaction space 14, The
[Price 3. 6d) :
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caralyst is fimely-divided so that it is readily
maintained in  suspension in  the liguid
medium during the cowrse of the synthesis,

The known form of conling system ilfus-
mated in the reactor in Figure I, comprises
three bundles of cooling twbes 16, The lower
ends of cach bundle of covling tubes are
interconnected by a lower header 17 whilst
the upper ends of the couling tubes in a
bundle are intercunmected by an upper header
18, Each of the threc headers 18 is con-
nected by a tube 19 0 a vapour drom 20,
Each of the cooling tubes 16 extends from its
lower header 17 to its upper header 18.

The cooling system provided according to
the invention in the reactor llusirated in
Figure 2, also comprises three bundles of cool-
ing tbes 21, the lower ends of the couling
tubes in onc bundle being interconnecred by
8 lower header 22, whilst the upper ends of
those tubes in cach bundle wlﬁclf cxtend into
the upper part of the reaction space 14, are
interconnected by am upper header 23. Each
of the thres upper headers 23 is connecred
through a pipe 24 with a vapour drum 25,

In an wpward direction, the area of the
cooling surfaces provided by the eooling tubes
21 is reduced in three srages by combining a

* number of the tubes into a smaller number of

30

40

tohes. Thus, for cxample, the number of coal-
ing dubes in ome bundle connceted to the
corresponding lower header 22 may be 120.
At the level A, the 120 cooling tubes are
reduced to 90 for ¢xample, by merging 60
of the 120 coaling tubes into 30 cooling Tuhes,
At the level B, the number of the cooling
tubes in cach hondle is agaln teduced, for
example, from 90 to 60, by merging 60 of the
20 wooling twhes into 30 cuoling tubes, The
60 cooling tubes present in each bundic above

“the fevel B ave reduced i number at the leve]

43

50

55

(. by merging together the 60 tubes v form
30 tubes, "I'fns the ares of the cooling surfaces
provided by the cooling tubes 21 is reduced
in an upward direction ic provide four ronl-
ing zones, the area of the c¢roling surfaces
being different in each zone,

The invention is iHlustrated with reference
to the two fullowing compatative experiments,
in which a known reactor was employed in
the frst experiment {Run A) and a reactor
according to the invention was used in the
second experiment (Run B),

Rux A,
A vertival symihesis reactor of the kind

lustrared in Figure 1, had a height of 12
metres and a diamerer of 1.40 metres, and
contained 360 water-cooled tabes, and was
vsed in the hydrogenation of carbon monoxide
with a synthesis gas tich in carbon monoxide;
the composition of which I set our in the
Table hicreinafter given. The catalyst employed
was an iron vatalysr used as g 10% suspen-
sion (1G% Fe) in a hydrocarthon fraction
having an initial boiling point higher than
250° C. The iron catalyst was of the kind
which yields predominantly low-boiting pro-
ducis, 8074 to 85, of the C,+ - hydrocarbons
(that is, hydrocarbons containing ot less than
3 carbon atoms in the molecuie), hoiling below
2007 C. A CO conversion of more than 20
with ¢ temperature of 267° C in the cooling
system ‘was obtaned, as will be anoted  from
the end gay analysis A given in the ‘Table.
The yield was approximatcly 400 kilograms
of hydrocarbons per kilogram Fe in 1he
catalyst,

Run B.

The synthesis in this run was effected in
accordance with the inveation. ‘The reactor
was of the same height and diameter as thar
employed in Run A, but the cooling system
was provided in (e manner illustrazed in
Pipure 2. The nomber of water-cooled nibes
in the lvwer parr of the reactor was 360. At
a level approximately 3 meves above the entry
of the synthesis gas into the catalyst suspen-
sivm, the number of cooling tubey was reduced
ta 270, after a further 3 metres the number
of tubes was reduced ro 180, and finally afrer
a further 3 metres the number of tuhes was
reduced to 90, The symhesis gas and the

catalyst suspension were of precisely the same

compositien as in Run A, and “the spare
velocity was the same as thut used in Run A,
It will be noted from the end gas analysis B
in the Table, that the results obtained were
appreciably betier \han those obrained in Run
A, Wil a lower temperature of 262° C in
the conling system, (he CO conversion obtained
was bigher apd, more particularly, consider-
gbly less methane was formed. Moreover, the
amount of the C, + C, olefins was appreciably
higher. Fuorthermore, the vield increased by
approximately 507 10 600 Lkilograms of
lydrocarbons per kilogram Fe in the caralyst,
due 1o the reduced formation of methane and
the Jonger active Hfe of the catalyst,
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substantially as hereinbefore described with EDWARD EVANS & CO,,
reference to Figore 2 of the accompanying  53—64, Chancery Lane, Louden, W.C.2,
drawings, ‘ Agents for the Applicants,

Leamington Spa: Printed for Her Majesty’s Stationery Offico, by the Courler Press.—1057.
Published at The Patent Office, 23, Southampton Buildings, London, W.C.2, from which
copies may he ohtainad.
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1SHEET This drawing Is a reproduction of
the Originol on @ reduced scale
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