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COMPLETE SPECIFICATION

Reaction apparatus for carrying out Exothermic Gas Reactions

We, RumNenmogsmy  ARTImNGESILL-
BCIATT  PUER  BrOrgoau U Comdie, o
(rerman Company, of Fomberg, Niederr-
liein, Germany, do bhereby declare the

A invention, for which we pray that a patent
may be granfed o us, and the method by
which it is to be perfurmed, to be particu-
larly deseribed in and hy the following
statement

10 The inventinm relates fo apparatms for
carrving out cxothermic eatalytic gas
reactions in the presence of cainlysts dis-
solved or suspended in a non-eivenlating
liguid medion, in which an infernally

15 eooled reaction chamber, being velatively
tall as compared with the digmeter, s
divided into vertical shatts swhich are open
al hoth eads with the lower ends of the
shafts terminating above the base of the

20 reaclion chamber within the ligunid medinm
and with the upper ends of the shafis
extending above the lignid medinm into
the gas space, and which are formed by
heat-condueting plates convected to coot-

23 ing tubes or plpes through which the
coolant flaws npwardly in the same direc.
tion as the flow ol gas through the reaction
chamber.

In eatalytie gas reactions, pariienlarly

80in the hydrogenation of earbun monoside
in aceordance with the [ischer-Tropseh
process when it Is desired lo obfain a
. substantialiy complete conversion of the
synthesis gas in one step and with a single
35 pass of the gag, it has been found to he
v advaniagesus to allow the remetion ftem-
perature to increase in the dizeclion of fow
of the gas and in proporticn to the im-
poverishment of the gas in initial reaction
40 constitnents, sneh sz CO and H. By
udjusting the regetion temparature to the
partial pressure of the reactants, not enly
s higher gas eonversion obiained, bui
undesirable uide-reactiomg sueh as the
45 formation of methane or the separation of
[Price 3/6]

carbon, ave suppressed, whilst the quality
of the synthesis products Is at the same
time mmproved.

A number of proposals have been made
to obiain the rise of temperature, that is, 50
a positive tomperature gradient, in re-
action chambers provided with interna)
cooling means. Thus, secording to one
proposul, u number of cooling slements
are provided ome above the other through 55
each of which lows a separate stream of
coolant and to eaech of which a separate
vapatr eollector or dram is eonneeted if a
vaporizing coolant, sueh as water, is used.
According to another proposal, a non-60
vaporising coolant fs passed at a eontrolled
rate thraugh tubes extending over tha total
height of the reaction chamber in such
manner that the ecolant is heated to the
desired degree and the reaetion heat i85
trapsferred to water in an external heat
exchanger, thereby generating steam. [oth
proposuls necessifate additional devices
which eomplicate the eovling operation. T4
iz also posaible to obtain & rise of tempera - 70
ture or a positive temperature gradient by
reducing the number or the eross-seetinns
of the cooling tnhes, so that the aren of
the eonling surfaces decreuses in the divee.
tion of flow of the gas, and the Adistance7s
between the cocling aress is increased.
However, when the coolant used is water,
and in view of the fact that tlie tempera-
ture of the water is uniform throughout,
there will ceewr within the reaction gg
chamher horizontal differences in tempera-
ture which inerease in the direetion of Aow
of the pas stream and which result in
disadvantageous effents on the reaction,

It is un objeet of the invention toBS
providea a4 reactor im  which  eneh
disadvantages are avoided or mitigated.

Aeceording to the invention, a reactor for
earrying out cxothermic gas reactions in
the presence of a eatalvst dissolved oro0
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suspended in a liguid madinm aomprises
o veaction chamber provided at ¥is lower
end with means wherehy the gaseous
reastants may be pessed upwardly
5 through the lguid medinm in the reaetion
chamber, one or more bundles of eooling
tubes through which a liguid heat transfer
medium may bhe passed, the hundle or
hundles of cooling tubes heing disposed n
10 the main reaction zone in the lower lwo-
ihirds of the reaction chamber, and a geries
of hest-condneting plates connected to the
cooling tubes and formisg a series of open-
ended  vertical shafts which extend
15 substantizlly over the whele cross-geetion
of the reackion chamber, each vertical
ghaft being of relatively gmall eross-
seetional avea, the lower ends of the heat-
conducting plafes being disposed ahova the
20 bottom. of the reaction chamber and within
the liguid mediuna, and the upper ends of
the Thest-condneting Dplates extending
ahove the upper level of the cooling fubes
to a position adjacent to the top of the
95 reaclion ehamber to form extensions of the
vertical shafts above the suriace of ihe
lignid medium. The Iength of the main
rpaction zone is generally from. shoni one-
third to at most two-thirds of {he height
30 of the reaction chamber, the aetual length
of the main reactivuy zone depending on the
specific reaction and on ihe conditions
under whieh the reaetion is carvied out.
Tn one construction the hindle or hundles
g5 of cooling tubes may he dmsposed wholly
within the lower third of the fotsl height
ol the reaction chamber, To another
eonsiruction, the eonfing tubes way he =0
provided that thev ere reduced in nmnbe_r
apin the wpward direction from apprOsC
mately a mid-position of the main raachion
Z01E,
The vertical shafts may he girentar
in cress-section, and of & diemeter in the
45 range B5-30 cewtimetres depending on the
length of the vertical shufis and the
Jdiumeter or crosssectiomal area of the
reasior.
Tn ihe hydrogensilon of earbon, MOR-
50 oxide in a liguid medinm, it appeared thab
appro<imately e of the ponversion
aeenrred Telatively rapidly m the lower
third or at most within the lower lialf of
the Jeyer reguived for & eomplcte conver-
55 sion, From this zone, there is obtained a
larger proportion of tha tolal reaction
heat ntitizable foz the gencration of stealt
oi vapenr than eorvegponds o the respec-
tive proporiicn of converted Zas, hecanse
80 it hes been found that a Targze portion of
the free reaciion haat is aged in the npper
zons fue the requived inerease of lempera-
suce, The weal thesmal fiux to the cooling
fube Zone, wiich moreaver deereases in the
65 npward direction within fhe hegt-conduet-

ing plates which forms the walls of the
vertical shafls, permits a second wave of
reaction o occur in synthesis gas in the
upper zone which is free from cooling
tuhes in spile of the faet that fhe eon- 70
centrgtion of the reactive ecomponents in
the syuthesis gas s mueh lower in this
zome due to the initial reaction In the main
resetion zome, A substantial rise of tem-
peratnre thus oecenrs in the npper part of 73
the reactor with he result that the (O =
T, in the gas ean be eouverted almost
gompletely  and  ulmost withoni anv
distnrbing side-reaetinns.

T+ has also been found that the reactor 80
is partiewlarly suitable Lor the production,
from CC and H., of low-hoiling synthesis
products which are rich in olefins and
smbstantially enriched in iso-hydrocarbors.
Dne to ths high femperature in the upper g3
reaclion zome, these produets are ohvionsly
discharged move rapidly and more com-
pletely from the reacior, The femperaiure
of the end gas esvaping at the top of the
rogetor whieh is up to a0°CL, or moregy
higher than the mean temperatuve of the
main reaction zone, renders it possible to
preheat the synthesis gas, whieh is fed into
the botiom of the reactur, In hear
exehangers almost to the inifial svhihesis g3
fewperature.  Any exvess reaction heat of
the second or upper reaction zone which
cannot he Adissipated thromeh the leat-
condueting plates ta the evoling tuhes, Is,
therefore, wlso utilized in the form of 100
vapour for the preheating of the svnthesis
£As,

The inventicn ie illustrated by wayx of
example in the accompanying drawings, m
which ’ 105

Fig. 1 is a perspective view of the upper
part of enc construction of a scb or andle
of shafts at the level of the sollecting pipes
through which the eooling medium pusses
out of the reaction chamher: 110

Tig. 1A is a transverse section on ihe
Tine A—-4A of Fig. 1z

Fiz. 2 is 2 perspeetive view of part of
a fnrther constrvetion of a set or Imndle
of shatis; 115

Tz, 24 iz a trapsverse seetion. on the
lire B—B of Fig. 2; and

Fig. 3 is a perspective view, at the
lower ends ol the shafts, of soma of the
fecd fnbes for the cooling medinm. 120

As Tustrated n Figs, 1 and 2, a series
of heat-conducting plates 11 ure conneeted
together in such manneyr 28 +o form g series
of lignid-light, hesagonal, vertical shalis
10. The vertieul shatis 10 are open at 193
their upper and lower ends, the Jower ends
of the shafis terminating at a position
nhave Lhe hasa or pas distriding nlate of
the reactor, wherehy ihe Himid medium.
when the Tepetor s in use, May aireulate 130
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helow the lower ends of the vertieal shalis.
Couling tnbes 12 are provided 1o run
" verlieally at the angles of the shafts 10,
the heat-conducting plates 11 heing joined
S to the iuhes 12 in a manner which cnsuves
that the jointe are hoth liguid-tight and
efflcient conduetors of heat, The tubos 12
extend from the lower ends of the shalis
10 to a position shert of the npper ends of
i0 the shafts, smeh position being approxi-
mately al the upper end of the main
reaction zone; abnve such position the
reaction space is free from cuoling tubes
andg the plates 11 are divectly joined to ome
15 another to form the lauid-tighi shalls 10,
The tubes 12 are connected at their upper
ends to horizontal, eollesiing pipes or tubes
13, the pipes 13 being aliermately stag-
sered im the comstruetion illustrated in
20 Fig, 1 and heing all af the sama level in tha
construction llustrated in Fig, 2. Tt will
he understood that the colleeling pipes 13
may be provided at a slight angle to the
wrizontal in order Lo avold vapour or
25 steam poelosts,

When the reactor is in opergtion, the
conling medinm flowe upwardly through
the tubes 12 and passes inte the asllecting
tubes 13 throwgh which it 1s led out of the

30 reactor. The ceollecting pipes 13 may, for
exuuple, lead jnto & main eolleeting pipe
or header which 8 formed fo a vireular
are #nd bears on the Inner wall of the
reaction echamber and, to provide =

35 regilient  equilization of differences in
thermal axpansion of the cooling fube
gysiem and the wall of the reactor, the
pipe eonnecting the main colleeting pipe
to the vapour or steam drum is preferably

4¢ of adequate lengith and leads from tha
reaction -chamber o the outside only at ﬂlﬂ
end of a suffisiently lonp pipe eonnection
which is mounted on the outer wall,

Instead of providing only a single

43 greuate maln eolleeting pips, i is also
possible to nse two or more arenale main
eollecting pipes which are providsd oppo-
site and/or above one anocther. The pipes
leading to the vapour or steam collector or

50 drum may also extend upwardly at right
angles from. the main eollseting pipe or
Dipes 1o pawss, advanlageously throngh
elands ov stnffing boxes, through the head
or top of the reaction chamber to the

55 ontside.

“The eooling medinm is passed into the

couling tubes 12 through fesd pipes 14

which are provided below the lower ends
of the vertical shafts 10, (Fig. 3} .
@#p The formaiion of the feed pipes 14 is
similav o that of the collecling pipes 13
which are provided at the upper ends of
the tuhes 12, It will be uppreclated that
he [eed pipes 14, which extend horizont-
65 ally acruss the lower part of the reaction

chamber. do not in any way impede or
interfere with the distrihution of the
synthesis gas in the liguid medimm in
which the synthesis is effected. '"The gas
distribnting jets or nozzles may lhe pro- 70
vided wmiformly over the whole of the
huse of the reaction chamber, without any -
regard to the position of the transverse
feed pipes 14. The feed pipes 14 may
themselves also rest direetly on the gas7s
distributing plate at the basa of the Te-
aviion ehamber, iIn whieh ecase the gus
distributing nozzles may advantageocusly
he provided adjacent to the feed pipes 14
and/or the cooling tubes 12, 80

The lower ends of the vertieal shatts 10
are spaced from the hese of the reaction
chember, su providing a path at the hase
of the reaetion chamber slong which the
liguid medinm, in whieh the synthesis ergs
reastion is carried out, may cireulate. '

The diameler of the cooling tubes 12 is
small relatively to the diameter or width
of the shafts 10, being less than 1:2.

Tu reaclors, the reaciion ehambers orgp
spaces of which have a total oz overall
height of from about 5 metres to about
12 metres, one enaling unit or bundle of
eooling iuhes is sufficient to dissipate all
of the excess reaetion heat, ginee in thisos
cage the process is pnly carried out with
cross-seetional leads of up to approxi-
mately 40 working litres ol synthesis gas
per square centimetre of cross-section of
the reaction spaee per hour. The ierm 16D
*working litre’’ denotes a litre of the gas -
under the temperature and prossure
condifions of the reaetion,

However, when reactors are used in
which the total or overall height of the 105
resetion chamber or space exceeds 12
meires, and which may, for example, be up
to 93 mefres, it has been lowmnd ito be
advanlugeous to divide the eooling tube
system, whieh in accordanmee with the1ig
invention is provided in the main reaction
zone, Into two or more sets or bundles of
eooling tnbes dispused one ahove the other,
each of which is advantageonsly commeeted
to its own vapour or steam ecollector oris
drom, snd each of which is preferably
provided with Hs own tomperature regu-
lating means, so that even within the main
reuelion zone the synthesis temperature
may ha increased i stages in the upward 199
dircetion.,

In ordsr to ohiain a sabstantially con-
stant space-time yield of reaction produets,
it is necessary for the ernssseetional load
of the synthesis mas to be Increased ini2s
aceordance with the exfent to which the
height of the wveaction chamber 5 in-
creaged, For example, for the same space-
time vield, and with otherwise aonstond
conditions of pressure and temperaiure, 1730

L. e L .
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the erosssectional load of sywnthesis pas
required in a reaction chamber having a
hetght of 25 metres. is five times as oreat
as that required in 3 reaetion chamber
heving @ height of 5 mefres. With tall
raaction chamhbers, the cressseetional load
may he fnereased to 100 working litres per
s, em., and ihe length of the mam
ragetion mome eooled by a eouling medinm
i rorrespondingly estended In view of the
Lich velocity of ascent uf ihe gas hubhles.
Tu view of this, the percantame zas con-
version per unit of length in the main
rezetion zone is eorrespondingly less than
15 in low reactors so that on this aceemnt and
also in view of the more vigorous turbi-
Tenee of the Houid medivm, the reaetion
temparatnre can audy risec by acenmulation
vi hent to a corvespondingly slight degree
sbove the femperature of the eooling
mecivm,

Therefore, with inereasing height, the
rise in the reaetion femperature within
the reglon of the main reaciion zome
necessary to maiutain su adeguate eonver-
sion of gas, is advantageously ensured by
providing several eooling tuhe mnils a8
propased aceording to Lhe Invention In the
manner hercinbefore deseribed. In this
50 reactor, a subsequenl or second wave of
reaelion also ocours in the mancer herein-
hefore described in the zone in which the
vertical shafts are free frum the eooling
tuhes.

What we claim is:—

1. A regetor for careying out exothermie
gaseons reactiony in- the presence of u
catalvsi dissolved or suspended n o Houid
meditm, comprising a reastion chamber
40 provided at its lower end with means

whereby the gaseous reactants may be

passed. mpwardly through the Tigquid
maedium in the reactivn chamber, one or
more bundles of reooling lubes through
45 which a lignid heat transfer medinm may
Le passed, the bundle or bundles of eooling
tnhes heing disposed in the main veaclion
zonc in the lower two-thirds of the reaetion
chamber, and a series of heat-condueling
50 plate seomnected (o the eooling tubes and
forming a series of open-ended vertieal
shatts which extend substantislly over the
vhole. erpss-section of the. reaetion
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chamber, euch veriieal shafl heing of
relativelr sreali erossseeticuzl area, the 3y
lower ends of the hest-conductiy plates
being disposed above the bottorn of the
regeiion chamber and within the liguid
medinm. and the upper ends of the heal-
condueting plates extending above thegn
upper level of the coolivg fubes tu a posi-
Han adjseent tn the top of the reaction
chamber to {ovm extensions of the vertiea)
shafts above the surface of the Tiguid
ntedium, 83

2, A regctor aceording to Claim 1. In
which the hundle or hundles of cooling
tubes are disposed whalls within the lower
third of ithe iolal height of the reaetion
chamber, i

8. A reavior gecording to Claim 1, in
which the eooling tnbes are reduced in
mumber I the upward diresfion vrom
approximately a mid-position of the main
reaction zone, 75

4. A reaclor zecording to any one of the
preceding elaims, in which the collecting
pipes through whieh the cooling meditm
flows out from the cooling tubes, extend
horizentally, or upwardly at a slight angzle 80
to the horizontal, through the system of
shafts.

5. A reactor according to anyr one of the
preceding elaims. in whieh with very tall
rcaciion chamhers and/or when the re-85
aetion requires a sharper rise in tempera-
ture in the diveetion of fow of the zus
stream, two or more sets of cooling tuhes
sre provided ona ahove the other in the
wmain reaction zone, each of which sets is80
provided with s own  femperaturve
regulating means,

6. A reactor for carrying out exathermic
reactions with gaseons reaclants, substanti-
ally  as Tereinbefore deserfhed with 85
reference to Figs. [ and 3 or to Pig, 2.

7. A process for the svnthesis of hivdro-
carbous [rom earbon monoxide and
hydrogen by the Fischer-Tropseh process.
in which the synthesis is carried ount in the 100
presence of a catalyvst in a liguid medium
in the reactor alaimed in zny one of the
preceding elaims,

EDWARD EVANS & CO,,
53-61, Chanearr lmne, London, W.C. 2,
Agents for the Applieants.

Prnted for Her Majesty’s Stationery Office by Wickes & Andrews,

Publiched at the Patent Office, 25, Sonthampton Buildinzs, Lendos,
e obtained.
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