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The invention relates to a development of the
apparatus described in Pederal German Patent -Specifi-
cation No, 948,781 for carrying out exothermic
catalytic ges resctions in the presence
of catalyst dissolved or suspended in a non-circulating
liguid medium, in which the internally cooled reactioh
¢hanber, being relatively tall as compared with its
diemeter, is divided into vertical shafts, The
vortical shafts are open at the EOP and_ st the bottom,
send the lower ends of the shafts end freely above
the bottom of the resctlon chamber end within the
1iquid medium, whilst their top ends extend above
the 1iquid medium into the gas space, The vertical shafts
are formed by heat-conducting plates connected to
cooling tubes or pipes, tﬁe coolant flowing upward
through the cooling tubes in the same direction aa
the stream of gas,

In catalytic ges reactions, particulafly in the
hydrogenation éf carvon moneoxide in accordance with
the Fischer-Tropsch procesa, and particularly when 1t
1é deslred to cbiain a substantlially complets oonversion
of the synthaﬁis gas in one atep and with a single
pasg of the ;Qé, 1t has besn found to be advantageous

to allow the reaotion temperature to increase in the

‘direction of fiow of the gas and in proportion to the

impovarishment of the gaes 1in initisl reaction con-
stituents such as GO and H2' By adjusting the reaction
tgmperature to the partial preésure of the reactants,

nbt only is-an increased or higher gas conversion obtained,
bﬁt moreover undesirable side-reactions such

gs the formation of methane or the separation of carbon,

.are suppressed, while the guality of the synthesis

products is at the same time ﬂimproved,
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A numboer of proposals have been made to obtain
the rise of tcmperature, that is, a temperature gradient,
in rcaction chambers provided with inﬁurnal cooling.
Thus, for example, & number of cooling eloments are
provided one above the other through ecach of which’
flows a separate stream of coolant and to which a
separate vapour collector or dgrum is conrnected if a
vaporizing coolant, such as water, is used, it is also
possible te conduct a non~-vaporizing coolant in cooling
tubes at a contrclled rate through the total height of
the reaction chamber in such manner thhf it is heated
to the deosired degrc. and the reaction heat can be
transferred to watcr in an external heat exchanger,
thereby generating steam, Both proposals necgessitate
additional dovices or means which complicate the cooling
operation. I+ is also possible %o attain a risc of
temperature or temperature gradient by ré&ucing the
number o the d¢ross-scctions of the cooling tubes, so
that the arca of the cooling surfaces decrcascs in the
direction of f£low of the gas, and the distance betwoch
the cooling areas iz increased. Howavcr; when the
coolant used is water, and in view of the fact that:
the temperature of the water 1s uniform throughout,
thore will occur within the reaction chamber horizontel
differences in temperature which incréase in the
direction of flow of the gas stream and which. bring ..
ebout disadvantageous effect on the reaction. l

It has.now been Ffound that, when reactors for
catalytic exothermic gas reactions in a .ligquid medium
are used, in which the cxcess reaction heat is
dissipated from the reaction chamber by allowing a

substantially aniformly boiling cooling medium to
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vaporize, and the cooling medium flows upwardly through
the cooling tubeg in the dircetion of flow cf the stream
of synthesis gas, the vertical cooling tubes being inter-
econnected by vertical heat-conducting pilates in such
manner that the reaction chamber is divided into a
number of shafts of a small diameter which are open at
the bottom and at the top and in liguid-tight conncction,
and below which the liquid catalyst suspension can freely
communicate or flow over the cntire bottom surface, and
which c¢nd above the ligquid medium in a common gas space,
a rise of the reaction temporature, from the upper cnd of
the main reaction zone upwardly, which is substantially
uhiform over the total cross-sectional area of the
reaction chamber, and which being rapid at first dies
slowly away in the upward direction, may be abtained 1if

the path for the thermal flux or flow of heat is gaused

to grow within tho cooling plates towards the cooling

tubee by means of having tho cooling bubes oxtend fiom
#he bobttom only as far as up to the level of the malh
roadtion zone without, however, reducing the cooling
area from the main reaction zone upwards, The length
of th¢ main reaction zone may be assumed to occupy
approximately onc-third to at mést two-~thirds of the
height of the reaction chamber, in dependence upon or
accbrding to the type and method of operation of the
reaction to be carricd out,

In the hydrogenation of carbon monoxide in a liguid
medium, it appeared that approximately 70% of the con-
version occurred relatively rﬁpidly alrcady in the lower
third up to half the height of layer reguired for a

complete conversion. From this zone, there is obtained
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a larger proportion of th: total reaction hcat utilizable
for the generation of steam or vapour than corrosponds

to the respcctive proportion of converted gas, because

it hag been found that a large portion of the frec reaction
heat is consumed or used in the zonc above for the
required inéruasa of temperature. The weak thermal
flux to the cooling tubc zone, which morcover decréases
in the upward dircetion within the plates by which the
shafts are bounded, renders it possible for Elﬁucond
renction wave of the gas, already rclatively impoverished
in CO and H,, to bo started in the upper reaction zonc,
which ig froc from cooling tubes, of the reactor
according to the invention, so that the gas is almost
completely converted under a substantial rise of tempera-
ture and almost without any disturbing sidc-reactions.

Tt has alsc been found that the ruactor is particularly
suitable for the production of low-boiling synthesis
products from CO and H2 which are rich in olofins and
substantially cnriched in iscohydrocarbons. Duc to tho
high temperature in the uppr raaction zonce, thudc
products are obviously discharged morc rapidlyland nere
conpletely. The temperature of the uﬁd gas uscéping
at the top of the reactor which is up to 50°¢ and nore
highor than the mean temperature of the main reaction,
renders it possible to heat the synthesis gas, which is
admitted at the bottom of the reactor in the heat ex-
changors té almost the initial synthesis temperature.

Any excess reaction heat of the gecond zone which cénnct
be dissipated by the heat-conducting plates to the
cooling tubes, is, therefore, also utilized in the form

of steam or vapour by means of pre-heating the synthesis gas
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The invention is illustrated by way of cxample in
the accompanying drawings. Figurcs 1 and 2 show two
constructions, by way of cxample, of the set or bundle
of shafts at the level of the colleeting pipss for the
digscharge or carrying away of the ceoling mcdium, In
both cases, the collecting pipes are horizontal.
Howewver, to avoid vapour or steam pockebs, they may also
be provided at a slight inclination so that they rise
gently, Figure 1 shows the cross-—soction and the
longitudinal scetion cof part of a bundlu of shafts and
cooling tubes, with horizontal collucting pipus bhe

levels of which are alternatcly stapgored relatively

to wvach other,

411 of the collecting pipes illustrated in Figure
2 arc on the same level,

Thus, for exaumple, the lincar collecting pipes
may be introduced into a main collacting pipe which is
formed as a circular arc and buars on the inncr wall of
the reaction chamber and, to provide a resilicnt
oqualization of differences in thermal cxpansion of the
cooling systom and the wall of the rcactor, the pipe
gonneeting the main collecting pipe to the vapour or
steam collector leads from the reaction chamber To the
putside only at the end of a sufficiently long pipe
connuction which is mounted on the outer wall.

Instead of providing only a single arcuate main
collecting pipe, it is also possible to use two or more
arcuate main collecting pipes which are provided opposite
and/or above vne angther. The feed pipes leading to
the vapour or Steam gollector or drum may also extend at
sight angles, advantageously through glands or stuffing
boxes, through the head or top of the reaction chamber to

the outside.
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The grouping of the feed pipes for the cooling
medium below the shafts, as illustrated by way of
example in Figure 3 which shows a part of the view from
telow, corresponds té the grouping of the linear collecting
pipes above the cooling tubes. The horizontally
extending feed pipes do not impede or interfere with
the distribution of the gas in the liquid medium. The
gas distributing jets or nozzles may be provided uniformly
over the whole bottom surface below the shafts without
it being necessary to have regard to the transverse
tubes or pipes. The feed pipes may also rest directly
on the gas distributing plate, in which case the gas-
distributing Jjets or nozzles are advantageously provided
adjacent to the cooling tubes.

In reactors, the reaction chambers or spaces in
which have total heights of up to approximately 5 tc 12
metres, a single ccoling tube unit or gystem is
gufficient to dissipate all of the excess reaction heat,
gince in this case the process is only carried out with
cross—gsectional londs of up bto approximately 40 operational
litﬁps of synthesis gas per square centimetre of croas-
seation of the reacticn space per hour. |

However, when reactors are used in which the total
or overall height of the reaction chamber or space exceeds
12 metres, and is for example up to 25 metres, it has been
found to be advantageous to divide the cooling tube system,
which in accordance with the invention is provided within

the range or region of the main reaction zone, into two

_or, in given cases, more sets or bundles of cooling tubes

disposed cne above the other, each of which is advantogeocus-

ly connected to its own vapour or steam ¢collector, SO
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that already within the main reaction zone the synthesis
temperature may be increased in stages in the upward
direction.

In order to obtain a substantially censtant space-~

time yield of reaction products, it is necessary Ior the

‘cross-sectionnl load of the synthesis gas to be increased

in accordance with the extent to which the height of the
reaction chamber is increased. FPor example, for the same
space-time yield, and with otherwise constant conditions
of pressure and temperature, tho cross-sectional lond
of synthesis gas required in a reaction chamber hnving
a height of 2?/metres, is five times a2s high as that
required in a reaction chamber having a height of 5
metres., With tall reaction chambers, the cross—-sectional
load may be incrensed to 100 operational litres per sq,cHm,
and the length of the main reaction zcne cocled by a
gooling medium i3 correspondingly extended in view of
the high wvelocity of ascent of the gas bubbles. However ,
already in the wain reaction zone the percentage of
converted gas or gas conversion per unit of lengbh is
gorrespondingly less than in low reactors so that alse
in view of the more vigorous turbulence of the liquid
medium, the reaction temperature can only risc by
accumulation of heat té o correspondingly slight degree
above the temperature of the cooling medium. |

Therefore, with increasing height, the rise in the
reaction temperature within the region of the main
reaction zone necessary to maintain an adeguate conver-
sion of gas, is advantagecusly ensured by providing
several cocling tube units as proposed accerding to the

invention in the manner hereinbeforce described. In
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this installation, Ghe subsequent reaction alsc occurs
in the manner hercinbefore described at the level of

the shaft extensions which are free from cooling tubes.
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- The embodiments of the invention in which an
exclusive property or privilege is cleimed are
defined as followa;~

1. A reactor for carrying out gaseocus
reactlons in the presgence of a catalyst dissolved
or suspended in a liguid medium, comprising a
reaction chamber provided at its lower end with
mearis whereby the gasecus reactants may be passzed
upwardly through the liguid medium in the reaction
chanber, one or mopre bundles of cocoling tubes
through which a 11quid heat trensfer medium may be
basaed, the bundle or bundles or tubes being digw
boged in the main reaction zone in the lower two-
thirds of the resotion chamber, and s meries of
heat~eonducting plates connedted to the tubes snd
forming a series of vertical ghafte which extend
substantially over the whole cross-seotion of the
reastion chamber and whioh are open at their top and
bottom ends but are otherwiage substantially liguid-
tight, each vertisal shaft being of relatively
small oross-sectional area, the lower ends of the
heat-conducting plates being clear of the bottom
of the reaotion chamber to permlt free flow of the
liquid medium, end the upper enda of the heat-
conducting plates extonding above the upper level
of the tubes to a position adjasent to tha top of
the reaction chamber to form extensions of the
vertical shafts above the surface of the 1ligquid
mediam,

2, A reaotor fop carrying out exothermic
gaB reactlons in the presence of catalysts which

K X
are dissolved or puspended in a neon-ciroulating
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liquid medium, inoluding an internally ecooled
reaction chamber divided into vertical shafis
open at the bottom and st the top, the vertical
shafte ending freely at thelr lower ends in the
11quld medium end with thelr uppsr ends extending
dbove the liguid medium into the fres gas space,
which vertiocal shafts are formed by heat-conduocting
Dlates connected to. cooling tubea through which
a cooling medium to he vaporised and having =
uniform bolling point flows upwerdly in the
direotion of flow of the gasesous resctants, char~
aoterised in that, without changing the size of
' the cooling surface in the direction of flow of
the gassous reactants, the mlddle path for the
thermal flux within the heat-conducting plates
towards the'opmliné tubes 18 extended from the
level of the maln reaction zone to the upper end
of the eaction chenb 6,
3a A reactor atcording to claim 2, in
which in the upward(éirpction, the coolihg tubes
are only connected to the héatfconducting plates
as far ap up tb,fréh one-third to two-thirds of
the total height of the resotion chamber so that
the upfer‘ends_of-mhe heét—condudting plates are
free from oo&lfhé:tubga, ' J ’
ha A reaotor\acéoﬁdiqg to any one gf clalms
1y 2 andi 3, 1n which the numbsr of cooling tubee
conngeted to the hest-conducting pléteé is reduced
from epproximstely a mid-position of tb.the

upper end of the maih reaction zone, -

- ! -




=12~ oo )32

5, A reactor according to any one of
claims 1, 2 and 3, in which collecting pipes
through which the coollng medium flows out from
the cooling tubes, extend horizontally, or up-
wardly at a slight angle to the horizontal,
through the system of shafta,

6., A reactor according to any one of
claims 1, 2 and 3, in which two or more sets of
oooling tubes are provided one ahove the other
in the main reactlon ZzZone, epch of which sets
1s provided with 1ts own temperature regulating

means,
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