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COMPLETE SPECIFICATION

Apparatus for the Catalytic Gas Reactions in Liquid Media

We, RHRINPREUSSEN AKTIENGESELLSCHAFT
FUER BERGEAU unp CHEMIE, 2 German Com-
pany, of Hombherg/Niederthein, Germany, do
bereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the fol-
lowing stazement; —

The invention relates to apparatus. for carry.
ing out gag reactions in the presence of liquid
or solid catalysts which are digsolved or main-
tained in fincly divided suspension in a Hquid
medinm, and partictlarly e such appuratus
for carrying out the hydrogenation of the
cxides of carbon vnder elevated gas pressure
to form hydrocarbons or orgumic componnds
which contain oxygen. .

The invention relares specifically to feaction
apparatus in which the liquid mediom is main-
tained stationary during the gas reaction, that
is to say in which it is not smbjected to any

* circolation or recycling inside or outside the

reaction space.

I iz kpown that in gas reactions which are
carrizd out in the presence of catalysts in 4
liquid medinm, and in which the gascous
phase docs nur disappear completely when
passing through the liquid medium, being
rather preserved as w separzic phase on the
whole of its path throngh rhe lguid medinm
due o the incomplete solubility of the gaseous
starting waterial: und cnd products, the
degres of gas conversion is propertonal to
the areu of it boundery surface between the
gas and the liguid. In such a system of dis-
tribution of gas in lquid, the arcz of the
buundary surfzce js determined by the size of
the [as habbles.

Tor certain reactions, including the Fischer-
Tropsch syathesis, it has bheen found to ha
adequate to carry out the regelions withows
using any specia] method of introducing er
distributing the gas in the liquid medinm, 25
the gas bobbles which form in the liquid

[Price 3s.6d.]

medium are of a size which is almost indepen-
dent on the manser in which the gas in intro-
duced into the liquid medivm.  This iz due
to the fact thar the size of the gus bubbles 1
largely determined by the surface tension nnd
viscosity of the liquid medjum under the reac-
tion conditions, However, in order to obtain
u substantially complete conversion of the gas,
it is necessary for the gas to have a deter-
mined residence time in the liquid medinm,
and this time of residence should, ss nearly
4s possible, be the same for each of the gas
bubbles.

'These requirements ure met by passing the
synthesis gas upwardly into a narrow and rela-
tvely rall column of liguid ar elevated pres-
sure and ef ¢levated temperature without using
special means for distributing the gas, the
guantity of pas being such that the space load,
measured at the pressure and temperatuze of
the synthesis, is between about 5 and 100
litres of gas per Bire of liquid medium per
hour.  Ar a cermain distance above the posi-
tion ar which the gas is introduced into the
Yiguid medinm, there develope a state in which
the mixture of gas and ligwid is such that the
gas bubbles are almost untform in size, are dis-
tibuted substentially imiformly over the whole
horizontal cross-section of the columm, and
ascend at ain almost uniform speed. ‘The wral
volume of the Hquid/pas system is directly
proportienal to the gas throughput, whereas
the total cumracr time of the gas bubbles is
almost independent of the gas throughput. As
the gas throughput increases, the distance
between the gas bubbles is reduced without
coalescence of the pus bubbles taking place,
The pature of this system, which may be
termed a “liquid/gas suspension system >,
has not yet been fully explained, Tt has,
however, been found that in this system the
ligrd is in a state of very fine turbulence in
which the eddies are approximately only of
the order of magnitude of the gas bubbles,
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that the bulk of the Liquid remains stationary,
that is to say, only a smal} fracrion thereof
travels upwards witg the gas bubbles, and that,
due to the friction berween the gas buhhbleg
and the Jiguid, & continnal and rapid renewal
ot change of the intersurface occurs. It
appears that thromgh these facrors, together
with the fine trbulence of the lignid phase,
the exchange of substances betweenthe gaseous
phase, the liquid phase, angd the surface of the
catalyst is facilitated and improved to such a
degree that the hydrogenation of carbon mon-
oxde Is no lenger mmpeded by the liguid
medium, bur proceeds ar much the same rate
as in the known process using a2 dry catalyst
whirled up to simulate 2 fluid, that is to Wy,
the so-called fluidized caralyst process. Thus,
in the provess carried cut in the liquid phase
with 2 statiopary column of liguid, up te 13
litres (760 mm, Hg., 0° C) of CO-+1, may
be converted per gram of catalyst per hour.
This conversion may be obtained with a singie
pass of the gas throngh the liquid medivm and
at temperatures below 300° C,

By virtue of the high load capacity of the
caralyst achjeved in accordance with this pro-

- pess, combined with 2 high muximuen conlent

of catzlyst in the suspension which may bz up
to 500 grams of the main or base catalyst
motal per litre of non-inflated or gas-fres sus-
pension, without the suspension losing its pro-
perty of ready fluidity or mobility, it is pos-
sible fo obtwin svace-time yicdds of reaction
praducrs which are higher than those obrained
by other known liguid phase processes.

In the Fischer-Tropsch synthesis carried
our with a sus iron catalyst, the par-
ticke size of which iz edvantageously wain-
taivied between 0.005 mm. amd I mm, with a
yield of 170 grams per normal cubic metre of
CO—H, used and with a single pass of the
gas at a temperature of apprezimarely 275° C.
u gus pressure of 253 atmospheres and an
hourly throughput of up to 1250 litres of
CO-H, {measured at 0° C. and at a pressurs
of 760 mm. Hg.), approzimately 3. kilograms
of synthesiy products containing more than 3
carbun. gtoms n the molecule may be pro-
duced within 24 hours per Hire of reaction
space.  In accordance wirh the known pro-
cess, this synthesis may bz carried omt
smoothly in reaction spaces having a diameter
of 20 centimetres. However, as the horizon~
tal diametcr of the rcaction space increascs,
the degree of gas conversion decreases, and it
becomes dncreasingly difficult to muintain a2
constant gas conversion.  Tho greater the
hiorizontal dismeter of the renction space, the
more the bedy of Liguid will tend to pass from
the srationary state into a state of verrical rota-
tion or cjrenlation.  The lignid then Aows
downwardly along the walls forming the boun-
dary of the resction space, and at the bottom
flows towards the centre of the reaction space
while entraining all the gas bubbles introduced

into the centre of the base. "The compressed,
ceniral gag stream drags the liquid upwardly,
while the compressed gas bubbles coalesce to
form gianr and elonpated gas bubbles. It is
only at the upper position of reversal of the
flow of the liquid, adjacent to the surface of
the column of liquid, that the gas spreads out
horizontally over the cross-section of the
column and the large gas bubbles partially dis-
integrate.  ‘This movement of the gas and
liquid is dizgrammatically Hlusirated in Figurc
1 of the accompanying drawings. The syn-
thesis gas is passed through a line 2 upwardly
into a rezctor 1 within which the catalyst sus-
pension 3 is contained, the gas stream being
distributed by the nozzles or pecforations 6
of the gas disrributing plate 4, The move-
ment and circulaton of the guid in the tcac-
tion spacc is shown by the arrows 5. It will
be understood in this respect that the bydie-
dynamic pressure cxerted on the gas distribue-
ing plate 4 at positions close to the wall of
the reactor 1 mey be higher than in the centre
of the plate 4, whereby the passage of gos
through the outer nozzles or perforations 6 is
complercly suppressed., so that the bulk of the
gas enters the reaction spave solely through
the central nozzles of the plate 4. In addi-
tion, the rate of flow of the cddying or circu-
lating liquid increases with the absolute height
of the column of liquid. There is no pur-
pose in trying to overcoms this disadvantage
by allowing the gases to pass into the catalyst
suspension only at positions adjacent tu the
peciphery of the distributing plate 4, as dia-
grammzticaily illustrated in Tigure 2 of the
accompanying drawings, In this cuse, a
similar state of affairs will develop, but with
the difference that in addition to the 1all eddy
of liquid, a small cddy also develops in the
lignid ar 7 helow the funnel formed by the
gas giream.

In a distributing system of this kind, the
time of contact of the jndividual batches of
gas is extremely irregular due to the irregular
size of the gas bubbles and because part of the

as bubbles Is incorporated in the circulating
iquid,  Thus, while on the one hand some
of the gas docs not contact the caralyst at all,
that is to say, it slips through the suspension
without contacting the suspended catalyst, on
the other hand some of the gas, together with
the reaction products contained therein, is
repeatedly brought into contacr with the caia-
lyst for a Jonger time than is desirable. Mare-
over, the fresh gas 5 dilured by the tail gay
enirained by the vertical cycle o¥ liquid.

Thus these eddies in the liqnid nor only
result in a lower gas conversion, burt also cauye
undesirable secondary reactions,  Over and
beyond this, in the Fischer-Tropsch synthesis
the catalyst which then . cirenlates rapidiy
together with the lignid is substentially dam-
aged by the rapid change in the swrrounding
condirions, so that ite efficiency is reduced,
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its activity decreasing more rapidly than in
the synthesis with a stationary column of
liquid, in which the individual caralyst par-
ticles reside for 3 comparatively long time in
a determined zone in which the compesition
of the gus i substanﬁally constant,

Various proposals for mproving the distri-
bution of the gas in liquids in large reaction
spuces have been made., These mclude the
use of romting bodiey, the so-called surbo-
mizers, or (he Introduction of gas by means
of the Segner wheel. Oge form of Segner
whee] is described in United States Patent
Specification No, 1,157,993, the wheel com-
prising four armg disposed symmetrically
about a collar or hub which is mounted for
rotation abour its axis, the atms being pro-
vided with orifices through which the gas is
fed into the reactor, The wheel is mounted
adjacent to the bottom of the reactor, and the

. vrifices in the arms are so provided that the

passage of the gas through the orifices into
the liquid medium in the reactor causes the
wheel to rotate and sweep the bottom of the
reactor and so whirl op any caralyst that may
have settled our of the liquid medium. It
has also been proposed to fix or determine the
direciion of the swarms of gas bubbles, which
enter at the bottom of the resction space
through porons plates or individval nozzles,
by means of guide members, such as tubes or
plates.  These guide members are, however,
only provided at or close ro the bettom or
buse of the reaction space and are shorter in
height than the column of liquid.

'The individnal installations or mocmbers so
provided in the reactor act in the manner of
air-lift pumps, so thar in reaction apparatus
thus eguipped, the circulation of the liguid,
while being controlled, iz nevertheless inten-
sified,

By these known proposals, the disadvan-
tageous. consequences with respect to the gas
comrversion, the properties of the product and
the efficiency of the catalyst caused by the cir-
colation of the liquid, sre not removed.
Apparatus of this kind may be sufficient and
adequate for gas reactions in which the tail
gas is chemically identica] with the prirary
or initfal gas, such as is the case, for esample,
in the hardening of fat, Nene of these
knewn proposals is sufficient or adequate with
gas reactions in which the composition of the
gas changes, in which reaction products have
1o be discharged together with the tail gas, and
in which the gas conversion showld be as com-
plere as possible with a single pass of the

as.
# In none of the known apparatus is the object
particulurly cssential for the Fischer-Tropsch
synthesis reatised, naniely that of maintaining
the liquid medium and the suspended catalyst
substantially starionary, whilst neverthesess
allowing the pas ubbles to be of substantially
miform size, to be substantially uniformly

distributed and 1o travel at a substantially uni-
form rate through the liquid medium. ’

It 15 an objset of the fovention to provide a
reactor whercby the disadventages herein
before described may be removed or substan-
tally avoided,

According to the jnvention, a reaction appa-
ralus for carrying out reactions between
gaseous reactants in the presence of & catalyst
dissolved or suspended in a liguid medium
through which a mixture of the gascous react
anfs Is pussed npwatdly in the form of bubblcs,
comprises a vertical reactor having z dizmeter
or width of not Jess than 30 centimerres and
2 Iéngth of not less than 1.5 metres, a pumber
of substantially wniform and vertical members
within the rcactor dividing the major part of
the cress-section of the reactor into o membar
of vertical shefts which are open 2t both ends
and which have a dismetcr or width of ar least
5 centimetres and a lengrh which 38 from 10
te-200 imes the average diameter or vwidth of
the shafts, the shaft walls being substantially
liquid-right with their lower ends dizposed at
a distance above the inlet or imlets for the
gaseous reactants which is not substantially
less than the diameter or width of the reaciur,
and with their upper ends terminating in the
apper part of the reactor at one or more levels
such that the surface of the liquid mediym in
each shaft is disposed within the shaft when
the reactor is in operation apd the liquid
mediuin is jnflared by the bubbles of the
gaseyus reactants,

When the apparatus according to the inven-
tion is used, for example, in the Nischer-
Tropsch synthesis, it is somewhat surprising
that the gas is distributed in the liquid in the
mmamer which is disgrammatically ilinstrated
i Figure 3 of the accompanying drawings. In
the sump 15 disposed below the shafts 14 of
the reactor 11, the distribution of the gas,
which is introduced into the reactor through
the inlet 12, is coarse and irregular,  Here
also in the sump 15, cddics, thongh of a smai}
vortical dimeusion, develop in the lignid. The
lower edge of the bundle of shafts 14 eflects
the movement of gas and liquid in the sump
I5 in the manner of the sucface of a Hguid,
in that the eddies in the liquid have their upper
point of reversal at a subsianta] distance there-
from, thus drawing the geverally somewiiat
compressed. strcam of gas bubbles apart in the
divection of the petiphery,  The' shafts 14
disposed further away from the axis are
thereby supplied with substantially the same
amount of gas as the central shafts, Tn con-
trast with the sump 15, the columng of Hquid,
the degree of inflation of which js determined
by the quantity of the gas in the shafts 14, are
substantally stationiary.  The il gas leaves
the reactor 11 through the outlet 13,

As the surface of the column of liquid in
each shafr is disposed within the shaft and
the upper ends okP the shafts arc all open und
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terminate in the common upper gas space 16,
the supply of gas to the shafrs is cqualized to
such 2 degree that the reacrion zpparatas
according 1o the invention shows substamtially
the same results in opcrationm as & rcaclion
apparatus the dimensions of which correspontd
10 thosc of a single shaft huving a diameler of
less than 20 centimetres, and which, morcover,
is provided with its own gas supply. Further-
more, the hydrostetic pressure of the columng
of Hquid at the hase of the shafrs is practically
the sume for all the shafis, independently of
small or periodical differences In the passage
of the gas.

The surprising effecis resulting from the
division of the rcaction apperatus info shafts
in accordance with the invemtion, may be
surnmed up as follows: —

(1) The equalizing ar balancing effect pro-
duced by the shafts on the supply of gas to
the individual shafts, is almest independent of
the processes teking place in the sump.

(2) The formaticn of a stable liquid/gas
suspension system in each shaft with a sub-
stantially’ stationary column of liquid and sab-

* stantially uniforr size and substantially uni-

form velocity of ascent of the gas bubbles.

(3} The antomatic supply to each individual
shaft of an amount of suspended catalyst pro-
portional to the quantity of gas catering the
shaft. When for example, pas is prevented
from entering a shafr by a baffle plate, the
liquid in that shaft is substantially free from
suspended catalyst.

{4} The gae reaction in the shafts proceeds
absolutely identically with the results abtaincd
in the laboratory under similar operating con-
ditions and with the same efficiency. The reac-
tion is substantially independent of the manncr
in which the gas 5 imtroduced or distributed
at the bottom of the sump below ibe shafts,

A selection of specific constructions of reac-
tion upparatus sccording ro the invention is
hereinafter described with refetence to Figures
4 1o 16 of the asccompanying drawings.

The diamcter or width of the shafts is ar
least 5 centimetres and may be up ro 3¢ centi-
metes or even more; preferably, however, it
is not greater than 30 centimetres. The dia-
meter o widih of the shafts is determined by
the height of the apparatus or shafts and by
the cross-section of heat-exchange tubes which
may be provided in the shafts.

Fhe height or leogth of the shafrs js deter~
mined by the time provided for contact of the
gas bubbles with the catalyst suspension; this
is advantageously determined experimentally
by means of tests on a small or pilot scale.

The construction of the reaction apparafus
provided according to the invention may be
substantially fzcilitated by forming cach indi-
vidual shaft as a separate casing, This casing
must be impervions to Liquid; its walls may he
us thin as the techmigque of mannfacture
permits, If desired, plates or sheets having a

thickness of up to 0.5 mm. may be used for
the walls, more particularly when it is thereby
possible to prevenr corrosion.

Shafts of circular cross-section, that is 1o
say, ordinary tubes the walls of which are as
thin as possible, may be wnsed, these tubes
being mounted so as to be packed together as
closcly as possible (triangular or delta forma-
tion), or moumted so that the axes of four
adjacent tubes are dispoced at the corners of a
squarc. In Figures 4, 5 and 6, the different
arrangements of circular shafis « are shown,
with heatexchange tubes & meunted within
and/or exrernaily of the shafrs o

A particolarly efficient utilization of the
reaction space is obtained by using shafis
formed as the casings of regular hexagonal
prisms, because in this case clearances or dead
spaccs betwoen the shafts may be avoided.
Suck an arrangement is illustrated in Figures
9 and 10, the shafts 4 belug of hexagonal
cross-secrion and having heat-exchange tubes
¢ mounted within them.

Ta prevent the gas bubbles from entering
ihe dead gpaces between the circular shafis or
the spaces, hereinafter referred to as scgmental
spaces, between the bundle of shafrs and the
inner wull of the reactor, bafffe plates are pre-
ferably provided directly below the bottom
edge of the bundle of shafts. The bafle plates
are disposcd at an angle woe the verdcal with
their lower curfaces inclined upwardly in the
divection of the shefts, and the baffic plates
are so provided ag to leave sufficient space to
permit the liquid in the dead spaces and in the
scgmental spaces to communicate with the
liquid in the sump.

Oune construction of apparatus according to
the invention is diagrammatically illustrated
by way of example iz Figures 7 and 8, Figure
7 being a longirndinal section of the apparatus
glong the line X—X of Figure 8, and Figurs
8 being a transwerse scction along the line
'—Y of Figore 7. The cylindrical reactor 21,
the lower znd of which is tapered to form a
cone, iz provided ar the bottom with a central
gas inlet pipe 22, the jnlet being provided with
2 construction or nozzle 23. The gas infet pipe
22 is provided with a check valve 24, and a
valved vonduir 25 threugh which a liquid may
ba rasped for rinsing or clearing the nozzle 23.
An cutlet 26 for the tail ges is provided at the
top of the reactor. A bundle of shafes 27 is
disposed within and longitudinally of the
raactor 21, A governor or regulator 28 for the
charge or Gguid contents of the rezcror 21 is
provided in ope of the segmenta] spaces 38
dispesed between the bundle of shalts 27 and
th= inner wall of the reactor 21 and serves 1o
contro] the respective valves for the supply and
discharge pipes, according v whether the
liquid contents of the reactor 21 decrease er
increase during the reaction, Baffle plates 29
are provided to prevent the admission of gas
into (he gegmental spaces. A system of tubes
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3¢ which pass longitudinally throngh the
shafts 27, compriscs a heat exchange system
which is supported on members 31 within the
reactor 21, In operadton, a hear tramsfer
mediuvzt is passed into the tubes 30 through a
line 37 and headers 33 disposcd in the sump
3% of the reactor 21, and is withdrawn from
the tubes 30 through keaders 34 and Jine 35,
the line 35 passing our of the reactor 21
through a glond 35 provided in the reactor
wall. If necessary, liguid medium substantiatly
frea of catalyst may be withdrawn continuousl
or intermittzally threugh vilved conduits 37,
for cxample, when it is deslved to withdraw
reaction products of high molecular weight
which are not gaseous under the reaction con-
ditions and which are not, therefore, dis-
charged with the tail gas throngh the ourlet 26.

The exchange of liquid between the shufts 27, -

the sump 39, and the segmental space 38 is
generally sufficient for this purpoese’in spits of
the almosi staticnary condition of the Hquid
in the shafts 27. A valved nibe 49 is advan-
tageously provided for charging the reactor
with catalyst suspension and for removing
catalyst suspension from the reactor.

Fhe whbes 30 of the heat exchange system
must exrend as low as possible into the sump
39, the position of the inlet headers 33 being
edvantageously approximately 100 centimetres
or more below the lower edge of the bundle
of shafis 27.

"The heat exchange tubes 30 are passed ver-
tically throngh the reactor. In the construction
illostrated in Figures 7 and %, one heat
exchange mbe is provided within each of the
shafts; a similer acrangeient is alse iflustrated
in Figure 4. More than one heat exchangs tube
may, howsver, be provided within each shaft,
as fllustrated in Figures 9 and 10, Some of
the hear exchange mubes may alse be provided
externally of the shafts as shown in Figure 6,
or all of them may bz passed throngh the

rspaces between, the shaits, for example, as jllu-
viratcd in Figure 5.

With the heat exchange tubes extending
through the interior of the shafts, the smallest
horizental distance between them and from
the inner wall of the shult should exceed 3
centmetres. :

‘The distritmtion of gas at the Lottom of the
sump may alse be effected over the whole
cross-gection, and in cases where a suspended,
solid catalyst is being used, the openings or
months of the gas inlets or nozzles may advan-
tageausly be directed downwardly towards the
bottom of the reactor. Furthermore, it is
advantageous o wer or molsten the gas inlet
nnzzles centinuously from the gas side by
meany of 2 liguid medium,

Snitable means for carrying ut one or mora

- of these mathods of fegding the gas into the

63

reictor, arce diagrommarically fiustrated by
way of cxampis in Figures 11, 12 and 13.
Figure 11 is 3 longitndinal section of the sump

of a reactor into which the gas is fod through
8 scries of nozzles or jets 41 provided in Hnes
42, the nozzlcs or jets 41 being directed down-
wardly towards the bottom of the reacior.
Scavenging or cleuning of for the nozzles or
jets 41 is fed into the lines 42 throngh one or
more lines 43. Figures 12 and 13 arc plan
views of two different means of feeding and
distriburting the gas. In the means illustrated
in Figure 12, the gns is fed into the reactor
through four pipes 44 disposed 90° apart, the
gas passing from the pipes 44 inte a scries of
concentrically disposed pipes 45 provided with
perforations, nozzles or jets through which the
gas pagses directly jnto the reaction space. The
means illustrated in Figire 13 comprises a
serfes of gas inlet tube 46 disposed in parallel
relationship, the tubey being provided with
nozzles, jets or the like through which the gas
passes directly inta the reaction space.

The division of the gas feed into determined
zones OVCr the cross-section of the lower part
of the reacror, as flustrated in Figores 11, 12
and 13, renders possible the control of the
quantity of gas admitted to cach zone, Tn the
Teaction apparatus uccording to the invention,
such controe or regulation is only necessary in
special circumstances, for example for whirling
up settled catalyst after 2 stoppage or interup-
tion of opcration, or when it is necessary-
cccasionally to operate with quantities of gas
which are g0 low that the cross-sectionsl load
is substantially below approximately 10—I15
litres (at the pressure and tcmperarure of
operation) ter square centimetre of frec
reactor cross-section per bour.

Tronr possible constructions 47, 48, 49 and
50 of nozzles snitable for inroducing the gas
centrally at the tapercd borrom part of the
reactor, are diagrammatically illustraied by
way of example in Figuse 14.

It has been found that, when gas reactions
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arc carried out in the reaction apparatus -

sccoiding to the invention, eross-sectional
loads fn the range of approximately from 3 to
200 worling litres of gas (at the pressure and
temperature of operation) per sqiire centi-
wmetre of free reactor cross-section per hour,
ate suitable for the liguid-gas suspension
systenl.

The mobility of the lignid medivm in the
operating condition is of cxtreme importance
for the hiquid-gas suspension system, and the
viscosity of the liquid medium containing the
suspended catalyst should preferably be below
3° Engler approximately, which corrcsponds
approximaiely to 21  centistokes. Yo the
Fischer-Tropsch. synthesis, the reaction pro-
ceeds particulady rapidly when the viscosity
of the suspehsion lies helow approximately
1.4" Bngler or 5.2 centistoles,

The heat of condensution of steam may be
used in koown manper -for hearing the reac-
tlon apparatus and for supplying the heat of
reaction in endothermic reactions,  Similerly.
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tube system to dissipatc heat of reuction,

Due to the intense, fine turbulence of the
liquid in the Huyuid-gas suspension system in
the shafts, the transmission of heat to the cool-
ing surfaces is accelerated to such z degree
that, cven when hydrocarbony are used as the
liquid medinm, the transmissicn of heat using
vertical, smooth steel tubes through which
cooling warcr flows, is generslly at least 300
Iilocalories per sq. metre of cooling surface
per degree centigrade per hout.

With certain gas reactions, for czample, with
the Fischer-Tropsch synthesis, it may be
advantagcons, in view of the gradual decrease
in the content of the effcctive ur reaciive con-
stituents of the gas as it flows upwardly
through the Hquid, to allow the temperature
fo increase in the upward dircction, that is 1o
say, t0 providc 2 positive remperature gradient
in the direction of flow of the gas through the
lignid medium. This may, for example, be

artained either by lining some or all of the

cooling surfaces, or by creating or providing a
vapour or gas cushion between: some or all of
the tubes, throngh which thc coolant flows,
and the reaction medium, )
Altcrnatively or additionally, the cooling
surface may be made smaller in known manper
by reducing the diameter of the coeling mhes,
or the number of cooling tubes may, in the
vertical dircetion, be reduced relatively to the
horizonml oross-section by introducing from
below more than one cooling tube into each

* shaft and merging two ot more cooling tubes

into one another at one or more Jevels in such
a2 manner that, for example, only a single cool-
ing tabe issucs from the top end of the shalt.

Tt has also been found to be advantageous to
provide mcans 0 permit a steam or vapour
Cushion of variable depth to develop in the
upper part of each of the cooling tubes or of
a muajority of the cooling tubes. Means to pro-
vide such a cushion of steam, or a ¢ushion of
the vapour of snother liquid coolant, is dia-
grammaticaily ilustrated by way of example in
Figure 15, For the sake of clurity, the shafts
have been omitted from the fignre. Immersion
tabes 60 are provided in the vooling tubes 61.
The cooling water which circuiatcs through
the gteam drum 62 und the pump 63 may be
passed wholly throngh the beader 64, or
depending upon the extent 1o which the tem-
perature in the upper part of the reaction
space is to be increased, the cooling water may
e passcd more or fess completely through the
header 633 this may be controlled by adjust-
ing the valves 66 and 67 accordingly.

When both valves 66 and 67 arc open, the
cooling water topether with the steam pener-
ated in the tubss 61 by absorption of the heat
of reaction, passes intn the steam drum 62
thtough the header 64 and also threugh the
jmmersion tnbes 60 and the header 63, There

is a strong transmission of heat to the cooling
water in the tubes 60 up to the uppermost
leve]l of the Iquid reaction medium, so thar
the temperature in the vpper layers of the
liguid reaction medium is practically the same
as in the Iiquid reaction medium in the lower
parts of the vertical shafts and no increase in
the tcmperature of the lguid resction medism
occurs in the direction of Sow of the gas.
When the valve 66 Is closed, the cooling
water and the stcam can pass into the drum
62 only through the immersion tubes 60,
hieader 65 and vaive 67. The steam is mainly
generated on the inner surfaces of the tubes
61, and a part thereof passey through the
annuler spaces 68 and iz trapped in the beader
64, The level of the conling water in the
apnular spaces 68 is depressed as the amowont
of trgpped stcam incrcascs until the level of
the water, in the anmular spaces 68 is depressed
to the lower ends of the immersion tubes 60,
The cushion of steam 5o formed in the annular
spaces 68 substantially reducey the transmis-

- sion of hear from the liguid rcaction medium

to the water in the immersion tubes 60, with
the result that an increasc in termperature
occurg in the corresponding layers of the liguid
reaction redium so providing 2 positive tem-
perature gradient in the direction of fow of
the gaseous reactants through the reaction
medium. The leneth of the steam cushions in
the annular space 58 can be varied by adjose-
ing the valve &6.

A cushion of stesm may thus be maintainzd
in each of the anmular spaces 68, the lenpth of
the cushion being adjustable.

Alternative means for the adjustable reduc-
tion or regulation of the rransmission of hear
Trom the liquid reacton medinm in the direc-
tion of flow of the gaseous reactants, iz dia-
grammatically illustrated by way of example in
Figure 16. The vertical shalts are omitted [rum
the figure for the sake of clarity, "The cooling
tubcs 71 are in their upper perts surroonded
by tnbes 72 which are open at their lower
ends, each tube 72 being substantislly con-
ceniriv with the vovling tube 71 on which it is
mounted, The mbes 72 are connected threugh
g header 73 and a valve 74 to the gas space
ahove the upper ends of the shafts (aot shown).
The gaseons reactants can enter and flow
through the annular spaces 753  disposed
between the cooling tubes 71 and the imbes
72,

When the valve 74 is fully open, the level of
the lignid reaction medium in the anaular
spacey 79 is at ity highest and the tubes 72 do
not hinder the transmission of heet from the
liquid reaction medium to the cocling water
in the tubes 71, There is then practically no
ncrease in temperature i the vertical divec-
tion in the lquid reaction medinm,

Upon closure of the valve 74, the gas
bubbles passing upwardly through the annular
spaces 73 are trapped in the header 73 and the
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level of the liquid reaction medinm in the
spaces 73 s gradually depressed until it reaches
the lower end of the tobes 72. A gas <ushion
is thus formed betwesn the coolinyg water in
the tubes 71 and the liguid reaciion medinm
arourr] the tubes 72, and the rate of trans-
mission of heat from the Lguid rcacton
medium to the cooling water is considarably
reduced in the zone of the gas cushions und
the temperature of the liguid reaction medium
in this zone increases. The length of the
cushions of gas in the annular spaces 75 is
controlicd by opening the valve 74 to a greater
or lesser exrent.

In the reaction apparatus according to the
invention, instead of using a heattransfer
system with a volatile, iquid coolunt, it 1s also
passible to use a non-volatile conlant, that is, a
liquid which does not vaporise nnder the reac-
tion conditions. In this case the coolant is
reeycled upwardly through the cooling system
of the reactor and through an externmal hear
exchanger, in which, for example; the reac-
tion heat withdrawn from the reactor .is
ulilized for the gemerution of stcam. The ver-
tical temperarure gradient in the shafts is then
obtained by controlling the rate at which the
coolant is circulated by a pump or other
means.

An additional advantage of operation with
the reaction apparatus according to the inven-

tion lies in the fact that, in contrast with reae-

Lion apparatus in which the catalyst suspension
circulates, deposies of catalyst on the walls are
avoided. This advantage appears to be dne to
the finc, intense turbnlence of the liquid
medium in the stationary distribuiing system.

In our co-pending Application No.
13793/54 there is described and clalmed a
reaction apparatus for the hydrogenstion of
carbon menoxide in the presence of a caralyst
suspended. in a Fouid medinm, comprising a
cylindrical vessel relatively tall compared to its
diamcter and forming the reaction chamber,
ane or maore himdles of rubes disposed in the
vessel and through which a cooling medium
may be passed, a series of heat-conducting
plates connected to the tubes and forming a
series of lquid-tght vertical shafry which
extend substantially over the whole of the
cross-section of the vessel, ecach vertical shaft
being of relatively smal] eross-sectional area,
being open at both ends and extending over
the greater part of the length of the vessel, the
lower edpes of the series of vertical shafts
ending shert of the buse of the vessel in a
common space for the liguid mediom, g
common gas space for the tail gas above the
upper edges of the series of vertical shafts,
and a single, axially-provided gas fnler at the
hottom of the vessel, the cross-section of the
vessel being decreassd below the lower edges
of the vertical shafts to converge on to the gas
inlet, the disrance between the lower cdge of
the geries of wverrical shafts and the gas smler

being at least ag great s the diameter of the
cylindrica} part of the vessel,

‘Whar we claim js: —

1. A reaction apparatus for carrying out
rzactionst between gascous reactants in the
presence of a catalyst dissolved or suspended
in a Jquid medium through which a mixture
of the gaseous reactants is passed upwardly in
the form of bubbles comprising a vertical
rencter having a diameter or width of not less
than 30 centimeters and 2 length of no Jess
than L5 metres, a number of substantially
uniformn and vertical members within the
reactor dividing the major part of the cross-
section of the reactor into » pumber of verricaj
shafts which are open at both cnds and whicl
have a dinmeter or width of ar least 5 conti-
metres and a length which is from 10 to 2060
tunes the average diameter or width of the
shaits, the shaft walls being substantially
liquid-tight with their lower ends disposed at
a distance zbove die inlet or inlets for the
Easeous reactants which is pot substantially
less than the diameter or width of the reactor
and with. their upper ends terminating in the
tpper part of the reactor at onc or more levels
such that the surface of the liquid medinm in
each shaft is disposed within the shaft when
the Teactor is i operstion and the liguid
medium iy inflated by ‘the bubbles of the
EASEQUSs TCactants.

2. A reaction apparatus according to Claim
1, in which the length of the shafts is from
20 1o 160 times the average diameter or width
of the shafis,

3. A reaction apparatus according to either
of the preceding claims, jn which each indi-
vidual shaft is formed by its own separate

4. A reaction apparatus according (0 any onc
of the preceding claims, in which tubes of cip-
cular crosssecton are wsed to form the
shafys,

5. A zesction apparatiss eccording to any one
of Claims 1 to 3, in which the shafts arc
formed by regular hexaponel hollow prisms
whiclh arc open at both ends.

6. A reaction apparatns according to any one
of the preceding cleims, in which the lower
cnds of the shafts ave disposed in the samc
horizontal plane.

7. 4 reaction apparatus according to any one
of the preceding claims, including baflle plates
which are provided ar a small distance below
the lower edge of the bundle of shafts to pre-
vent substantal amounts of gas from entering
the spacc botween the shafts and/or the space
between the bundle of shafts and. the inner
wall of the reactor,

8. A reaction apparatus according to any one
of the preceding claims, including a member
for controlling the lignid contents of the

reactor, the said member being pravided in the -

space dispoeed berween the bundle of shafcs
and the inner wall of she reacior, said space
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being substantially unaffected by the passage
of gus. ' '

0. A reaction appararus according to sny one
of the preceding claims, including one or more
means for the continnous or Intermittent with-
drawal from the space between the bundle of
shafts and the inner wall of the reacror of
reaction preducis of high melecnlsr weight
which are liquid nnder the reaction conditisns,

10. A reaction epparatus according to any
cne of the preceding claims, including heat-
cxchange tobes for the indirect supply or
removal of heat, the heat-cechange tubces being
provided coazially or otherwise porallel with
the shafts and beiog of 4 length preater than
the length of the shafts so that the position at
which the heat-exchange tubes enter their
headers is disposed cutside the bundle of
shafts.

11. A meuction apparatus sccerding to Claim
10, in whick the lower header or hewders of
the heat-exchange tubes is or are ar a vertical
distamce of ai least 100 centimetres from she
lIower edge of the bundle of shafts.

12. A resction apparatus according to Claim
10, or Claim 11, in which the vertical heat-
exchange tubes are passed through the interier
of the shafts, thelr minimum distance from
each other or from the inner wall of the shaft
being more than 3 centimatres,

13. A reaction appaeratug according to any
one of Claims 1 to 4 and 6 to 9, including heat-
exchange tubes for the indirect supply or
removal of heat, the heatexchanger tubes
being provided paralle]l to the shafts and of 2
length greater than that of the shafts with
some at feast of the heat-exchange tubes being
disposed outside the shafts.

14. A reaction apparatus according to any
one of Claims 1 to 4 and 6 to 9, including heat-
exchange tubes for the indmecet supply or
removel of heat, the heat-exchange tubes heing
provided outsids the shafts and in direct con-
tacr with the owter surfaces of the shafts.

15. A reaction apparams according to any
ons of Claims 1 t¢ 14, including gas inlet
means through which the gas is inmoduead in
such manner as to be substantially uniformly
distributed over the total cross-section of the
reaction space.

16. A reaction apparatus according to Claim
15, in which the nozeles, jets, perforations or
like membsrs or openings through which {he
gas passes into the reactor are so pravided as
to direct the entrant gas downwardly towards
the bottom of the reactor.

17. A resction apparatus according to any
one of Claims 1 to 14, in whith the reaction
space s tapered at a position below the lower
edge of the bundie of shafts, to form or to
locate a single, agial gas inlct.

18. A reuction apparatus according to any
one of Claims 1 to 17, including means for
supplying the gas inlet line, preferably at a

position, directly before entry into the reactor,

with 2 medinm which is liquid under the reac-

tion conditions and by which the gas inlet
openags arc substantially continnously wetted.

19. A reaction apparams according to any
one of Claims | to 18, including means for the
utilization of the latent heat of gteam for heat-
ing the reaction space and/or for sopplyi
the reaction beat in endothermic J:::actiﬂns,);ﬂg
for dissipatdng the hecat of reaction in
exothermic resctiens,

20. A reaction apparatus aceording to any
one of Claims 1 to 19, including means for
providing & positive tempergtore gradient in
the lignid medium along at least a parr of the
Eal‘h of the gasecus reactants through the
iquid medivm

21. A reaction apparatus zccording to any
one of Claims 1 to 19, in which means are
provided to vary the rate of heat transmission
between the liguid medium and the coolant in
o systerm of beat-exchange tubes provided
longitndinally within the reactor, said mcans
comprising a casing provided abour or within
each of the majority of the heatexchange
tubes or of each of the heat-exchange tubes,
and means for malntaining a cushion of gas or
vapour about or within at least a parr of cach
casing and between the coolant and the liquid
medinm.

22. A rcaction appatatus according fo
Claim 21, including means for varying the
length of the cushion of gas or vapour.

23. A reaction apparatus according to auy
one of Claimy I to 19, in which, for use in
exothermic rcacticnz, the arca of the cooling
surface of the cooling system is rcdnced in
stages in the upward direction by reducing the
diameter of the coeling tubes in the uwpward
direetion and/or by reducing the number of
cooling mubes in the upward direction.

24. A reaction apparatus according to any
one of Claims 1 ro 19, including a heat-transfer
system in the reactor and 2 hear-exchanper
provided cusside the reaction space in series
with the heat-tramsfer system, through which
systen: and heat-exchanger a liquid which does
not vaporise under the reaction conditions can
be circnlated,

25. A reaction apparatus according to Claim
24, including positive mesns for controlling
the rare of circutation of the liquid through
the heat{ransfer system and the heat
exchanger, wherchy & vertical temperature
gradient in the resction space may be main-
tained and vaied.

26. A rcaction appuaratus according to any
one of the preceding claims, in which the dia-
meter or witlih of the shafts is not greater than
30} centimetres.

27. A reactor substantially as hereinbefore
described with reference to Figure 3.

28, A reactor substantially as hereinbefore
described with reference to THgures 7 and B,

29, A reaction apparatus according o any
one of Claims 1 te 19, including means for
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maintaining a- positive temperature gradient
subsigntially as hereinbefore described with
reference to Figure 15 or Figure 16,

30. A reaction apparatus sccording to any
vne of the Claimg T to 16, including gas inlet
means substantially as hereinhefore described
with reference to and gs illustrated in any one
of the Figures 11 to 13.

31. A resction apparatus according to uny
one of the preceding claims, including gas inler

means substantially as hereinbefore described
with reference to and as illustrated in any one
of the examples shown in Figure 14.

32. A process for the catalytic hydrogena-
tion of an oxide of carbon, whenever carricd
out in the reaction apparatus claimed in any
rme of the preceding claims,
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reaction space.

Tt is known that in gas resctions which are
carried out in the prescoce of catalysts in 2
fiquid medivm, and in which the gaseous
phase does not disappear complately when
passing through the liquid medium, being
rather prescrved as @ separate phasc on the
wholc of its path through the liguid mediurm
dae to the incomplete solubility of the gaseous
staring materials and end products, the
degreec of gas conversion is prepoertional to
the ares of the boundary surface betwesn the
aas and the liquid. In such a system of dis-
tribution. of gas in lignid, the area of the
boundary surface is determined by the size of
the gas bubbles.

Tor certain reactions, including the Fischert-
Tropsch synthesis, it has been found to he
adequate to carry out the reactions withont
using any specal method of mwoducing s
distributing the gas in the liquid medium, @8
the gas bubbles which form in the lquid

[Price 3s.62.)

ugures O gds PRI DIE oI nqud mequm per
hour. At & certain distancc above the posi-

tion at which. the gas is introduced into the

Equid medium, there develops a state in which
{he mixtire of gas and liquid is such that the
gas bubbles are almost uniform in size, are dis-
tributed substantially uniformly aver the whole
horizontal cross-section of the columm, and
ascend at an almost uniform speed. The total
volume of the liquid/gas system js directly
proportional to the gas throughput, wlhereas
the total contact time of the gas bubbles is
afmost independent of the gas throughput. As
the pas throughput increases, the distance
between the pas bubbles is reduced without
coalescence of the gas bubbles making place.
The nature of this system, which may be
termed = “lguid/gas suspension sysiem”,
hag not yet been fully explained. It has,
however, been found that in this system the
liquid is in a state of very fine turbulence in
which the cddies are approgimately only of
the order of magnitude of the gas bubbles,
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