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The invention relates to0 epparatus for carrying
out gas reactions in the presence of ligquid or solid
catalysts which are dissolved or maintained in finely
divided suspension in a ligquid medium, and particularly
to such apparatus for carrying out the hydrogenation of
the oxides of carbon under elevated gas prespure to form
hydrooarbons or organio compounds which contain oxygen
or nitrogen,

The invention relstes specifically to resotion
apparatus in which the liquid medium is maintained
gtationery during the gas reaotion, that is to say in
whioh it is not subjected to any circulation or recyoling
ingide or outside the reactlon space,

The invention is desoribed with reference to
the accompanylng diagrsmmatio drawings, in which,

Figure 1 shows the distribution of gas and liquid
in a reactor of the prior art;

Figure 2 shows the distribution of gas and
liguid in another reactor of the prior art;

Flgure 3 shows tho ddatribution of gas and iiquid
in a reactor embodying the features of the invention;

Figures L4, 5 and &6 are iransverse seotions
through part of three constructions of the vertical
shafts and heat-exchange tubes for use in a resctor
provided according to the inventionj

Figure 7 is a longlitudinal section, on the line
X-X of Figure 8, of a reactor provided according to
the invention;

Figure 8 is a transverse section on the line

Y-Y of Rlgure 7;
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Figure 9 is & transverse section through part of
a further construction of vertical shefts and hesat-

axchange tubes;

Figure 10 is a transverse section through part

of another conatruction of vertical shaf'ts and heat-

gxohange tubes;
Figure 11 18 a longltudinal section of the base

of a reactor showing one moans of feeding gas into the

reactor;

i 10 ' Figure 12 is a plan view of a further moans of
foeding gas into the roactor;

Figure 13 18 s plan view of yet another means

s

of feeding gas into the reactor;
Pigure 14 shows, in longitudinsl seetion, four

e

constructions of nezzles sultable for introducing
the gas centrally at theo base of tho regeton;
Figure 15 shows means for controlling the rate of

heat tranafor in the reactor, and

ek

Figure 16 shows another means for controlling

20 tho rate of heast transfer in the reactor,

It is known that in gas reactiona which are carried

e T RN T IR T e

out in the presence of catalysts in a liquid medium, and
in which the gasseous phase does not dlseppear completely
when passing through the liquid medium, belng rather
preserved as a separste phase on the whele of ite path
through the liguid medium due to the incomplete solu- |
bility of the gaseous starting maﬁeriala and end producty,”
the degree of gas oconversion ls proportional to the

gize of tho boundary surfaoe betwesen the gas and the

30 ligquid. In such a system of distribution of gas in
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liquid, the size of the boundary surface 1s determined
by the slze of the gas bubbles,

For certain processes including the Fiacher-Tropsch
synthesis, 1t has been found to be sufficient to cperote
with the size of gas bubble which forms slmost lndepen-

dently of the monner in which the ges is introduced
into the 1liguid medium, by virtue of the surface tension
and viscosity of the llgquid under the operating condlitions.
It 1s thus unncoossary to provide for a specifio kind
of gas distribution, However, to obtain a complete gas
conversion, a determined residence time, which should be
as uniform as possible for the individual gas bubbles, 18
necessary.

Thess requirements ere met by passing the syntheals
gas upwerdly into s nerrow and relatively tall column of
l1iquid ot elevated pressure and at elevated temperature
without using specisl means for distributing the gas, '
the gquantity of gas belng such that the space load,
messured at the pressure and temperature of the synthesls,
i8 between about 5 and 100 litrse of gas por litre of
1liquid medium, At a ocertain dletsnce above the position
at which the gas is introduced, there develops a atate
in which the mixture of gas and ligquld 1s suoh that the
gas bubbles are of almost uniform slze and are distri-
buted substantially uniformly over the whole horizontal
orose-section of the column and asocend at an almoust
uniform speed, The total volume of the liguid/gas
aystem is direotly proportional to the gas throughput,
whereas the total contaot time of the gas bubbles ie
almost indspendent of the gas throughput, A8 ihe gas
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throughput increases, the dlstance between the geas

bubbles is reduced without soslesconce of the gas

bubbles taking place, The nature of this system, which

we have named "ligquid/gas suspension system" has not
yot been fully ezplalned. It has, however, beon found
that in this system the 1iquid is in a atate of very
fine turbulence in which tho eddles are gpproximately
only of the order of magnitude of the gas bubbles,
thet the bulk of the liguid remains statilonary, that 18
10 t0 say, only a small fraction thereof travels upwards
i with the gZas vubbles, and that, due to the friction
between the ges bubbles and the liquid, a continual and
repld renewal or change of the intersurface ocours,
It eppears that through these factors, together with
the fine turbulenoce, the exchenge of substances between
the gaseous phase,jiﬂe 1iquid phase, and the surface of
. the catalyst ia facilitated and improved to such s
degree that the hydrogenation of carbon monoxide is no
longer impeded by the 1iquid medium, but prooeeds at
20 much the seme speed @8 in the known process using a

dry ostalyst whirled wp in the mamner of a fluld, that

.

is to say, the so-called fluidized catalyst procoes
(fluid bed), Thus, in the proceas carried out in the
1liquid phase with a stationery column of liguid, up
to 15 litres (760 mm. Hg., 0°C,) of CO + H, may be

ﬂ converted per gram of catalyst per hour, This
econversion may be obtained with a single passsage

of the gas through the ligquid medium and at temperatures
below 300°C,

QOREY R R . 2

30 By virtuse Of the high load capacity cf the catalyst

e

LI
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achieved in asccordance with thls process, combined with
a high maximum oontent of catalyst in the suspension
which may be up to 500 grams of tho main o» base catalyst
metal per litre of non-inflated or gas-free suspension,
without the suspension losing its property of ready
fiuidity or mobility, it 1s possible B0 obtain space-time
yields of reaction products which are higher than those
obtained by other known liguld phase processes,

In the Fischer-Tropsch synthegsis carried out with
a suapended iron catelyst, the particle size of which ia
advantageously maintalned between 0,005 mm, and 4 mm,
with & yleld of 170 grams per normal oublic metrse of
(.‘»0-|-I+I2 used and with a single passage of tho gas ai a tem-
perature of approximately 275%€. a gas pressure of 25
atmospheres and an hourly throughput of up to 1250 1itres
of CO + H, (measured at 0°C, and at a pressure of 760 mm,
Hg), spproximetely 5 kilograms of synthesis products
containing more than 3 carbon atoms in the mcleocule may
be produced within 24 hours per litre of reasction spacse,
In accordance with the known prooess, this synthesis may
be carried out smoothly in reaction spaces having a dlam-
eter of 20 centimotres, However, as the horizontal
Alameter of the reaction space incoresses, the Jdegree of
gas conversion decreases, and 1t boccmea ilncreasingly
diffioult to maintain a conatant gas conversion,
The greater the horizontal diemeter of the rsaciion
Bpaoce, the more the body of liguid will tend to pass from
the statlonary state into a state of vertiesl rotation
or oirculation, The liguid then flows dovmwardly along

the surfaoces of the walle, and at the bottom flows towards
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the centre of the reaction space while entraining

all the gas bubbles issuing from the centrs of the base,
The compressed, centrsl ges siream drags the liquid
upwardly, while the compressed gas bubbles coalesce to
form giant and elongated gas bubbles. It is only at the
upper position of reversal of the flow of the liquid,
adjacent to the surfuce of the column of liquid, that
the gas spreads out horizontally over the cross-section
of the oolumn of liquid and the large gas bubbles
partially disintegrate, Thls movement of tne gas and
liquid is diagrammatically illustrated in Figure 1 of
the accampanying drawlngs. The synthesis gas is passed
through a line 2 upwardly into a reactor 1 within which
the catalyst suspension 3 is contained, the gas strean
being distributed by the nozzles or perforetions 6

of the gas distributing plete 4. The movement and
oirculstion of the liquid in the reesctlon spsace 1is

shown by the arrowa 5, It will be understood in this
respect that the hydrodynsmic pressure cxerted on the
gas distributing plate Y4 at posltions close to the wall
of the reactor 1 may be higher than in the centre of the
Plate L, whereby the passage of gas through the outer
nozzles or perforations 6 is completely suppressed, so
that the bulk of the gas entars the reaction apace
solely through the central nozzles of the plate 4, 1In

- addition, the rate of flow of the eddying or cir-

oculating liquid increases with the absolute height

of the colum# of llquid, Thers is no purpose in trying
to overcome this disadvantage by allowing the gases o
pass into the catalyst suspension only at peripheral

portions of the dlstributing plate 4, as diagrammatically
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illustrated in Pigurs 2 of the accompanying drawings,
In this ¢ase, a similar state of affairs will develop,
but with the difference thet in addition to the tall
eddy of 1liguid, a smell eddy of liguid also develops
at 7 below the funnel formed by the gas stream,

In e distpributing eystem of this kind, the time
of contaet of the individual batches of gas is aextremsly
irreguler due to the irregular size of the gas bubbles
end because part of the gas bubbles is incorporated
in the oyole of the liquid, Thus, while on the one hand
gomo of tho gas does not contact the catalyst at all,
that is to say, 1% slips through the suspension without
contacting the suspended catalyst, on the other hand
some of the gas, together with the reaotion products
contained therein, is repeatedly brought into contact
with the ocatalyst for a longer timo than is desirable,
Moreover, the fresh gas is diluted by the tall gas
entrained by the vertical oycle,

known

Thus in this/kind of reaotor, these liguid sddies
not only result in a lower gas conversion, but moreover
ocauas undesirable secondary reaotions, Over and
beyond this, in the Fisoher-Tropach synthesis the
catalyst which then ciroulantes ;apidly together with.
the liquid in such a reactor is substantially damaged
by the rapid change in the surrounding conditions, so
that ite efficlency is reduced, its activity decreasing
more ropldly then in the synthosis with a stationary
oolumn of 1iquid, in which the individusl cetalyst
partioles realde for s comparatively long time in

a determined zone in which the ocomposition of the
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gas 18 substantially constant,

Various proposals for lmproving the distrivution
of the gas in liquids in large resctlon spaces have heen
made, These inolude the use of rotating bodles, the so-
called turbo-mixers, or the introduction of ges by meana
of the Segner wheel, It hes alsc been proposed to Tix
or determine tho direction of the swarms of gaa bubbles,
which enter at the bottom of the reaction space through
porous plates or individual nozzles, by means of gulde
members, Bueh as tubes or plates, These gulde members
are, however, only provided at or close $o the bottom
or bmse of tho resction space and are shorter in helght
than the column of liquid,

The individual installations or members provided
in the peactor are, therefore, not provided with their
own surfaces of liquid and act in the manner of alr-11ft
pumps, 50 that in resction apparatus thus equipped, the
ciprdulation of the 1iquid, while being controlled, is in
any ©ase intensifled,

By these known proposals, the disadventagecus con-

aeqpenoe§§1th respect to the gae conversion, the pro-

porties of the product and the efficiency of tho oetalyst
osused by the ciroulation of the liquid, are not
remaved, Apparatus of this kind mey be suffioclent and
adequate for gas reactions in which the tall gas is
chemlcally identical with the primary or initial gas,
guch as is the casc, for example, with the hardening cf
fats, None of these known proposals is suffiQient or
adequate with gas reactions in which the composition of

the gés changes; in which reaction products have t0 be
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dlscherged together with the tall gas, and in which
tho gas conversion should be as complete as possible with
a 8ingle pass of the gas,

Inrone of the known spparatus is the cbject pear-
tioularly ossential for the Fischer-Tropsch synthesls
realised, namely that of malntaining the liquid medium
an the suspended catalyst substentislly stationary,
whilast novertheless allowing the gas bubbles to travel
in substantially uniform size and substantially uniform
distribution end with substantlally uniform speed through
the liquid medium,

1% has now beon found, according to the inventlon,
that with gas resotions carried out in the presence of
a liquid or solid catalyst dissolved or maintalned in
finely divided suspension in a liquid medium, in reaotion
apparatus of relatively large horizontal dismster, the
disndvantages hereinbeforse described may e removed or
substantially avolded by dividing the reactlcn space
(which consists of an upright cylinder having a horizontal
diameter of more then approximately 30 centimetres end
up to 3 metrea or more, and having a heiéht of more than
4.5 metres spproximatoly), into a number of substantially
uniform vertioal shafts, as from a level abhove the ges
inlet which equals or is greater then the diemeter, end
over the greater part of tho orosas-seotional area, the
outer gurfances of which shafts are impervious to liquid,
the shafts being opon ot both ends, heving a dismeter of
a lemst 5 contimetros, and extending into the free gas
spaoe bolow the highest level of tho lignid when the
1iquid is in the oondition of operatiocn and inflated

by gas bubbles,
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Surprisingly, thore develops the state of distri-
bution of gas and liquid diagremmatically illuestrated in
Figure 3 of the accumpenying drgwings, In the samp 15
disposed below the shafts 14 of the reactor 11, the dis-
tribution of tho gas, which is introduced into the reactor
through the inlet 12, is coarse and irregular. Here
also in the sump 15, eddies of liquid, though of a
amall vertlcsl dimension, develop. The lower edge of
the bundle of shefts 14 affects the movement of gas and
liguid in the sump 15‘1n the mannor of the surface of a
liquid, in that the oddles of liquid have their upper
point of reversal at a substential distance therafrom,
thus drawing the generally somecwhat compressed stream
of gas bubbles spart in the direction of the periphery.
The shafts 14 disposed further away from the axis sre
thereby supplied with substantially the same amcunt of
gae as tho central shafts, 1In contrast with the sump
15, substantially stationary columns of liquid, the degreec
of inflstion of which is determined by the quantity of
the gas, are developed in the shafts 1b. The tall gas
leaves the reactor 11 through the cutlst 13,

Due to the faot that sach shaft has its own surface
rolatively to the common upper gas space 16, the
supply of gas to the shafts ip egualized to such a degree
that the reaction spparastus according to the lnvention
shows exactly the seme results of operation es a resction
apparatua, the dimensions of which correspond to those
of a singleo shoft hoving 2 dlameter of less than 20
centimetres, and which, mproover, is provided with 1ts
own gas supply, Furithermore, the hydrostatlc pressure
of the columns of liquid at tho base of the shafts 18
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practlically the same with all the shafts, independently
of small or periodlcal differences in the passsge of the

gas,

The surprising effect of the division of ths reaction
apparatus into shafts according to the invention may be
sumned up as followa:- '

(1) The equalizing or balanoing effect produced
by the shafts on the supply of gas to each Iindividusl
shaft ls almost independent of the processes tsking

10 piace in the sump,

d
i
¢
4
5
i
b
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(2) The formation of a stable liquid/gas suspension
system in each shaft with a substantislly stationary
column of liquid and substantially uniform size and
subatantially uniform veloolity of ascent of the gas
bubbles,

‘ (3) The automatic supply to each individial shaft
of an amount of suspendedeatalyst proportional to the
I quantlty of gas entering the shaft. When, for exampls,

gas i8 prevented from entering a shaft by a baffle
20 plate, the liquid in that shaft is substantially free
from suspended catalyst,
(4) The gas reaotion in the shafte proceeds

E abaolutely identicelly with the results obtained in the
laboratory under similar operating conditions and with
the same afficlency. The reaction is substantially
independent of the manner in which the gas is introduced
or distributed at the bottom of the sump below the
shafta,

A selection of specific oconsiructions of resction

30 spparatus according to the invention is hereinafter
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desoribed with reference to Figures L to 16 of the
aocompanying drawlngs,.

The diameter or width of the shafts should be at
least 5 centimotres and may be up to 30 centimetres or
@ven more, The dimmeter or width of the shafis 18
determined by the height of the apparatus or ghafts and
by the croas-section of heat-exchange tubes which may
be provided in the shafts,

The height or length of the shafta 1s determined by
the time provided for contact of the ges bubbles with the
catalyst suspension; this is advantageously determined
pxperimentally by means of tests on a amall or pllos
noale,

According t0 the invention the height/dismeter ratio
of the shafts mey range between 10 end 200 gnd is pre-
ferably between 20 and 100,

The manufacture of the reaction apparatus provided
acoording to thoe invention is substantially faclliteted
in that esch individual shaft is formed by a separate
casing. Thie casing must be impervious to liquid; 1tas
walle may be as thin as the technigue of manufacture
permita. If deelred, plates or sheetls having a thick-~
ness of up to 0., Hnm, may be used for the walls, more
particularly when it is thereby possible to prevent
corroaion.

Shafts of olrcular crogs—sectlon, that is to say,
ordinary tubes the walls of whioh are as thin as
possible, may be used, these tubes boeing mounted s0 as
o be packed togother as close as possible (triangular
or delta formaticn), or so as t0 be connected for formed

in squares., In Mgures 4, 5 and 6, the different
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grrangoments of circulsr shafts g are shown, with

heat~exchange tubes ) mounted within and/or externally

of the shafts g.

A pertiocularly cfficlent utilization of the
reaction space is obtalned by using shafts formed as
the casings of rogular hexagonal prisms, because in
this casc clearancos or dead spacas between the shafts
may be gvelded., Buch an arrangemcnt 1s 1llustrated
in Figuros 9 and 10, the shafts & being of hexagonal

i
i
i
g
H
|

10 crogs-section and having heat-exchange tubes g mounted

within them,

e iUl e rate s

To pravent the gas bubbles from entering the dead
spaces begtween the circular shafts or the spsaces, here-
inafter referred to ps segmental spaces, between the
bundle of shafts and the inner wall of the resctor,
baffle plates arc provided directly below the bottom odge
of the bundle of shafts, The lower surface of the
taffle plates inclines upwardly in the direction of the
shafte and the baffle plates are so provided to leave

20° sufficlent space %o permit the liquid in the.dead
Bpaces agd in the segmental spaces to0 communicate with
the liquid in the sump.

Cne conatruoction of apparatus eccording to the

e

invention i8 ddaegrammatically illustrated by way of
example in Figures 7 and 8, Figure 7 being a longi-

T

tudinal section of the apperatus along the line X-X
of Figure 8, =nd Pigure B8 being a transverse seotion
along the line Y-Y of Plgure 7. The cylindrical

reactor 21, the lowsr end of which ip tapered to

30 form a cone, 13 provided at the bottom with a ocentral
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gos inlet 22, the inlut being provided with a
constriction or noxzle 23, a check valve 24, and
a valvo conduit 25 through whioh a liquid may be
paased for rineing or clegaring the nozzle 23, An
outlot 26 for the tall mas 1s‘prnvidad at the top
of the resctor, A bundle of shafte 27 is disposed
within and longitudinally of the reactor 21. A
govarhor or rogulator 28 for the charge in the
reastor 21 is provided in one of the segmental
spaces 38 disposed botween the bundle of shafts 27
and the inner wall of the reector 21 and serves
to control the respective valves for the supply and
discharge pipes, according to whether the ccuntents
of the reactor 21 increases or decreases during
the reaction, Beffle plates 29 are provided to
prevend the admission of gas into the segmental Spaces.
A syastem of tubes 30 which pass longltulinally through
the shafts 27, comprises a heat exochange system
which 1s supported on members 31 within the
reactor 21. In operatlion, & heat tranafer medium
is passed into the tubes 30 through a line 32 and
headers 33 disposed in the sump 39 of the reactor
21, and is withdrawn from the tubes 30 through
headers 34 and line 35, the line 35 passing
out of the rosotor 21 through a gland 36 provided
in the reactor wall, If necessary, liquid medium
free of catalyst may be wlthdrawn through valved
aonduits 37, for example, when 1% ie desired to
obtaln reaction products of high molecule wolght.
The exchange of liguld between the shafts 27, the
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sump 39, and tho segmontal space 38 ils generally
sufficient for this purpose in spltec of the almoat
atationary condition in the shafts 27, A valved
tube 40 1s advantageously provided for charging
the reactor with catalyst susponsion and for
removing catelyst suspension from the reactor,

The tubes 30 of the heat exchange system
must extend as low as possible into the sump 39,
the poeition of the inlet headers 33 being
advantagecusly approximately 100 centimetres or
more below the lower edge of the bundle of shafts
27.

The heat exchange tubes 30 are passed
vertically through the reactor, In the consiruction
11lustrated in Flguree 7 and 8, one heat exchange
tube 18 provided within each of the shafts; a
gimilar arrangemsnt is also 1llustrated in Flgure
4, More than one heat exchange tube mey, however,
be provided within each shaft, as illustrated in
Pigures 9 and 10, B8ome of the heat exchange tubes
may alsc be provided externally of the shaflte as
shown in Plgure 6, or all of them may be passed
through the spaces between the shafts, for example,
a8 1llustrated in Figure 5,

With the heat exchange tubss extending
through the interior of the ahafts, the smallest
horizontal distance hetween them end from the
inner wall of the shaft should excecd 3 centimetres,

The distribution of gas at the bottom of

the sump may also be effected over the whole cross-
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seoticn, and in cases where a esuspended, solld
satalyst is being used, the openings or mouths

of' the gas inlets opr ncozzles may advantageously

be directed downwardly towards the bottom of the
reactor, Furthermore, it 18 sdventagectus to wet
or moisten the gas inlet nozzles continucusly from
the gas side by means of a liguid medium,

Buitable means for carrying out one or more
of these methods of feeding the ges into the
reaotor, are diagrammatically illustrated by way
of example in Figures 11, 12 and 13, Figure 11 is
a longitudinal section of the sump of a resctor
intc which the gas ia fed through a series of
nozzles or jets 41 provided in lines 42, the nozzles
or jets L4t being direoted downwardly towerds the
bottom of the reactor. Boavenging or cleaning
oll for the nozzles or jets 44 ia fed into the
iines Y42 through one or more lines L3, Flgures
12 and 13 are plan views of two differont meéﬁé
of feeding and distributing the gas., In the meana
illustrated in Figure 12, the gas is fed 1ntoc the
reactor through four pipes 44t disposed 900 apart,
the gas peesing from the pipes LY} into a serles
of concentrically dlsposed pipes 45 provided with
perforationa, nozzlea or jets through which the
gas pasges directly into the reaction space, The
meana illustrated in Pigure 13 comprises a serles

of gas inlet tubes 45 disposed in parallel rolation-
ship, the tubes being provided with nozzles, jets
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or the like through which the gas passes directly

into the resotion spaco,

The division of the gas feed into determined
zones over the oross-sootion of the lower part of

the reactor, as illustrated in Figures 11, 12

AT b

and 13, renders possible the control of the guentity
cf gas edmitted to each zone, In the reaction
apparatus according to the invention, such control
or regulation is only nooessary in specisl c ases,

10 for oxample for whirling up settled catalyst after
a stoppage or interruption of operation, or when
it is necessary t0 operato ococassicnally with
guantities of gas which are sc low that the
croaes-gectional load ls subatantlelly below
approximately 10 - 15 litros (at the pressure and
temperature of aperation) per square cantimetre of
free reactor oross-section per hour,

Pour possible constructions L7, LB, 49 snd 50
of nozzles sultable for introducing the gas

20 centrally at the tapered bottom part of the
reactor, are diagrammatiocally 1llustrated by way
of example in Figure 1.4,

I% has been found that, when gas reactions
are carrled out in the reasotlon apparstus acoording
to the invention, oross-seotionsl loads in the
range of approximately from 3 to 200 working
litres of gas {(at the pressure and temperature of
operation) per square centimetire of free resctor
cross-goeoction per hiur, are sultable for the

30 llguid-gnm suspension system, The term 'free

'iﬁ’

#
[
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reactor cross-scction' denotes the full internsal

- cross-segtional area of the reactor minus the

: eross-geotional area. ocoupled by the walls of the
i ghafts and by the heat-exchange or cooling tubes,
The mobility of the liquid medium in the
ﬂ operating condition is of extreme importance for
the liquid gas suspensiocn system, and the viscosity
of the liguid .medium containing the suspended
_ ¢atalyst should preferably he helow 30 Engler
3 10 approximately, which corrosponds spproximately to
21 os, (contistokes), In the PFischer~Tropsch
; synthesis, the reacticn proceecds particularly

rapidly when the viscosity of the suspensicn lies

below spproximately 1,4° Engler or 5,2 os,

The heat of condensation df stoam may bo
; used in known manner for heating the reacuion
apparatus and for supplying the heat of resction
in endothermic resctions, 8Similerly, for indirsct

heat exchange, water may be vapourised in the same

nt ey

20 tube system to dissipate heat of reaction,
Due to the intense, fine turbulence of the

K oy

liguid in the liquid-gas suspension syatem in thea
shafts, the transmission of heat to the cooling

surfaces 18 gccelerated to such a degree that,

even when hydroearbons are used as the liquld
medium, the transmission of heat using vertioal,

smocth steel tubes through which ocoling water

flows, is at least 300 kilccalories per sq. metre
of sooling surface per degree centligrade per

30 hour,
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With certain gos roactions, for exemple, with
the Fischer-Tropsch synthesis, it may be advantageous,
in view of the gradual decrease in the sontent
of the effective or reactive constituents of %he
gas, 0 sllow the temperaturs to inecreasse in the
upward direection, that is to say, to provide a
resitive temperature gradient in the directiOnTof
£low of the gas through the 1iquid medium, This may
be attained either by lining the cooling surfaces,
Oor by creating or providing a vapour or gas
cushion between the tube, through which thé coolant
flows, and the reaction medium,

The cooling surface may be mads smaller in
known mamner by reduecing the dismeter of tha‘
coopling tubes, Similarly, in the vertical
direction, the number of cooling tubes may bs
reduced relatively to the horizontal cross-saction
by introducing from below more than one oooling
tube into each shaft, In accordance with the
number of cooling tubea introduced from below
into the shaft, two or more cooling tubes may be
merged into one another at one or more levels in
such 2 manner that only a single cooling tube lasues
from the tog?gf the shaft,

It has also been found to be advanteagsous
t0o permlt a stqam cushion of varlable depth to
develop in- the upper parts of the cooling tubes,
Means to provide such a ocushion of steam, or a

cushion of the vepour of another liguid coolant,
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is diagrammatically 11lustroted by way of cxample
in Fipgure 15. For the sake of clarity, the shafta

nave been omltted from tho Figure. Immersion tubes

’ 60 are provided in the cooling tubes 61. The

ﬁ% cooling water which circulates through the steam

,i arum 62 and the pump 63 mey be passed or dlscherged

g wholly through the hoader 64, or, in depondenod s

upon the degree to which the temperature in the

; reaction spece is increased, the cooling water may

10 be passed or dlscharged more or loss completely
through the header 65; this mey be controlled by

: adjusting the valves 66 end 67 aceordingly, It

; i thus possible to0 maintain a cushion of steam

b or vapour in the intermediste space 68, with the

length of the cushlion or space belng adjustable.

Alternative moans for the adjustable

reduotion or regulation of the transmission of hoeat

in the direction of flow of the resction gases, is

TR LT RO R RN

diagrammatically 1llustrated by way of example in
20 Figure 16, The shafts ere omitted from the Figure
for the sske of olarity, The coollng tubes 71 are
in their upper parts surrounded by tubes 72 which
are open at their lower ends, oach tube 72 being
substantianlly concentrie with the cooling tubes
71 on which it is mounted, The tubes 72 are
connected through a header 73 and a valve T4 to-

the gas space asbove the upper ends of the shafts

B

(not shown). The reaction gases can enter and

R,

flow through the snnular space 75 disposed between

i

P

30 the cooling tubes 71 and the tubes 72. The length

Gt
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of the cushicn of gas which forms in tho ennular

ppace 75 by removal of gas from the liquid medium
which enters the space, ls determined by opening
ﬁhe valve 74 to a greater cr lesser extent.

In the reaction apparatus according %0 the
invention, instead of usiyig & heat-exchange system

with a volatile coolant, 1t is also possible to

i
1
;
i

use a non=-volatile ocolent, In this case the
coolant ia recycled upwerdly through the cooling

i 10 system of the resotor and through sn sxternal

heat exchanger, in which, for example, the reacticn
heat withdrawn from the reactor is utilized
for the generpgtion of steam, The verticel tempera-
ture gradient in the shafts ia then obtalned by
coentrolling the rate at which the cocolant is
circulated,
An additional advantage o0f operation with the
resotion sppuratus according to the invention lies
in the fact that, in oontrast with reaction spparatus
20 in which the catalyst suspension circulates, deposits
of catalyst on the walls are avoided, This appears
t0 be due to the fine, intense turbulencs of the

liguid medium in the staticnary distributing system,

R e
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The embodiments of the invention in which an
oxplusive proporty or privilege is claimed sre defined
as follows:-

1a A reactlon apparatus for carrylng out
reaoctions batwécn gaseous reactants in the presence of
a catalyst disaclved or sugpended in a liguid medium
through which a mixture of the gaseous reactanis is
pasged vpwardly in the form of bubbles, comprising
2 vertical reactor having a dlametor or width of not
lpes than 30 centimetres and a length of not less
than 1.5 metres, a number of substentially uniform end
vertical members wlthin the reactor dividing the major
part of the oross-section of the resctor into a:xnumber
of vertlcel shafts which ere open at both ends and
which have a dlemeter or width of at lsast 5 centi-
metres, the walls of the vertical shafts being
gubstantially ligquid-tight with t heir lower ends
disposed at a distance asbove the inlet or inlets for
the gaseous reactants not substantially less than the
diameter or width of the reactor and with their
upper ends terminating in the upper part of tha reactor
at one or more levels such that the surface of the
ilquid medium in each shaft is disposed within the
shaft whan the reactor is in cperation with .the
liquid medium inflated by the bubbles of the
gascous rcactants,

2. A resction spparatus for carrying out gas
reaotlons on an industrial sceale in the presence
of a liquid or s80lid catalyst which is dissolved
or suspended in a finely distributed state in =
liquid mediuwm through which the gas is passod upwardly
in the form of bubbles, oomprisingAa vortical,
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cylindrical reactor hoving a diameten of more thaxn
30 centimetres and a 1ength of more than 1.5 metres
which, as from a level gbove the gas inteke which is
st least as great as cr greater than the dlemeter

of the reactor, is divided over the greater pert of
its cross-section into substantially uniform vertical
ghafts having a dlameter or width of at least 5
centimetres and tho outer surfaces of which ars
impervious to liguid, the shafts being open at both
ends with their upper ends terminating in the free
gas space sbove the highest level which the liguid
medium assumes when in the operating condition and
inflated by the gas bubbles.

3 A reaction spparatus for carrying cut
reactions bhetween gaseous reactants in the presence
of a catalyst dissolved or suspended in a liguid
medium through which s mixture of the gaseous
reactants is possed upwardly in the form ©f bubbles,
comprising a vertical, cylindrical reactor having
a dlameter of not less than 30 centimetres and a
length of not lesa than 1,5 metres, a number of
substantially unlform, open-ended ghafts dilsposed
within and extending longltudinally of tha reactor,
the members forming the walls of the shafts being
1iquid-tight, each shaft having an average diameter
or width which is not less than 5 contimetren
and being of a length which is from 10 to 200
times the average dilameter or width of the shaft,

the lower ends of the ehafts belng disposed at a
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distance sbove the gas inlet or inlets which is
no% less than the diameter of the reactcr whilst
the upper ends of the shaft are disposed at a
lovel above the highest level which the ligquid
medlum sssumes when inflated by the gas bubbles
under the conditions of the resction, and means
for gulding the gaseocus reactants into the lower
ends of the shafis,

lie A reaction apparatus according to any

one of claims 41, 2 snd 3, in which the length of
the shafts is from 20 t0 100 times the average
diameter or width of the shafts,

He A repmetion apparatus according to sny
one of claims 1, 2 and 3, in which each individual
shaft is formed by its own separate casing.

6. A reaction spparatus according to eny

one of claims 1, 2 and 3, in which tubes of eirgular
crogss—-sectlon are used to form the shafts,

T A reasction spparatus according to =sny
one of claims 1, 2 and 3, in which the shafts are
formed by regular hexagonal hollow prisms which
are open at both ends,

8. A reaction gpparatus according to any
one of olaims 1, 2 and 3, in which the lowsn
ends of the shafts are dlsposed in the same
horizontal plane,

9, A resotion apparatus sccording to
0laim 1 or eclaim 2, including baffle platen
which arae provided at a small distance below the

lower edge of the bundle of ghafts to prevent
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substential amounts of gas from entering the spaoe
between the shafts and/or the space between the
bundle of shafts and the inner well of the reactor,

10, A reaction apparatus ascording to any
one of olaims 1, 2 and 3, including e member for
controlling the liquid contents of the reactor, the
caid momber being provided ¥n the spece disposed
between the bundle of shafts and the inner wall
of the reactor, sald space belng substantially
unaffected by the pessage of gaa,

41, A reaction spparatus according to any
me of elaims 1, 2 and 3, including one Or more
mesns for the sontinuous or periodical withdrawal,

from the space between the bundle of shafts and
the inner well of the reactor, of 1iquid reaction
products of high molecular weight which are almosd
or substantislly freed from catalyst and which are
not discharged with the tail gas from the reaction
apace, .

12, A roaction spparatus according o eny
one of claims 1, 2 esnd 3, including hest-oxchange
tubes for the indirect supply or removal of heat,
the heat-cxchange tubes being provided ocoaxially
or otherwise parallel wilth the shafts and being
of a length greater than the length of the shefts
go that the position at which the heat-~exchange tubes
enter their headers is disposed ocutside the
bundle of shafts,

13, A resction spperatus according %0 any

of claeims 1, 2 and 3, includlng neat-exchange tubes
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fer the supply o removal of heat,

the heat-exchange tubes being providedrsuhstan—
tially parallel with the shafts and of a length
greater than that of the shefts, the lower hesder
A or headera of the hext-exchange tubes being
disposed at least 100 centimetres from t he 16wer
edgoe of the bundle of shafta.

14, A reaction spparatus according to any
one of claims 1, 2 and 3, including heat-exchange

tubes which pass longitudinally through the shafts

TPLIHE A

and extend beyond the ends of the shafts, the
minimum distance of the tubes from each other or
from the inner wall of the shaft being more than
3 centimetres,

15, A reaction apparatus according to any
one of c¢laims 1, 2 and 3, including heat-eoxchange
tubee which are provided substantiaslly parallel with
the shafts and of a length greater than the length
of the shafis, at lcast some of the hest-exchange
tubes being provided outside the shafts,

16, A reaction spparatus according 1o any

P

one of claims 1, 2 and 3, including heat-exchange

tubes which are provided substantielly paranlilel

with the shafts and of e length greater than the length
being
of the shofts, sll of the heat-cxchange tubes/provided

P

outside the shafts and in direct contact with the

cuter surfaces of the shafts,

17. A resction spparatus according to any

3 ona of olaims 1, 2 and 3, including gas inlet mesns

[

AN
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through which the gas is introduced in such
manner as 50 be substantlally unlformly distributed
over the total cross-section of the reaction space,
18, A reaction apporatus aééording 0 any
onc of cleims 1, 2 and 3, inocluding gas Inlet
means through which the gas is introduced in
such menner a8 0 be substantially gniformly
distributed cver the total cross~section of the
reaction space, the nozzles, jets, perforatlons

or like membera or openings through which the gaa

passes into the reactor belng sc provided as to

Ry

520

g SN

direct the entrant gas downwardly towerds the

I

bottom of the reactor,

19, A reaotion gpparatus according to any

s sk el R,

B . one of claims 1, 2 and 3, in which gas inlet means
i are provided in such menner as to permit %he

entrant gas to be directed towards the bottom of

T

the reactor, particularly when a solid, suspended T

catalyst is used,
20, A reaction mpparatus according to any

one of clalms 4, 2 and 3, in which the reaction

LR T

A space 1is tapered ot a position below the lower
5 edge of the bundle of shafts, to form or to locate

a single, axlal gas inlet,

8 . 21, A roootlion gpperatue according to any
one of olaims 1, 2 and 3, inoluding means for
supplying the gas inlet 1lins, preferably at a
position dlreotly before entry intoc the reactor,

At R e

wlth a medium which is ligulid under the reactlon
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condltione end by which the ges inlet openings

are substantially continuously wetted,

22, A renction apparatus gecording to eny
one of claims 1, 2 and 3, including means for
the utilization of the latent heat of steam for

heating the reaction space and/or for supplying

¥

the reaction heet in endothermic reactions, and

i )

7
-".‘-.’23'."""‘5

for dlesipating the heat of resotion in sxothermlo

roactions,

23, A reactlon mpperatus accordlng to any
one of e¢laims 4, 2 and 3, lneluding mesns for
providing a positive tenperature gradient in the
liguid medlum along at least a part of the path
of the gaseous reactants through the liquid medium,
24, A reaction spparatus according to any
cne of claims 1, 2 and 3, in which means are )
provided to vary the rate of heat tranamissioﬂ'batween
the liquld medlum and the ctolant in a system of

heat—-exchange tubes providéd lengitudinally within
the reactor, said means comprising a casing provided
about each of the majority of the heat-exchange tubes
or about each 0f the heat-exchange tubes, and means
for maintaining a cushion of gas or veponr within

at least a pert of gpch casing,

25, A resotion apparatus according to any

one of olaims 1, 2 and 3, in which, for carrying

out exothermic gas reactions in which 1t is desir-
able to provide a reaction tompersture increase in

the upward dircection, the heat transmission in the

g

R
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coolihg system from the liguid medium to the
coolant 1a rcduced in stages upwardly by using
a system of cooling tubes, invhich the tube
through which the coolant flows is i1solated from

direct contact with the liguid medium by means of

a oasing, a gas or steam cushion of variable

height being maintained boiwecn the tube'for the
coolarf snd the casing,

§F R 26, A resciion spparstus according io eny

. one of olalms 1, 2 and 3, in which, with exothermic
ges rasctions, the eres of the cooling surface

of the ocoling systom 1is redﬁcéd in stages in the
upward direction by reducing the dismeter of the

cooling tubes in the upward direction and/or by
reducing the number of cooling tubes in the upward
direction,
27. & reaction apparatus according to any
cne of elaims 1, 2 and 3, inoluding a heat-
transmitting aystem in the reactor and a hest
exchanger provided outside the reactlion space in

series with the heat-transmitting eystem, through

which system and heat-exchanger a llguid which does
not veporise under the remstion conditions can be
ciroulated,

28, A reaction apparatus according to any
one of claims 1, 2 and 3, including o hoeat-
trensmitting system in ﬁgs reactor and a heat
exohanger providsd outside the reaction spaoce in

series wilth the heet-~transmltting system, and

positive means for controlling the rate of cirou-
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lation of a liquid, which dves not veporise unden
the reaction conditicns, through the heat-trans-
mitting system ond the heat ‘exchanger, whereby =

vertionl temperature gradient in the resction

space mey be maintained end veried.

5

29, A faaction apparatus acccrding to any

Aot &

-
ch

¥R

Chacx

SO R = R RIS -

one of claime 1, 2 and 3, in which the diemeter
or width of each of the shafts is not greater

Y

R R T

than 30 centimetres,
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