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The Inventors of this invention in the sense of belng the acinal devisers thereof within
the meaning of Secticn 16 of the Patents Act 1049 gre:— (GUENTHER SCTULZE and KARL-

Hervz HEcr, citizens of the Federal Republic of Germany, ruskling, respectively, st 16,
Wolframstrusse, Ludwizshafen/Rhcin; and 14 Whunderstrasse,  Ludwigshafen/Rhein;

tederal Republic of Gennany.
COMPLETE SPECIFICATION

High Pressure Synthesis Reactor for Exothermic Gas
Reactions

We, BADISCITE AWILTM- & SoDa-FABRIR
AKTIENCESELLSCHAFY, 2 German Joint Stock
Company, of ILudwigshafen/Rheln, Federal

may bec imtrodnced into these reactors xa-

various ways, Reactors arc known in which the
cold gas feed lines are laid as separate pipcs
outside the catalyst vessel on the wall up to

It is an object of the present fnvention to

Republic of Germany, do herehy declare the (he peint of introduction bohind the individual 40
5 invention, [or which we pray that a Patent camaiyar layers. In other reactors the supply
may be granted 1o us, and the method by  lines for the cod gas are ingide the catalyst
which ir is to be performod, to be parti- chamber and are passed directly threugh the
cularly deseribed in and by the following caralyst layer to the varions points of intro-
. Statement ¢ - duction. In view of the increase in the capaci- 45
10 The present invention relates to a high pres- tics of synthesis reactors, mcsulting from the
sure synthwsis rcactor for exothermic gas  improved activiy of the catalysts, and the
reactions. consequent furmation of 2 larger amount of
In many exothermic gas reactions which heat of reaction, the amount of cold gas
are carried vut in high-pressure synthesis veac-  required for cooling must of necessity also be 50
15 tors, for example in ammonia synthesis, meth-  increased, Therefore it is often difficult to
avol synthesis and the catalytic hydrogenation sepply an amount of cold gns which is
of unsanmared compounds, eg. unsaturated adequate for cooling to the verious poinrs of
hydrocarhons, it is mecessary to carry away  imircductinn through the cold gas supply
.the heat of reaciion from the synthesls reuctor.  lines cwing to the relatively narrow pipe cross- 55
0 In the prior ar; veactor designs, the hear of section dictated by the design. In addition
reaction is carried off In various ways: lo this limitation on the amount of cold gas
{8) by beat cxchange elements located in  hy the cross-seclion of tha pipes, there are
the layer of caralyst, gases being used as the farther difficnities arising from the facr that
coolant; the cold gas plpes cennot be adequately 60
25 (b) in reactors comsaining a plurality of insulated from the hor catalyet bed owing to
layers of cavalyst, by providing heat exchange  lack of space 56 that the cold gas is heated up
elements between the individual layers, water in an undesirable way and the distribution of
being used for example as the coclant; and temiperatire in the individual layers of cata-
{c) by direct cocling by miving cold gas Tyst is deleterionsly affected by uneven with- 65
30 with the synthesis gas uler each individual drawal of hear. Another point is that owing to
layer of catalyst su that the temperature of the considarable difference in temperature, the
the whole of the gas stream is lowezed In the  walls of the culalyst vessel and the cold zus
desired way, supply pipes expand 1o different extents so that
Reactors of the last-rmentioned design are  ithe conmections between the cold gas pipes 70
35 jown as multilayer reactors, The cold gas  and the caralyst vessel often becnre detached.
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provide a high-pressure synthesis reactor
which docs not have the above-mentivncd
disadvantages. This cbject is achiaved in high
pressure sytithesis reacters having o plurality
of layers of caralys: disposed in a vessel be-
tween which cald gas is mixed with the sypn-
thesis gas, when the cold gas is supplied v
the respective mixing points horween tha layers
of catalyst through g deuble-walled jacket tube
arranged  concentrically about the cawmalyst
vessel, said jacket being subdivided inte longi-
tudinal flow pnassages, being freely extendable
relutively 1o the catalyst vessel in the longi-
tudinal dirccrion and heing rigidly securcd
to the catalyst vessel ar its lower end, Said
double jacket tube having gas outlel points

and the catalyst vessel and the jacker tube he-

ing connected at the gas mixing points by
winular  inlet chambers each of which is
gealed zt the top and bottom hy stoffing hoxes
which are secured to the catalyst vessel and
slide on the dcublc-wal]cd jacket tube or vice-
versa. ' '

The invention will now be described with
relcrence to the accompanying drawings which
show diagrammatically an embodiment af the
high p-essurve synthesis reactor in accordance
with the invenuon by way of cxample. Figure
1 is a lengirudinal scedon through the reacior,
Figure 2 is a Jongirudinal section of a portion
of the reacter in the viclyity of the line A—B
in Figere 1 cn an cnlarged scale, and Figure
3 is a horizontal section on the line A—B in
Figure [.

The drawings show 2 synthesis reactor such
as is conventionally used for ammonia syn-
thests and which comprises a plurality of
layers of caralyst 8, 9, 10, 11 and 12 and a
beat exchanger 1 arvanped in a high-pressure
jacket 2. Synthesis gas enters the reactor
threuph the upper cover 5 into the space 3
tetween the Inner surface of the jacketr 2
and the catalyst vessel 4 and Jows downwards
tc the inlet openings 6 arranged at the lower
endl of the hear exchanper 1. The gas fows
upwards ¢utside the wbes of the heat ex-
changer and collccts in & central tube 7 in
which an elecrric hearing element {not shown)
i3 arranged. Ar the npper end of this mbe 7,
the gas changes directlon and enters the
catal;st layer ¥ which is located within cata-
Iyst vessel 4. The Individual layers of caralyst
are bounded at the bottem by grates #4. The
g15 rasses in serics through the catalysr layers
9, 18, 11 and 12 and then throngh the insfde
of the whes in the heat exchanger 1 glving
up i1s scosibic heat to the freshly cntering
tynthesis mas, The synthetic gas leaves the
reactor through the lower cover 13.

Cold gas nqmred for covling ilie syathesis
gas is supplied through passages 28 provided
in the cover 5. The cold gas is supplied 10
the individual layers of catalyst through a
doukle-walled jacket tubc 19 which iz sub-
divided into scgmenty and which is deseribed in

greater  detail Delow.  The double-walled
jacker whe 19, formed by tbes 20 and 21
(vee parricalarly Fignre 2), is connected with
the passages 28 by tutzs 26. To permit free
expansicn of the double-walled jacker tube, a
compensater or stuffing box is provided be-
tween cach lube 26 and the appropriate pass-
age Z8. The top of the donble-walled jacket
tube 19 is provided with a closure 23 which is
only inwrrepsed by the tubes 26. Cold gas
passes from the dnnble-walled jacker tuhe 19
imtw tha reactor through slots 17 and openings
18 in the vailyst vessel, The double-walied
jacker tuke 19 is also closed at the botrom
and rigidly secured extermally to the catalwst
vessel &t the botiom thereof. There is no other
fivxed commection berween the dosble-walled
iacket tobe and the catalyst vessel. Allowance
is thus made for ihe different thermal expan-
sion of the catalyst vessel and the dowble-
walled jacket tube, and free expansion of the
vessa! relatively to the double-walled jacket
rebe is ensured,

In the embodiivent of syathesis reactor
azcording o iy inventon, the catalyst vessel
4 (as mere clearly shown in Figure 2 is
capable of upward expansion independently of
the double-walied Jacket tube 19. The wall
15 of the caralyse vessel 4 has ontside ir a
centinucns  thermal insulation 16 which s
interrupied by (he slots 17 through which cold
a3 is introduced intoe the caralyst vessel be-
neath the layer of catalyst. The wall 15 is
previded with vpenings 18 in the region of
these slots 17. Cold gas passes through the
openings 18 into the interist of the caralyst
vessel 4. Ai (ke periphery of the catalyst
vessel 4. an annular cold gas inlet chamhber
29 is formed within the layer of insulation
16 ar the mlet points 18, This nlct chamber
js bounded by base rings 30 which are rigidly
secured to the wall of the camlyst vessel but
have nc fxed conoectivn with the doukle-
walled jacket rabe 19. The seal is made by
sruffing box packings 22 previded above and
below the outlet cpenings 17 and being in
sliding contact with the doutle-walled jacker
uibe 19 and rigidly secured to the wall 15 of
the catalyst vessel <. The height of the annu-
lar cobd pas inlet Chamber 29 should be chosen
s that with mavinum expansion of the cara-
lyst vessel 4 with respect to the deuble-walled
jucket-tube 19, the cpenings in the laner are
nct covered by the sifling box packing 22,
which Is adjasted by means of & screw 31
The deuble-walied jacker tube 19, as shown
in Figure 3, is sokdfvided hy lengitudinal
partitions 24 inte a number of segments cor-
responding to the number of supply points.
For the syvodiesis reacior shown, #r is suffi-
tient fer the denble-walled jacker tbe to ba
subdivided into four segmenrs. Since how-
ever the supply passages 25 formed by the
partitions 14 should have different lengths
owing to the pesitions of the cold gas inler
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points being ar different levels, the donhle-
walled jacker tube 19 in contact with the cold
gas is subjected to varying stress by reasons of
differing: thermal action, so thai it cauld be
distorted. It is therefore advantageons to sub-
divide the double-walled jucket rube, for each
celd gas inler point, into more
ment, for example info two- three or four
segments distribured symmetrically, In the
preseni vasc the double-walled jacket tube is
subdivided into two segments for each cold
gas inlet point. At the same level as the
gas inler chamber 29, openings
17 are provided in the appropriate cold gas
Supply pusszges 25 which permit the flow of
cold gas cur from the double-walled jacket
tubc mto the cold gas inlet chambers 29 and
thus inle the interior of the catalyst vessel 4.

WHAT WE CLAIM 1S:—

1. A high-pressore synthesis reactor for Exo-
thermic gas reactions in which » plurality of
layers of catalyst are provided in 2 vessel
and cold gas is mixed with the symthesis gas
between the layers whersin cold gas is sup
plicd to the respeerive miring points between
the Jayers of the catalyst through 2 douhle-
wolled jacker tube surronnding the camlyst

than one seg- .

and being subdivided
inte flow passages and frecly
extendable in the longitudinal direction rela.
tively to the catalyst vessel, said  double-
walled jacket tube being secured to the catalyst
vessel at only one end, saig double-walled
jacket lubc having gas omtlet poins and the
catalyst vessel and the jacket tube being con-
nected at the gas mixing points by annular
inlet chambers, each chamber being sealed
at the op and bottom by stuffing hoxes which
arc secured to the catalyst vessel and slide on
the double-walled jacket tube, or vice versa,

2. A high-pressure synthesis resctor as
claimed in claim 1 in which the rigid connec-
tion between the double-walled jacket (ubc
and the catalyst vessel is at the bottom,

3. A high-pressure synvhesis reactor sub-
stantially as herein descrihed and shown in
the accompanying drawings.

vessel  concentrically
longitudinally

J. Y. & G. W. JOENSON,
Furnival Fouse,
14—18, High Holburm,
London, W.C.1,
Churtered Patent Agents,
Agents for the Applicants.

Loamingbon Spa, 1569,
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