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COMPLETE SPECIFICATION

Improvements in or relating to Reactors

We, RUHRCHEMIE AKTIENCESELLECHART,
of Oberhausen-Holten, Germany, a (fer-
man Company, and LURGT GESELLSCIATT
FUER WAERMETECHNIE M5B H., of Ileddern-

5 heim, Franlkfurt am Main, Germany, 2
{(#arman Company, do hereby deelare the
invention, for which we pray that & patent
may he granted to us, and the method by
which it is to be performed, to be particu-

10.Jarly deseribed in and by the following
statement :(—

The invention relates to reavlors, par-
tieularly to reactors in whish the reaction
is effceted in the gaseous phase n the

15 prasence of u vatalyst.

In many reactions carried out in the
gaseous phase and in the presenec of a
catalyst, largs guantilics of heat are ofitm
evolved, but in other gasecus phase reae-

90 tions it is sometimes neeessary to supply
heat. To the development of chemieal er-
gineering, reaction vessels have been
evolved for use in hoth exothermie and
endothermic gaseous phase reaclions in

u5 which partienlar attentlon has been given
to the heat c¥change and pressure prob-
lems which are generslly involved. TFor
example, in the synthesis of hydroearbons
on an industrial seale by the catalytic hy-

50 drogenation of carbon monoxide, which
hydrogenation iz & strongly exoihermic
reaction, the use of “lumellar™ reactors hus
heeome eommon for the synthesis when
effeeted at or about atmospheric pressure.

35 The catalyst space in such “lamellar” reae-
tors is traversed by a large number of
horizontally  disposed  eooling  imbes
through which the heat transfer medium is
cirenlated, and vertiegl, metal plates ex-

40 tending throngheut the length of the
reactor are secured in spaeed relationship
to the horizontal tubes, the catalyst being
retained In the teactor belwecn the metal
plates, When the synthesis is effected at

45 pressures which lie approximately within

[Price 3m‘:e 45 64

the vange 5-15 atmospheres, veactors haye
been used in which the catalyst is dis-
posed in the annnlar space between two
poncentrie tubes, a serjes of snch cdouble
or twin tube elements being commected 10,50
a pressure drum fram which boiling water
flows around the clements. Turthermore,

it, has also heen proposed Lo carcy out the
hydrogenation of carbon menoxide under
pressure in vertical reaviors in which the 55
eatalyst is dispused hetween tubes though
which the cooling medium is eireulated.
The heat cvelved in the reaclion Is con-
ducted throngh the walls of the tubes {o
the liquid cooling mediwn whieh may then GO
he eooled vulside the reaction space.

It is an ohject of the invention to pru-
vide a rescbor for carrying out eatalyiio
gaseous phase reaciions, particularly for
the catalytie hydragenaiion of carhon 63
monoxide, in which the heat axchange and
pressure problems encountered in sneh Te-
aetions may be solved in a partienlarly ad-
vaItagedus Mmarlliey.

Ascording o the invention, u reactor for 70
carrying out reaclions in the gasgcous
phase in the presence of a cafalyst, eom-
priscs o vessel confuining a gystem of wel-
ded tubes for a heat translfer agent, the
tabes heing substantially muniformly dis- 75
pused over the major part of the eross-sce-
Hian of the vessel and having their corre-
sponding ends connected to an upper ser:
ies of headers which are eonnecied to a
drum Aisposed in the npper psrt of the 80
regelor, the other ends of the tubes heing
sonnected lo a lower series of headers
which are eonnected to one or more inlet
mains, ohe or Mmere pipes eomneeting le
inlet main or meins to the druz, the vessel 85
having an inlet for the gaseous reaclant.
and an outlet for the reaction produst. The
catalyst is disposcd between the tmhes.

In a preferrad form of reactor aceard-
ing to the invention, the tubes are pro- 50
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vided in the form of U-tubes, seversl of
the tubes, for example tires, being grouped
..~ Together and cradied onc in the other. The
legs of the U-tubes which earry the riging

5 heating or cooling medium termingie at
their upper ends in the wpper series of
licaders witich in turn are aonneefed by
rising condnits o the drum disposed with-

tn and at the top of the reastor. From the

10 drmma, stean undsr Dbrossnre ™ay he with-
drawn if, for exmnple, water uuder pres-
sure is used as the cooling agent. The Jegs

of the U-tnbes carrying the deseending
heating or eovling sgent gre comnected ab

15 their upper ends wifh the lower series of
headers which in tum are conneeted by
inbes to two inlet mains whieh projeet
through the wall of the reactor and which

are disposed transverscly to the headers, -
20 From the dium, the end of whieh prefer-

ably. extends ouiside the reactor, the heat-

ing or cooling agent is passed by pumps

inte the two inlet tanins which likewise ex-

lend through the wall of the reaction
25 vessel.

By the use of a pump, the rate of eir-

enlation of the heat trawsfer madium Wy
be adjusted to eorrespond to the partiey-
lar requircnients with regpect fo the re-
30 moval or supply of heat. At the same tima
it is possible tu ehoose the particniar direc
tion in which the heating or cooling agent
iz eirenlated throngh the tubes. By means
of a snitable reversing devies for the pump
85 the direction of cizenlation of the cocling
o heating agent within {he reactor may he
changed. Where heat is removed frop the
reaetion space by ths heat Leansfer med.
tum, the heat may he used for other pur-
40 poses, for example Jur the heating of gases,
for the gensration of steam, or vapour
formed by the heativg of the heal irans-
fer medium iiself may he used as the work-
ing medium for a turbine, Similarly,
45 whera the reaction is endothermic, the hast
trangfer medium eocoled in its. passage
throngh the reaction spase may be used to
ccol other media heforc it is returned to
the reaction space. _
50 It is also possible so to provide the reac-
tion wessal that the jnlet maing and the
lower serics of headers ave located helow
or in the lowar part of the catalyst bed.
In this case, straight tubes instead of tha
55 U-tnbes eonnect the lower heuders tn the
upper headers. The upper headers are
connected to the drum disposed in the np-
ber part of the resetor, sud the drom Is
_ counsated fo the inlef mains, Thus, the
60 circulation of the eooling sgent may Pro-
ceed by natural reviveulation, that is to
82y, by thermo-syphon action, us wall as
by a pnmp, _
The welded connection between the U-

65 tuhes and the headers is moai practicably

effeeted by providing the headers with con-
Bectiong, the spacing of which is as close
as possible and to whieh the cooling tubes
are welded. 7'hus, there is everywhers the
Same space available for the eatalyst mass, 70
that is to say, the spacing betwesn two
cocling tubes is suhstantially the same at
any point.

The advantages provided by & reactor
constructed in aceordance with the imven- 75
tion consist in the pussibility of conirol-
ling the temperature within narrow lim-
its and of maintaining g suhstantially wni-
form temperature level in all purts of the -
reactor, Moreover, the particular arrange- 85
ment of the tubc system permits control
of high pressures of the ‘heating or eool-

ing media, which pressures may be eon-

sidgrably higher than the gas pressure in
the catalyst space surrounding the tube 85
System,

For teehnical reasoms, water coaling is
generally prefarrod, Boiling water, by
virtue of its high latent heat of vaporisa- .
tion, provides, as eooling agent; one of the go
surcsi means for the removal of the eon-
siderable heat of reastion which is pro-
dneed in many gas reaciions. Further-
more, the reaction heat removed in  this
tazmer is readily and simply utilised for g5
the produetion of useful steam in {he sim-
plast manner,

Apparatus eonstrueted according to the
inveation is diagrammatically illustrated }
by way of example in the aceompanying 190
drawings, in which ;—

Fig. 1 i3 g longitudingl section through
the resetor;

Fig. 2A is a longitudinal section
through the upper part uf the reactor ab 105
right angles to the section shown in Fig.

Fig, 2B is a tramsverse, staggered see-
tion through the reastor; )

I'ig. 8A is a transverse section through 10
2 header;

Fig. 3B is a longituding] seetion throngh
a portion of 2 header;

Fig, 4 is a longitudinal gection through -
another reastor; and 115

Pig. § ig g lougitndinal section at right
angles Ly the section shown in Fig. 4,

The reactor shown in Jongitudinal sec-
tiem in Fig. 1 consigts of g Ppressure-resig-
tant, eylindrieal reaction vessel 1, ihe 190
Tower part of which is eotically resirieted, -
whilst its upper part may be closed by &
remevahle, convex cover 2. Tn the upper
part of the vylindrical shell, a dram % is
mounted, one end of which is loeated in- 125
side the vessel und the other end of which
extends outside the vesssl 1. Below fhe
drum 3, two purallel inlet mains 4 of
smaller diemeter are provided, one end
of cach of the mains 4 being disposed ex- 130
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ternally of the vessel 1 in g manner simi-
lar to thut of the drum 3. A row of upper
headere 5 and a row ol lower headers €
are provided below the two inlet mains 4,
5 but the cnds of the headers do not extend
outside the eylindrieal reaction vessel L
The upper headers 6 are directly connec-
ted to the drum 3 hy pipes fez. The lower
headers 6 are similarly connecicd by pipes
10 6 to the iulet maing 4.

The headers 5 and 6 ace intereonnected
through tubes 14 provided in the form of
hair pins or U-iubes. The tubes 14 are
provided in groups of three, the tubes of

15 one gronp being cradled one within  the
other. The heat transfer medinm passes
downwardly from the lower headers 6
throngh one leg of cach tube 14 and rises
through the other leg of each tube 14 fo

20 pass inlo the upper headers 5. The rising
heat transfer medium ihen passes from the
headers 5 into the drum 3 through the
pipes he.  From the drmn 3, the heating
or cooling meditm is drawn through a

25 flanged conneclion memhber or snetion
nozzle T by a pump {not shown) and passed
througl u pipe conneciion 8 into ile lwo
infet mains &; the heating or eooling agent
then passes through the tubes Gg into the

30 Jower row of headers 6. From the head-
ers § the heat transfer medinm again en-
ters the tubes 14, whieh are hent into the
shape of a hair nin or U, and is thus re-
cirewlaied through the system. Vapour

35 under pressure, for example, steam whers
water iy used ns the cooling agent, may be
withdrawn from the drum 3, throngh a
valve, The valve or other pressure release

_ means may be provided to operate anio-

40 matieally when a determined pressure is
attained n the drum 3.

The removal or supply of heat required
far the control of the reaction may alse be
effeeted by means of a hiewt exchanger pra-

45 vided in ihe sustion or discharge line of
the cirenlating pump. The heat exchanger
mzy be utilised for the production of eold
or heat. :

The hair pin or U-tubes 14 are provided

50 substantially over the entire eross section
helow ihe. two rows of headers § and 6,
each group of three tubes belug provided
so that the axes of the legs which are eon-
nected 1o headers 6 are disposed at the

55 apices of an equilateral triangle; the axes
of the legs connecied to the headers b are
disposed in a similyr manner,

Just below the U-tubes 14, hinged, per-
forated plates 9 arc provided fo serve as

60 a support for the catalyst mass. The plates
9 may be operated by lever 10 from outside
the reactor. A removahle base member 11
provided with a ceniral gas entlet pipe 12,
is sceured to lower, eonical part of the re-

85 actor 1. The gaseous reactants are pussed

into the veaetor throngh an inlet 135,

The lower hall of the staggered section
shown In Fig. 20 is taken transversely
througi half. of the reactor above the Tow
of headears 5, whilgt the upper half of Fig. 70
9B iz a similar seetion tuken through hali
of the reacior below the headers 6. Each
two adjacent headers of the rows of head-
ars 5 and 6 [orm one pipe element in which
aceording to the spaee avallable, several 75
gronps of haix pin or U-tubes 14 are
bunched together. As may be seen from
the secilon in the upper part of Fig. 2B,
the eooling or healing tubes 14 are s¢ dis-
posed that between them suhstantially the 80
same spaee s available lor the eatalyst
mass. Thus, heai may he removed or sup-
plied in a substantizlly uniform mannsr
during the vcaetion, Between the outer
tuthes 14 and the shell of the reaetor, an 85
Insoleting layer 15 is provided. which is
adapied to prevent the catalyst mass from
sellling between the reactor shell aud the
tnhes whilst simultanecuely maintaining |
the vater layer of the catalys( mass within 80
a delermined distance of the eooling sur-
Tace of an adjaceut tube 11

The manner in which the U-tubes 14
may be connecied and welded to the head-
grBs 3 and 6, is illnstrated in Figs. 8A and 85

A further reacior construeted according
to the inveniion iz illnstrated in Figs. 4
and 5. In this cuase, the ciréulation of the
cooling or heating agent may bhe effected 100
not only by a pump bui also by o thermo-
syphon aerion (natural ciremlation). In
this ecomstructivn, the inlet mains 4 and
the Iower headers 6 and the inlerconneet-
ing pipes 6a are provided in the lower part 108
of the catalyst bed, whilst Lhe lower head-
ers are connected to the upper headers 5
by straizht tnbes 16, und not by U-tubes
s in the reactor ilUnstrated in Fig. 1. The
headers 5 are directly conmected o the 110
drum 3. '

- With natural cireulation, the heat trans-

Ler agent Hows from the onilef 7 to the
pipe econnection 8 if heat is to he removed
from the reactor (exethermic reaction), or 113
in reverse direction through a heating sys-
tem if heat is to be supplied to the reacior
{endothermic renction). Asin the reactor
first demeribed, vapour may be withdrawn
in exothermic operation hy expansion in 120
the drum 3. Moreover, the neecssery gnan-
tity ol heat may be removed by imserting

a. heat exchunger in the pipe line eonnect-

ing 7 to B 'Whe leat exchunger may be
utilised for the produetion of sither eold 125
or heat,

What we claim is:—

1. A rveaetor for carrymg out reactions
in the gaseous phage in the presence of
a catalyst, comprising a vessel eontaining 130
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& system of welded tubes for a heat (rans-
fer agent, the tubes heing substantially
uniformly disposed over the major part of
the eross section of the vessel and having
5 their corresponding ends connested to an
npper series of headers which are conneeted
to a drum disposed in. tle upper part of
fhe reactor, the other ends of the tuhes
being comnected to u lowar series of head-
10 ers whieh are conneeted to one or mere in-
let mains, one or moye pipes eonnecting
the inlet main or fains 1o the drany, the
vessel having an inlet for the 4438018 re-
_aetanls and an outlet for the reaclion
15 prodnet,

2, A reactor aecording fo Claim 1, iz
which the tubes are provided ag U-tnbes,
the upper and lower series of headers he-
ing provided adjacent to each other in tha
npper part: of the reactor.

. A reactor aceording to Claim 1 or
Claim 2, in which the upper and lower
scries of headers are provided in parallel
formation and subslantially at vight angies
25 to tha drum and to the inlet main OF Ingins.

4. A reactor accoxding to Claim I, in
which the tubeg are substantially shraight,
the lower series of headers and- each inlet
mgin being disposed in the lower part of

30 the veacior,

3. A rasetor aecording to auy one of the
preceding cluims, i which the pipe or
pipes connecting the drim $o each inlet
main is disposed wholly outsids the re-

35 actor.
6. A reactor aceording to any one of the

20

preceding ¢laims, in which means fop eir
culating a heat transfer modium is Pro-
vided in one or more of the pipes cunnegt-
Ing the dmm 1o each inlei main. _

7. A reactor aceording to any of the
preceding claimg, in whieh the tubes arc
similar one to the other and are egually
paced apart,

8. A reaclor according to Claim 2, in 45
whick the ¥-tobes ure provided in groups
of three which are eradled one within the
other, =

8. A reactor aceording to any one of the
préceding claims, provided with a shell ad. 50
apted to withstand pressure and with »
hinged perforated plate or plafes in ik
lower part adapted to SUpport 5 mass of
catalyst,

10. A reactor according to any one of 55
the preceding olaims, in which +he drum
Is provided with a pressure release meang,

11. A reactov for caTrying gut passous
Phase reactions in the Presence of g cata-
Lyst, subsiantially as  hereinbefore dleg-
cribed.

12. A reactor, sabstantially as herginhe.
fore deseribed wilh reference fo Figs, 1,
24, 2B, 3A and 3B of the accompanying
drawings, - G5

13. A reactor, substaniially as herein-
hetore desaribed with refarence to Fige. 4
and 5 of the accompanying drawings.

EDWARD EVANS & €0, -
14-18, High Holborn, London, W.0.3,
Agents for the Applicants.

40
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Printed for Her Majestys Stationery Office by

Published ai The Patent Oifice, 25, Southampton Buﬂ_(glings, London, Wi

may be

Wickes & Andrews, Ltd., F.C.A4. 6842 1953,
(5.2, from whith copies
obtaimd,
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S SHEETS  pys drawing is a repraduf:ﬂnn of
the Criginal on a reduced scale.
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5 SHEETS s drawing is @ reproduction of
the Originol on @ reduced scale.
SHEETS 2 & 3

Fig. 54 | 5.6
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5 SHEETS s ‘drawing is @ reﬁmductian of
. the Original on a reduced scale.
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