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COMPLETE SPECIFICATION

Improvements in ox relating to Apparatus for Performing
Chemical Reactions

We, MATALLGESELLSCHATT AKIIEN-
GESELLSCIIAPT, a Unrporaiion organised
nnder the Laws of Germany, of 4,
Bockenheimer Anlage, Frankfuri-on-the-
Main, Germany, do Eereby declare the
nature of this invention and in what
manner the same is to be performed, fo
be particularly deseribed and ascertained
in and hy the following statement:—

This invention relutes to apparatus for
performing chemical reaclions,

For many chemical reactions cxact
adherence to o cerfain temperature iz an
indispeneahle condition to extensive con-
version of the originefing substances and,
above all, to uniform producton of a cer-
fain product, while aveiding undegirable
side reactions. This epplies particularly,
for example, to the synthesiz of hydre-
carbons, aleohals, znd the like, from mix-
tures uf carbon monoxide and hydrogen.

Tt has been found essential to the per-
formance of, in particular, catalytic_re-
actions that the reaction chamber filled
with. catalyst should be kept at & tempera-
ture which must be exacily maintained
and that, for this reason, bke reaction
chamber itsel! should havs the smallest
possible width, in order that the whole af
the catalyst mass, including those portions
not in direct confact with the wells of the
reaction chamber, may he kept reliably
at the temperalure of the walls. This is
ol particular importance when such. re-
actions, for example exothermic reactions,
have to be carried ont nnder pressure for
the purpose of incrcosing the rale of re-
action, sinee in such ease & very consider-
able evolution of beal within the catalyst
mass must be expected.

[t hag now been ascertaimed that these
requirements may best ho complied with
by making the reaction chamber contain-
ing the eatalyst in tha shape of & spiral,
for examyple by making it of sheets wound
spirally over one another, after the style
of known heat exchangers, in such a wa;
that these sheets alternately form & spira
chamber to serve as reaction chamber and,
therebetwaen, & chamber-like passage for
the cooling or heating medium. In this
way reaction chambers only a few milli-

metres in width can be evolved, in whicl

a uniform temperature can be dependably
mzintained even in the case of the most 55
intense hest cifcet of the reactions.

The present invention accordingly pro-
vides in & heat exchanger consisting of
spiral plates which constitute the walls of
ons or more spital channels or conduits, 80
the arrangement of a eatalyst within said
spizal nhannels and of heating or cooling
channels botwesn the chanpels containing
the catulyst.

Tn the apparstus of the present inven- 63
tion heat conduciors are preferably pro-
vided in the reaction chamber, Such heat
conducters may for example bo sieve or
grid-shaped fixtures or the like, having
good Leut eonductive properties. Alter- 70
natively, substauces moy be added to the
catalysts which are adapted to inerease
the thermal conductivity thezeof.

Af the sams time the pressure siresses
of the walls of the reaction chamber can 75
ensily be contrelled in such an apparatns,
gince in the ease of a closed spiral, i.e.
for example, when the outer end of the
chamber wall is welded on to the adjacent
inner chamber wall, such siressas will B0
almost be thoze of = eylindiical tube in
the walls of which prineipally only
wniforme fonsile stressing occurs.
apparatus of this type is _comsequently
also practicuble, wilhout diffienlty, for B85
working under bigh pressures. Further-
mors, warping of the chamber walls, for
example through thermal expansion of
iron, is precluded for ihe same reasonm,
sinte the spiral weall is able to expand 90
unitormly.

In urder {o avoid evcessive pressure
stressing of the chamber walls, devines are
furthermore provided, in the case of
higher working pressures, tu keep the 85
pressuves in the reaction and coolin
chambers automatically 2t a eertain level,
or to sffect a pressure compensation in the
event of a permissible pressure dificrenco
between the reaction chamber and ihe 100
cooling chatuber being exeeeded,

The eatalyst massmay be accommodated
in the reaction  chambers either in
granular form ordn the form of a liguid.
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However, in order to avoid differences in
temperature inside the reaction chamher
nnder all eircumstances, the catalyst may
also be provided solely on the walls of the
§ reaclion chember, with good transmission
of heat to the wulls. Depending on the
naturs of the catalyst to be employed, such
o coating may be applied to the walls in
Hquid form or else, for example, be pro-

10 duced by evaporabion or crystallization
from a solution. In special cuases, when
uging » metallie catalyst, the latter may
be applied o the walls by electro deposi-
tion or ionie exchange. '

15 The apparatus of the present invertion
is utilisable hoth for reactions progressing
exothermally and for those progressing
endothermally. A certain iemperainre s

tosh gimply maintained by emlylug‘icﬁg"as :
maady, or

20 cocling or heating medium
vaponrs thereof, which hoil, or condense,
ynder the desired reaction ennditions

(pressure sud temperature), In the case

of higher working temperatures, for ex-
25 ample, diphenyl and mercury are suitable
as cooling and heating media.

In this case the cooling or heatin
medium is preferably circulated fhroug
the cooling passages in liguid or vupour

30 form with the aid of & pump. In the case
of an endothermie reartion the vapour
condenging on the walls of the contac}
chamber 13 constanily freshly gemerated
in a vapour generafor. In the case of an

86 intensely exothermie reaction, the vapour
formed from the lignid eooling medinm
may, under ccrfain circumstances, be
utilised for the generation of cuergy, bo,
in the case of steam, be utilized for the

40 production of hydrogen containing pases,
for example in water gas plants. '

Since it iz essential, in order to control
the temperature effectively, that the width

of the reaction chamber should be very:
45 small and uniform over the whale length, -

it is of particular advantage to restrich

the distance hetween the chomber walls; -
for example by ribs or wertlike raised: -
portions en the sheeis, and thus fo prevent”

B0 variation of the width of the chamber
under, tho influence of heat or of tha pres-
sure applied to the wells of the chamber.
Enserted cross-pieves are also suitable for
this purpose.

66 A partiemlarly convenient embodiment
of the apparatns comprises closing tha
gpiral reaction chambers, which are open
on one slde, by a common, pressure resis-
tant, arehed cover, while the ceoling or

60 heating chamhers, which ate open on
cither gide, arc closed against the ountside
by an identical cover, In order v regu-
late the circulation in the heuting of
codling chambers, the laticr are closed by &

65 further fiat lid, which is fitled inside the

pressure chamber.

Depending an the resistanca of the
chamber filling, the reaction gases move
throngh the reaction chamber in the dirae-
tion of the axds of the gpirals or along the 70
spirals themselves,

In the case of Iarger apparatus, it is
particularly convenient to ascomamedate
the spiral body of the reaction and cooling
chembers in a pressure-resiatant vontainer 75
of its own. In this cass a plorality of
spiral bodies may be simuliancously
asccommodated in one oylindrical con-

tainer. For this purpuse only the oumfer

container needs o be made pressmre 80
reaistant, while the spiral chambers may
hawe thin walls, provided that the cooling
chember and the reaction chawber are
under approximately the same pressures.

en such confainers are eylindrical, 83
reactions which requirve perticularly high
presgures and iovolve Intense healing

eflecls way be performed with the
‘apparatus.

In order more clearly to understand the 90
tnvention, reference iz made to {he necon-
panyivg drawings, which illmsirate
diagrammatically and by way of example,
gevaral embodiments thereof and in
which :— 96

Tigs. 1 and 2 are o vertival sectlon and
plan respectively of one embodiment; and

Fig. & is a vertical section threugh a
sacond embodiment.

T'ig. 1 shows an apparatus in which the 100
spiral chamber walls themselvez close the
appuratus against tha outside. The middle
plece 1 consisis of spirally wound shests
which jointly form the reaction chembers
2 and the cooling chambers 8, the chamber 105

_walls being alternately joined st the top

and bottom in sueh a way that the cooling
chambers are apen on one side (for ex-
ample at the top) and the reselion cham-

~'bers are open at the vlher side (for example 110

at the bottom). The middie piece com-
prising the spirals is furnished ak tap and
bottom with a flange on to which the
arched, prassmre-resistant lids 4 and 5 ave
screwed, The spiral passages are closed 115
within the Iid by dat cover plates 8 and 7,
which are preferably serewed or to the
spiral body. The 1id 4 contains un inleb
pipe connection 8 for the cooling medium
which is introduced, for example, through 120
Toles & in ke cover plate 6 intn the spirals,
aud passes out again through the aperture
10rand the length of piping 11 through the
pipe oonnsobion 12, The inlet pipe con-
neclion 13 for the reaction gases is pro- 125
vided in similar manmer on the 1id 5, said
reaction gases enfering ihe reaction
chamber throngh the heles 14 in the cover
plate ¥ and passing out threngh. the aper.
ture 15, the length of piping 16 and the 130
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pipe connection 17, fogether with the re-
action prodaocts.

Tr Fig. 2 the cover plate § is shown
with the apertures 9 and 10 for the entry
and withdrawal of the cooling medium,
It also shows in broken lines the path of
the spiral passages.

In the apparatus shown in Fig. 3, the
spiral chamhbers are aeccommodated in an
independent pressure-resistant container.
In the contammer 18, with flanged-on lid
19, is mounted the spiral hody 20. The
latter is eovered at top and hottom by the
cover plates 21. The reaction gases and
cooling medivm enter and leave through
the pipe cunnections 23,

With the aid of the apparatus of the
presant invention it is possz%la {0 performo
rhemiral reactions which involve inlense
heating effects, while acourately main-
taining givex iemperaturss, In par-
ticular, such reactions, which are other-
wise diffienlt to control, may also be
carried out under considarable pressures
with the aid of the said apparatus, and
thus the yields mey be eonsidembfy in-
arepsed, referred to the uwnit of volume.
The reaction may thus further be made to
appronch as closely as possible the
theoretically possible maximum,

Having now particularly deseribed and
ascertained the nature of our said inven-
tion end in what manner the same is fo
be performed, we declare thot what we
claim ia:—

1. Tn a heat exchanger consigiing of
spiral plates which constitute the walls of
one or eore spiral channels or comduits,
the arrangement of o eatalyst within said
gpiral channels and of heating or cooling
channels between the channals containing
the ecatalyst. )

2. Apparatus ag claimed in claim 1, 1n
whicl ihere are provided inside the re-
action chamber, keat conductors, for ex-
ample sieve or grid-shaped fixtaras or the
like, possessing good heat conduetive pro-
pertieg, or in which substancey are added
to the eatalyst which Increase the thernal
conduetivity thereal,

8. Apperatus as elaimed in elaim 1,
having & calalytically active coafing on
the inner walls of the renction chambers.

4, Apparaius asz claimed in any of
elairog 1 to 8, in which regulating means
gre provided which antomatically regalate
the pressure in the reactior and rooling

chambers.

5. Apparatus ag claimed ion any of
claimg 1 to 4, which is provided with over-
flow valves which conmect the reaction
chambers and the cooling chambers in
such a way that the pressure in the two
chambers iv kept approximately equal.

6. . Apparatus as elaimed in any of the
preceding clalms, charvacierised by the usc
of sheets having ribs or wart-shaped raised
poriions or of ingerted cross-pieces, which
ensure 2 unilorm distance between the
walls of ths channaels.

7. Apparatus s claimed in any of the
preceding claimy, comprising arched,
pressure resistant ecovers, which elose on
one side the spiral of the reactior cham-
bers and, on the other side, the spiral of
the eonling and heating chamber, and alsw
by covers faking no pressure and restrict-
ing the flow of tie gaszes zod of the cooling'
or heating medium to the spirul chambers,

8. Anpperatus ag claimed in any of the
preceding elaims, in which the spirals of
the resclion and cooling or heating
pasgages are accommnoduted in & pressure
resistant, preferably eylindrical container.

9. The apparatus for performing
chemical reactions, construeted, arranged
end adapied io operate substanbially aus
desoribed with reference to the aceom-
panying drawings,

10. - Method- of making the apparatus
as claimed in claim 8. in which {he catu-
Iytically nactive coaiing 1s applied by
evaporation or erystallization from a solu-
tion, -

11, Method:ol meking the apparatus
as clajmed 1n ¢laim 3. in which the cata-
lytically aective coating iz applied by
eleetre deposition or ionie exchange.

12. A method of operating the appa-
rabus claimed in any of claims 1 to 9. in
which “liguids; or mixtures of lquids,
which boil or condense at the desived re-
action conditions {pressare and tempera-
ture), are employed as heating or cooling
media.

18. A mcthod of operating the appa~
ratus as claimed in any of elaims I to 8,
in which the heating ur cocling medium
is recyelad throngh the contact apparatus,

DNated this 20th day of May, 1938,

ATLBERT L. MOXND & TIIIEMANN,

18, Sputhampion Buildings,
Chancery Lane. London, W.C.2,
"+ Agments for the Applicants,

Yeamington Spa: Printed for His Majesty's Stationérs? Offtce, by the Courier Press.—1929.
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