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Improvements in Apparatus for Carrying Out Exothermic
- Catalytic Gas Reactions

We, BApistony ARILIN- & $0Da-FabRIE
(L&, Forbewindustrie Akiiengesellschaft
 iu digsvlubion *') a ecompany recognised
under German law, of Imdwigshafen-on-
Rhine, Germany, do hercby declare the
nabure of this invenfion and in what man-
ner the same i fo be performed, to he
partionlarly deserihed and ascertained in
and by the following statement ; —

Tor o Jong lime au apparalus for the
carrying out of exethermic catalyiic gas
reactions in savera] stages of conversion
has been known, in which a plurality of
catalyst layers and heni exchangers are
arranged afturnately one behind another
in 2 common container. This proposal
has, however, no found 4ny introduetion
into industry. The heat exchangers and
catalysh chambers iu this apparatus have
the same cross-vectional arvew; this is wo-
favourable for obtaining an optimum
transfer of heal In the heat exchanger on
the one hand and fur obieining the
smallest pussibla resistance to flow 1n the
eatalyst space on the other hand. The

.apparatus olee has the drawhack that,

apart from the parts of the apparalus near
to the oomtainer opening, the heat ex-
changer elements and alsn the interposed
catalyst ohambers arve difficultly aceessible
for repuirs und for changing the catalyst.
The object of the present invention is
to provide an apparatus for carrying ounl
cxothermic catalytic gas reactions 1m a
plurality of conversiom sbages which is
frea from the sald drawbacks. .
According to ithe present invenfion
criindrieal  #vbular-bundle heat ex-
changers for heat exchange bebween the
reactant oases enfering and the reaction
produst gases. leaving tha ratalyst
chambers are arrunged centrally within
aunularly formed catalyst chambers and
in the jacket of the heat exchangers, pre-
ferably adjacent the base plates of the
fubular tundles, theve are provided gaps
vr openings through which the reactand

. e —

P

goses flow inte the catalyst chambers
diveetly or through intermediste spaces
surrounding the tubular bundle in the
form of & ;Laclcet{, ur the reaction product 60
ﬁsea dow buck into the hent exchangers.

n such an arrangement, the cross-sec-
tional aress of the heat exvhangers and
the catalyst chumwbers may be adapted to
the optimum conditions in any desired 56
ratios, It ig therefore possible on the one
hand te provide high speeds of flow with-
in the heat exchunger fubes and in the
gpaces bebween the tubes and on the other
hend to reduce the resistance to the flaw 60
in the catalyst mass to any desired degres
by increasing tha area of the annular con-
tack chambers. The building of the hegh
exchangers directly in the centre of tha
catalysi chambers and the consequant 65
compuct cunstruction of the whole appar-
atua offers the advaniage that the thermal
stability of the apparabus is considerably
mereased by the great heut capacity of the
heat exchangers constrncted of metallle 70
materials on the one hand and by the
smaller radiating surface on the ofher

"hand. This has the eonsequence that in-

{erruptions in operation ov temporary re-
ductions in the loading of the whele sys- 75
tem may he betier bridged over. A fur.
ther advantage is t0 be seen in the fact
that fle rescfunt gases enter the catalyst

‘chambers from the middle outwardly,

wherehy a uniform dstribution of gas 80
over the annular catalyst chambers is en-
gured:, .

The invertion will he further described
with reference {o the scoompanying draw-
ings which ghow diagrammatically sec- 85
tignal elevationa of three embodiments of
the invention by way of examplc,

. Referring first lo Figure 1,71, 2 and 3
sire three catalyst chambers arranged eon-
secutively amd 4 and § are interposed cent- 90
rally dispesed fubulsr-bamdle heat ex-
changers. The gases 4o he rescfed enter
the pipe 6 and pasg fivst info the distai-
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bufing chamber 7 and then flow sequen-
tially through the lubes of the heal ex-
changers 5 and 4 and hecume heated there-
hy in heat cxchange with the reaction pro-
b duct gases leuving the catalyst chambers
1 ynd 2 to the tempeiniurc necassary for
the imitiation of the reacticn. Throngh
npenings in the wall of the gus collecting
chamher 8, the preheated gases pass info
10 the cutalyst chamber 1. Afier the goses
have been partially reacted in the catalyst
in the chamber1, with the vesulting 1n-
eratse in temperature, they flow through
the jaclket-shape] intermediate space 3
16 and the geps at the upper end of ihe
jacket of the heaf exchanger 4 back into
the outer space of the Leul cxchanger 4.
Here they nre led in esunter-curreni fo the
fresh gas Buwing inside the tnbes, and the
4o most advanlugeeus fow of the gases for
the improvement of the Leal cxchange
. may be brought abont in known manner
by ballles. The gasey then pass ab re-
dueed temperature infu the eafalyst
o5 chamber 2 fhrough gaps in the jucket at
the lower end of the heat exchanger 4
* and in the intermediste space 10 af the
top thereof. Cunversion again takes place
hy the action of the cufalyst in the eata-
BO-IF*’ chamber 2. The guses which have
thereby beeomea heatad again pass through
a pollceting .chamber 11 into the heat ex-
changer 5 and are cooled therain by the
tresh gases flowing in the tubes; the pases,
35 cooled to a lower temperabure, then enfer
the top of the catalyst chamber 8 affer
passing through o gap ot the lower end of
the heat eschanger jacket. and throngh a
gap b the top of the inlermediate space
40 12. The couversion iz ceompleted in lhe
catalyst chamber 8. . The gases leave
* througlh = collecting charsber 18 and an
outlet 14. Their heat content may be used
in a hest exclanger outside the catalylic
46 reaction apparatus for.heating up the
fresh wus entering through the pipe 6.
Since the hot gases flow outside the
{ubes of the heat exchanger angd the cooler
guses dow ingide the tubes, any strong
50 thermal slrain_on the base plates of the
lieat exchanger and the sensitive junction
puinis of the heat exchanger tubes is
avoided and econsequently o longer dur-
ation of operation of the heat exchangers
§5 in vontinmous operation is ansured, It?has
" heen found, however, thet at high tem-
"7 peralures injury to the heal gxchangers 1n
continuous operation camnet cniively be
avoided, even whep the tobes arc oon-
60 structed from high quality metallic mabe-
* rials or are specially protected by surfaco
treatment op by cevermiz with protective
tubes st £hé places whiore the hot gases 1M«
pinge on. them, Bd that it is ocrasiomally
65 wevessury tg changé the tnbes. In orfer

to render this possible, the heat ex-
changers may be arranged within iha
appuratus so thal the base plates of the
heat exchapuers are accessible through
specially provided openings in the cesing 70
gsurrpunding the heat excﬁa-nger.

Apparatus which has been desigued
with fact in mind is shown in Figure 2; 1,

2 and 3 are thres conseculive catalyst
vLambers, 4 and 5 are centrally arranged 70
tubular bundle heat exchangers and 6 is
un gsternal heat exchanger fur the pre
Leating of the fresh gas enteriug the pipe

7 by heat e<change with the reacled gases
flowing through fhe tubes of the heat ex- 80
changer 6 and leaving at 8. The direction

of flow may be seen from the arrvws. Cold
fresh gas may be supplied fo the guses
leaving the twe hesf exchangers 4 and

5, when desived, through the branch pipes 80
9 aud 10, wherehy o very accutale confrol

of the temperafure in the single stages of
the reaction muy be obtained. The branch
pipe 11 renders possible a palrial euntting
out of the heat exchanger 6. 132, 13, 14 80
and 15 are apenings provided for carryiny
out repairs or replacements of the heat ex-
changers. T necessary, further catalyst
chanthers having centrally arranged hent
exchangers may be arranged behind the 95
catalyst chamber §. Additionsl means for
temperature regulation, as for example
cuoling” jackels wurvund the catalysi
chamhbers, may be used, ’

Tor gas reactions in which especialiy 108
high temperstures ccemr and in which
therefore acvouut must be taken of great
wear on the heut exchanger iubes, it iz
advantageous to nse an apparatus in
which, uecording {o a further erebodimen 108
of the invention, the tubalar buamdle of
the heat exchanper js formed in ome with
the two end plates so that it may be re-
moved as a whole irom fhe apparatus,
while the jacket with its su_rroungin in- 110
tarmediate spaces for gas forms a ed
romponent of the catalyst chambars. Suclh
an arrungement may alse be used with
advanluge when the catelyst chambers are
lined vwith ceramie material. The jackefs 118
and the gas intermediate spaces may also
be wude of veramic material so that
mefullic materisls are to & lurge extent
rernaved from the action of highly lLeated]
‘wases, (Only the metal tubes of the heat 130
exchanger are vxposed to this action, buf
these ure protected againef overhenting by
the conler gases flowing therethrough and
meoreover are readily acressible for repair
operatins by the removal of the fubular 125
bundle.

Figure 3 shows an apparatus haviug u
removable tubular bundle and a fwedly
inbuilt jacket of cerwmic material, The
conseeutively arranged catelysi layers 1 180
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aud ¥ are wirnuged in a containey 4 pro-
vided with a lintng of ceramin material 3.
The tubular bundle 5 of the leat ex-
chunger may be withdrawn through the
§ opening G. 7 and 8 are parts ade of
. matallic material and formed as compen-
sating intermediate members which serve
to seal off the gas sprees which are to be
kept separate. The mayl'{ also be replaced
10 for example by sand packings. 9 are the
oyiindrical walls of the heat exchanger
formed of ceramic material angd the inner
walls of the catalyst chamber. The tubular
hundly is scaled ab 10 into the lining 3.
15The gases to be reacted enter through pipe
11 inte distributon chamber 12, fow
throngh the tubes of the heat exchanger 5,
pass inty the top of the eatalyst chamber
1, leave the same through the collecting
20 chambey 13 and the inbermediate space
14, flow downwardly around fhe tubes of
the heat exchanger 5 in counber-current
exchange with fhe fresh gases ascending
in the tubes, sud puss through the infer
25 mediate gpace 15 into the next eatalyst
chamber 2. At the ond of the reaction
they leave the apperatus through the col-
lecting chawber 16, the outer annular
space 17 and the cutlet 18.
In any of the described arrungements,
manhole flaps may be providad in the
outer jackets or in the intermediate flvors

30

of the catalyst chambers for the introdue-

tion and remowal of the calalyst.

36  Having now particularly deseribed and
ageerteined the nature of our said inven-
tion and in whai manner the same ig to
be performed, wi declare that what we
claim 187 — .

1. Apparatus for carrying excthermic 40
catalytic gas reactions in e plurality of
reaction svages with the inberposition of
heat exchangers for heat exchange be
tween the reachunt gases entering and the
reaclion product gases leaving the catalyst 45
chawbers, wherein cylindrical tubular
bundle heat xehangers ara provided cent-
rally within annuler catalyst chambers
and openings are provided in the jackeis
of the heat exchangers, preferably adja~ 860
cent the buse plates” of the tubular
bundles, through which the reactent gases
puss into the catalyst chambers or the re-
action product gases flow back infto the
heat exchangers either directly o through 55
gurrnunding intermedigie spaces In the
form of jackets.

2. Apparatus ag clatmed jn claim I in
which the base plates of the heat ex-
changers are accessible through openings 60
in the casing smrrounding the leat ox-
changar,

3. Apparatus as claimed in eladm 1 or
2 in which the tubnlse bundle of the heat
exchanger js temovable and the jacket and 66
the gas infermedinie spuces are fixed com-
ponents of the catalyst chambers,

4, Apparatng for ourrying out ewo-
thermie catalytic gay reactions suhstanti-
ally a5 hercin described with reference to 70
Figures 1, 2 or 3 of the accompanying
drawings,

Dated this 10th day of November, 1949, -
J. Y, & G, W, TOENSON,
47, Lincoln’s Inn THelds,
London, W.0.2,
Chartersd Patent Agents.

Leamington Spa: Printed for His Majest»ly’ s Stationery Office, by the Courisr Press.—195].
Poblished at The Patent Office, 25, Southamprton. Buildings, London, W.04.9, from, which
copies, price 2a. mer oopy; by post 2s. 1d. may he ubbained,
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