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SPECIFICATION.

Improvements in or relating to Efiecting Reactions hstween Gases
with ihe Aid of o Catalyst.

We, Sociirs KAwToNaLe DE RECHERCHTS
strr LE TRAITRMENT DES CoMBUSLIBLES, @
French Societe Anonyme, of 10, Rus Si.
Hilaire, Seniis (Uize Department), Franee,
do hereby declare the nature of £ 13 inven-
fior and in what menner the same iz 1o
he performed, to be particularly described
and aseertained in-and by the folluwing
stulement 1—

'Che present imvenition relates to appa-
votus for eifecting exothermie reactions
between poses when in cunlact with a
golid catalyst, and perticularly for the
gynthetic manufacture, either of amuonia

goy by means of mixtures of hydrugen

and uitzegen, oz of methoucl or other
orranic compouns surh as alcohols,

homolngues of methanol, acids, aldehydes,
Tetones and hydrocarbons by meaus of
mixiures of hydrogen and oxides of
aarbon.

Apparatus of this type s already known
comprising a best exchauger, a hesling
apparatus and 2 eoialytio apparatus in
whieh the gaseous mixture tn be treated
flows successively through the heal ex-
changer and through the heating appara-
tus, & poriion of this mixiure eoming 1mio
direct contast with the cefalyst in  the
catalytie apparatus while the rest of {he
gaseouy mixinre comes into contact with
{ubes containing the citalyst.

Tt is nlso known, in apparatus of thas
Ikind, to conduct ihe gaseous nisture in
hent-exchanaing relntion to ihe enfalyst
Lefore “passing through the ratalyst, and
t6 provide a by-pass for hy-passimg & pio-
portion, or all, of the gaspous mixture
past the heat exchanger.

Finelly, apparatus is akso known where-
jn the gaseons mixture t0 he ireated enters
lpers above Intn o distvibution chamber,
the botam of which is formed by o per-
forated plate. from whisl are suspeaded
{ubes which descend Into other tabes resl-
ing on a lower plate und axtending freely
wpward.  The lawer plate is perfarated
antaide the tubes.  Tn apparaius of this
kind. the rareans mixture ta ha {reated
vironlates in epposite direetions in the
descending and aseanding {ubes and then
passes into the catalytic mass disposed be-
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tween the ascending fubes, whereupon the
gases leave by Lhe perforativns of the
lower plate.

According lv the present invention an
appuratus eomprising & heat exchanger,
a heating apparatus and a catalyfie appa~
ratus in which the gaseous mixiure o
be trested fows swecessively ihrough the
heat exchanger, through the cvatalytic
apparatus in ceniact with the exteriors
of " contniners. holding the eatalyst,
throngh the heating apparaius, ithrpugh
the eatalytic apparatus in comiact with
the cetalyst, and finally through the hent
exchunger, is provided with 2 by-pass
rondnit for condusting, if desired, u pro-
portion, oy all, of the gnseous mixture
from the heot exchanger {o the heating
apparaius withoui fowing through the
cafalylic apparatus in eontact with tha
oxterinrs of the containers Tinlding the
catulyst. S

Two fvrms of construetinn of an appa-
retus according to this invention eve
illustrated in the aceompanying drawing
by way of example:—

Tigure 1 is 2_diagrem of a form of
construction in which the heat exchanger.
catulytic apparntas and heating apparatus
are sepavoted from each other.

Figure 2 dianrammetically illustrafes
2 second form in which the catalysing
apperatus and the heating apparatus are
assembled in ane and the same cesing.

Tigures 3 anid 4 illustrate in vertieal
section and -in detail the essential parts
of this sccond form of eansiruction.

According to - Figure 1, the frosh
quseous roxture is admitled thronsh 1. 2
inta the heat exchenger:A, eirculates in
the space 3 comjyrised between {he tubes
4, issues through b, is admitted through 6
into the space 7 compriged Dbetween {he
imhes § of the bundle of catalvst tuhes
B. issues {berefrom t{hxough 9 and 1s
collected, after having passed through the
Twating spoaratus 10, in the chamher 11,
fram which it passes through the smhes
8 eontaining the eontact mags B, Tha
rection mraducts are comveved, thraueh
1% and 19. to the hont pxchanger, from
whieh they iesue throueh 14
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A. feature of the apperatus lorming the
subject-matter of the present invention
eonsists in short-cireniting, on the one
hand, the heat exchanger A, and on the
other hand, the intartvbular space of the
catalyser B, for instance by means of a
hy-pass, 15, 16, having a cock 17, which
puls the piping 1 supplying the fresh
mixture to the heat exilianger in direct
communication with the outlet piping 4
of this apparatus, and of a hy-pass 18--19,
baving a cock 20, which conneeis the
piping 8 conveying the gus in the inter-
tubular space of the eatalysing bundie to
the piping 9 feeding the oas fo the heet-
ing zpparatus,

Another made of applicalion of this
principle_consists, as iliastrated hy way
of example in Figure 2, in crranging on
the pipings two identical apparatus C and
D which will be hercinaffer designated
fry the term ° three-way cocks **; thase

apparatus are illustrated in the form of
‘ally ilustrated in Figure 3, presenis five

piug eonks, the plug of whiech is provided

with fthrec chexvels and o notel, but they
can be wade in any other manner capable

of ensuring the ¥2Nlowing operation:

The three-way cock O scrves to divide
the stream o gavevus mixiure usad as
ruw materizl into iwe hranches, the out-
Hlow ratio of which can he condrolled by
this three-way cock, one of these hranches
only ‘passing through the heat exchanger
A ; in the arrangement of Figure 2, for
insfunce, a rotation of the plug in the
rock body in the direction of the arrow X
has for effeet to diminish the ouiffow
throngh the heat exchanger A, by in-
creasing to the same amonnt the outfiow
af the stream whick, throughk 1, 21 aad
22 is_directly conveyed to the three-way
cock D,

Similazrly, the three-way cock D serves
to divide the gaseous stream issuing from
{hé {hree-wuy cock © intn two branches,
the oufflow rotio of which can be con-

trolled ‘at will by this three-way eock D, -
ceentre of the catalyser and enclosea the

these brauches being  subsequently

directed, ome, towards the inferfubular’
space T, of the eatalysing bundle B, then -
towards the lesting apparatus 10, the -

other directly towards this heating appa-
ratus. In the case of Figure 2, for in-
stance, the first brauch of the siream,
23. 24, 6, 7, 20 and 26, the

ety

" sceond through 23, 27 and 9: 2 rotation
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ot the plug of the cosk hody in the dizec-
tion of the srrow’ Y increases the outflow
of thé first, branch to the defriment nf
the nuiflow of the secand branch.

Tha uss of the two three-way cocks
whith have just been deseribed allows of
suifably -regulating the temperature of

the contect mass apd. as o consequence;

on the one hand, of checking the develop-

-ment of certain parasitie reantions of the

main reaciion as well as the prejudicious
ciicels which result, for the activity of
8 great number of catalysis, from their
being maintained gf a too high tempera-
tave; on ke other hand, of renderiny the
ho'zwiy production jper litve of eainiriic
volume independent of the variations of
activity of the cortact mass,

In Xigure 2, hoth three-way cocks, are
illustrated in the position giving the
bighest operating {emperatiure of the
catalyst  tubss  of  the catalyser
B.  TRotation of the pings  of
the thres-way eocks in the direction of
the arrows X and Y allows the operaiing
lempersiure to be modified owing 1o the
fact thai a gaseous stream is caused i
cirenlaie in fhe intertubular space, (he
volume of 1his paseous siveam being con-

trollable and its inftial tempezature being

worcover variable between wide 1imits,
The eatalrsing iube B, diagrammatio-

cifenilial featvres, viz:

1) The contact mess is iniroduced in a
setias of verticel tubes 8 secnred at huil
ends on {we horizontal metal plafes 25,
%9; the upper plate 28 is serured v
serews or holts, on a ledge 50 of the stecl
casing 81 whick supports the sperating
pressuve, whilst the lower plate 20 iy left
frec to move; the entire hundle belng thws
hung within the ecasing;

2) The contach mass is retained within
the tiihes B by a perforated plate 32 whicl
forms o purt of a metal member 33,
in the shapa of a hollow box assembled
with the bottom plate by & fuidtipht
packing 34. The elampine of 33 on 29
is ensured hy clamping screws 85 rarricd
bv a member 36, which bears on a Luss
47 of the bottom plate 28 ihieuzh a
serew-threaded portion heviug interrnpted
srrew-threads, or in uny other manmner
allawing rapid taking to pieces.

'3} “A” chamber 10 is provided in the

devite for heating fhe fresh masemus mix.
turs’] fhis © heating  deviee, diporam-
eally indicated at 38 and hung from
an ‘#ixiliary plug 39, is completelr ju-
dependent from ~the vemainder of the
apraritas,

83
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4) Gas from the intertubular space is {77

brought into confact with the deviee 93
hy o member compozed of fwo concenfrin
tubeg 40 and 41, sealed togelher at their
upper ends. At {heir lower ends, one of
these fubes is permarently secvred to the
botiom plgte 29, whilst the oiher is Toft
free fo slide on a shoulder 207 of this
plate.  The unit constituted bv these twn
tuhes moreover freely slides. at the wnner
end through a eircular orifice previded
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% 44 and the piping 14.

in the plate 28, the fluid-tightuess of the
joing being ensured by a plastic-pack-
ing 42,

5) Two concentric tubes 43 and 44, of
smull dinmeter and secured on the botiom
plate, are fitled with slight friction in
corresponding bores of the lower plug 45
of ihe sleel casing 31, the fAuid-lighiness
of the assembluges being ensured by
plastie packingy 46 and 47 clamped, one
by the plug 45, the other by o stufing-
box 48,

The {ube 48 serves far the direct iniro-
dvoetion in the heating chanber 10 of the
fresh goseous mixture supplied by the
piping 9.

The tvhe 44 serves for removing the
veaction products which, wpon issuing
from the lubes of the bundle, are collected
in tha hox 83 and dow through an orifica
49 info the annular space comprised be-
fween 43 and 44.

The operation of the catalyser which
hos just been described is es follows:
Both branches of the fresh geseous mix-
{ure, which is separated by the three

way cock I, enter tha catalyser. one
through 8, the othey throngh 9. The

gas introdured throweh § passes upwardly
{hrongh the intertnbular space T, pens
trates, through the orifices 26, inio the
annnlar space comprised between the tubes
41 aad 41, cirenlates downwardly belwaen
these tubes. and, throush the orifices 26,
eniers the heafing chaxeber 10, where it
mives with gas admilted through 9. The
mixture vises along the heating device 38
up to the upper chamher 11, where It
passes info -ﬁw iubes 8 containing the
contaet mass after passing downwardly
through these tuhes the reaclion preduets
are collected in the hox 33 fo be dinally
evacnated through the orifice 49 and the
annular space comprised between 43 and
The chnracter-
istie properties of the apparatus thus de-
visad are the following :

&1 The Auid-tightmess of the dovice can-
rolling ths circulation of the zas is enp-
sured by means of & minimum npumber af
plastic pockings, which, moreover, hove
small diameters onlv.

b) The various elements of this device
ean nevertheless axpand quite freely: this
allows. in choosing tha melnls fo  he
ased for constructing the sald elements,
the relative values of {he expansion co-
eficients to bhe igmored, the mechanieal
and chemical conditions to be satisfied
heing exelusively considered,

m\ The contact mass inserted in the
fuhes 8 of the bundle can be mnidly re-
waoved : in fact, % emfffees for this onera-
tian +o Joosen the serews 95, fo release
the member 38 from ihe boss 37 by rota-

tion to the extent of a fraction of & revolu-
tion and to take down the members 36
and 33, o

d) The heating device is completely in-
dependent of the eatalysing and gas eir-
culating device; this alluws, em_the one
hand, the most varied sources of heat, for
example, eleclricity, goseous or liquid
fluid, internal combustion, ete., to he
used, and on the other hand, the heating
apparaius to be Teplaced by simply un-
screwing the plug 39, without having to
touch any other purt whalever.

6} The catalysing and gas cirvulating
device s in cunlact with the steel casing
only at & very small awmber of points;
this feature facilitates the application on
the inner face of this casing of the linings
or enatings which it may e advantageons
10 use for preventing the gascous mixture
from coming into eontact with the same,

#) The fitling up and removal of the
tube are effected with the greatest care.

The heat exchanger A 1ilustrated in
detail in Figure 4, presents three essen-
tial fealures, viz: @ *

1} The vertival {ubes 4 of the bundle
whieh constitutes’ one of the essential
elements of the patiia dre secured uf their
ends to two borizontil metal plates 50
and 51 ; the upper plate 50 is secured, by
serews, on an innar ledge of the stecl cas-
ing which supports the operating pres-
sure, whilst the lower plate 51 is left
free to move. The 'bungle iy then hung
within the casing.;

2) The lower plale 51 is commleted hv
g memher 53, in the shape of o box, with
which it is assembiled by means of o fuvid-
tight 1oint 54,

%) Two pipes 55 and 56, of small dia-
meter, lead respectively from the exterior
{o the tubes and to the iniertubuler
space. These two pipes pass respectively
throneh the lower plug AT and the npper
plug 58 of the casing, through erifiees in
which they arc free to slide, the fuid-
tighiness of the joints heing ensured by
plastic packinge 6%.and 60

The apparatus 'which has just been
deseribed operafes as follows: The frar-
tien of the fresh faséuus mizture which
is directed by the three-wuy eock O
towards the heat exghanger, enters there-
in through the piping 2, circulates in the
intertubular space 3 anil issues thromgh
the tube 56 and pipitg 6.
producis which coms from the cutiliser,
enter the heat cxchanger throuch the
piping 13, cireulate downwardly in the
{ubes 4, ave cnllected in the hollow wem-
ber 53 and issue thromeh 55 and 14.

An advantage of thin heat exchanging
apparatus resides in the fact that the
fluid-tightness of the device ensuring the
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eireulation of the gases is oblained with-

.aut prejudice o the free expansion of

1tz membars. i
Having now partieularly deseribed and

5 asgerfained the nature of our said inven-

tien, and in whaet manaer the same is to

ha performed, we declare thai whel we
claim is:—

1. Apparatus for effeeting exothermie

4o reactions between guses in contact with

a solid ecatalyst, comprising o keat ex-

_changer, 8 healing apparatus and a

catalytic apporatus, the gaseous mixture

to ha treated flowing suceessively through
the heat exchanger, through the calalyiie
apparatus in contact with the exteriors

_of  contminers bholding the catalyst,
" through the beating apparatus, through

the catalytie apparatus in coniact with
op the catalyst, and finally through the Leatl

exchanger, characterised by the provision
of o by-pass conduit for conduecting if
desired a proportion, or all, of the gase-
ons mixture from the heat exehanger to
o the heating apparatus without dfowing
through the cetalytic apparatus in contaet

. with the exteriozs of the rontainars hold-

inm the catalyst.

2 Apparafus as claimed In elaim T,
20 characterised by the provision of o hy-
pass for by-passing a proportion, or oll,
of the maseous mixture to be {reated pasi
the heat exchanper. )
3. Apperstus as claimed in claim 1,
9% characiesised by the provision of a three-
way cock for reguleting the relative pro-
portioms of rmaseous mixture fowing
through the catalytic apparatus in eon-
taet with the sxteriors of the coulainers
50 holding the eatalyst and fowing direct
to the heafing apparatus. :
4. Apparatus as claimed in claim 2
characterised by Yhe providon of Lo
three-way cock for regulating the relative
4p proportion of wasecus mixture by-passed
past the heat exchanger. .

5. Apparatns as claimed in elaim 1,
characterised in %hat in the catalytic
apparatus the cafalyst is contained {n {ubes
secured at their two cnds to horizontal
melal plates, the upper plate being se-
cured fo a ledge of the casing and the

tubular bundle being suspended from the-

said plate so that it can ireely expand in
the cusing.

6, Apraratus as elaimed in claim 3,
characferised in that the tubes containing
the catalyst open at their lower end info
2 box-shaped memhber whick iy pressed in

a fvid-tight manper against the lower
plate by a member secursd tn the said

-plate so that the box-shaped member can

be. rapidly removed.

7. Apparatus as eleimed in  claim 6,
characierised in that the heafing appura-
tus is contzined within the same casing
a8 the catalytic apparatps and comprises
& heating element prajecting from a plug
in ihe top of ihe gasing through a hole
in the upper tuhe-plate 1 the axis of Lhe
bundle of catalyst tnhas.

8. Appursius as elaimed in eclaim 7,
rharacterised in tbai the heating element
is surrounded by {wo concentric fubes
mounted in ths upper tube-plate aad
enclosing a space hetween shem, the outer
tube being provided with orifices at ia
upper part, and the other wilh orifices
at its lower port, while hath tubes enpaye
the lower tube-plate in a fuid-fight
manner and ere adapted to slide in cae
of the tube plates.

9, - Apparalus as elaimed in elaim 8,
charanterized in {hal a conduif is pro-
vided in the hotiom of the casing for ihe
passage of gasecus mixturs into the space
betsreen the catalyst tnbes.

‘10, Apparaius as claimed in claim 6,
characterised in that a condeil is provided
in the hox-shaped member secured to the
Tower plate for the passaga of the reme-
tion produets from the eatalyst apparatus.

11, Apparatus as claimed in claims &
gnd 8, characterised in that a conduil is
provided in the box-shaped member com-
municating with a conduit in the lower
tube-plate leading to the spuace heiween
the Henting elament and the inner of the
two eoncentric tubes surrounding it.

+12.- Apperatus es elaimed in claims 1) 190
amd 13, cﬁarac‘ctﬂ'ised in that the conduits
in the box-shaped member communicale
with' the’exteriay of the casing by means
of {ubes which slide in a finid-tight man-
ner-in the bottom of the casing,

~18. Apvuralus lor effecting exothermic
reactions between guves in vontact with

85

&

105

‘solid catalyst, substantially as deseribed

or subslantially as shown in Figures 1, 2
and & of the uccumpanying deawings.
. Diated this 18th dayv of Ociober, 18300
CSOCIETE NATIONALE DE
1 RECHEERCHES SUIL LE
TRAITEMENT DES COMBUSTIBLES,
Per: Poult, Wade & Tennunt,
111 & 112, Hatton Garden, London.

o

T,
Chartered Patent Ageats,

Bedhill: Printed for His Majesty's Stolionery Office, by Tove & Flaleomson, Lid—1932:
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