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Apparatug for Carrying Out Exothermic @as Reactions and
Improvements in Regenerating Hea} and Cooling the Walls

of the sgid Apparatus.

1, Jamws Yarw Jounson, o British sube
Jeet, of 47, lincoln’s Tun Fields, m the
County of London, Gentleman, do bLere-
by declare the nature of this imveution

5 {(which has been communicated to me

from abroad by I. &, Farhenindustrie
Altiengesellschaft, of Trankfort-on-
Main, Germany, a joint stock company
crganized under the Iaws of Germany)

10 ta he as Tollows +—

20

y into  effect.

In gpparapus used for carrying out
exothermic gas reactioms proceceding ab
high temperatures, especially reactions
under high pressmre, such as the .syn-
thesis of ammonia from its -elements, it
i3 very important to protect the walls of
the vessels from the heat disengaged by
the veaction.

With this object in view, it has already
heen proposed 1o cool the walls of tha
requiion chamber from the outside by
trongmitting the heal to the incoming

- eold gases, and » great variaty of pro-

posuls have kean made for carrying this
Thus, for cxmmple, the
reaction chumber bas been mounted in the
interior of a vessel surronnded by an
avrangement of tubes which serves'for heat
exchanping hetween the gascs, ayd af the

gp samé time keeps the walls of the vessel

[t
'

at o low lemperature. Tn other emhedi-
ments a conling systemn  has  been
employaed, consisting of a scries of cylin-
drical pipes placed concenfrically ome
within another, the middle pipe being the
reaction chamber, and the gas cntering Lhe
outer passage and passing from the ont-
side {owards the interior throungh omne
passage after another in the opposite

AD direction. All these processes, however,

arc attcnded with defects and are not
wlways reliable in action.

My foreign eorrespondents huve now
found that a purtivalazly  effective

15 Tegeneration of heat and an excellent cool-

ing of ths walls of the vessel pan he
ahtained in apparatus for exoihermic gas
reactions by wsing a jacketed vessel, for
example In the form of two roncentri-

g rally arramged 4ubes, the inner space of

which ig used as o reaetion chamber, the
cuter space between the reaction chamber
Prics 1}-]

and the outer shell of lhe vessel being
previded with partitions, se that the in-
coming cold gas winds about in its pas-
sage therethrough.. A suitable arrangs.
ment for example consists in providing a
spiral, preferably of wire or the Like,
hatweon and in contact with the wall of
the reaction chamber and the oufer shell
of the vessel, thereby compelliug the
kncoming gas to {ake a sinmous course in
traversing ths space bBatwesn the reaction
chamher and the jacket shell.  Apart
from the more uniform cooling of the
vhell, the heat-extracting effect-of the in-
coming cold gases is multiplied owing to
the inorveased velonity of flow, it being
well Imown fhat a guick-flowing gus
enables a far hetter exchange of heat +o
be obtained than with the same volume
flowing et a lowerrale. A fourther advan-
tage of the specified comsirnction is the
faoility with which the regeneration can
be regulated by the number of turns of
the spiral between the raaction chamber
and the outer ghell, go.that it ig casy, by
this means, to Vring the gases {o the
required temperdture nesded for the
reaction. BT

Instead of the aforesaid simple arrange-
ment of spiral, the same object can be
gblained with any other form of vonstruc-

“tipn which allowa the gas to pass in a

sinuous manvier hetween the reaction
chamber and the ouler shell, for example
by the insertion cof solid partition walls
or the like. . _

Not only a single conbact chember,
however, with a single cocling jacket pro-
vided with the said deviecs spirally Iead-
ing the incoming gases may be employed
according tp the preseul inventlon, hut
also a plurality of reaction chamhberas and
o plurality of tha saidl cooling jackets
altarnately arranged one within the other;
thus for exsimple, an apparatus for emn-
Ghermic gas reactions may he construeted
by eoncentrically arranging four or even
more tubes one within the other and
enploymmy the middle and third free
space as reactioy chambers and providing
the seeond and fodrth interstices with the
said spiral guidances “for the cooling gases
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and eonducting the incoming gases used

for the exothermic reaclion or any obher
oooling gas so that they pass one cooling
jucket afier the olber, thus taking up the
haeat produced by the reaction of the gases
in the reaction chamhers. The cooling
aml reacting gases are preferably com-
ducted on the counler low principle,

- Aecording to the present invention the
reaotion chamber may thus sceupy a com-
paratively lazge porbion of the vessel,
thereby affording a considerable advan-
fage, in respect, for instance, of the limi-
tation of dimensions of a vessel intended
for high. pressures, in comparison with
known embodiments. A further wery
gubstantial advaniage consists in the ease

with which the apparaius can be con-

strucled, as wompared with the other pro-
cesses referred io.  The preseni process
may, of course, be also employed in com-
bination with other known systems of
heat regeneration. Ti can be applied,
‘mare partienlarly, in the synthesis of
ammoenio from its elements; in the pro-
duction of liguid subslauces from hyg.m-
gen and oxides of ecarbon and the fike;
and alse in other gas reactions in which
hydrovarbons comslitute the starfing
materials or are formed therahy.

Dated this 15th day of Scptember, 1927,

JOHNIONS & WILLOOX,
47, Lincoln's Inn Fields, Tondom W.0, 2,
Agents.

COMPLETE SPECTFICATION.

Apparatns for Carrying Out__E_f;:_'o.thermic Gas Reactions and
Improvements in Regeneraiing Heat and Cooling the Walls

of the said Apparatus.

I, Jauus Yare JoEwgow, o Uritish sub-
jact, -af 47, Linceln’s Tnn Fields, in the
County of Londom, Gentleman, de here-
by declare the mature of this invention
{which has bheen communicated 1o wme
from abroad by I. G, Farhenindustrie
Aktiengesellsehnit, of Trankforf-on-
Main Germany, a joint stock compan
organized under the laws of G-erman:g
and in whet moanner the same is to be
performed, o be particularly deseribed
and ascertainad in and by the followlay
stateinent =—

In spparatus used for ocarrying out
exothermic gos reactions proceeding st
high temperatures, especially resciicns
under high pressure, such as the synthesis

of ammonia from ity cluments, it is very

important to pretect the walls of the
vessels from the heat disengaged by the
reaction. . o
With this object in view, it has alveady
been proposed to coal the walls of the
reactivn chamber from the outside by
transmitting the heat fv {le incoming
cold gases, and a great variety of pro-
posals have been made for rcarrying this
into effect.  Thus, for exemple, the
reaction chamhber has heen’ mounfed in
the interfor of a vessel surrpunded hy an
arrangement of tubes which sérves for
heat exchanging belween lhe gases, and
at the same time keeps the walls of the
vessel at a low tempersture. In other
embodiments a cooling system hes. been
amployed, coosisting of a series ol cylin-
drical pipes placed oconcentrically omne
within ancther, the middle pipe being the

ol

redetion chamber and the gus entering
the- outer passage and passing from the
outside towards the interior, throngh one
passage after another in the opposite dirce-
tion. All {hese provesses, Eowever, are
attended with defects and are not always
reliable in action,

My foreign ecorregpondents have now
found that a particularly effective
regeneration of heat and an execllent cool-
ing of the walls of the vessel cam he
obtained in apparatus for exothermin gas
reactions by using a jacketed vessel, for
exampls in the form of iwo concenlri-
cally arranged tubes, the inner of which
i3 used &g @ reuction chamber, the outer
space between the tubes being provided
with partitions, so that the incoming cold
‘gay which ucts as a cooling agent winds

:abput in its passage thercthrough wkile

in direct contact with the hot wall of the
Tedetion chamber, A suitable arrangement

" for esample consists in providing a spiral,

preferably of wire or the like, between
and In confact with the wall of the
reattion chamber and the owder shell of
thé vessel, thereby compelling the incom-
ing gas to take a sinuous course when in
contact with the hot walls of the reaction
chamber in fraversing the space Lelween
the reaction chamber and the jacket shell.
Apart from the more uniform cooling of
the shell, the heat-extracting cffect of 1the
tncoming cold gases is multiplied owing
to the increaged velocity of flow, it being
well kuown that a gnickAflowing pes
ennbles 2 far hetier exchangz of heat to
be obtainaed than with the same volume
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flowing al u lower rate. A further advan-

tage of the specified comstruction is the
facility with which the rvegeueration can
be regulated by the number of twras of
B the spiral between the reaction chamber
and the ouber shell, so that it is easy, by
this means, to bring the gases to the
required femperoture needed for the
reaction.
0 Tnstend of the aforesaid simple arrange-
ment of spiral, the same objcet can be
obtuined with any other form of con-
struction which allows the gas to pass in
& sinuous manner when in contact with
the hot walls of the reuclion chamber
between the reaction chzmhber and
the outer shell, for example by the
i'.p;ertion of salid partition walls or the
ike.
0 Wntonly o single contact chamber, how-
ever, with u single cooling jaclet pro-
vided with tha said deviee spirally lead-
ing the incoming gases may Ilje employed
according to {he present invention, huf
alse a plurality of reaction ehambers and
a plurelity of tha said cocling jackets
alternately arranged oue within the other;
thus for exampls an apparatus for exo-
thermie gas reactions may be consiructed
3 by concentrically arranging four or even
more ubes ome within the other and
emploFing the middle and third free
space as reaction chamhers and vroviding
the second and fourth interstices with the
5 satd spiral guidances for the cooling gases
and eomduacting the incoming gases used
for the exothermie reaction or any other
vooling gas so that they pass vne coeling
jaeket after the other, thus taking up the
y keat produced by the reaetion of the gascs
in the reaction chambers, The cocling
and reacting gascs are preferably con-
dneted on the counter flow principie.
Accurding to the present invention the
; reaction ehamber may thus oecupy a cam-
paratively lerge portion of the wvessel,
thereby affording a considerahle advan-
tage, in respect, for instance, of the Limi-
tation of dimeusions of a vessel intended
| for high pressures, in comparizen with
known embodiments! 4 further very sub-
stantial advantage consists in the eass
with which the apperatus eaun be con-
strneied, as compared with the other pro-
resses referred to. The present process
mauy, of course, be also employed in com-
bination with other Lkuown systems of
heat regenersfion. It can be applied,
more particularly, in the synthesis of
ammonia from its elemente; in the pro-
duetion of liquid substances from hydro-
gen and oxi&les of carbon and the like;
and also in other pas veartione in which
hydrocarbons  constitnte the etarting
materials or are formed thereby.

414

L*13

I will further describe the invention by
way of example with reference to the
accompanying drawlogs, in which Figure
1 iliysteates apparatus suitable, for
example, for the synthesis of ammonia
from its elements; while Figures 2 and
& shew a modified form of apparatus,

Pigure | is o vertical sectiom of the
apparatns, in which a mizturs of nitrogen
and hydeogen is introduced at B and
Pesses upwards through the intermediate
space hatween the catulyst chamber K and
outer shell M in a spiral path, which is
effected by an arrongement of a wive
gpirel or spirals D. e gas then passes
from above downwardly into the catalyst
chamber K leaving fhe apparatus at A.
A heat insulating materiaf J s arranged
ag a lining between the said catalyst
chamher K and the onter shell M,

In 1he modification shewn in vertical
seclion in Fignre 2 and in plan in Figure
3 & mixture of nitrugen and hydrogen is
mtroduced at B and passes upwards in a
sinnous course around the reaction tubes.
The said sinuous course s effectsd by dis-
posing bafles 3! in the space S of the
apparatus whick baffles are so urranged
that they overlap alternately ™ from ithe
right and from the left, within the
apparatus. The gas mixtore enters the
catalyst tubes: K+frgm sbove and passes
downwards theréin ‘and leaves the appara-
tus at the effluent A, ‘A heat insulating
material J i3 arranged belween the
catalyst inbes K and the outer shell M,

I am aware thet in Specification Nu.
239,769 a process has heen proposed for
<arrying out exothermic ocatalytic gas
reactions of the kind in which the gases
which are fo react, are heated prior to
reaction by givoulating them in indirect
rontact with the catalyzing material,
which process consists in circulating the
said pages, immediataly before they are
brought into contact with the catalyzing
material, sgimultaneously over two or more
distinet surfaces or groups of surfaces
enclosing the gpaca occupied by the cato-
lyzing material and through which the
heal exchange takes place, the tramsmig-
sion of heat through the said surfaces
being reguiated during the operetion of
the process by regulating the guantities
of geses which respectively circulate
before or while ' they" react, over the
different surfaces oi gronps of suriaces,
and I do nol claim sny regulation of the
quantities of the incoming or issuing
guges. o

Having now purtienlarly described
and escertained the nature of my said
invention and in whal manner the same
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flowing at a lower rate. A further advan-
tnge of the specified construction is the
facility with which the regeneraiion can
be regulatad by the number of twrns of

5 tha spiral between the reaction chamber
and {he outer shell, so thal it is easy, by
this means, to bring the gases {0 the
raquired {emperatnrs mnceded for the
reaction.

0 lustead of the aforesaid simple arrange-
ment of spiral, the same object can he
obtained with any other form of con-
struction which allows the gas to pass in
a sinuows manner when in confact with

5 the hot walls of the reaction chamber
between the resction chamber and
the outer shell, for exampla by the
%nsertion of sulid partitien walls or the
ika,

0 Noiozly a single contact chamber, how-
ever, with a single cooling jacket pro-
vided with the said device spirally lead-
ing the incoming gases may be ewployed
aeeording to the present invention, but

5 also a plurality of reaciivn chambers and
a plurality of the said cooling jackets
alternutely arvanged one within the other;
thus for example an appuratus for exo-
thermic gas reactions may be constructed

3 by concentrically arranging four or even
more ‘tubes one within the other and
employing the mifddla and third fres
space a3 reaction chambers and providing
tﬁe serond eud fourth interstices ‘with the

5 said spiral guidances for the cooling gases
and condunting the incoming mases nsed
for the exothermic reaction or any other
cooling gay so that they pass one cooling
jocket after the nther, fhus taking up the

) heat produced by the reaction of the pases
in the reaction chambers. The cooling
and reaeling gases are preferably con-
ducted on the counter flaw principle.

According to the present invention the

j reaction chember may thus ocoupy a com-
paratively large portion of the wvessel,
thereby affording a2 considerable advan-
tage, in respect, for instance, of the Hmi-
tation of dimensions of a vessel intended

| for high pressures, in comparison with
known embodiments, A further very suh-
stantial uwdvantage consisly in the eace
with which the apparatus esn be con-
structed, as compared with the other pro-
cesses referrad 0. The present process
may, of course, be also employad in eom-
bination with other Imown systems of
heat regamneration. I cen be applied,
mors partioularly, in the synthesis of
ammonia frow its elements; m the pro-
ductivn of liquid substances from hydro-
gen and oxides of carbon end the like ;
and also in other gas reactions in which
hydrecarbons  constilnte the starting
materials or are formed therehy.

I will further describe the invention by
way of example with reference to the
aceompanying drawings, in which Figure
1 illugivates apparatus suitable, for
example, for the synthesis of ammonia
from its elements, while Figures 2 and
3 shew a modified furm of apparatus.

Pigure [ is o ‘yertical section of the
apparatus, in which a mixture of nitrogen
and hydrogen is infrodueed at E and
Dasses upwards throngh the Intermediate
space between the ¢alalyst chamber K and
outer shell M in a spiral path, which is
efferted by an arrangement of s ‘wire
spiral or spirals 1), e zad then passes
from above dewnwardly into the catalyst
chamber K leaving fthe appuratus at A.
A heat insulating material J is arranged
us a lining between the said catalyst
chambher K snd the owter shell M.,

lv lhe modification shewn in vertical
section in Figure 2 sud in plan in Figure
3 a mixture of uitrogen and hydrogen is
introduced at B and passes upwards in a
sinuous eourse arownd the reaction tubes.
The said sinuous course i effacted by dis
posing hafles S' jn the space 8 of the
apparatus which bafles are s¢ arranged
that they overlap ‘alternately * from the
right and from the left, within +4he
epparalzs. The' pas' mixture cnters tha
catalyst tubesE-frgf above and passes
downwards |herefn 4hd leaves the appara-
tus ab the efltent A, A heat ingulating
material J is -arranged Lebwean the
catalyst tubes K antt-the cuter shell M.

I wm aware that i Specifination No.
283,760 a process has heen proposed for
carrying ouwt exothermic cola viic gas
reactions of the kind tn which the gases
which are to reast, are heated prior to
reaction by pirculaling them in Indirect
contact with the catalysing material,
which process consists in circulating the
said gases, immedintely befove they are
brought into comisct with the vabalyzing
matsrial, simulianeously over two or more
distinel surfaces or gromps of surfaces
enclosing the space ocenpied by the cata-
lyzing moterial and through which the
heat exchange takes place, the fransmis
sion of heat through the said surfaces
being regulated during the operation of
the process by regulating the guantities
of goses which respectively eivculate
belore or while they react, over the
differant surfates ur’gronps of surfaces,
and I do not tlailn shy refgulation of the
quantities of thé'indoming™ or issming
goses. R
Having now particularly described
and ascerfalued the fature of my said
invention and in ‘what manner the sume
is to be performed, T declare that what
T olaim is:—
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