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This invenbion relates Lo iluproved petnods ol and
apparatus for effecting exothermic gaseous reactions, and
ﬁparticularly for controlling such resctions to improve the
elfficiency thereof.
| It is recognlzed that in earrying out catalytic
Lexothermic raseous Teactions, particularly those of the type
gwhich, like the synthesis of emmenia and other synthesis employ-
‘ing hydrozen, are carried out undeT pressure, MHEENS must be
provided for removing heat from the catalyst; otherwise the
temperature of the cutalyst will rapidly rise to value at
which the physieal form or activity of the catalyst may be un-

favorably affected, the reacticn equilibriun may be changed

in such & way as to result in a lower conversion of the re-
acting gases; and/or undesirable side reactiong may be
accelerated.

The problem of removal of heat from the catalyst is
complicated by the fact that the evolution of heat is by no
means uniform throughout the body of catalyst, I have ob-
gerved, for example that in an apparatus for the synthesis
of emmonta, in which the gases first contacted with the
catalyst at a temperature of about $00°C,, the temperature,
during passage through the first 7 per cen%fcg%glyst tube, rose
rapldly to e maximum of about 700°¢C, This temperature was
gubstantially maintained through the next 15 per cent of tle:
tube, but thegﬁﬁ%f at a feirly constent rate until, on leaving
the catalyst, the temperature of the gases was only about 4000¢,
Trom the standpoint of temperature distribution the catalyst
may, thereforebe considersd as conslsting of three zones:(1l) a
small zone in which the temperature rises;(2) a somewhat larger
zone in which a major portion of the reaciion occuré with the
temperature rapidly increasing to a maximum; (3} & comparatively
large zone in which the terperature falls and the conxersion
may be relatively small.

Assuming that the gases as they first conbtact with the

catalyst are not hot enough for the reasction to aciively begin,
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es they flow in contact with $he cetalyst, the gases will at

first react relatively slowly until the heat evolved has

iraised their temperature to a value at which the reaction will
;actively begin, This point in the catalyst marks the end of
ithe first zone. Wow, if it is remembered that a rise in
itemperature inereases the velocity but is unfavorable to the
iequilibrium of an exothermic reaction, it will be seen that
Ein the next portions of the cetalyst with which gases contact
1the reaction will take place wi th evelution of heat and more
[and more rapidly until a balence is established between the
}temperature attained and the eguilibrium conversion sorrespond-
Eing to thet tempe rature, which may be high enough to result

in one or more of the unfavorable conditions @ eviously re-
ferred %o, The sescond zone of the catalyst will, thersfore,
constitute a region of high temperature. " Sinece the concen-
tration of product in this zone has practicaily reached the
1imit set by the nigh temperature, conversion brought about by
the balance of the catalyst will be 1limited by the extent to

which the pases are allowed to cool in contact with 1% and are

thus brought into regions where the equilibrium conditions are

more favorable. However, the tendency may bhe for the gases

to cool too mueh, i.e., below the temperature at which the
gatalyst 1s effectively actlve; = that it may be that com-
paratlvely l1ittle conversion is effected in at least the latter
part of the third zone of catalyst. Thus, in the case of the
example of ammonla synthesis opergtion described above, the
temperature was below 500°¢, in the last 15 per cent of the
catalyst tube, and this temperature ordinarily is too low for
afficient carrying out of the reaction,

Those portions of the catalystthat are subjected to the
highest temperatures may be expectéd to be the first to suffer
deterioration. As the activity of the first portion of the
catalyst decreases , the next portion will mradually become the

zone of high conversion and high temperature. When this in
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turn Lecomes inactive, the zone of high tesncrature will be
_transferrad to & succeedine portion, and so on, It will be

seen that thus the catolyst may oll eventually be rendered
éin active and, ac the process of dsterioration goes on,
;progressively amall amountes of active catclyst will be aveil-
%able to the cases contactling therewith.

! It has been proposad heretofeore to remcove a portion
3of the surplns heat in the pases leaving the reaction zone.
iSome of the neat is carried off by merely discherging the ;ases
lafter the reaction is comleted. These gases have, however,
as above ZeEnxkbedx indicated, a much lower temperature than
the catalyst at the point where the reaction is wmost active
end are available, thefefore, as & coolineg medium for the
catalyst.

It is the object of the present invention,dto provide
a method of and apparatus for utilizing The gaseous products
of the reaction to cool the catalyst in the most cffective
nenner and to remove the maximum of surplus heat therefrom.

Other objects and advantages of the inventicn will
be apparent as it is better understood by reference to the
following specification and acceompanying drawing in which a
suiteble apparatus for eflfecting the improvement indicated is
illustrated diagrammatically.

I heve dlscovered that the removél of heat from the
catalyst by means of the products of the reaction 1s facilitated
when these prcducts are passed within amd in heat exchamnze re-
lation witn the oétqust but not in direct contact therewith
and preferably in a direction opposiie to the direction of
travel of the reacting gsses. The gaseous products leaving
the cocler end of the catalyst are thus permitted to absordb
heat, particularly from tlat zone of the cotalyst wherme the
reaction is most aetive. If the zone where the jases first
directly contact with the catalyst is at too low a temperature

some heat mey be glven up by the gaseocus products in this

region before the zaseous products escape, thus tending to
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equalize the temperature of the several zones by heat distri-
bution within the catalyst. This may be understocd more
readily by reference to the zones as above menticned. Since
!the saseous products pass through the catalyst counter-current
%to the gases undergoing rTeaction, the returning products will
inot, because of the relatively slight temperaiure difference
?absorb any materisl amount of heat. from the third zone, but

b

ijupon entering the second zone, where the evolution of heat
?is relatively great, absorption will be accelerated and the
temperature of the pusecus §roducts will rise accordingly.
Upon passing into the first zone, if the resctlon is not active
ithere, e portion of the absorbed heat may be returned to the
cetalyst until it is raised to a temperature at which the re-
action will_proceed actively. Thereafter this zone wald
correspond o the second zone and heat would be actively
absorbed and carried off in the gaseous products. The heat
can be utilized, in any case, to raise the temperature of the
cold gamseous mixture which is introduced to the msppearatus, at
the polint where 1%t may be delivered to the catalyst elther
with or without intermediate and furtier heating by heat ex-
change through indirect contect with the catalyst. The final
temperature of the entering geases can be regulated by the
application of heat from an external source, as for example,
by the provision of & suitably arranged electric heating coil,
As. an example of the type of apparatus which cen be
emploved in carrying out the invention, the catalyst can be
enclosed within @& suiteble receptacle whicen is in turn dis-
posed within a chamber surrounded by & pressure~sustaining
wall. The entering gaseous mixture can be introduced through
a suitable inlet, prefemably after heot exchange with the out-
going gaseous products. Conveniently, the_entering geseous
mixiure can be passed in heat exchenging relation sither about
or through the catalys® before it is delivered thereto. Tor

example, the gaseous mixture may tramel in the space between
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the catalyst receptacle and the pressure- -sustaining wall and
thence throush tubes embedded in the cetalyst or this arrange-
ment may be reversed. Wnen the gaseous mixture, preheated to
‘the required temperature by heat exchange with the catalyst
-ae deseribed, is delivered thercio the reaction commences and
~the gaseous products are delivered from the catalyst at the
1op9051te or cooler end thereof. 4t this poimbthe gaseous
!mixture can be Teturned through one or mMore tubes embedded in
Ethe catalyst neat exclange relation but not in direct contact
Etherewith. . Phe gaseous produects thms pass through the
Lsuccessive zones ol the catalyst and are discharged after ab-
igorbing surplus heat therefrom.

A muitaple apparatus is illustrated in the accompany-
ing drawing, in which & indicates & pressure-sustaining wall
enclosing a chamber in whieh & catalyst receptacle B is disposed
A body of catalyst C is placed within the receptacle B and a
plurality of tubes D are embedded therein and extend from one
end, where they open into the space between the receptacle and
the pressure-~sustaining wall, to near the other end cof the
receptacle. The gaseous mixture enters through an inlet E and,
after passing about an outlet tube ¥, entefs the space G where
4+t is in heat exchange relation with the catalyst. The
gacecls mixture passes theice thr§ugh the tubes D still in heat
exchanging relation with the catalyst and is finally delivered
to the catalyst. The gaseous products enter the tube F end
return in hest exchanging relation with the catalyst, thereby.
absorbing heat in the zone of greatest reaction activity and
oxcape finaellyin heat exclanging relation with the gaseous
mixture entering at E. The gaseous products are thus used
more efficiently tc distribute end remove surplus heat which
is released in the zone of greatest activity.

Tor the sake of convenience in tempsrature control the
reaction may be carried out in such a way that the tendency is

for the incoming gaseous mixture to reach the catalyst at a

}temperature slightly less than the lowest permitting the active
3
commencement of the reactilon. The balance of the leat required
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way be iwmparted to the cases [rom an cxternal source, l'or
example, by means ol an electrical nheating coil I, It may be
inecessary to use such a coil either continuously or inter-
Zmittently, depending upon the heat evolved in the reaction,
ithe radiation losses, the efficiency of heat exchange, etc.
i . While the apparatus as described is well sdapted far
?the accomplishment of the purpose of the invention, it should
Ebe understood that various modifications thereof ¢ rn possible
to permit the distribution and removal of heat in and from the
catalyst and that various changes can he made in the apparatus
?and in the operation thereof as hereinbefors described withoutd
%departing from the invention or sacrificing any of the

advantages therecl.




Laving toue deseribed my invention what I claim Isy-

1. nhe asethod of effeeting catalytic exothermic

‘raseous recchions, whien comprises introducing & (asecus

mixture Lo the catalyst and m ssing the caseous products of

the reation theousgh but not in direct contact with the

jcatalyst.

i
i
i
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|

5. 'The method of effecting catalytic exothermic

rgaceous reactlons under pressure, which comprises pacssing a

gaseous nixture over the catalyst and the reaiter passing the
paseous products of the reaction in the opposite direction
through but not in direct contact with the catalyst.

Z,  Mhe methed of effecting cotalytic exothermic
gaseous reactions, whielh comprises intrecducing & & Seous
mixture to the catalyst, passing the paseous products eof the
reamction through but not in direct contatt with the catalyst
ard the reafter passing thé ¢ seous products in heat exchange
relation with the entering gaseous mixture,

- 4, The method of effecting catalytic exothermic
gaseous reactions under pressure, whicrh comprises passing a
gaseous mixture over the cetalyst, théreafter pasgsing the
gaseous products of the reaction in the cpposite direction
through but not In direct contact with the catalyst and then
passing the m seous products in heat emchange relation with
the entering gaseous mixture;

5, The method of effecting catalytic exothermic
fp seous reactions, which comprises conveying a gaseocus nix-
ture i1n heat exchange relation with the catalyst and thence
into contact therewiﬁh and passing the gaseous products of the
reaction through but not in direct contact with the catalyst.

- 6. The method of effescting catalytic exothermic

gaseous reactions under pressure, which comprises conveylng a

'gasgous mixture in heat exchange relation with the catalyst

and thence into contact therewith and therealter passing the
products oi the resction in the opposite direction through but

in
not}direct contact with the catalyst,.
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v, "he method of elffecling catalytic exothermic
paseous reactions, which conmprises convegping a gaseous mixture
;in heat exchange relation with the catalyst and thence into
reontect therewith, passing the geseous products of the re-

J ;action throuzh but ret in direet contact with the catalyst and
ithereafter passing the saseous products in heat exchange re-
ilation with the entering gaseous nixture.

| 8. The method of effecting catalytic exothermic

igaseous rezctions under pressure, which comprises conveying

'a gaseoug mixture in leat exchange relation with the catel yst

) and thenee into eontact therewith, thereafter mssing the pro-

ducts of the reaction in the opposite direction through but

not in direct contamct with the catalyst and then passing the
gaseous products in heat exchange relation with the entering
gaseous mixture.

9. The method of effecting the catalytic synthesis
of ammonia under pressure, which comprises passing a gaseous
J mixture over the catalyset and thereafter passing the paseous
products of the reaction in the opposite direction through but
not in direct contact with the catalyst,

10, The method of effecting the catalytic synthesis
of ammonia under pressure, which comprises introducing a gas-
ecus mixture to the catalyst, passing the gaseous products
of the reactlon through but not in direct contaet wlta the
catelyst and thereafter passing the gaseous products in heat
exchenge relation with the entering gaseous mixture.

11. The method of effecting the catalytic symthesis
of ammonia under pressure, which ccmprises passing a gaseous
mixture over the catalyst, thereafter passing the gaseous
products of the reaction in the opposite dlrection through but
not in direct contact with the catalyst and then passing the
gaseoug products in heat exchange relation with the entering
gaseous nixture,

12. The methed of effecting the cautalytic synthesis

iof smmonia under pressure, which comprises conveying a gaseous
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mixture in hes. exchange relation with the catalyst and thence
into coutact therewith and passing the g seous products of the
reaction through bul net in direct contact with tle catalyst.
| 13. The method of effecting the cately¥lc synthesis
;of ammonia under pressure, which comprises conveying a gaseous
imixture in heat exohange Trelation with the catalyst and thence
E‘;:‘Ln‘bc contact therewith and thercafter passing the products of

|
4he maction in the opposite direction through but not in direct

I
icontact with the catalyst.

14, The method of effecting the catalytie synthesis

!of ammonia undey pressure, which comprises conveying a gaseous
imixture in heat exchange relation with tlhe catalyst and thence
into contact therewith, passing the gaseous products of the
reaction through but not in direct contact with the catalyst
and thereafter passing the gaseous products in heat eXclm ngs
relation with the entering paseous mixture.

15. The method of effecting the catalytie synthesis
of ammonla under yressure, which cowprises conveying a gaseous
mixture iln heut exchange relation with thé catalyst and thence
into contact #kherewith, thereaffer passing the products of
the resmction in the opposite direction through bui not in
direct contact with the catalyst ana then ya sst ng the gaseows
products in heat exchange relation with the entering gaseow
mixture.

16, In an apparatus for effecting catalytic exotlermic
geseous reactions under pressure, the combination of a pressure-
shataining wall, a catalyst receptacle tlerein and spaced from
the well to provide a passage for the entering gaseous mixture
&eatx}lse ts% ascuep%lgd %Ogads:l%uvsermii}%tut%a 'the catalyst end means con-
nected to an cutlet for the gases and embedded in the catelyst
to direct the gaseous products of the rescti on throusgh but not
in direct contact with the catalyst,

17. In an apparatus foreffecting catalytic exothermic

zaseous regetions under pressure the combination of a »ressure-




]

Y 322469

sustoining wall, & cutalyst receplacle thercin and spmced Irom
the wall to provide a passape Tor the entering gaseous mixture
reans to supnly a gaseous mixturs to the space and %o delivey
11t to the cetalyst and a tube embedded in the catalyst and
"eonnected To an cutlet for the gases to direct the gaseous
;products of the reaction through but not in direet contact
‘with the catalyst.

18. In an aprarstus for effecting catalytic exotle rinice
%@aseous reactions under pressube the cembination of a »ressure-
5sustaining wall, a catalyst receptacle therwin and spe ced from
jthe wall to provide a passaze for the entering gaseous mizture
Emoans tb supply a gaseous mixture to tie space and to deliver
}it to the catalyst, means to direct the gaseous produsits of
ithe reactlion throuzgh but not in direct contact with the cat-
alyst and means connected tc an outlet for the gpses and em-
bedded in the catalyst to permit hest excharmze betwsen the
products of the reaction and the entering gaseous mixture.

19. In an apparetus for effecting catalytic exothermice
gageous resctions under prescure, the combination of a pressure-
‘sustaining wall, a cetalyst receptacle tlerein and spaced fram
the wall to prowide a passage for the entering gaseous mnix-
ture, means to supply a gaseous mixbure to the space am to
deliver it to the ecatalyst, a tube embedded in the catalyst
and connected to an cutlet for the gases to direct the gaseous
products of the reaction through but not in direct contact
with the catslyst and meens to pemit heat exchange bstween
the products ¢f the macticn and the entering gaseous mixture.

20. In an apparatus for effecting catalytic ex-
othermiec ga:eous reactions under pressure, the combination
of @ pressure-sustd ning waell, a catalyst receptacle therein,
means for pessing the gases 1o react through but not in direct
contaet with the catalyst pricr to actual contact therewith
and means for passing the gaseous products of the reaction

| through but not in dirsct contact with the catalyst.

gl. In an apparatus for effecting catalytic ex-
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othernic (sceous reactions under srossure, the comdinatlon of
a preséure—sustaining wall, a catalyst recentacle therein, &
‘s conduit embedded within the catalyst and provided with an
iopening adapted to lead the gases Into direct combact with tae
icatalyst, and & second conduit embedded within the cutalysti
%with an opening adavted To lead the gaseous products of tle
ireaction through but not in direct com act with the catalyst
isaid openings being disposed at opposite ends of said catalyst
%receptacle.
1 22. In an apperatus for effecting catalytic ex~
cothermic pmseocus reattions, a cﬁtalyst receptacle with an
?entrance conduit for the rases extending through a major por-
ition of the catalyst and an exit conduit extending in the

1opposite direction through a major portion of the catalyst.

23, In an apparatus for effecting catalytic ex-
othermic gaseocus reactions, the combination of a catalyst
receptacle, a catalyst therein and condits smbedded in the
oatalyst and connected respectively to the inlet and outlef
for gases entering and leaving the catalyst receptecle, the
conduits communicating with the interior of the catalyst re-

ceptecls at opposite ends therect,
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Certified to be the Drawings referredlc  INVENTOR
n the Specification hereunto annerved
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