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Axel Christensen, Stamford, Conn,, and Rohert D Ray-
fiel, Croton, N. Y., assignors to Chemical Constraetion
Corporation, Vcw York, M. Y., a corparation of Dela-
ware

Application Sepiember §, 1955, Scrial No. 533,068
3 Claims. {Cl. 23—289) '

This invention relatcs to apparatus for carrying out
exothermic vapor phase catalytic reactions whereln a
gascous Teuction mixturc is pnssed throngh a statienary
cafulyst bed. The jnvention is particularly adapted for
wse in reactions of this {ype thal are conducted at high
PTCSYUTTS; i, €., within the runge of about 1001000 atmics-
pheres or hwher such ug the ammonia synthesis, the
syathesis of methanol from carbon monoxide and hydro-
gen, {he Fischer-Tropsch synthesis of hydracarbons and
higher ulcobols; and other similar hydrogenation reactions.

Elevatad catalyst temperatures are needed to obtain a
rapid reaction rate but if the temperature becomes fco.
high in any portion of the catalyst layer the catalytic
material will b damaged and its activity will decrease, It
iz well kmown, for example, thaf the promoted iron cat-
alysts used in the synthesis of ammonia [ose their activity
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In such reactions the control of temperature conditions 27

within the catalyst is a prohlem of major imporiance.’

30

rapidly at tcmperaturcs substantially above 500° C. and |

{herelore armuonia synfhesis converters must be prowded
with internal cooling slements capable of preventing such
excessive temperatires i all parts of the catulyst bed.
The same is true of the catalysts nsed in methanol syn-
thesis and other hydmgenation rcactlons that. are carried
ont at hiph pressures.

Tn order to maintain adeqnate tempcrature conirol the .

calalyst has up 1o the present becn most adyantagecusly
cocled by bayonet tbes that are spaced sulfiviently closely
together to prevent local overheatlng and hot spots in the
catalyst. The relatively cool incoming reaction gases pass
throngh the core tubes of these heat-exchengers in a di-
rection countercurrent to thai of the flow of reacting gases
through the catalvst, then. reverse their flow and pass
throngh an annuius between the core tube and the outer
tebe in cocurrent flow with the reacting gases and are
then passed throogh the catalyst itself. The present inven-
tion is directed particularly to improvements in heat cx-
change elements of this type and to temperature condi-
tions within the catalyst bed that are obtained thereby. -
"The sttoctnre of the converters used in ¢arrying out
high préssure, high temperature vapor phesc reactions has
reached an advanced stage of developmient. Stch con-
verters consist essentially of thick and heavy pressure-
sustaining walls enclosing a cartridge or reaction wunit
which confalns the catalyst and its cooling tubes and
which aiso usually contains z heat exchanger for preheat-
ing the incoming gases by indirect heat exchange with the
hot gases leaving the catalyst. In order to insulate the
converter shell from the high temperatures In the catalyst

und heat exchanger the incoming gascs arc first pa&ad'

hetween the outer pressurc- -gustaining walls and the ianar
cartridge or catulyst uni. They then pass into amd
through - the heat exchanger, wherein they are partially

praheated while mmultaneousiy coc]mg the reacled gases -
fram fhe catalyst. The incoming mases then enter the.

bayonet coolers embedded in-the catalyst, ay described
above, after which (hey make their first contact with:the

catal}sx -tself. The hot reacted gases from the catalyst:
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ate passed divectly to the tubes of the heat exchanger and .

* after partial cooling therein they lsave the converter .

throngh a suitable outlet passage in {he préssure-sustain-
ing shell thereof. In order to atlain this path of travel .
it is essentiat that the gas inlef ends of the bayonet coolers.
embedded in the catalyst be located adjacent the internal
heat exchanger in the catulyst carfridge, as otherwise the
preheated reaction gases would have to iravel along the -
pressure-sustaining shell; thie wonld heat the metal of the-.
ghcil and cause cmbritflement, .

High-pressure converters having the design and opera- .
tion descnbcd above were developed some 25 years 2go.
for use in the synthesia of ummeonia from pitrogen-hydro-
gen mixtures and ure described io UL 8. Patent No. 1,908,-.
378 to’ which reference iy made for [urther details. Since ;
thet time = large number of snch converters have heen
instalted and gperated for the ammonia synthesis, the syn-
thesis of methanol, and for other reactions of similar type.
They have given satisfactory servica when aperated within .
their designed capacities; hiowever, experience has shown
that excassively high temperatures are developed within .
certain parfs of the catalyst under overload.conditions,
with a corresponding deterioration in the activity of the
catalyst material.

‘It is a principal object of the present invention to pro-
vide a method of operation of the above-deseribed high .

‘pressure catalytic reactions that will permit greatly in-

creased production of the desired rezciion producty such |
s yynthelic ammonia. This s accomplished by modify- .
ing the siruclurc and operalion of (he bayonet coolers.
within {he catalyst bed in such a manner that a substan--
tially differeni omd more efficient temperature profils is
maintained within the catalyst bed, as will snbsequently
be explained in detail. An other important objcct of ihe .
invention is thereforc to provide high pressure synthesis
converters contuining modified bayonet cooling elements -
that cooperutc with the cooling procedures described
above fo. pemm invreased comverfer capaeity without
undus sise in the catalyst temperatures, Further objects
will become apparent Irom the following description of'a
preferred embodiment of the ipvention when takegy with |

_ the appended claims.

The uvention will be further deseribed with reference
to the acc.ompanymg drawmgs wherein:

Fig. 1 is a vertical section, with parts broken away, of
the catalyst cartridge and a portion of the pressure-sis-

-taining shell of an ammonis synthesls converter emhody-

ing the principles of the invention. It will be understood
that, apart from the novel structure of bayonet heat eéx-
change elements in the catalyst and the improved method
of aperdtion obtained thereby, the apparatus shown in
this figure is that of a cooventignal type of -ammmonia’
synihesis converier. )
Fig. 2 is an cnlarged detail of a portion of ihe catalyst '
basket of Fig. 1 showing. the structure of the improved
bayoneLheal exchangers, )
‘Fig, 3 is & horizoatal section on the line 3—3 of Fxg i
showing the location of the bayonet coolers throvnghout”
thc . catalyst and also the gas-conducting tubes, and-
Fig. 4 is'a graph showing the temperature profite ob-
tained By the process of the invention and also showing
the profiles that would be obtained with conventional
bayonet cooling tubes under the sams opexa.tmg condi-
tions. )
A detailed description of the converter shown on Fig. 1
of the drawings is unnecessary, as the structore and “op- -
eration of sich converters are well known, The eafalyst.
cartiidge indicated genmerally by reference mumeral'l is:
made up of an opler cylindrical wall of fube 2 having
heads 3-and 4 bolted or ofherwise- nttached to the op--
posite ends thereaf, A heat exchanper 5 of conventional .

_ -tdlestgn i built into one end of this tube while the other:-
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end contiins a catalisi basket 6 The heat exchanger 3

is provided with = serisg of gas inlet passages 7 araund

its outer end, s rmuarber of heat exchange tuhes & extending -

longitudinally of the tube 2 and transverse baffles 9 for
directing ‘the flow of incoming gases across the fubes-to
obtain efficient heat.exchange. THe catalyst busket 6 iy
made up of a lower catdlyst-reiaining. grid 10 and an

upper grid 11, both containing openings [ur. the passage.

of ‘gasvs. therethrough, and upper and lower lube slisets
12 und 13 in which the ends of the core tirhes 14 and the
wuter - tubes. 15 of the baveonst coolers grc ascenrely
fastened: The lower cnds 16 of the outer tubes 18 extead
through the bottoni grid 16 and are held in place thersby;
the lower ends 17 of the corc tubcs (Fig. 2) lerminate

some distance abave the bottom grid 39 and may be held .
concentric-with the outer tnbes containing, them. by, suif--
Geranular. catalyst materisl Is.

able spacers if- desired.
placed in the baskei & around all of the ouler tubes. 15,

as indicated oo Fig, 5 of thé drawings, sud ‘extends in an.

unbroken- column from ﬂ'.tb lower grid 19, te the. upper.
grid 11

It will berunderstood lhal the carfridge 1 18 completely
surrounded: In the converter by.heavy pressurz-resisting
walls, A’ portion of the Jower or inlet head of ‘this outer
shell or bomb is fndicated on the drawing by reference
mumeral 2¢°and the gas inlet channel therson is shown at
21: Concentric tulies 22 and 23 are located in this
passage; outer tubs 22 is 2 by-pass for the admission of
cold ‘reaction gases directly fo the catalyst, fo assisi in
confrolling the catalyst temperatures, and tubc 23 is a
thermoconple well. The main flow cof reaction gases
passes throngh the pressure-sustaining wall.by. means of
the onter passage 21; the gases then pass outwardly and
flow along the inner surface of the pressure-sustaining shell
longitudinally of the cartridge 1 and finally enter this cart-
ridge through' the inlet pussages 7 lexding to the gas inlet
sidé of the heat exchanger 3. The Sow of thess gases is
indicated on the drawing by arrows. From the inlets 7
ths Mevming gases pass acrnss the heat exchanger tubes 8,
being guided'by tha haffies 9, and enter ports. 25.in.a
cenlrally located passage 2i.
gases flivw nlong this passape to its outlet 27 winch coin:
municates with the inlat ends 14 of .the core tfubes by
means of & gas inlét passage 28. The izcoming gases flow

downwardly throngh the core tnbes to,their lower. ends-

17 and then raverse thelr direction cf How und pass up-
wardly throogh the anoular passages betwesn. the outer
surfaces of these tnubes and the innsr surfaccs of (he

tibes 187 and finally enter. fhe passage:29. beiween the-

upper and lower. tube sheets 12 and 13, The gases then
flow downwardly throngh -the. gas-conducting tubes 30
to the space 31 below the bottom.grid 24, -whers they
geain. reverse their direction 2nd Dow upwardly. throngh
the catalyst.
the. upper. grid 11.and enter. the passape 32 from ‘which
they pass through am. annvlar channel.33 to the. inlet
chamber 34 of the heat exchanger 5. From thiz chamber
the reacted puses pass through the heat exchanger fubes -8,
giving vp thie major portion of ‘their heat to the incoming
reaction gases, and finally lceve the converter throungh
[he gas outlat 35

“In convertsrs with this type of vperation the cata]yet
canling elements have heretofore been desipned. to main-
fain a temperature gradient that riscs conitnuonsly from
{he.gas-inlet end of the catalyst bed to an area adjacent
the gas exit end thereof as shown at C on Fig. 4 ol the
drawings. ‘tlds is done by operating the bayonet coolers
a5 doubls countercurrent heat exchange units wherein the

gases pussing downwardly throngh the core. fibes. 14.are.
prebeated. by heat exchange with preceding portions..of:

the same. gas siream. passing upwardly in the:annulf bes

fween the cors tobes and the outer tubes; in.a typical.
ammeonia converter having core tnbes six faet long the gas -

may be healed by about 100° 150° . hefore it comes

into-heat exchanging relation with the catalysi: This type:

The partially prcheated

The gascs. pass from the cetalyst through.
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of vperation has resvlted in good vields of ammonis,
methancl or olher reaction prodict for szch passage of

- the reacling sases through the catatyst at the designed op-

erating capacities, but the catalyst temperature control be-
comes nistable nnder overloads.

The present invention wtilizes 2 modified form of bayo-
net cooling tubes whercin heat exchange between the in-
coming. gases in the core-tube and the. ontgoing: gases in
the annulns 15 sukstantizlly prevented, and attaing a tem-
peraiure- gradicnt huvine o relatively flat profilé throngh
fhe main body of the catalyst instcad of the. gradiosl rise
in catalyst tcmperatures that hus herstofors been main-
tained. The result of this modifled femperziure profile
is thai-the converier-can be operaied ui | g eally increased
capacity without overheating any pait of the uatulyst Tred
to a point where the catalyst life 15 shortened; in other
words, much greater conversion capacitics are aitained
without shortening the catalyst life..

A mpdified construclion .of the bayonet coﬂ]mg Tubes
with which this improvement can be. obtained. is shovm
on Fig. 2'of the drawings. The cuter or closed-end fubes.
15 mounied.in Jower toba sheet 13 are the same as these.
in the conventional soucture descrihed above, The inner.
or core. bes. 14, howesver, supported in the upper tube
sheel 12 are provided with snitable insulation on fhe <x-
ferior thersof to prevent preheating of the incoming gases
while they flow downwardly thersin, Although any suit-
able type of insnlation may.be used, a purlicular [vatuze
of the invention consists in the provisivn of intermesdiate.
tuhes 40 surrounding the sore tubes 14 and: provldmg 2
stagnant gas space 41 {herebetween, The provision of.
the tubes 40 constitutes s ready and efficient means for ob-
taining the desired thermul insulefion of the core fubes
from the ouater fubes 15 without changing materialty the
crozs. sectional areas of the gas passages involved; this
iz importanl in applying the principles of the inventicn
to converiers already 1n existence. It will be understood
that infrodustion of the requisite amount of insulation be-
tween the core tubes 14 and the outer fubes 15 resuilsina
substantially isothermal temperature gradient in the gas
outlet end of the cutalyst bed. This is a much maere stable.
type of operativn than bag previously heen obtained; it
prevenls overbealing of the catalyst even when the con-
verter is operated at pressuves and gas velocities far above
those for which it was originally designed.

The. particular : construction atilized to install the ins
sulating tubes 43 is evident from the drawing.. The corc
{utbes 14 are rolled into hollow cylindrical blocks 42 hav-
ing longitudinal flanzes 43 on their lower ends and the in-
sulating (vbes 49 are fitted around thesa flanges and at-
tachisd thereic by welding or other snitable means.. THe.
insulating fubes are preferably coextensive inlength with .
{lie cote tibes-14, so that insnlation is obtained through-
out the full lepgth of these. tubas, put it will be nnderstovd
tiat their length may, be varied to provids a modificd
{emperatore profile in the catalyst if this should bt ad-
visable. Tt wiil thus he seen that the particular embodi-
ment of ths invention illusirared on the drawings can be
installed with very litile increase in the.cost. of the con-
verter and can be desizned 1a chiain any desired modifica-
tion in. the temperature conditions in the cateiyst bad with-
in the limitations cutlined above.

{n- Fig, 4 of the drawicys the modilied temperainre
gradient obtained with the triple cooling tubes of Tig. 2
is shown by cnrve' A, Por purposss of comparison, a
curve showing the-temperature profile thar weuld he ob-
tafned at the sams.producticn capaciiy with an equal num-
ber of conventional bayonet cooling tubes Is shown at B
and a-third ctrve showing the much greater-number of”
cnpventional tnbes necessary to abtain a result compar-
ahle with that of the present invention is shewn 21 C. In
the gass of curve C it will beunderstnad that the diameter
of the catalyst bed, and therefore the diameters of thecat--
alystbasket andof the pressure-pesisting shell, would have-
to be-greatly enlarged o zccommpdate-the extra-fnbes; in-
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other words, the entire convarter would have to be made
much larger to obtain the increased capacity.
The preatly modificd profile of the temperaturc gradient

in. the catalyst that is obtained by the present inveation is -

. evideni from the drawing. The curves werg obtained by

K

plotting fhe temperature of the catalyst, in degrees Fahren-

heit, against the dislance from the exit of the catalyst bed,
expressed in foot. It will he sesen that jn ‘all cases the
nitrogen-hydrogén gas mixture was prehealed by the heat
excchanger 5 und by the bayonet cooling tubes to ga0® P,
and that its temperafute rose sharply to 220°-830° F. in
the first foot of cutulyst balow the level of the lower ends
17 of the coro tubes 14, From this poini the effect of
the inenlation is appareat; the cooling action of the partial-
ly pteheated ipcoming gases, abtained by the vonventional
bayonet cooling tubes, is much less than that obtained with
the triple cooling tubes of the present invention and there-
fore thers is a comtinuons inerease in the catulyst tempera-
taras hoth in curve B and in curve C. Curve A, on'the
other hand, shows that with the improventent of tha pres-

ent invention the catalyst tsmperatares remain almost con-.

stant throughout the rematnder of the catalyst bed, and at
no time is the catalytic material in any danger of demage
by excessively high tcmperdtures. :

The invention has been described with particulur ref-

erence to the synthesis of ammonia from nitrogen and hy- -

drogen since this is a typical high prossurc exothermic
yapor phase Tcaction that iy in wide commercial use. It
will be understood, however, that comparsble advantages
are obtainable in similar converters operated for the syn-
thasis of methanol or the synthesis of hydrocarbons frem
carbon monexide and hydropen or carbon-dioxide and hy-
drogen-and in olher strongly exothermic high lemperatnre
catalyiic reactions that are carried out at bigh pressures.
Althongh the principles of the invention can also be ap-
plied to low-pressure exothermic reactiops if desired they
are not of comparable impartance, for the degree of heat
exchange objuined with upinsulated core tubey at operat-
ing pressurcsc substantially below 100 atmospheres is rela-
tively low at lower presspres and doss not ordinarliy wat-
rant the use of insulaiion, : '

- Example .
Tha converter shown on Figs. 1 to 3 of the drawings was

aperated at 1000 sfmospheres’ pressire and space veloci-
ties of about 90.000 for the production of 42—43 tous of
ammonia per 24 hour day using a synthesiz gas confaining
abont 68% by volume of a 1:3 nitrogen-hydrogen mixture
and 30-32% of inert gases which were principally
methane and srgon.  The catalyst bed was 7.3 Feet long
and 17 inches in diameter; the outer cooling fubes 15 were
one inch ip cutside diamster and the catalyst volume wus
therefore 7.4 cubic [eet. . _

Inlet gas temperainres at the core tebes 14 were main-
tained at 630° F. and the catalyst temperatures were 860°~
835° K. ag showa on Fig. 4 of the drawings. The lower
ends 17 of the core tubes 14 wers ahout one foot from
thé closed emds of the outer- tubss 18 and thercfors the
temperature Tisc in the catalyst was checked at this level
by the cooling zction of fhe heat exchange tubes. The

drawing shows thut u very stable operation was obtained-

throughout the remainder of the catalyst bed, the tempern-
ture gradient being a flat curve that slopes downwardly to-
ward (he exit end of the converter with the decrease of
unreacted mpitrogen and hydrogen in the gases. .

The teriperatures shown on curve A were ubiained
with thermo-couples in the well 23 at the axis of the cat-
alyst. Tt will be understood that these temperatures can
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S
he lowered or rpised by varying {he inlet temperature of
the gases entering the core tubes 14 without essential
modification in the character of the curvs itself; in other
wolds the invention permits operatinn of the catalyst at
any desired temperature level with a substantially Hat
teraperature gradient longitudinally of the catalyst, which
is a very stable type of operafion. .

Curves B and C are calculated temperature profiles for
the same converter and gas inlet temperatures using con-
ventional bayonel heat exchangers instead of the ine
snlated core tubcs of the present invention. Cwrve B
shows that much higher catalyst exit temperatures would
be obtained with ihe same pumber of tubes and curve C
shows (he operating conditions if a lurger numbar of
tubes were used to maintain compareble exit tempera-
tures. Kt will be seen that in both cases a much less stable
operation is oblained since there is & maximum in the.
temperature profile near the exit of the catalyst bed.

What we claim is: - :

1. Apparalus for conducting expliiermic vapor phase
catalytic reactions at high pressures comprising in ¢omm-
bination a heavy pressure resistant converter shell, z
catatyst basket within said sheli and = bed of catalyst
tn said basket having o number of spaced bayonet cool-
ing elements cmbedded therein and exiending parallel
to the Row of reaction pases therethrough, said cooling
elements comprising cuter tubes in heat exchanging rela-
tion with the catalyst, core tubes wilhin but apaced from
said outer lubes and thermal ipsvlation means beiween
said corc tubes and sald ouicr lubes, and means. for
passing incorning reaction gascs through said core tubes,
then throueh said outer tubes in the oppesite dirertion,

then through and in contact with the catalyst in the same

direction. as that of their fow (hrough said other tubes,
and then through said heat exchanger in indirect heut ex-
change with said iacoming reection gates.

2. Apparatus for conducting exothermic vapor phase’
catalytic Tenciions at high pressures comprising in com-

" bination a heavy pressurc Tesisiant copverter shell,

45
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catalyst cartridge within said shell coataining a heat ca-
changer at one end thereof and a cafalyst hasket at the
eppositc cad, a bed of catalyst in said hasket having a

‘number of spoced hayonet cooling elentents embedded

therein and extending parallet to the flow of réuction
gascs therelhrough, said cooling elements comprising

_outer, ubes in heat exchanging relation with the catalyst,
central pore fubés within but spaced from said outer (obes

and insulating tnbes between said core tubes and said
outer tubes and separated from said core tubes to pro-
vide slogoant ges insufation therebetween, and means
for passing Incoming rcaclion gases throngh said heat
cxchanger, then through said vove tubes, then throuyh
said onter tubes in the cpbosite direction, then through
and in contact with the catalvst in the same dircction as:
that of their fiew through said outer tubes, aud then
through said heas exchamger in- indirect heat exchange:

. with suitl incoming reaction puses.

60
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3. Apparatns according to claim 2 wherein cach core
fube is altached at its end fo the inner surface of a hollow
block having a longimdinal flange to which the insniatioy

- tube js fastensd and the bioeks are carried by a tube sheet

extending across the catalyst cartridge..
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