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We, CREMICAT, CONSTRUCTION CORPORA-
TION, a Corporation organised under the
laws of the State of Dielaware, United States
of America, of 525 West 43rd Street, New
York, State of New York, United States of
America, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by whach it
i to be performed, to be partienlarly
described in and by -the following -state-
mant :— : . .

This .Iavention rtelates to methods and
apparatus for carrying out exothermic
vapor phase catalytic reactions wherein a
paseous reaction mixturc is passed through
3 stationary catalyst bed. The invention is
particularly adapted for use in reactions of
this type that are conducted at high pres-
sures ; i.e., wilhin the range of about 100-
1000 atmospheres or higher such ag the
ammoniz synthesis, the synthesis of methanol
from carbon monozxide and hydrogen, the
Fischer-Tropsch synthesis of hydrocarbons
and higher alcohiols, and other similar
hydrogenation eaclions.

Ta such reactions the conirol of temper-
ature conditions within the catalyst is a
probicm of ‘major importance.  Elevated
catalyst temperaimes are needed to obtain
& 1apid reaction rate but if the temperature
becomes too high i any portion of the
catalyst layer the catalytic material will be
damaged and its activity will decrease. It
iz wcll known, for example, thai the pro-
raoted iron catlalysts used in the synihesis of
ammonia lose their activity rapidly at tem-
peratures substantjally abeve 500°C. and

" - therefore ammonia synthesis converters must

40

be provided with internal cooling slements
capuble of preventing such excessive lerper-
atures in all parls of the catalyst bed. The
same is true of the cutalysts used m
methannl synthesis ané other hydrogenation

[Price —— -

reactions that are cartied out at high pros-
SUras. i .

In order to maintain adequate tempera-
tore comtrol the catalyst has up to the pre-
sent been most advantageously cooled by
bayornet tubes that are spaced sufficicndy
closely together to prevent local overheating
and hot spots in the catalyst. The tubes
and receptors thereof have a bayonet nipple
and slot structure to facilitate their insertion
into and removal from the apparatus used
herein,  The relativdly cool incoming re-
action gases pass through the core tubes of
these heat exchangers in a direction counler-
current to that of the flow of reacting gascs
through the catalyst, then reverse their flow
and pass through an annulus between the
core tube and the outer iwhe in cocurrent
flow with (he reacting gases amd are then
passed through the catalyst itself, The
present invention is direcied particlarly to
improvements in heat exchange elements of
this type and to temperature conditions
within the catalyst bed that are obtained
thereby.

The structure of the converters used i
carrying out high pressure, high temperaturc
vapoer phase reactions has Teached an
advanced stage of development BSuch con-
verfers consist essentizlly of thick and heavy
pressure-sustaining watls enclosing a cart-
ridpe or reaction wunit which contains the
catalyst and its cooling tubes and which also
usually contains a. heat exchanger for pre-
heating the incoming gases by indivect heat
cachunige with the hot .gases leaving the
catalyst. In order to insulate the converier
shell from the high temperaturcs in the
catalyst and heat exchanger, the incoming
gases are first passed between the outer
pressure-sustaiing walls and the inner cart-
ridge or catalyst unit. They then pass into
and through the heat cxchanger, wherein
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they are partially preheated while simuitana-

ously cooling the reacted gases from the

catalyst. The incoming pases then enter the
bayonst coolers embedded in the catalyst,

5 a5 described above, after which they make
their first coniact with the catalyst itseif.
The hot reacted gases from the catalyst are
passed directly to the tubes of the heat
sxchanger und after partial cooling therem
they leave the coanverter through a suitable
outlet passage in the pressure-sustaining
shell thergof. In order to atiain this path
of travel il is cssemtial that the gas inlet
ends of the bayonet coolers embedded in
the catalyst be located adjacent the jnterpal
heat exchanger in the catalyst cartridge, as
otherwise the preheated reaction gases would
have to travel along the pressure-sustaining
shell : this would heat the metal of the shell
and canse embrittlcment.

Trigh-pressure converters igving the design
and operation described above were develop-
ed some 25 years ago for wse in the synthesis
of ammonia from npitrogen-hydrogen mix-
tures. Since thut time a large number of
such converters have been installed and
operated for the ammonia synthesis, the
synthesis of methanol, and for other re-
actions of similar type. They have given
satisfactory service when operated wiihin
their designed capacitiss; however, experi-
coce has shown that excessively high tem-
peratureg gre developed withip, certain parts
of the catalyst under overload conditions,
with a corrcsponding deterioration in the
activity of the catalyst material. '

It is a principal object of the present in-
vention t0 provide & method of operation
of the above-described high pressure
catalytic reactions that will permii greatly
increased production of the desired reaction
preducts such as synthetic ammonia. This
15 accomplished by modifying the stracture
and operation of the bayonet coolers within
the catalyst bed in such a manner that a
substantially different and more efficient
temperature profile is maintained within the
catatyst bed, as will subsequently be explain-
ed in deteil. Another important object of
50 the invention is thercfors to provide high

pressure  synthesis converters containing

modified bayonet cooling clements that co-

- operate with the cooling pracedures describ-
ed above to permit increased converter

5% capacity without undue gise in the catalyst
temperatures. Further objects will become
apparent from the following description of
a preferred embodiment of the invention
when taken with ihe appended cluims.

60 The invemtion will be further described
with refereace to the accompanying draw-
ings wherein : :

ig. 1 is a vertical section, with parts
brokes away, of the catalyst cariridge and

63 a portion of the pressure-sustaining shell of
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an ammonia synthesis convericr smbodying
the principles of the mvention. It will be
understood that, apart from the novel strac-
ture of the bayonei heat excharge clements
in the catalyst and the improved method of
operation obtained thereby, the apparatus
shown in this figure is that of a conven-
tional type of ammonia synthesis converier.

Fig. 2 is an enlarged detuil of a portion
of the catalyst baskel of Fig. 1 showing the
struciure of the improved boyonet heat ex-
changers. .

Fig. 3 is a horizontal section or the line
X-X of Fig. 1 showing the location of the
bayonet coolers throughout the catulyst and
also the gas-conducting tubes, and

Fig. 4 is a graph showing the temperature
profile obtained by the process of the in-
vention and alio showing the profiles that
would be obtained with conventional bayonei
cooling tubes under the same operating con-
ditions. :

A detailed description of the converter
shown on Fig. 1 of the drawing is unpeces-
sary, as the struciure and operation of such
converters are well known.  The catalyst
cartridge indicated generally by reference
wuneral 1 is made up of an owter cylin-
drical wall or tube 2 having heads 3 and
4 bolted or otherwise attached to the opposite
ends therzof. A heat exchanger 5 of con-
ventional desizn is boilt into one end of
this tube while the other end contains a
catalyst basket 6. The heat exchanger 3 is
provided with a series of gas inlet passages
% around its outer end, o number of heat
exchangs tubcs § cxtending longitudinally of
the tube 2 and transverse baffies 9 for direct-
ing the flow of incoming gases across the
tubes to obtain efficient heat ¢xchangs, The
catalyst basket 6 is made up of a lower
catalyst-retaining grid 10 and an upper grid
11 both containing openings for the passage
of gases therethrough, and upper and lower
tubc sheeis 12 and 13 in which the ends of
the core tubes 14 apd the outer tubes 15 of
the bayonet coolers are securely fastened.
The lower ends 16 of the outer tubes 135
exiend through the boiiom grid 10 and are
held in place thereby : the lower ends 17 of
the corc tubes (Fig. 2) terminate somse dist-
ance above the bottom grid 10 and are held
concentric with the oufer fubes vontaining
them by suitable spacers. Granular catalyst
material is placcd in the basket 6 around all
of the outer tihes 15, as indicated on Fig, 3
of the drawings. and extends in an unbroken
column from the lower grid 10 to the upper
grid 11.

Tt wilt be vnderstood that the cartridze 1
is completely surrounded in the converter by
heavy pressure-resisting walls. A portion
of the lower or inlet head of this outer shell
or bomb is indicated on the drawing by

reference numeral 20 and the gas inlet
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channel thereon is shown at 21. Concentric
tobes 22 and 23 are located in this passage
outer tube 22 is a by-pass for the admission
of cold reaction gases directly to the
5 catalyst to assist in controlling the catalyst
: tenillperaturcs and tube 23 is a thermocouple
well.

. .. by means of the outer passage 21 ; the gases
20 then :pass outwardiy and fow along the
inner surface of the pressure-sustaining shelt
longitudinaily of the cartridge 1 and finally
enter this cartridge through the infet
passages 7 leading (o the gas inlet side of
the heal exchanger 5, The flow of these
gases i3 indicated on the drawing by
arrows.  From the infets 7 the incoming
gases pass across the heat exchanser tubes
8, being guided by ihe baffles 9, and enter
20 ports 25 m a cenirally located passage 26.
The partially preheated gases flow along this
passage to its ouflet 27 which communicates
with the inlet ends 14 of the core tubes by
means of a gas infet passape 28, The i

25 coming gases flow downwardly through the
core tubes to their lower ends. 17 and then
reverse their direction of How and pass up-
wardly through the apnular passages be-
tween the ouler surfaces of these tubes and

30 the imner sarfaces of the tonbes 15 and
finally enter the passage 29 between the
upper and. lower tube sheets 12 and 13, The
gases then fow downwardly through the gas-
conducting tubes 30 to the space 31 below

35 the bottom grid 10 where they again reverse
their direction and flow upwardly through
the catalyst. The gases pass from the
catalyst through the upper grid 11 and enter
the passage 32 from which they pass through

<40 an anaular channel 33 to the inlet chamber
34 of the heat exchanger. Irom this cham-

ber the reacted gases pass through the heat
exchanger tubes 8, giving up the major
portion of their heat to the incoming re-
45 geliom gases, and finally leave the converter

i5

through the gas ouflet 35.
I converters with this type of operation
the catalyst cooling elemsnis have hereto-
fore been designed to maintain a tempers-
A0 ture gradient that rises continuously from
the gas inlet end of the catalyst bed to an
area adjaceat the gas cxit end thersof as
showh at C on Fig. 4 of the drawings, This
is done by operating the bayonet coolers as
55 double counier-corrent heat exchange units
wherein  the gases passing downwardly
through the core tubes 14 arc preheated by
heat exchange with preceding portions of the
same gas stream passing upwardly in the
&0 annuli beitween the core tubes and the outer
tubes; in & typical ammonia converter
having core tubes six feet long the gas may
bec heated by about 100°-150°F. before it
comes into heat exchanging rclation with the
&5 catalyst, This type of operation has resulied

The main flow of reactivn gases
-- passes through the pressure-sustaining wall-

in good yields of ammonia, methanoi or
other reaction product for each passage of
the reacting gases through the catalyst at the
designed operating capucities, bt the cata-
lyst temperslurc confrol becomes unstable
under overloads.

The present invention utilizes 2 modificd
form of bayonet cooling tubes wherein heat
exchange between Lhc incoming gases in the
core tube and the outsoing gases in the
annulus ig substantially prevented, and
altains a - temperature gradiend having a
relativcly flat profile through the main body
of the catalysi insiead of the gradual rise
in catalyst temperatures that hag heretofore
been muintained. The result of this modi-
fied temperatore profile is that Lhe converter
can be operated at greatly increased capacity
without overheating any part of the catalyst
bed to a point where the catalyst life is
shortened ; in other words, moch greater
conversion capacities are attained without
shortenting the catalyst life,

A modified copstruction of the bayonst
cooling tubes with which this improvement
can be obtained is showa on Fig. 2 of the
drawings. The outer or closed-end tubes 15
mounted in lower tube sheet 13 are the same
as those in the conventional structure
described above. The inner are core tnbes
14, however, supported in the upper tube
sheet are provided with suitable insulation
on the exterior thereof to prevent preheating
of the incoming gases while they flow down-
wardly therein.  Althongh any suitable
type of insulation may be used, a particular
feature of the invention consists in the pro-
vision of intermediate tubes 40 surrounding

- the core tubes 14 and previding a stagnant

gas space 41 therebelween. The provision
of the tubes 40 constitutes a ready aad
cfficient means for obtaining the desired
thermal insulation of the corz tnbes from
the outer twbes 15 without changing
materially the cross.sectional areas of the
gas passages involved ; this is Imporlant in
applying the principles of the invention to
converters already in cxistence. 1t will be
understood ihat introduction of the requisite
amocunt of insulation between the cors tubes
14 and the other tubes 15 results in a sub-
stastially isothermal {emperaturc gradiznt in
the gas ontlet end of the catalyst bed, This
is & much more stable type of operation
than has previously been obtained @ it pre-
vents overheeting of the catalyst even when
the converter s operated at pressures and
gas velocities far above those for which it
wag oripinally designed.

The particular construction ufilized 1o in-
stall the insulaling lubes 40 is evident from
the drawing. The core tubes 14 are rolled
into hoHow eylindrical blocks 42 having
longitudinal flanges 43 on their lower cnds
and the insulating tubes 40 are Lited around

70

15

80

50

93

140

103

I

115

120

125

130



843,882

these fidnges and atsached thereto by weld-
ing or other snitable means. The insulating
tubes are preferably coextensive in length
. with the cofe fubes 14 so that insulsiion is
5 sbtained throughout the fult lengih of ths
tabes, but it will bc understood that their
length may be varied to provide a modified
amperatore profile in the catalyst if this
shodld be -advisable. It will be thus seen
10 that the particular cmbodiment of the in-
vention ilustrated on the drawiegs can be
instatled with very little inciease in the cost
of the comverter and can be designed
obtain any desired modification in the fem-
15 peratute conditions in the catalyst bed
within the limitations outlined above.

On Fig. 4 of the drawings the modified
temperature  gradient  obtained with the
triple cooling tubes of Fig. 2 is shown by

=0 Cutve A. For putposes of comparison, &
carse showing the temperaturc profile that
would be obtained at the szme production
capacity with an equal pumber of conven-
tional bayonet cooling tubes is shown at B

25 2nd a third curve showing the much greater
number of conventjonul tubes necessary 1o
obtain a result comparable with that of the
present invention is shown at . Inthe case
of Cuxve C it will be undersiood that the

30 diameier of the catalyst bed and therefore
the diameters of the catalyst basket and of
the pressure-resisting shell, would have to
bc greatly enlarged to accommodate the
cxira tubes; in other words, the entire con-

35 verier would have to be made much larger
to obtain the increased capacity.

The greatly modified profile of the tem-

ture gradient in the catalyst that is
obtained by the present fnvention is evident

40 from the drawing. The cutves were obiain-
ed by plotting the temperature of the
catalyst, in degrees Faremheif, against the
distance from the exit of the catalyst bed,
cxpressed in feet. Tt will De seen that in all

* 45 cases the nitrogen-hydrogen gas mixture was

preheated by the heat exchanger 5 and by
the bayonef cooling tubes to 860°F.. and
that its temperature rose sharply to 920°-
930°F. in the first foot of catalyst below
50 the level of the lower ends 17 of the core
rybes 14. From this point the effcet of the
insnlation is apperent; the cooling action
of the é)artially preleated incoming gases.
obtajned by the conventional bayonet cool-
55 ing tnbes, is much less than that ohtzincd
with the friple ¢ooling tubes of the present
invention and therefors there is a coniing-
ous increase in the catalyst temperatures both
 jn Curve B and in Curve C. Curve A, 01
&¢ the other hand, shows that with the improve-
ment of tht presenl invention the catalyst
temperatures  remain  almost  constant
thronghout the remainder of the catalyst
hed, and at po time is the catzlytic material
.65 in any danger of damage by excessively high

temperatures. ’ _

The jnvention has been described with
particular reference to the synthesis of
ammionia from nitrogen and hydrogen since
this is a typical high pressure cxothermic
vapor phase reaction that is in wide com-
mercial use. I will be understood, how-
ever, that comparable advantages are ob-
tainable in similar converters operated for
the synthesis of methanol or the synthesis of
hydrocarbons from carbon monoxide and
hydrogen or carbon diozide and hydrogen
and in other strongly exothermic high lem-

ture catalytic reactions that are carried
out at high pressures.  Although the prin-
¢ciples of the invention can also be applied
to low-pressure exothermic reactions if
desired they arc. not of comparable import-
ance, for the degree of heat exchange
obtained with wunsalated core tubes at
operating pressures substantially- below 100
atmospheres is relatively low and does not
ordinarily warrant the use of insulation.

. EXAMPLE,

The converter shown on Figs. 1 to 3 of
the drawings was operated at 1000 atmos-
pheres pressure and space velocities of about
$0.000 for the production of 42-43 tons of
ammenia per 24 kour day using a synthesis
gas containing about 68% by volume of 2
1:3 nitrogen-hydrogen mixtere and 30-32%
of imert gmses which were principaily
methane and argon. The catalyst conststed
of iron oxide Fc,O, promoted by small
amounts of K.O and ALO,. Pellets of this
catalyst were placed in the converfer, and
were rednced #r séfee with hydrogen prepat-
atory to the synthesis of the ammonia. The
catalyst bed was 7.3 feet long and 17 inches
in diameter ; the outer cooling tubes 15 were
one inch in outside diameter and the cafa-
Jyst volume was therefore 7.4 cubic feet.

Inlet gas temperaiue ai the core tubes 14
was mamtained at 630°F. and the catalyst
temperatures were §60°-935°F. as shown
on Fig. 4 of the drawings. The lower ends 17
of the core fubes 14 were about one foot
from the closed ends of the outer tubes 13
and therefore the temperature rise in the
catalyst was checked at this level by the
cooling action of the heat exchange fubes.
The drawing shows thul a very stable opct-
ation was obtained throughout the remain-
der of the catalyst bed, the temperature
eradient being a fat curve that glopes down-
wardly towards the exit end of the conver-
ter with the decreasc of unreacted nitrogen
and the hydrogen in the gases.

The temperatures shown on Curve A
were obtained with  thermocouples in the
well 23 at the axis of the catalyst. It will
be understcod that these temperafures Can
be lowered or raised by varying the inlet
temperature of the gases entering the core
tubes 14 withowt essential modification in
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the character of the curve jtself; in other
words the invention permits operation of
the catalyst at eny desired temperature level
with a substantiaily fiat temperature gradient

"5 longitudinakly of the catalyst, which 15 a very
stable type of operation. .

Curves B and C are calculated iempera-
turc profiles for the same converter and gas
inlet temperatures using corveniional

10 bayomet heat exchangers instcad of the in-
sufated core lubes of the prescnt invention.
Curve B shows that moch higher catalyst

exit femperatures would be obtained with

the same mamber of tubes and corve C shows
the operating conditions #f a larger number
of tubes were used to maintain comparable
cxit temperatures. [t will be seen that in
both cases a much less stable operation is
obtained since there is a maximum in the
20 temperature profilc near the exit of the cata-
tyst bed.

WHAT WE CLAIM IS:—

1. A method of cerrying out exothermic
vapour phase reactions at high pressures in
the presence of a stationary catalyst bed
while obtaining a substantially flat emper-

i3

ature gradient longitudinally of the catalyst

bed, which comprises passing & flow of 1m-
coming gases fivst through central core tubcs

30 of bayonet cooling elements in the catalyst
bed, then passing said gascs in the opposite
direction through annuli between said core
tubcs and concentric outer tubes of said
conling, slements and in indirect heat ex-

35 changing relation with the catalyst and then
passing said gascs through and jin contact
with the cafalyst in the same direction as
that of the gas flow through said annuli
while simuitaneously preventing heat ex-

40 change between the gases in said core tubes
and the gases in said anmnli,

2. A method accordiss to claim 1 in
which the incoming gases arc a nitrogen-
hydrogen gas mixture at pressurcs ghove

43 100 atmospheres. _

3. Apparafus for conducting exotherinic
vapor phase catalytic reactions at high
pressures comprising a heavy pressure re-
sistant converter shell, a calalyst cartridge

30 within said shell coniaining a heat exchanger

at one end thereof and a catalyst basket at
the opposite end. a bed of catalyst i said
basket having a number of spaced bayamet
cooling elements embedded therein and ex-
tending paralle] to the flow of reuction gases
therethrough, characterized by the faet that
said cooling elements comprise onter fubes
inindirect heat exchanging relation with the
cutalyst, comcentric core tubes within, but
spaced from said outer inbes and thermal
insulation between said core tubes and said
outer tubes, means being provided for pass-
ing incoming reaction gases through said
heat exchanger, then through said core tubes
then through the annuli hetween said core
tubes and suid outer tuhes in the opposite
direction, then through and in contact with
the catalyst iy, the same direction ag that of
their flow through said annuli, and then
through said heat exchanger in indirect hest
exchange with said incoming reaction mases.

4. Apparatus according to claim 3, in
which the thermal insulation comprises -
sulating tubes posilioned between the core
tubes and the other tubes and separated
from the core tibes to provide stagnunt gas
insulation therehetween,

3. Apparatus according to claims 3 or 4,
i which each core wbe is attached at its
end to the hmer surface of a hollow block
having a lengitudinal flange to which the isi-
sulating lube is fastened and the blocks are
carried by a tube sheet extending across the
catalyst cartridge .

6. A method of carrying out exothermic
vapor phase recactions in accordamce with
claim 1 substantially as heretnbefore describ-
ed and as illustrated in the accompanying
drawings.

7. Apparatus for conducting exothemic
vapor phasc reactions in accordance with
claim 3 snbstantially as hereinbefore describ-
ed and as iHusteated in the accompanying
drawings,

STEVENS, LANGNER, PARRY
& ROLELINSON,
Chartered Patent Agents,
Apents for the Applicants,

Serwick-upan-Tweed: Printed for Her Majesty’s Stationery Office, by The Tweeddale Press Ltd.—1950,

Published at The Patent Office. 25 Southamptor Bujldings, London,
' be abtained.
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ammoma synthasis, the synthest of meiitanol
from carbon monoxide and hydrogen, the
Fiacher-Tropsch synthesis of hydrocarbons
and higher alcobols, and other similar
hydrogenation rcactions.

In such reactions the control of temper-
gtare conditions wihin the catalyst is a
probiem of major importance,  Llevaied
catalyst temperatures arc needed fo obtain
a rapid reaction rate but if the temperature
becomes too high in any portion of the
catalyst layer the catalytic material will be
damaged and its activity will decrsase. It
is weil known, for example, that the pro-
moted iron catalysts uscd in the synthesis of
ammonia lose their activity rapidly at tem-
peratures substantially abave 500°C. and
therefore ammonia synthesis converters must
be provided with internal cooling elements
capable of preventing such excessive temper-
atures in all parts of the catalyst bed. The
same 15 true of the cafalysts used in
mcthanol synthesis and other hydrogenation

[Price = “*°
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present invention is directed particularly to
improvements in heat exchange elements of
this type and to temperature conditions
within the catalyst bed that are obtained
thercby.

The structure of the converters used in
carrying out high pressure, high temperature
vapor phase reactfons has rcached zn
agvanced stage of development. Such con-
verters consist essentially of thick and heavy
pressurc-susiaining walls enclosing a cat-
ridge or reaction umit which contains the
catalyst and its cooling fubes and which also
psually contains a. heat exchanger for pre-

heating the incoming gases by indirect heat

exchange with the hot gases leaving the
catalyst. In order to insulate the converler
shell from the high temperatures in the
catalyst and heat exchanger, the incoming
gases are first passed between the outer
pressure-sustaining walls and the inper cart-
ridme or catalyst unit. They then pass info
and through the heat exchanger, wherein
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