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We, CHEMICAL CONSTRUCTION CORPORA-
Tiod, a corperation organized under the laws
of the State of Delaware, United States of
America, of 325 West 43rd Street, New York
36, Smate of Ncw York, United States of
America, do hereby declare the invention, for
which we pray that a patent may be granted
tw ug, and the method by which it 15 to be
performed, to be particalardy described in and
by the following statemcnt: —

This invention i concerned with an
improved apparatus for and the method of
carrying out exothermic reactions at high tem-
perarures and pressyres. The invention is par-
ticularly adapted for wse in reactions of this
type that are conducted at high pressures; i.e.,
of the order of 100 to 1000 or more atmo-
spheres such as the synthesis of ammonia, the
synthesis of methanol from carbon monoxide
and hydrogen, the Fischer-1ropsch synthesis of
hydrocarbons and higher alcohols, and other

- similar hydrogenation reactions, It is particu-

larly concerned with the means and mcthod of
directing cooling gases arqund the outside of
the catalyst - containing tubes in a manner
co-current to the flow of gas through the cata-
lyst thereby permitting close control of the
temperatore within the catalyst bed, The fn-
vention is further concerned with the genera-
tion of steam by utilizing the heat contained in
the gases after synthesis reaction,

The prior converters commenly uwsed for
carrying out synthesis reactions at high tem-
peratures and pressuares are embodied in Appli-
cants” Specification No. 843,882, While these
converters have competently controlled the
temperatures of reactions in synthesis such as
ammonia syathesis and mcthanol synthesis, they
de not permit as close a temperstare control
as the present invention. Also they do not in-
clude provisions for generation of high pressure
and bigh temperature stcam from the heat of
reaction in the synthesized gas. Heretofore, as
typified in the prior processes, the cooling of
the catalyst has been carvied out by the co-

{Price ~~ TG

current flow of gases in pipes embedded in the
catalyst. By cooling accurdping to this invention
the cooling gay flows around tubes containing
the catalyst directed by baffles which are

ced to give the desired heat transfer rate
roin gas around the tubes to the tube wall at
any elevation of the catalyst tube. If no cooling
is desired at the top part of the caralyst tubes
then these tubes extend above the baffle shell.

In this invention two streams of incoming
gas may be introduced into the heat exchanger
sectium, one stream by-passing part of the heat
exchanger and being subsequently mixed with
the other stream at a point in the cxchanger
closc to the point where the gas leaves for the
catalyst section. The mixed gases whose tem-
perature is regulated within the heat exchanger
scetion by regulating the ratio of the two
streams flow to the adjacent catalyst section
where they are directed by means of baffles 1o
flow around and sbout the tubes containing
the catelyst in co-current flow with gases pass-
ing through the catalyst After cooling the
catalyst by this co-cucrent flow of gases the
dircction of said gases is reversed to fow coun-
ter-currently to the cooling gas (hrough feed
pipes within the catalyst. Thereafter the dirce-
tionn of the gases is again reversed to flow

- through the caralyst co-current with the first

mebnﬁoncd flow of cool gases about the catalyst
mbes,

The pases whose temperarure has been regu-
lated within the catalyst bed by tcmperature
regulating about the catalyst tubss are collected
and delivered to 2 heat exchanger section where
the heat contained in the gases is imparted to
fresh unreacted gas enmtering the converter.
After imparting heat to the incoming gases,
the synthesized gas exits from the system and
is delivered w0 further treatment for extraction
of the synthesized compounds within said gzas,

If it is desirable to recover heat from the
gas stream feaving the catalyst hed, gases may
be withdrawn ag this point and sent to an ex
ternal waste feat boiler where heat s extracted.
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“Then the gases are returned from the boiler to
the warm end of the heat exchanger section to
flovr through tubes in said section to pre-heat
the incoming synthesis gas. With ¢xternal steam
generation the smouat of incoming gas by-
passing part of the hear exchanger may te
restricted or dispeosed with,

It is the principal object of this invention to
control the wemperature within the catalyst bed
by flowing relatively cool wnreacted gas over
the tubes in a manner co-current 1o the flow of
gases through the catalyst tube during synhesis
yeaction. & further ohject is the provision for
generation of high pressute, high temperatire
steam when desirable. Other objects and im-
provements will be apparent in the following
descriptive. of the preferrcd embodiments of
is invention with respect to Figures I and 2
of the accompanying drawings. )

In accordsnce with the invention there 18
provided a method of effecting catalytic exo-
thermic gaseous reactions at high pressures and
{emperatores in e comyerter which comprises
introducing cool unreacted gases through at
Jeast one point in the converter, passing satd
unrcacted gases n heat cxchange relationship
with gases which bave been heated by wnder-
zoing an exothermic catalytic reaction, passing
the unreacted gasesus mixture around but oit
comtact with the catalytic bed in a direction
co-current to the fHow of gases through the
catalyst bed and in heat exchange relation with
the gases within the catalyst bed, reversing the
flow of unreacted gases to pass through the
catalyst bed out of comtuct with the catalyst,
then again reversing the flow of unreacted gases
1o direct thent through the catalyst bed to re-
ace therein, collecting the reacted gases and
passing said gases in heat exchange relationship
with unrezcted gases and withdrawing the re-
acted gases from the converter.

Referring to Figure 1 there is shown a con-
ventional pressure sustaining vessel having 2
ghelf 1 and suitable closure 2 with retaining
ting 3. This pressure vessel contains two supcr-
imposed sections identified in Figurc 1 as cata-
fyst section “A” and heat exchanger scction
%[ # irh an intervening gas collecting and
distributing section. Tz the description below
that portion of the hear exchanger next to the
cainlyst section will be referred @ as the “warm
end > of the exchanger while the opposite end
wHl be referred tu as the “cold cod ” of the
exchanger,

The cold uareacted gas introduced at port 4
passes through the upper end of the vessel and
fows down throngh the ennulus formed be-
tereen the high pressure shell and the linet 5
which is made tight against the high pressure
shelt above the gas inlet. At the bottom of the
liner 5 gas enters from €he shell side of the
hoat exchanger, flows about the tubes 6 m 2
counter-corrent heat exchange witl gas inside
the tuhes, said unreactedt gas being direcred
about said wbes by the bafffes 7. The pee-

heated gas then passes up through an anmylus
between the Jiner 5 and the baffle shells iden-
tified as 11 and 12, These baffle shells sur-
round both the pas collecting aud distzibuting
section and the catalyst section within the con-
verter. The gas feaving the annulus between the
Biner § and the baffle shell 12 passes over the

tubes 13 which contafn the catlayst. These
tubes 13 are shown as belng capped +with a
remiovzble plate 74, hut any convenient means
for enclosing a catalyst-containing tube would
be suitable. As the gas flows around the co@-
Iyst tubes from the top of the shell to collecting
area at the other end of the tubes 13, the gases
pass around spid tubes through paths limited
by means of baffles 15. Thesc bafiles are
spaced to give the desited heat tramsfer rate
from gas around the tubes to the tube wall at
any elevation of the caralyse tmube. If no cooling
is desircd at the top part of the catabyst tubes
then these trbes extend above the baffle shell
12,

The tubes 13 are fustened in the tube sheet
16 to define a closed area ar the lower end of
said catalyst tubcs. Here the cooling gases are
collected adjacent to tube sheet 16 and dirccted
10 z2n annulus formed by the liners 17 and 18.
A brace not numbered aids in holding the liner
17 ta the tube sheet 16. The gases passing up
through the annulus between Liners 17 and 18
are then divected downwardly through a cen-
trel mbe which conraing heating clement i9.
This heating element is used doring startups.
On heing directed downwardly through the
channel formed by the shell 18, the gases flow
into a distributing chamber formed by a base
plate 10 and a tube sheer 20. From this dis-
tributing scction the gases flow upwandly
theongh tubes 2% to 2 point near the upper-
most portion of the catalyst tube where the
course of the unreacied gas is again changed.
From there the unreacted pas flows downwardly
through the catalyst bed 41 and into & distri-
buting chamber defined by plates 9 and 10
where gascs are distributed to How twongl: the
tubss 6, While the heated mases pass down-
wardly diough fube 8 additional unrencted
oas enters the converter both through the port
4 and through the bypass tube 36. The Jatter
tube which enfers the boitom of the comverter
is compectively joined to a tobe 37. These
tubes 36 and 37 cause the gas to fow up-
wardly through the center of the interchunger
to be mixed with the Incoming gases from porr
4 at the hot end of the exchanger. From this
point the mixed gus flows around the fibes 6,
;gcuce upwardly to the top of the bafile shell

The gos leaving the tubes 6 at the cold end
of the exchanger is collected in a chamber de-
fined by lower tube sheet 8 and a bottom plate
32. From this chember the gas is directed ont
of the convecrter throngh the tube 33 and o
the outlet tube 35 to further processing. The

. tap of the shell 12 and flewy across and along -
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tube 33 is made tight against the high pressure
shell by a stufling box 34. Attached to the shell
1 is the connector 24 which defines a4 space {or
directing gases to whe 35 and alse defines a
space which allows gases corging in by by-pass
36 to flow vpwardty 1o mbe 37 to a section
near the warm end of the leat exchanger
Section 24 with tubes 35 and 36 is held in
place by means of base plate 26 and is closed
off by platc 27, Tube 37 is made tight against
section 24 by a stofting box 38 through which
tube 37 can expand.

If, as is frequently the case, it is desirable
to translate a part of the heat of reaction de-
rived from synthesis into high pressure, high
temperature steam, the internal struclurc of
the autoclave can be modified in a manner
sitnflar to that shown in Figure 2 to conduct
the hot gus Icaving the catalyst tubes o an
externial waste heat bofler. In this Figure a
baffle platc 22 scparates the heat exchanger B
from the czralyst section A and rhe hot gas
leaving the catalyst is colleered above said
baffle plate snd delivered to central mibe 23
fastened +o the center portion of plate 22, The
The central wbe 23 terminetes within a block
23, This bleck 25 is closed off by a cover 27
and attached to a similar block 24 which s
positioned between the shell 1 and the secrion
23, Both blocks are maintained in place by
means of block 26 which is attached to rhe
shell 1 by means of bolts not shown., At the
lower end of tube 23 the contraction and cx-
pansion is accommodated through a stuffing
box 28. The gas from tube 23 passcs through
the line 2% 1o a boiler where hesat is removed
in eny conventional menoner. The gas is te-
turned from the waste heat boiler through 2
tube 30 and thence upwardly through an anmi-
Ius formed by concentric tubes 23 and 31,
Tube 31 passes through and is fasrensd to a
tubhe sheet 9 at the warn end of the exchanger.
At the Iower cnd tube 31 is made tight against
the walls -of the block 24 by means of 5 block
39 and stuffing bex 40 through which tube 31
can expand. The gas passing up through the
ammulus formed by tubes 23 and 31 is collected
in the space defined by the upper tube sheet
9 and a plate 10, Xere the gases are distri-
buted to the tubcs 6 and from there directed
out of the system in the manner disclosed
above. The tube 37 seaves to by-pass the por-
rion of the cold gas entering the converter
through tube 36 eround the heat exchanger as
set forth in the description of Figure 1.

Narmally, when stearn is generated the by-
pess tubg 37 i not used for controlling the
temperature of the gas going to the catalyst
section, Sufficient heat is removed from the yas

passing through the boiler to obmin the desired
temperature of the gas returning from the
boiler to the catalyst section, This temperature
contrel is accomplished by a by-pass around
the cxternal bofler. When the boiler is cut of
commission the converter can be maintained in
full production by passing the gas leaving the
converrey through tubc 2U directly back to the
converter through tube 30 and performing the
ternperature control by means of the by-pass
of gas through tubes 36 and 37.

Improved catalyst cooling is madc possible
by passing the cool gas eround the tubes con-
taxming the catzlyst in co-cuerent flow with
respect to the gas flow in the cawlyst. By
preper spacing of haffles in the space around
the tubes the heat transfer rate from the wall
of the catalyst to the cooling gas can be varied
along the tube wall. This permits heat re-
moval from the catalyst 2¢ the rate it is gener-
ated, which vaties as the gas descends through
the catalyst. In the converter disclosed in Speci-
ficution 843,882 mentionad above, the heat
transfer rate for beat removal is practically con-
stant alony the cooling tubes and the heat
rcmoved is 2 function of the temperature dif-
ference only. .

It is particularly desirable in the synihesis of
methanol to mantain an cven temperature
throughout the catalyst bed, The reeson for
this is that the temperature range for optimun
performance of the convenrional zinc-chrome
catalyst is very narrow. The optimum catalyst
temperature is close to 375° C. Ar tempera-
tures belaw 350° C, the activity of the catalyst
decreases rapidly with decrease in temperature,
and gbove 4009 C. undesivable side reactivns
Increase rapidly with the increase in tempera-
ture and the clevated temperature is detrimen-
tal to the life of the catalyst. Operation at or
above a temperature of 425° C. Is in the dan-
ger zone, where side reactions may cause com-
plete loss of temperature control by wiolert
beat evolution resulting in fusion of catalyst
and overheating of converter internals. The
following table shows that to maintain the main
bedy of catalyst in a methanol converter at a
constant temperature of 375° C, requires a
varigtion of hear transfer rate from the hot gas
in the catalyst to the cold gas pussing atound
the catalyst tubes. The varation is a function
of the reaction velocity at any poinr in the
catalyst which cun be calculated for design con-
ditions.

In the following, the term “ blue ras ™ indi-
caies the synthesis gas prior to passage through
the catalyst. The term “red gus” indicates
the synthesis gas after it has passed through the
catalyst, .
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Fnspection of the last column of the table
reveals that there is generally in this designed
condition for synthesis of methanol a gradual
increase in the amount of heat required to be
trapsferred {rom the reacted gas to the un-
reacted gas. Koowing the amount of [eat to
be removed in each section of the catalyst tube
the positicn. of the baffles in the catalytic sec-
tiva could be easily ascertained to pgive the
required heat exchange. It is readily apparent
frorn the fipures in the last column thet the
bailles 15 will in general be closer and closer
together as they approach secdon 14 where
the greatest amount of heat mmwst be trans-
ferred, Hrom there on down through remain-
ing sectious 15 to 18 the distance between the
baffles 15 will gradually become greater. Since
the greater need for heat transfer regnires the
higher velocity of unreacied gases ebout the
catelyst bed, it would require only nominal
calenlation by one skilled in the art to deter-
mipe the distance between the bafilcs in the
various sections. By the practice of this inven-
tior, there is greater confrol of process tempera-
tute in the synthesis of such compounds as
methanol and ammoniz than has hitherto been
possible,

WHAT WE CLAIM IS:—

1. A method of effecting catalytic exothermic
gaseous reactions at high pressures and tet-
petatures in & converter which comprises intro-
ducing coel unrescled gases through at least one
point in the comverter, passing said unreacted
gases in heat exchange relavionshipy with gases
which have been hcated by undergoing an exo-
thermic catalytic reacrion, passing the unreacted
gaseons mixture around but out of contact with
the catalytic bed in a direction cocurrent o
the flow of gases through the catalyst bed and
in heat exchange relation with the gases within
the catalyst bed, reversing the flow of un-
reacted gases 1o pass through the catalyst bed

" out of contact with the catalyst, them again

reversing the flow of unreacicd gages to direct
them through the catalyst bed to react therein,
collecting the rcucicd gases and passing said
gases in heat exchange relatonship with un-
reacted gases and withdrawing the reacted gases
from the converter.

2. A method according to claim 1, in which
the flow of sajd unreacted gas around said
catalyst bed Is controlled by baffles to wvary
heat transfer to the unreacted gas along the
catalyst tube wall. ’

3. A method according to claim 1 or 2, in
which unreacted by-pass gas is introduced mto
the converter to mix with the partially pre-

hieated unreacted gas.

4, A method according to claim 1 or 2, in
which hot reacted gases are withdrawn from
the converter prior to passing in heat exchange
relationship with unrcavied gus, said gases are
passed 1o an external waste heat boiler, said
gascs are returned to the converter, said gases
are passed in hear exchange relutionship with
cool uprcacted gas and thereafter the reacted
gas is withdrawn from the comvertcr.

5, An apparatus for carrying ont exothermic
chemical rezcrions which coruprises a converter
shell with internal heat exchanger and reaction
tubes containing a body of catalyst Lherein,
baffle means to direct the unreacted gas arovnd
the héat exchanger tubes, mesns o collect the
gases and means to divect said gases to the
catalysi tube sccton of the converter, bafile
means to direct the gases abour the catalyst
tubes, passage means for collecting unreacted
gases and distributing said unreacted gases to
ges-currying tubes within the catalyst bed to
direct the gases to the section of the catalyst-
conteining tibes farthest from the hear ex-
change section aud then to direct the unreacted
gases through the caralyst, means to collsct the
reacted gases and direct said gases through the
hear exchanger tubes and passage means to
divect the reacted gases from the heat exchan-
ger tubes to flow out of the converter.

6. Apparatus according to claim 3, inclading
means to introduce unreacted by-pass gas imto
the converter and means to direct said by-pass
gus into mixture with the partially preheated
nnreacted gas.

7. Apparaius eccording to claim 5, which
includes mesns for collecdng gascs after re-
action, means to conduct the gases from. the
cenverter to waste heat boiler, reans to retiitn
the gases from the waste heat boiler and means
to direct smid gases into the heat exchange
tubes.

R. Apparatus according to claim 7, in which
outlet to the boiler, inler from boiler and oul-
tet from the system are concentric tubes.

9. A method according to any one of claims
1 tc 4 substantially as hereinbefore described
for effecting catglytic cxothermic gaseous re-
actions af high pressures and temperatres,

10, Apparats substaniially as hereinbefore
described with reference to the drawings for
effecting catalytic exothermic gaseous reactions
at high pressures and temperatures.

STEVENS, LANGNER, PARRY &
ROLLINSON. '
Chartered Patent Agents.
Agents for the Applicants.

Leﬁmingm Spa: Printed for Her Majesiy's Stationery Office, by the Courier Pregs.—1981
Tublished by The Patent Office, 25, Southampton Buildings, Lendon, W.C.Z: from which
coples may be obtained.
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