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COMPLETE SPECIFICATION

Method and Apparatus for Catalytic Exothermic Gaseous
Reactions

We, Cuemical COxXSTRUCTION CoRPORA-
TION, a corporation organized under the laws
of the State of Delwwarz, United States of
America, of 525, West 43rd Streed, New Tork
36, New York, United Stutes of America, do
hcreby declare the invenilon, for which we
pray that a patent may be granted to us and
the methnd by which it is to be performed,
to be pardculaely described in and by the
following statement.

This invention relatss to an apparaius for
effecting un exothermic vapor phase catakytic
reaction whereln 2 gaseous reaction mixture is
passed through 2 stationaty catalyst bad. The
fivenrion is puticulacly applicable to the
wsoful recovery of steam during exodrermic
yapor phase caralytic reactions which are con-
dacted ot high pressure. This invention is
further concerned with the cecovery of stcam

during such reactions as ammonia synthesis,

synthesis of methunol from hydrogen and car-
Bon monoxide, the Fischer-Tropsch gynthesis
of hydrocarbons and high allancls and other
simi{ze hydrogenation, reactions.

Tn comverters for exorhermic vapor phass
catalytic reactions, it has been known to cool
the reacting gas in the catalyst by maosns of
colder unreacted gas passing through conling
tubes in thc catalyst befere sqid Eag enters
the catalyst, The reacting gas in the catalyst
and the cooling gas in the tubes flow in the
came dirsction or are cocurrent. The present
invention as conrrasted with the prier arh, in-
volves the flow of hot gases within the con-
verter. An spparatus arranged is provided
wihich produces a centealized flow with. con-
scepiient improved carsiyst bed cooling and im-

_ proved means for transfer of hot gases.

In the prior art apparatus the fiow of gas
in the main stream enters the converter aud
flows through the annulus between the high
pressure closure and interpals and through
a heat cxchanger, Close to the exit of the
inverchanger, any by-passed gas is mized with

o

the main stream and the total gas sfream of
unconverted gas fows through the cooling
tibes in the catalyst, The gas, now preheated
fo reaction temperature, is collected and flows
io the cowalyst as u single stresm. The gas
stream is usuatly contained in a ceatral pas-
sage condnit which congucts the pas upwards
theough, but separated from, the catalys: bed.
Then the ges seam is dispersed over the
catelyst bed, flowing downwards through the
catalyst, An electric heater is usually placed
in the central passage conduit to preheat the
gax, stresm prior of its passage o the catalyst
Ped durimg start-np operabons.

The gas passing over the catalyst rcacts to
form, for example, ammonda, and the heat
gensrated is trensferred to the unconvested gas
it the cooling tubes except for the part ihat
is absorbed as sensible heat in the copverted
aay which leaves the catalyst at about 300°
€. The couverted gas flows next through the
heat exchamger where ip transmits sensible heat
to the unconverted gas as reguired. With: #hifs
flow pattern, all of the hear of reaction is
rotained; in the gas finally lesving the con-
verter as senmsible leat. Althuugh con diderable
heat is contnined in the final cxit converted
gus as sensible heat, the temperature level
ar wiich it is aveilable is generally too low
for effcolive heat recovery, Nevertheless, in
come fnstances it is possible to gencrate low
pressure or even high pressure steam from this
gengthle heat.

Tivo prior methods of obraining steam from
heat generated in the converter are—{1) by
rccovering what heat is available from the
stream of gas exiting from the converter, and
(2), by a series of coils within the catalyst
bed through which water passes to be heated
and thereafter to supply heat o an external
boiler, Both of these methods conmain disad-
vantages, Therz is 3 + recovery of heat
as stcam from the exiting gas because the
temperature iy too low for effective heat
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recovery. Ag for the second methad of recoverc
ing sizam, the main difficulty is the fact that
the water circulating in the coils must be
¢f the highest degree of purity o prevent tube
feilre by corrasion in the presence of the
cxeossive temperatures and pressures in con-
varicrs such as ammonia converters, An rddi-
tiona] disadvautage is the fect that if there is
failnre of the sxiernz] boiler within and
appurtenances therets, the whole system, both
converter of stoam gensrating plant, must be
shut dowa for repairs. One of the principal ad-
vantages of the present imvention is thar is
provides a simplificd and more efficient heat
recovery as steamt. Che heat recovery is at
the high reraperature level of ihe guses immedi-
ately sxiting from the caalyst bed,

T prasent-doy commercial insteflations, con-
verters are gencrally expected: to operate effi-
cieatly for a period of years befor= shutdown
[er maintenance or catalyet bed replacsment
is necessary, Ome of the ymdjor factors inm
snortening catalyst life in practice is ocalized
overheating or hiet spors in the catalyst bed.
Thus ¢ major aspeet of converier design con-
cerns the spacing and layout of the cooling
tutes In b catalyst bed, Hesetolore, there
have hoen cortain restrictions on the layoutr
of the conling mibes dus o practics] considere-
tions of gas flow to and from the catalyst hed,
In the prior art the gas fioy has besn down-
wards through the catalyst bed and support-
ing goid, and thon directsd outwards toward
the converter wall by a horizontal baffle, Then
thz hiat converted gas streamn, after Sowing out
toward the converrer weall and down around
a verticzl baffe, iz directed to the internal
heat exchanger. Alternatively, instexd of direct-
ing the hot converted gas to the internal heat
exclanger, this gas is conducted directly out
of the converter for extocnal heat exchange by
means of a group of Hexible fubes.

owever, these arrongements result in a
restriciion on the spacing of the cooling tmibes,
sinca the provision of space toward the con-
vecter wall for the downward fiow of the hot
converted gas Imits the location of cooling
tubes relative ¢ tha converter wall, Thos the
cutermcst cooling tubes must be spaced a
certnin mEnimum distance from the eonverter
wall, in order to provide clearance for the
downwand flow of the gas, Congequently, the
cutcrmost porticns of the catalyst bed may not
recefve suffickent cooling, ond the danger of
Ipcalized overhearing of the bed arpund its
cuter pariphery is dlways prasent.

In this inveation an eppecatus Is provided
whershy the aforemcentiomsd disadvantages
arz ovoreome. The hot convertsd gas, afrer
leaving the carslyst bed, is first directed hori-
zeatadlly Inwards toward the center of the
copverter. Then the gas stream passes down-
ward through a series of passages which are
adjacent to, but independent of the passages
which seove to comduct the bot unconverizd

g upwards to the top of the caralyst bed.
The hat converted gas is then collecied in a
central chamber and passed directly out of rhe
vonverter for opdonal heat recovery through a
cantral paszame which mzy be concanlcic with
other ges flow passages. Thus z centalized
flow pattern has been achisved,

This avrangement possassce several remark.
able advantages, First, a new flexibility in coul-
ing tubes location within the catalyst bed,
Since the cooling tubes may now be placed at
or adjacent to the periphery of the catalyst bed,
cather than being kept a minimom distance
irom ths cooverter will to provide clenrance
for the peripheral downward Bow of converted
gis as in the peior act, the possibility of the
generation of hor spots or localized overhent-
ing in this region of the catalyst bed bas bheen
considerebly reduced. In addidom, since the
hot converred gas Is now collacted 25 4 single
central flow, a cimpler mechanical arcangement
is possihle when the hot gas is to be employed
as a source of higd pressure stcam. Since in
a preferred embodiment of the present fuven-

tion the sdjacent centrulized passages for flow -

of unconverted and converred gas are pro-
duced as bored heles in a single central Hlock
of metal, fabrication and operating problems
such zs exmpansion considerations are reduced
or eliminated.

The ppticnal remaoval of the her convarted
gas from the convester for hest recovery im-
medintely affer this gas leaves the catalyst
bod, whareby hear is recovered at a bigher
and more nsable temperature level, is en im-
portant aspect of mraps of this invention. .

I accordance with the present invention,
there ds provided a method of effecting cata-
Iytic exothermic gaseous rezctions ac high
pressurcs amd temperamres jn 8 converter
which comprises passing o gasecus reactivn
mixture in heast cxchange colarionship with
gasex which Dave been hieated by exothermic
catalytic reaction, passing the unrescted gase-
oug mixtwre sbowt the catalytic bad in 2 direc-
tion. cocurrent to the How of gases through the
catalyst bed and in beat exchunge relution with
the gascs within the cawalyst bed collecting
ehe unrencted gases in a centrally located sec-
tion Dbelow the catalyst bed, directing said
collected moreacted gases upwardly -throngh
but out of coptact with the vatalyst bed, react
ing said gusez jo the camlyst bed, direcrine
the raacred guses to o centrally located. section
below 4Be catalyst bed, passing the gases
through said section bur ont of contact with
urweacted gnses fowing upwardly, withdrawing
the reacted gazes from the converter, and, if
desired retorning the withdrawn gases to the
converter, passing s4id eases in heat cxchange
relation with unreacted gases and finally with-
deawing said retwned gases from the con-
verter,

The invention alsp grovides an apparatus
for effecting high pressure exotharmic catalytic
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reactions comprising a resctor shell with adje-
cent circulating plate, a heat exchanger sec-
tion, & catalyst bad section, a gas collecting
angd distribubing section between the catalyst
hed section and the heat exchanger section,
means {0 infreduce teactint ges, means o
introduce ty-pass gas mnd exit means o Con-
duer reacted gas from. ahe reacior, wherein said
apparates includes 1wo horizontal baflle plates
epaced apact from ‘cxch  other in said

gas  collecting  and  distribuling saction
ual spiced  apat  from  the catalyst
gaction and hest cxchm%sr gzction
raspectively, said horizental offlz  plates

havizg an oueer perimeter contignous with the
cirenlating plate adjacent the integnal wall of
said shell, at lcast cue conduir leading thwough
the Two baffle plates to direct unreacted gases
which have pessed in a flow wbout catalyst
bed cocursert with the fow of gascs in con-
tact with the catalyst and have left the catalyst
section to @ pomt adjacent the cxchanger
s=aticn, ar least one othor conduit defining, an
opening in the bafle plate adjucent the heat
exchanger scction end extending from said
bhaffe plate adjacent the heat exchanger section
through the baffle plate adjscent the catalyst
seovion and into 4 space defined in said cata-
Lyst section bt oul, of contact with the catalyst
bed, & concentric outer comduit defining, the
space within the catalyst bed for fuseher con-
ducting mnrcactyd gases which have left the
fcat exchanger dn 2 direction cocomrent to the
flow of gascs through the cutalyst bed, said
outer conduit cxtending tbrongh the baffle
platc adjecent the catalyst bed and dciming
an opening in said baffie plate and at least
gnc  other conduit defining =sn opening
in the baffle plate adjacent the cata-
lyst bed and extimding through said cara-
lyst bed for directing the collected unreacted
gazes upwandly through rhe catalyst bed but
cur of contact with the camalyst bed for said
nnrcacted gases contact the catalyst,

In the sccompznying drewings:—

Rigure 1 illustrates an embodiment of this
invention wherein high level hear Tecovery as
steam mzy be accomplished in an extornal
unde such as a steam boiler, Referring to the
Figuze, the high pressure converter consists
basicatly of a vhamber defined by a high pres-
suze shell 1 and cap plates 2 and 3, The un-
ennvertad fzed pas enters via 4 and pawses
dovn through the annular space berween, shell
1 and cirelating plete 5. This amangement
provides maximum cooling for the s el 1.
The -£as siream leaves the sousdar space to-
ward the bottom of the converter chamber, and
passes upward oo the shell side of the leat
exchinger defined by plate 6, twbes 21 and
Lafflies 22. The gas steam is wated by in-
diesct heat exchange with the gas Inside tubes
21 and toward the tpper or wawn end of the
exchanger an additional quantity of cold feed
gas may be intermized with the warmed gas

for temperamre control, This additional quan-
tity of cold gas is admitred via linc 37 and the
spmular space between comdnits 25 and 24,
which ate concenrric pipes or tubes.

The warmed md termperatne-adjusted feed
gas stream 15 now directed vutwazds by haffle
20 and upwards through the peripheral dlear-
gore inte the dismibutioe chamber defincd
by platcs or bafies 19 and 15. Referring to the
leff side of the figure, which illustrates the
prefonred copling eube amangement, the gas
streany Jcaves ihe distrtbusing chamber and
enters a gevics of dnner fubes such as 40 which
may be of an ipsularng muture. The gas
stream is conducted by tube 40 into heal ex-
change with the catalysr bed 11, and Hows
dovnwardly in cocunrent leat exchanps in the
annular gpace batwesn pine 40 md concentric
outer pipe 12, Thus the feed gas stream is
warmed furthar, and serves fo moderate the
temperature rise fromy the conversion meac-
don in the caralyst bed. .

The feed gag stream, now wanmed to the
proper temperature far catalyric comversom,
passcs downwardly into the chamber defined
Ly plates 14 and 15, and inwardly via pas-
sapes 18 into a central chamber dn block 16,
Block 16 is o single wnit conigining a group
of radiul horizontal passages I8 which mecrata
central upwerd outlet which joints conduit 10,
Block 16 also comtains a gronp of independent
vertice]l passages 17 for downward fow of
converred gas, Passages 17 ere adjacent to but
not conuectsd with passsges 18, with each
passage 17 located din the space or geomertic
sector between Two adjecent passages 18, all
within unit 16,

The wormed feed gas stoeam passes wp-
wardly through the central chamber in block
16 a5 2 combined gas stream from passages
18, amd envers conduit 10. Cenduit 10 con-
raing an clectric Leater 7, admited through
hlock 2 via a passugeway Copmed by conduit
8 whick i3 eealed apainsr plate 2 by upper
gas seal 9. Blectric heater 7 fs used ducing
star-tipy 1 hoat the gas stream: to conversion
temperatures. Under ondinary operating con-
dirions, hester 7 is not required since the
necessary hear s ohrained from the conversion
fheat of reaction in the oooling tubes and heat
exchanger.

The feed gas leaves the top of conduir 10
at the proper conversion temperature znd is
dispersed by baflle 6 over catatyst bad 11. The
gas stream flows downwardly through bed 11
and exotlrmic conversion takes place. The
tempzrature in bod 11 ds measured by thermo-
couples 39, with varation from desired set
points belng readily compensated for by vary-
ing the ratio of input gas sream Sow admitted
via 4 to the cooling flow admitted via 37 and
zlso by varving the total aniount of input gas
fasd, The hot converted gas sircumn leaves the
bottom: of catalyst bed 11 thwovgh grid sup-
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port 13 and is divecled through the space
defined by catzlyst bed grid support 13 and
baifle 14 mto downward possages 17, The gas
strewm leaves the bottom of passages 17 and
bacomes a single combined flow, leaving the
converter via central passage 23 and exit con-
duit 38,

The hot converted gag stream now CASSeS
through an cxtermal heat recovery device such
as g steam boflar, not shown, and Is cooled.
In a preferred embodiment, the gas stream is
pardially cooled and then re-enters the con-
verter via conduit 36 and passes upwand
through the annuiar space berween passages
23 apd 24, Sufficient sensitde heat is left in
the partially cooled converted gas strewm, for
it to he a suitable heat scurce to warm the
cold incoming feed gas. The pattially cooled
converted gas stream then enters the distribut-
ing chamber defined by baffles 20 and 19, and
passes downward through heat exubanger tubes
21. The converted and now relatvely cold
gas stream s collected in the chamber defined
by baffles 26 and 27, and pasves downward
in the anculsr space betwesn conduiy 25 and
citculzr support 28, end [melly leaves the
converter via 35,

It should be noted that, in this preferred
emhodimenr of the invention, the centralized
flow pattern allows eransfer and semoval of
tha hot converted .gas throngh 23 which is the
cenrermost of 2 group of concentric condnits
which in effect provide inwnlation for the
tot gus in 23. Thus the hot gas leaves via
38 at the highest possible temperature level
that may be practically achieved, )

A modificd form of the invention which s
devoted exclusively to the centralized fow
ceneept is shown in Figure 2. The basis flow
pattern and nomenclwiuwre of Figore 2 is
essentially the same as Figore [, vp fo the
point where the hot converted gas leaves the
catalyst bed and is direcied centrally down-
wards. The pre-conversion flow in Figure 2
will therefore be described in beief terms only.
Referring to Figure 2, the converter is defined
by high pressure shell 1 and tep plares 2 and
3. The gas strcam cnters via 4, is direoted
downward In the anmular space between baffle
5 apd shell 1, and then flows wpward within
the shell & of heat exchanger having tubes
21 and baffles 22, The gas stream tempera-
nute is controlled by supplementary cold gas
admitted via conduit 49 leading through cap
46 fastened by bolt 48 into conduit 50 and
upwards to intermix with heated feed gas ar
the hot upper end of the heat exchanger, The
warm feed gas now proceeds upwand via
chamber defined by beffles 15 and 19 iato in-
sdated tubes 40 Teading into cooling tubes
space which is anmular shace between tubes
40 and 12. Hot feed gas fows downward fnto
the chamber defined by baifles 14 and 15 and
into horizomtal passages 18 in central block
16. Then cumbined gas stream passes upward

in conduiz 19 having start-up electric heatar 7
which is admitred via conduit 8 having upper
2as seal 9, Hot feed gas is then dispersed by
baffle 6 over and through the catalyst bed
11, tempesature control bed 11 is achieved
by thermocpurles 39 which control gas input
flow mate and tempersture,

The hot converted gas siream leaves the
botom of caralyst bed 11 through grid sup-
Eorr 13 and is cemtrally directed via baffe
14 to vecticul passages 17 which are in unit
16, adjacent to but independent of passages
18, Tn Figwre 2 a goneralized central flow
ceneept s flusrrared, The Dot converted gases
fow downwards through passazes 17 and then
curtwards whrongh the chamber defined by
batfles 19 and 20 and into heat exchange tabes
21, As the hor convereed ez flows down
through tubes 21, heat i given up ro in-
coming cood feed gas cirenlated ourside the
tubes by baffics 22, Then the stifl warm con-
verted pas is coliected in the chamber defined
by bafles 26 and 27 and passed out of the
converter via the annular space between circa-
lar suppert bafile 28 and central conduir 50,
and exit passugzs 51 in cap 45, The converted
gas streamy may be passed to hoar recovery as
well 23 product recovery aperations,

It shoold be noted that, slthongh the
arrangertent of Figure 1 provides mope ex-
tornal heat recovery and this hear is obtained
ar 2 higher remporanre level and thos is
agere useful, the arangement of Wigmre 2
requires dess heat transfer surface for feed
gas preheal und hence 2 smaller hear ex-
changer may possibly be used, since the con-
verted gns 33 used in the hest exchanger tubes
at a lugher temperature level in the case
of Fignre 2.

Figures 3, 4 and 5, show details of the
central distriburing block 16, Referring to
Figurs 3, a plan view of unit 16 is shown with
overall Jeuturcs and flow passages, The outer
radial dotted lines designate horizonral feed
gas flow passages 18, leading to the central
cellecting space which Jeads upwards to the
conduit 10 shown in Figure 1 which leads
2 the catalyst bed. Conduir 10 fite into block
16 a3 far as norch 60, Downavard passages for
converted gas 17 wre shown as large solid
circles, This overall arrangement of passages
18 und 17 is further clarificd in Higuge 4
which is a sectional clevation view 4—4 of
Figuee 3,

Figore 5 provides another elevation view of
Figuie 3, but on a differemt secdon 5—s.
Here a practical modification of the invention:
fo provide more complere catalyst bed cool-
ing is Hlustrated, Refersing back to Fignre 3,
smaller dorted lines leading 1o solid circles 65
are chown within outer radial dotted Iines
designating passages 18, As will be appatent
from Figure 5. the inoer dotted lines Tepre-
gcnut an addidonal separace passace below and
indepondent of passage 18, leading fo insu-
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lated cooling tube 40, The purposc of this
modification is to show how catalyst cooling
tobes may be located in the catalyst bed n
the ares smmediately above nait 16, Thus i
accordance with Figure 5, pariblly warmed
feed gas from the Jower heat exchanger s
conducted in through the small botrom passage
below passages 18, and upwards inside the
insulated cooling tube 40. The gas stream Hows
out of the top of tube 40 and rthon downward
in the apnular spaoc between 40 and ouier
tube 12. This downward Sow provides <am-
lyst bed cooling in the adjacent region of the
bed, which is above unit 16, The feed gas,
now warmed to conversion temperapure, dis-
charges down into the main warm feed gas
streamn in passages 18, The central block 15
conains & number of openings 18 which per-
mit gases, afrer buimg preheyted by passage
throagh tufye 12, to onter ot the cantral
opening of block 16 1o be dinccted upwasdly
th-mugﬁ e 10 and thus disteibuted to the
bed of catalyst. Figures 1 and 2 are not
large epough scale to show that there the
numerous tubes 12 within, the renctor and that
it is preferred to have some of the wbes 12
and insert tubes 40 penpetmte through the
central distributing block 16 ro provide sofi-
clent heat exchange within the caralyst bed.
Conscquently, gas passing down through tube
12 gs iltusreated in Fig 5, commingles with
gas from other tubcs 12 outside of Block
16 and which direct the gases towards the
opening 18, Fig. 5 also shows that the wbes
40 peneirate through the block and act as
a passapeway for gases just as illustrated for
tubes 40 in Fig, 1. Looking downwardly o
cim'al block 16, Fig. 3, there is iiliiéqtratcd
the opening 65 Tepresented by Two solid cings.
The vuter ring indicates edge of the block
16 to which tubes 12 are connected. The
inper solid ring indicates the lower opening
in block 16 to which fubes 40 are connected.
As poinred oat above, this arrangement of
block and tubes permits the passage of gases
through and into the ceneral block 16 when it
is required that extra tubes 12 be inserted into
the catalyst bed to accomplish desired heat
exchange, thereby maintaining am QpLmm
temperature within the caralyse bed.

An alternative arrangement which subst-
tutes 2 group of downcomer pipes for the cen-
teal block wmit is shown in Figure 6. Refer-
ring to Figure G, which is an enlanzed sectiopal
view of the centrsl part of the converter, &
portion. of the incoming feed gas is warred
in exchanger defined by shell &, twbes 21 and
baffles 22, The warmed feed gas may be
moderated in temperature by an additional
portion of cold incoming feed sas admlﬁmd
in the apnular space belwesn COCEOMTIC COL-
duits 24 and 25. The total feed gas stream
pavses opwards through the ouler sonular
space botween shell 6 and the chanber defined
by baffles 20 and 19, and eaters the outer

chamber defined by baffles 19 and 15, The
fecd gas then passes upward through the
inter tube 40, and downwards in heat ex-
change with the catalyst bed 11 in the annular
space between fisbe 40 and 12.

The warmed unrcacted gas collects in the
chamber defined by baffles 14 and 15 and pro-
coeds horizontally inward towardy the centre of
the converter by means of the space between
downcomer pipes 17, Then the feed gas siream
paszes centrally wpwards in conduiz 10 and
downward throngh catalyst bed 11 where in
exothermic catalytic conversion fakes place.
The convertad gas stream passes through cata-
Tyt bed wrid swpport 13 and dolo the chamber
between grid support 13 and bafie 14, The
converted gas sweam now passes chrough
centrsd downcomer pipes 17 and into the cen-
tral chamber butween bafley 66 and 19, Then

the hot gas stream passcs out of the converter .

for hest Tecovery via comduit 23 as previousty
Jescribed, refurning o ghe anmdar space
telween concenric conduits 23 and 24 and
passing into heat futes 21 for ward

inconting feed gzs by indirect heat exchange.

Figwe 6 also shows the couling tube
arrangsment whereby cooling of the catalyst
bed muy be achieved adjacent central conduit
1. The arangement which achieves this is
shows on the right side of Figure 6, whercin
the downcomer pi}l'»e 69 ig shown as another

osivion of pipes 17, The incoming fecd gas
saves the heat cxchanger section and enters the
cuter chamber between baflles 13 and 19, A
portion of this gas will proceed up through
inner cooling tmbes such as 67 by means of the
central clearance space hetween baffles 66
and 15. Then the gas passes downward in the
anmular space between tubes 67 and 68, pro-
viding cuoling in the catalyst bed area jim-
mediately adjacent to conduit 10. The gas then
joins (he balance of the incoming gas stream
in the chumber defined by baffles 14 and 15
and procseds upwards through conduit 10 as
previously described.

Other wodHications and variations will be
apparcnt to those skilled in the art. One such
variation would be to climinate downcomer
pipes 17 completely and provide a continuous
varticel cylindrical baffle instead, where pipes
17 are Jocated. Radial horizonml pipes could
e provided, leading inwardly from the cylin-
drical bafile and converging on and passing
gas into central conduit 10, These pipes would
serve to conduct unconverted ges to condnit 10
from the chambar defined by bafflce i4 and
15, with the fupction of downcomer pipes 17
being handled by passing the converted gas
downward in the sector-shaped spacc be-
tween the radial horzontal pipes.

WHAT WE CLAIM IS:~—

1. A mcthad of effecting catalytic exothermic

gagsous reactions at high pressures and tem-

peratures ju a converter which compriscs pas-
sing a gasecus reaction mizture in heat <

0

75

80

85

95

100

105

110

115

120

125

130



892,460

10

15

20

23

30

35

40

a0

60

change relationship with gases which have
kean hearsd by an exothormic catalyric reac-
tion, passing the unreactsd gascous mixtures
abcout the catalylic bed in z dizection corur-
reof to tha flow of gases throungh the catalyse
bad and in hest exchange relation with the
eages within the catalyst bed, collecting the
unreacted gascs in a conrrally located seetion
below the catalyst bed, directing said collected
nnreacted gasss upwardly through but out of
contact with the catalyst bed, ceacting said
gases in the catalyst bad, directing the reacted
gases ta a centrally lacated scction helow the
catalyst bed, passing the gasss through said
section but out of contact with unreacted gases
flowing wnpwardly, withdrawing the reacted
gases from the converter, and, If dasired retuen-
ing the withdrawn gaszs to thz converter, pas-
sing said gases in heat exchange relation with
woreacted gases and finally withdrawing said
returncd gases from the converter,

2. An apparatus for effecting high pressure
cxothermic catalyiic reactions comprising 4 reac-
tor shell with adjacent circulating plate, 2 heat
exchanger section, a catalyst bed secton, a gas
collecting and distributing section between the
catalyst bed section end the heat exchanger
socrion, mesns to introduee reactant gas, means

.t introduce by-pass gas and exit means to

condust reacted gas from the reacior, wherein
said apparatus includes two horizonta] baffle
plates spaced apart from each other in said
gas collecting and distributing section and
spaced apart from the cafalyst scction and
heat exchanger section: respectively, said hoti-
zontal baffle plates having an outer perimeter
contignons with the cirelating plate adjacent
the internal wall of sxid shell, at leasr one
conduilt leading hwough the two beflle plates
to direct nnreacted gascs which have passed in
a flow about cawlyst bed cocwrrent with the
flow of gases in contact with the catalyst
and have lefr the catalyst section te & point
adjacent the exchangsr section, ar least ome
uther conduit defining en opening in the
baffla plate adjacent the heat eoxchanger
section and  extznding from  said  Dbaffle
plate adjacent the heat czchanger section
through the Tbafliz plate  adjacent the
catalyst sevton and into 2 space de-
fined in s3id catalyst section bur  nor
of conract with the catalyst bed, a concentric
outer condut defining (he space within the
catalyse bed for further conducting unreacted
gases which have left the heat exchanger in a
dirsction cocarrent to the flow of gases through
the catalyst bed, said outer condait extending
through the baffle plate adjacent the catalyst
bed and defining an opening in said baffe
plate, and at least one other conduit defining

an opening in the bafflz plate adjacent the
catalyst bad and extending through said cata-
Yyst bed for directing the collected unreacted
gases upwardly through the catalyst bed out
of contact with the catalyst bed before said
unreacted gasas contac) the catalyst.

3. Apparatus according to Claim. 2, in which
the conduit leading through the two bafle
plates to direct gases leaving the caralyst sec-
lion to 2 point adjacent the exchanges section
is exrended through an additional horizontal
baffle spmalier than said two batfle plates, whose
cuter pearimetsr is not contigucus with the
circulating plate adjacent the internal wall of
said shell, said additienal Lorizontal baffe
defining a wall of a chamber for the collect-
ing of hot was prior to wrilization of said
gas a5 A4 hear souece,

4. Apparatus eccurding to Claims 2 or 3
in which the means for conveying unreacted
gases to the catalyst bed and reacted gases
fromr the catalyst bed includes 2 central block
having ar least one berizontal opening there-
in leading 1o u vertical upward passage for
upward gas flow within the block and at least
ong ather vertical opening thromgh the block
for downward gus flow, adjacent to but inde-
pendent of said horizontal opening and associ-
ated vertical upward passage, with the hori-
zontal opening in said hlock leading from said
gas collecting space, and the vertical apward
pa_ssaﬁcs terminating &t an apper apening i
said block defincd by a conduit for directing
gases through sajd catalyst bed out of contact
with the catalyst,

3. Apparatus zecording to Claim 4, Ip which
the vertical passage for upward gas flow is
centrally located within the hleck and is coin-
cidental with the central vertical axis of the
block. _

6. Apperatus accoeding to any of Claims 2
to 5, wherein tmeans are provided to conduct
hot converted mus to external heat exchange
together with means o retwrn said gas o
the internal heat exchanger in the converter,
with said meens being concentrically arranged
together with mesns to admit by-pass syn-
thesis mas to the reactor and cxit means 1o
conduct redcted gas from the raactor.

7. A merhod according to Claim 1 and
substantinlly as hereinbefore describad,

8. An apparaius substantisily as hereinbefore
described with referspce w the drawings for
carrying out catalytic cxothormic passous reac
tions at high pressures and temnperatures.

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

Leamington Spa: Printed for Her Majesty's Stationery Office by the Courler Press.—1962
Published ar The Patent Qffice, 25, Southampton Buildings. London, W.C.2, from which copics may be obtalned
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COMPLETE SPECIFICATION
Method and Apparatus for Catalytic Exothermic Gaseous

Reactions
of 4%
T _ o
of - _ 3
A, ERRATA b
5 26, ——r :
Hrert SPECIFLCATION ¥0. 892,480 5
pray -
the page 1, line 38, after. "apparatus! insert vapnd arrangsentt
w t
1 fﬁiifu Page 1, lines 46, after. tnaint insert ngast .
effe Page B, line 18, for nthal la read 'that 160
reac _
i ; i 1 (1t desired)®
i5 E,l. Page 2, line 14, after. nprovidegt insert M( .)
E; ' Page 2, line 10g, Sor. tunreacted! read "u-reacted"
ffﬁ page %, Line 46, for nthist read "thet
5Y Tage 3, line 9§, for njolnts® read wjoinet
. b: ]
of Page 4, lime 70, after feontrolf ipsert vint
sit )
25 Page 4, iine 110, after, #leadingt insert nin®
o
the page 5, line 24, for ithe? read varst
e _
tul Page 5, 1line 74, for ¥space" read "apacsst
30
at. Pege 5, 1ine 89, for tward? read nwaran
541 _
iy Page 8, line 5, for. mmixwures! read rmixture®
Vo,
35 v‘?! Page 8, line 92, For vpassages” read "passage"
. w
SO . _
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a heat exchamger. Close to the exit of the as steam from the exiting gas because the
jarerchanger, any by-passed gas is mized with temperature is iy low for effective heal
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