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APPARATUS FOR EXOTHERMIC CATALYLIC
- REACTIONS

Axel Christensen, Stamford, Conn., assigner to Chemical

Construction. Corporation, New York, N.X., a corpora-

" tionr of Delaware
Tiled Feh, 19, 1963, Ser. No. 259,652
7 Claims.  (Cl 23—259)

This invention relates to un apparatus for cilecting an
exothermic vapor phase catalytic reaction wherein 4 fase-
oy reuction mixture is passed through a stationury cata-
lyst bed, preferably while in parallel or covurrent fow
with unreacted gas mixture which is flowing through
©ooling tubes disposed in the catalyst bed. An appara-
tus modification is provided, which accomplishes an exira
mmerement of preheal of the nnreacted £as mixture prior
‘tu catalytic conversion, by heat exchange with the Falty
reacted gas mixinre, This modification is applicahle to
apparatus for accowplishing such reactions as ammonia
synthesis, the syathesis of methano] {rom hydrogen and
‘curbonl monoxide, the Fischer-Tropsch synthesis of hy-
drocarbons amd higher alkanols and other similar hydro-
geration reactions, '

The apparatus used in this invention is somewhat sini-
lar 10 the converfers described in U.S. Patents Nog,
1,707,417; 2,853,371 and 3,041,151, These patents relute
1o the cooling of the reacting gas whils in the catalyst
bed hy means of colder unreacted gas which is passed
through vooling tubes disposed in the cafalvst bed. The
heated vnreacted pas ds then passed io the catalyst bed.
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The reacting gas in the catalyst and the cooling gas in .

the tubes fiow in the smme direction. This is known
as cocnrent How. The covling tubes extend wpwards
through a lower grate which supports the catalyst bed,
and are snounted in 2 horizontul gas distrihution bufie
below the catalyst bed, Tn the prior practice, the hot
fully reacted gas which passes downwards from the vata~
Zyst hed via a spacing between the grate and the coopl-
ing tubs, is immediately passed horizontally in the spuce
between the grate and the gas distribution ‘baffle, for even-
tual passage to the heat exchupger section of the con-
verter, | '

In the present invention, u now and effoctive hest
transfer surfuce is built into the convérter jn the 520=
tion between the plate which supporte the catalyst bed
and the ges distribution haffle disposed below the plae,
This accompilshes an effective heat exchange belween
the converted gas leaving .the calalyst bed and the un-
reacted gas in the lower part of ihe cooling tubes. The
heat fransfer surface iz obtained by providing sfeaves
around the cooling tubes. The sleeves extend vertically
beiween the pas disiribution bafle and the opanings in
ke plate, and are provided with lower openings adjacent
‘to the gas distribolion baffle for discharge of reacted
gus.  Thus, the hot reacted gas Jeaving the catalyst bed
Is forced down through the annuli between ihe slesves
and the cooling tnbey and leaves the sleeves via the Tower
apenings. _ .

" A siznificant wdditional increment of preheating of the
unreacted gus s thus accomplished. It has been deler-
mmed that this additiveal increment of prcheat is of
" great importance, ju providing a higher inlet tempera-
tore of the unresvied gas to the calalyst bed. Thus,
catalyiic reaclion takes place more rapidly, and foll re
action rale iz aftained olose to ihe top of the eofalyst
‘bed. The net result is that production capacity per unit
volume of catalyst is sigmificantly increased and graater
catalytic conversion is atlained with & smaller catalyst
bed. In eflcct, {he unreacted gag going to the catalysi
is prefieuled to a temperature close to that of the fully
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teacted gas leaving the culalyst without ag additionai
expendiiure of converfer volume, Thus, the catalyst bed
volume reguired for s given comversion capucily s sip-
nificantly reduced, since the top sectiony of the catalyst
bed are more effectively utilizsed in catalytic conversion,
The overall result is that higher output rate is-obtained
wlihout increasing the size of the converter,

It is an objact of the present invention Lo provide an
improved aparatus for cxothermic catalyiic reactions.

Amnother object is to provide an apparatus which pre-
heats the unreacted gas stream to # higher temperatire
Ievel prior to catalylic conversion.

Still another object is to provide ap. apparatns for exo-
thermic catalytic conversions which aghieves higher out-
pul In a fixed converter volume,

A further object is to provide an apparaius which In-
cludes effective heat transfer sufice for heat eXchange
between the fully converted gas and the nnreacted ¢as
stream, affer the unreacted pas streum has been pre-
beated in the catalyst bed,

It is an additional object to be able to preheat the
unreacted gas going to the catalyst to a temperature
close to that of the .reacted pas leaving the catalyst and

‘with a minimum expenditute of converler volume,

An object is to provide an apparstus for exofhetmic
catalytic reactions which achieves higher conversion per
unit volume of catalyst bed,

Thess and oiher objects and advantages of the present
invention will become evident [remn the description which
follews. Tn ikis description,

FIGURE 1 is an overall elevation vicw of a converier
for exotheric catalytic reactions which contsins the g ppa-~
rains modification of the present invention,

FIGIIRE 2 is 2 plan visw of the converter of FIG-
URE 1, taken on section 2—2, and
- FAGURE 3 Is an isometric view of the sleava element
which provides the novel heat exchange effect of the
Present invention, together with associated apparatis ele.

- ments.
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Reterring now to BIGURE 1, the high pressure con-
verter consists basically of a chamber defined by high
pressore shell 1 amd cap plates 2 apd 3. The tmcon-
verted feed gas enters viaz 4 and passes down throngh
the anouiar space beiwcen shell 1 and cireulating plate
5. This preferable arrengement provides maximnm cool
g for the shell. The gas leaves the anuular space to-
ward the bottom of the converter chamber, and passes
upwards on the shell side of the heat exchanger defined
by the lower seetion of plate 5, tubes 6 am] bafiles 7.

The gas stream js warmed by hear exchanse with the
gas Inside tubes 4, and towurd the upper ar warm ond
of the exchanger an additional quantity of cold feed
2as may be imtermixed with he warmed eas for tom-
perature cootrol, This additionn) quaatity of ooki gas
is admitted via 8 and passes npwards thrangh centenl cop-
duit 9,

The total warmed feed gas streum is now directed ig-
wards by baflle 10 and upwards through central con-
doit 13. The gns stream next passes into the distributing
chamber defined by baifle 12 2ud lower distrihating beffe
13, which are joined at their ouler perimeters. The
gas stream is thus directed upwards through inner dncls
14, which may be of un insulating nature, Thus, dnats
14 will preferably consist of double-walled elements as
shown, with a stagnanf gas space beiween the walls for
imsulation purposes. '

The gas stream is conducted by ducts 14 into heut
cxchange with the catalyst hed 1%, passing upwards
through dncts 44 and then Howing downward in cocur-
rent heat exchange in the ammular space between ducts
14 and conceniric outer conduits 16, The feed gas stream
is thus warmed further, and serves to moderate the tem-
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perature rise from the comversion reaction in the catu-
lyst bed. A the feed gos siream continues fowing down-
wards in tha amnular space between duct [4 and conduil
16, it passes below the level of catalyst bed support plate
‘17, which is a plate provided with openings through
which conduits 16 exlend upwards into the catalyst bed
15, As will appear infra, further prebeat of the [eed
gas stream takes place below plate 17, by means of lieut
exchange with the hot fully reacted gas stream which is
directed externally adjacent to conduir 16 by sleeve 18,

The feed gas stream, now completely warmed Lo the
proper temperature for catalytic conversion, passes down-
wardly into the chamber defired by baffles 19 and 13,
which are jointed at their outer perimeters. Thus, the
fzed gas stream is divected centrally inwards, and passes
upwards throvgh central conduit 20. The feed gas stream
is then dispersed over the top of catalyst bed 15, and
passes downwards through bed 15 for catalytic conver-
sion, Heat generared due to exoihermic reaction is re-
moved by heat exchange with vooler faed gas mixture
insids conduits 16.

The fully reacted gas stream now leaves catalyst bed
15 via the lower spacing between lhe openings in plate
17 and conduit 16, and is ditecled adjacent to the iower
putt of condnit 16 by slesve 18, The slecve 18 is pro-
vided with lower outlets for limal discharpe nf the re-
swied gas stream into the spuce defined betwean plate 17
and baffle 19, While passing beiween sleeve 18 and con-
duit 16, the hot reacted gas siream iz in heat exchamze
-relatfon with the feed gas siream inside condnit 16, and
provides an additional and highly significant increment
oi preheat to the feed pas siream.  The reacted gas stream
now passes outwards in the space between plate 17 and

baffle 1%, and downwards in the peripheral space be-

tween bafiles 1%, 13 and 22 and the circulating plate 5.
The reacted gas stream next passes iolo the chamber
defiged between baffles 10 and 12, and downwards
through lubes 6 of the hent exchunger seclion. The
cooled reacted gas is discharged from tubes 6 inta the
-collection space defined between buffics 21 and 22 and
masses downwards in the annolar external to condnit ©
for eventual discharge via 23,

FIGURE 2 is a sectional plan view of the apparasus,
taken om section 2—2 of FIGURE 1. In FIGURE 2,
the couverter shell 1 is shown, together with circulating
plate 5. In » preferred embodiment and conventional
practice of (he present invention, these elements as well
as the double-walled inner duct 14, outer conduit 16 and
sleeve 18 are shown as circular elements in FIGURE 2.
It will be evident thul other configurations of these appa-
ratus elements besides a circular and coaxial arranges
ment are confemplated ag being within the scope of the
present Invention.

FIGURE 3 is an Isomelric view of an individua] sleeve,
together with associated npparatus elements. The fow
of reacted gas is shown passing down from the calulyst
bed and into the spacing between plate 17 and vonduit
18. The gas next procends downwards in the znpular
space between sleeve 18 and condnit 16, ncting to heat
the unreacted gav inmside conduit 16. The reacted gas
next passes through lower slots or openings 24, and Is
directed horizomtally by baffis 19 for eveniual passage
to the lower heul exchanger section of the converter,

¥t will be evident that a primary distincfion of the
present invention resides in the fact that the slesve sle-
ment serves to further preheat the wnreacted gas inside
conduit 48 after this gas stream has been guccessively
preheated in the lower heat ewchanger scclion and by
heat exchange inside conduit 16 with reacting pas in the
catalyst bed ilsclf. It has heen delcrmined that this
additionu]l increment of preheat results in a significant
increase ip total converfer capacity and also per unit
volume of catalyst bed. Thus, a standard comverter for
@ 100 ton per day ummenig facility, whon modified in
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accordance with {he prescnt invention, was provided with
a total volume of catalyst bed which was only zbout
85% of the cafalyst bed volume previously required. A
concomitant increase in converter capacity ic 110 tons/
day output was ulso atlained, with the smaller volume of
catalysi bed.

I claim:

L In an apparalus for effecting high PIEssure gasemis
exothermic catalytic reactions comprising a rcactor shell,
means for Introducing unreacted gas mixture Into said
shell, a lower heat exchanger section, means for passing
said vareacled gas mixture and culalytically reacted gas
in heat exchange relation through said heat exchanger
section, sn upper eatalyst hed section provided with a
horizontal lower plate for catalyst support, means to PASE
preheated unreacted gas mixture downwardly throngh
said catalyst bed section whereby said gay mixtlre is cara-
Iytically reacted, u gas distributing section betweon said
exchanger and bed section, said gas distributing section
having an upper was distribution baffle provided with
a plurality of openings, a plurality of gas conduits for
cooling of the catalyst bod, sa2id conduits cxiending up-
wards throngh openings in said plate and inio said bed
from said openings in said upper gas distribukion baifls,
means to pass noreacted gas mixture downwardly through
said conduifs, meaus to pass unreacted gaz mixlure np-
wards from below suid gas distribmion daflle to the top
of said catalyst bed scction, and exit means to condnie
catalytically reacted gas out of said reacior from said
cxchanger sectiou, the improved means for initial heat
exchange between catalyiically reacted pas and partially
preheated unreacted gus mixture which coprives a plu-
rality of slesves extending between said openings in said
plalc and said npper gus distribution baffle, each of said
siecves being coaxially uligned external to onc of said
gas conduits, sakl sleeves being provided witly lower open-
ings for outlet of oatalytically reacted zas, whereby cata-
Iyticully reacted ons devived from sajid catalyst bed iz
directed adjacent to said gas conduits helow suid plate.

2. Apparatus of claim 1, in which sald mesns to pass
uureacted gas mixture downwardly through suid conduits
eomprises inner ducts dispused within said conduity, said
conduits being closed at (heir upper ends, tazether with
means Lo pass utreacted gus upwardly throueh said inoer
dincts from said heat exchanger scetion,

3. Apporatug of clain 2, in which said joner duets,
canduits and sleeves are ¢ylinirical and coaxially aligned.

4. Apparalus of claim 2, in which said inner ducts arc
double walled with an intermediate void space for Lher-
mal inselation.

5. In an apparatus for effecting high pressure gaseous
cxothermic catalytic reactions comprising a reactor shell,
means for introducing unreacted gus mixture info sajd
shell, a lower heat cxchanger section, means for passing
said unreacted pas mixture and catulylically reasted gas
in heat exchange relation thraugh sajd heat exchanger
seclion, an upper catalyst bed section provided with a
borizontal lower plate for catalyst SUppOTt, & gas dis-
fributing section between maid exchanger and bed sce-
Lions, safd gus distributing section being provided with
upper and lower horizonta] gas distribntion baffes, each
of sgid baffes having & plurality of openings for gay
passage, a plurglily of vertical ouicr conduits disposad
within said catalyst bed for cooling, said outer condnits
extending upwards through openines in said plate and
said vatalyst bed from openings in said upper zas dis-
tribution baffle ami being clnsed at thejr oppsr ends, u
Plurality of vertical inner ducts coexiadly aligned within
sald outer conduits, said inner ducts extending upwards
from openings in said lower gas distritmtion baffle and
terminating 2t upper pus ontlets within suid oufer con-
duifs, means to pass unrcarted gas anixlure from said
hent exchanpe section to the lower side of said lower
gas distribution baffle, whereby said unreacted gas mix-
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ture passes upwards. through sald inner ducis znd down-
wards through the annular space between said inper
ducts and outer eonduits and is discharged itito the gas
collection space defined hefween said upper and lower
gas distribution baffles, 2 central opening in said upper
gas distrihotion baffie together with a central condnit
extending upwards from said opening to the tap of suid
catalyst bed, whereby sald unteacted gas mixmre is con-
ducted fo the top of said catalyst bed and passes down-
ward throngh suid catalyst bed, meens to pass cataiyli-
cally reacted gas from the section defined by said plale
and said upper gas distribution bulle to said exclhanger
scction, and exit means fo conduct catalytically reacied
gas aut of suid reactor from unid exchanger séction, the
improved means for initial hest exchange beiweca cata-
Iytically reacted pas and partially preheated upreacted
8as mixinte which comprises g plurality of slecves ex-
tending between said openings in said plate and said upper
gas distribulion baffie, sach of said slseves being coaxi-
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sleeves being provided with lower openings for outle] of
catalytically reacted gas, whereby catalytically reacted pas
derived from said catalyst bed is directed adjacent to
said outer condnits helow said plete,

6. Apparatus of claim 5, jn which said Iomer ducts,
outer conduils 2nd sleeves are cylindrical and couxiafly
aligned,

7. Apparats of claim 5, in which said inner ducts are
double walled with an inlermediate void space for ther-
mal insulation.
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