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APPARATUS FOR EXOTHERMIC
CATALYTIC REACTIONS .
Axel Christensen, Stumford, Coun., assitnor to Chemical
Constroction Corporailion, New Yok, N.Y., a curpo-

rafien of Delawure
Filed piar. 11, 1964, Ser. No, 351,151
7 Claims, (Cl. 23— 280)

ABSTRACT UF THE DISCLOSURE

Apparatus s provided for exothermic catalytic reac-
tiens in which a process Vanor Ur gaseaus stream is passed
through a stationary catalyst bed, and the resulting hot
praduct siream is passed through extarnal heat TECOVEry
means such a$ a steam boiler. T'wo heat exchange seciions
are providad in ihe reactinn vessel in verlival series belpw
the catalyst Tied. The cold feed strearn is passed in series
through the lower heat exchanger, the upper heat cx.
chunger, and the catalyst bed, The resulting hot reacted
stream s passed throngh the upper beat exchanger and
then passed external to the reaction vesscl and to thg ex-
ternal heat recovery means. The resulting partially copled
teacted stream i returned to the reaction vessel apd
passed through the Inwar heat exchanger for final cooling.
The fully cooled reacted steeam I8 then passed to prodoet
ICCOVEry.

e R e .

‘Lhis invention rclates to an apparatis for effecting an
exothermic vapor phass eatalylic reaction whersin a gas-
eoua reaction mixture in passed throngh a stationary cata-
Iyst bed. The invention pravides an improved apparaius
for {he usefnl Tecovery of heut as steam or for heating
purposes, wWhen such heat is generated during excthermic
vapor phase calalytic reactions which are conducted g
high pressure. The invention is further concerned with the
recovery of steum during such reactions S AMMOnia syo-
thesis, synthesis of metiunol from hydrogen =and carbon
monoxide, the Fischer-Tropsch synthesis of hydrocarbons
and atkanols and other simifar hydrogenation reactions.

The wseful Tecovery of heat generated in high pressnra
exnthermic catalytiv reactions s ‘an importent considera-

tion in the overall economic efficiency of such processes.

I some cases, this beat is nor Tecovered at its maximmm
available tcmperature level Thuy, zecording to U.S. Pat
ent Nos, 2,861,873 apd 3,041,151 (FIGURE 2}, the hot
reacted gas Is passed in direct heat cxchange with the in-
coming cold unreacled gas streaun, {o hear the unreactsd
&as 10 fne required reaction temperatmre level, In this
case, the reacted gas Bows directly through a single beat
exchanger in the lower poition of the reactor shall, und
all of the net heut of reaction is Tetained ng scpsible heut

in the gas finally leavin the reacior. Although considar--

uble heat is comtained In fhe final exit reacted gas ag
sensible heat, the temperature level af which 3 is yvail-
able is too low for sffeciive heat Tecavery. However, jn
some instances it has been found profifable to gencrate
low pressute steam from this sensible heat,

Arnother method of obiaining stemm from lest gen-
ernted in the reacior is to provide g series of coils within
the wutalyst bed, through which porified water or other
heat exchange medium Is eirculaled to he heaicd. The
purificd water thercafter supplies heat to am external
buider. The tnain objeetion to this sysiem is that the water
or other heat exchange medinm virculating in the cofls
must be of the highest degree of purity to prevent tube
failure by vorresion in the prosence of the excessive tem-
peratares and pressures usually maintained ia catalytic
reaglors, An additionat disadvaatege is the fact thet if
there is failure of the external bofler or anxiliaries, the
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entire system, hoth reactor and steam generating plant,
must be shut down for repalrs.

Finally, an apparatus desiza 5 known in which the hot
or reacied gas is directly removed from the catalyst bed
of the renctor to external heat Tecovery as in an extcroal
steam boiler, and then the partially cooled reacicd £as is
returned to the reacior for heat cxchange with the in-
coming cold unreacted 2as. Snch upparatns arrangements
are illustrated in U8, Patent Nes, 3,041,151 (FIGURE
1) and 3,067,017, In thess cases, it is necessury to pro-
vide expensive heat-resistant conduits for the irapsport of
the hot reacted gas stream to exlemai cooling,

In the prasent invention, o stgafiicant advance in overal]
heat recovery and process equipment economy s pro-
vided, The hot reacted gas is passed through an anxiijary
or second heal cxchange seclion within (e reactor, for
heat exchange with the unrescted gas. Then the parily
cooled reacted gas is passed external to the reacter for
further heat recovery, as in g steam hoiler. "The cooler re-
acted gas is now refurned into the reactor, for final heut
exchanse wilh the incoming cold nnrencicd gas. Thus,
{wo heat exchange sections are provided within the re-
actor apparatus, both serving to heat the incoming cold
unreacted gas, The lower und first section heats the un-
reacted gas by heat exchange with parily cooled reacied
gus detived [rom external heat recovery means, while
the middle or second section heats the already somawhat
warmed anreacted gas stream by heat exchange with the
hot reacted pas stream directly derived from ihe catalyst
bed. .

The apparatus arrangenteqt of the present invention
provides notewarihy advantages, Heat may be rccovered
from the hot convericd gas strenmn ai any suitable or da-
sired temperature Tevel, Dps to the preliminaty conling
of the hot reacted pas stream in tbe second ot middle heat
cxchange section, it iy not necessary 1o provide expensive
material of constrection such as high elloy steel for the
condult serving to conduct the Lot gas to externu] heat
meavery mmeans. Fioally, an oplimum amennt of heat i¢
fecoverad ul A usable femperature Jevel, ]

It is an object of the present invention to provide an
improved apparatus {or the recovery of heat [rom eata-
lytic exothermic reactions,

Another object is tu provide an apparatus in which heat
]maéfl be recovered at any varfable or suitable tergperature
evel. .

A further objoct is to eliminate the neceszity for pro-
vision of high alloy conduils for removag of hot converted
&as {rom catalytic reactors,

An additionai ohject is i pravide an apparatus for
exothermic catalyiic FRACLiONS In which two hent exchanpa
sections area provided, for mazimung temperature control
and heut wiilization.

These smd other objects and advantages of the prosent
invention will become evident fram the description which
follo_ws. Referting o the figure, the high pressore reactor

oriented cyiindrizal contaimer,
£as stream 3 enters via inlet nozzla 4 and paszses down
thrangh the angulgr fpace between shell 1 and vertical
&as cireulation plate 5, This rath of flow for the cald un-
reacted gas provides maximuom cooling for the shell 1,
Thé gos stream leuves the auaular space toward the hottom
of ke reactor chamber, and Bows inwacd into the shell
side of the lower heat exchanger saciion consisting of
lower tulie sheet 6, upper tubs sheet 7, vertical {ubgs §
and shell side sas bafiles 9, The unreactad. gas siream
fowing upwards external to tubes § is warmed by indirect
heat exchange with hot reacted eas llowing dowowards
inside tobes 8. Toward (he upper or warm end of the
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heat exchanger, an additional quantity of cold feed gas
may b intermixed with the wexmed fecd gas for tem-
peraturc control. This additional yuantity of cold feed gas
is admilted via stream 10 which passes via inlet nozzls
11 into [he annular space hetween conceniric and coaxial
conduits 12 andl 13 and thence upwards lo join the main
stream of nnvencted gas,

‘The warmed feed gas now passes upwards in the anon-
Iar space Lelween plate 5 and vertical peripheral bafffe
14, and then passes into the shell side of the middie heat
exchanger section defined by lower tube sheet 1%, npper
tube sheet 16, vertical tubes 17 acd shell side gas baffles
18. The unreacted gas stream fowing upwards external to
tubes 17 is forther warmed by indirsct heal eXchange with
reacied gas flowing downwards in tubes 17. This reacted
gad is derived at a maximum temperatnre [rom the cata
tyst bed section in & manner to be deseribed infra,

The further warmed nnreacted gas is dijected ceatraily
inwards by upper tube sheet 16, and fows via vertical con-
duit 29 info the gas distribution seetion defined by bafie
20, lower perforated baflle 21 and upper perforated baffle
22. A peripheral vertical baffle 23 is also provided, which
ioins (he outer edpes of buflics 20, 21 and 22 ediacent to
plate 5, ‘the upwardly fowing unreacted fas strewm passes

- from the conduit 19 into the space betwaen bafiles 20 and
21, and is distributed into inner conduits 24 which cxiend
upwards from openings in bafile 21, Conduits 24 may be
of an insulating nature, to prevent heat transfer jnto the
noreacted gas as i Sows wpwards within the condujts 24,
The gas stream is conducted 1o the top of conduits 24,
4nd is thereafter diverted §
duit covers 25 which close the top of outer conduils 26,
The outer condnity 26 are coaxial with inner conduits 24

into & downwards flow by con-
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vin stieam 37, with the pressure leve] of the steam heing
limiled by the available temperaiure of stream 33.

The reacted process gas stream now leaves hoiler 34
vie stream 38, and still coniuins o usable proportion of
sensible beat, This heat in stream 38 is recovered hy re-
cycle of the reacted' gas sireum to the lower heat ex-
changer in 1be reactor 1. Thus, stieenm 38 is passed via
nozzlc 39 imto the annular space ‘batween coaxial con-
dujts 31 and 13, and flows upward io the space hetween |
bafile 30 and the upper tube sheet 7 of the lawer heat
exchanger. The reacted pas next paszes downward, ’:hmugh_ ’
tubes B, in heat exchange with cold unreacied gus. The
fully cooled reacted gus is removed from the tubcs 8 -
into the spacs defined between Iower horizontal baflic 40
und tube sheet 6, with-peripheral end closnre by verlical
baifle 41. The cold reucted gas next passes downwards
in the annular space belween condnit 12 and coaxizl outer
conduit 42. Fimslly, the cold reacted gas stream is ro-
moved from this annular space via outlet nowzie 43 and
is passed t0 externul utilization as siream 44, .

Numerous alternatives within the scope of the present
fnvention will oceur 1o those skilled in the art. Thus,
steata boiler 34 may be replaced by any other suitable
heat recovery means, In additinm, the catelyst bcd con-
figuration described supra represents merely a preferred
embodiment, and.other arransenents Tor passage to and
through the calalyst bed 28 of the warmed paraacied

- gas flowing wpwards in central comluit 19 will readily

occtr 1o these skilled in the art, For example, depending -
on redction rates of the particular calalytic reaction con-

© templated, it could be feasible to omit bafie 22, fupter
- comduits 26 and closores 23, as well as central vertical

2l cxtend dowuwurd to openings in baffle 22, Thus con- -

duils 26 serve to define an annular passage in which the

Aorencted gas fiows downwardly in parallel or concurrent

flow to the reacting gas in the catalyst bed, Tha unreacted
gas siream in the annolar passage betwesn conduits 24
and 26 js further heuted by heat exchange with the hot
reacting gas In the calalyst bed. Concomitant cooling of
the catalyst bed is thus attained.

The hol unreacted pag stream is eollecied in the space
between baflles 21 and 22, and is directed centratly in-
wards to cealral vertical duct 27. The kot £as, naw al p

lemperature suitable for catalytic conversion, is passed by

duet 27 ta the (vp of catalyst bed 28. The hot unreacted
&us stream is then dispersed into bed 28, towing dowu-
ward In contact with catalytic materin] al & temperature
such thal catalytic reaclion or couversion takes place, The
hot reacted gas pow passes down from bed 28 through
cutalyst bed support grid 28, and is direcied horizomtally
outward by baffle 22, ke hot reacled gas next passes
downward in the anmular space belween peripheral vertical
ballle 23 and plate 5, and into the space deliucd between
haffle 20 and tube sheet 16, The hot reacted gas then

passes veriically dovwnward through heat cxchange tube
17, and is coaled by heut’ exchange with the unreacied -

228 tn an intermediale lower temyperatyre level, -

. The reacted gas stream, now cooled to.a evel which
rermits handling In conventional steel materials of con-
struction ratber than high alloy steel, is next diverted cen-
trally inwards in the space between lower tube shest 15
and ‘partition batfie 30. The hot reacted 548 NOW passes
into central coaxial condui 31, and flows downwards out
of the reactor to extcrnal heat recovery, In o preferred
embodiment, the heat recovery  takes place by hsat ex-
change with lignid water in u.steam boiler, which is also
- achematically illustrated. The hot reacied gas thus passes
from conduit 31 fo oulict nozzle 32, and thence via 33 o
steans. boiler 34, which is typically g fire tube boiler, The
Process gas passes upwards through the mbes 38 of bailer
34, and is cooled by heal cxchange wilk liguid water
siream 36 admitted external to tubas 35, Generated steam
is Temoved from boiler 34 ag any suitable pressure level
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) whereby safd cold umrzacted

duét 27. In this case the gas stream would pass directly -
tor the top of the catalyst had through tubes 24 which
wauld discharge the unreacted gaus into the bed 28 In
this case 1he tubes 24 would exiend io the top of hed 28,
and congter-current heat exchange would taks wlace in the
bed between the inreacted and reacting gas streams.,
Other types of heat exchange upparatus such as fin-fube
exchangers may be provided in practice. In addition, it
will be evident that the baffle and tube arrangements
may also be suitably modified so that the unreacted gas
flows through the tubes and ‘the hot reacted gas lows
external to the tubes for heat exchunge, These and ofler )
modifications obvious to those skilleq in the art are con-
templated us being within the scope of the present in-
vention. S o

. In a typical application of the appirats of the present
invention, a 100 tons/day ammonia converter Was. pron
vided with a second middle hest cxchatiger in accordance
with the present invention, Lo provide mitial uod partal -
beat exchange between e hot reactéd gus aond the
warmed unreacted fas coming irom a lawer conventional = .
heal exchange section. I'he temperature of the reacted
gds leaving the catalyst bed and entering (he middle hoat
exchunge was 500° C., and this temperature was lowared
10 350" C. by the special heat exchange asrangement of
the present invention, This rcsolted fn g -foial saviopgs In
materials of comstrnction for handling the hot Teactad
gas ol $25,000. ) :

T claim: : i o :

. 1, Apparatus for conducting a gasecus exothermic -
catalylic reaction at elevaled pressure with improved-heat
recovery which comiprives a reaciar shell, a first heat
exchange section in the lower. portion of said'shell, asec-
ond heal exchangs section in the middie portion of ‘said
shell, a catulyst bed in the upper portion of said shell,
means to pass cold unreacted process gas stream inte said
reactor shell and through said first heat exchange seetion, -
pas stream Is partially
warmed, means to pass the partially warmed unrescted
gas slream throngh said sccond heat exchange section, -
whereby said partially wurmad gas stremm i3 further
warmed, means to pass said further warmed unreactad

75 8as stream ihrough said catalys bed, whereby a hot
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reacted gag strcam fs produced, means io pass said hot
reacted gas stream throwgh said second heat exchange
section, wherehy said reacted gas stream is partiaily cooled
by heat exchangse with sald partially warmead unreacted
gas slreaz, means to pass said partially cooled reacted
£as streain exlernal to said reactor shell and lroagh ex-
ternal means for heat IECOVEry, whershy suid reacted
gas stiearn js further cooled, means to retuen said further
cooled reacted gas stresm into =aid rewctor shell and
through said first exchange section, wherchy said further
covled reacted gag stream is cooled fo a final Tow tem-
perature level by heai exchange with said cold nnreacted
gag, and means {u remove said finally cooled reacted
gas stream from sald reector shell,

2, Apparatus of claim 1, in which said cxternal nieass
for heat recovery is u sicam boiler,

3. Apparams for conduicting o’ gascous exethermic
catalytic reaction at elevatad bressure with improved heat
rceovery which comprises u reacior shell, means for in-
troducing cold unreactsd ans into said sheli, a lower hent
cxehanger seclion, means for passing said cold nmrescted
2as and partially cooled reacted gas in heat exchange
relation through said Tower heul exchanger section, & mid-
dle heat exchanger section, means for Passing warmed
unreacied gas from said lower haat exchanger section and
hot reacted gas in heat oxchange relation threngh sajd
middle hest exchanger scelion, an upper catalyst hed
section, a gas distribuling section between said middle
exchanger ssction and said catalyst bed section, said gas
distrivuting section vomiprisiag upper and lower korizontal
gas baffles extendiog to a vertical petipheral bafe ad-
jacent io the {nner surface of said shell, a plurality of
snbsiantially vertical inner condujts disposed within said
bed lor cooling, said inner conduils exiending upwardy
into said bed from openings in said lower bafile, a plu-
rality of owter conduits concenric with said inner con-
duits, said outer coaduits cxtending npwards info said bed
from opeaings in smid upper baffle, suid outer conduits
being closed at their upper ends whereby warmed nn-
Teacted gas passes Upwards from said unddle exchanger
section ued is dispersed by said lower hafile 1hrough said
inner conduits and then downwards in the anouiar space
between said inner and owter conduits 1o coo] said catalyst
bed, a central vertical doct exlending upwards Lrom a cen-
trzl opening in said npper balls o the top of said catalyst
bed whereby hot unreacted gnsis passed from ibe space
between said baffies to said calalyst bed, means lo pass
downfiowing hot reasted fas from said catalvst bed io
sgid middie exchanger secticn, means ta condnel partly
cooled reacted gas from said middie exchanger scution
o heat recovery means exteroul to said shell, meens to
conduoet the further cooled reacted gas fram said heat TE=
covery means o said Iower heut exchanger secton within
said shell, and means to conduct the fnlly caoled reacted
gas from said Jower heat exchunger section to ulilization
external to said shell, .

4. Apparatus of claim 3, in which said heat TRCOvery
means external to said shell is a steam boiler,

4. Appuratus for conduchng a gaseous exothermic
catalyiic rcaction at elevated pressure with improved heat
recovery which comprises a vertically privnted cylindrical
reactor shell, a venical gas cirenlation piete adiacent the
iener perimeter of seid shell, means for passing cold nn-
Teacled gas intor the upper part of the unoular space be-
tween said shell and said plate, whereby said cald m-
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reacled gas passes duwnwards to (ke stisll side of a lower
heal cxchanger section having vertical heat cxchanger
tubes, means to pass warmed porcacted zas from said
lower heat exchanger section to the shell side of a middie
heal exchanger scction having vertical heat exchanger
tubes, an upper catalyst hed section, a gas distributing
seclion batweeu said middie exchanger secifon and said
catalyst bed section, said gas distributing section com-
prising unper und lower horizental gas baffles extending
to a vertical peripheral baffle adjacent to said plate, a
plurality of substantially vertical inaer conduits disposed
within said bed for coofiag, said inrer conduits extending
upwards into said bed {rom openings in said lowsr haffle,
a plurality of outer couduits concentric with said inner
conduits, said outer conduiis extending u pwards into said
bed from cpenings in said upper haffle, said outer con-
duifts bemg closed at their upzer ends wherehy warmed
unreacted gas passes npwards from sajd middle exchunger
seciion and s dispersed by said lower baffle through said
fnner condwits and thep downwards in the annular space
between said fnner and onter conduils to cool said catalyst
bed, & central vertical dupct sxtewding upwards from a
ceniral opening in said upper bulfe to the top of said
catulyst ned wherchy hot nareacied gas is passed from
the space between said baffes iu said caralyst bed, means
to pass downflowing hot reuctod gas from said catalyst
ted 1o the tubes of sald middle exchanger section, means
o conduct purtly caoled reacicd gas from the tubes of
said middle exchanger section to a heat TECOVErY . steam
bolier external to sald shell, mesns to conduct the further
cooled teacted gas from suid steam boiler 1o the tuins
uf said lower heat exchanger secHon within said shell,
and maans to conduct the Infly cooled reacted gas from

¢ tubes of said lower heat cachaneer section to utilizg-
tion external to said shell.

6. Apparalus of clahn 8, in which means is provided
o by-pass a portion of the cold mreacied gas past yaid
lower heat exchanger, the by-passed portion being passed
into the lower part of said shell and added to the main
steeam of unreucted pas after said maja siream passes
ibrough said lower heat exchange section,

7. Appavatus of claim 6, In which a first vertical
duit is provided centzally in the Iower part of said shell
for removal af partly cooled rencted gas from the tobes
a second goaxiz)
conduit Is provided cxternal to said first vertical condnit
to provide aa annulur passage for relurn of further cooled
reacted gas to sald lower heat exchange section, = third
coaxial conduit {3 provided external Lo said second con-
duit to provide an annglar passage for ssid ndmittance
of cold by-pass wnreacted gas [0 the main sircam of
warmed unreacted pas, and a foneth coaxial conduit is
nrovided external (o said third conduit to provide an
annular passage for removal of cold reacted gas from
said lower heat exchunge section, said first, second, third
and fourth vertica! coazial condnits being provided with
;ispcctive 53s passage means at the base of snid reactor
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