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COMPLETE SPECIFICATION. . \:}/ W
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PATENT SPECIFICATION.

Method.and Apparatus for Carrying Out Catalytic Reactions,

. Wa, THe Sgromy CoMPANY, 4 COFpULTa-
tion organised under the laws of the State
of Detawure, United States of Ameries,
of MeCartney Street, i the City of Pitbs-

burgis, State of Pennsylvania, United

Btates of Amcrics, - (Assignees of
Avpmons Orro Jasews, of 9, North Grand-
view Avenue, Craffon, County of Alle-
gsheny, State of Pennsylvania, Uniled
Qtates of America, a citiven of the CGer-
mzn Republic), do hereby declare tha
nature of this invention and in  what
munner the same is to be pexformed, to
be particularly described and ascertained
in.and by the following statement: —

“This nvention relates to methods and
appuratug for omrrying oub catelytic Ye-
actions and more pavsienlarly for oarry-
ing out exothermic vapor phase catalytio
reactions, such ak the oxidation of organie
eompounds.

In the past exothermic catalytic re-
actions, sneh as, for exampla, oxidabion
of organic eompounds, have heen carried
out in converbers cooled by various means.
The mast strongly exothermic reaghions,
such as, for example the oxidation of
aromatic hydrocorhons, for example naph-
thalene to alplangphthaquinone, phthalie
enhydride and malele acid; benzol,
phenol, of far phencls o maleie acid;
fahiol to benzaldahyde - and benzoie aeid;
amthracene Lo anthraquinone; aecnaph-
thene to naphthelic anhydride, and the
like have usually been carried out in
tubuler converbers using small cabalysh
tubes swrrounded by  effactive’ cooling

" haths, such =s, for exainple molten retal
baths, as lead and the “like,” or baths of

fusible salts, sueh a8, for = exmmple,
cutestic mixtures of sodium nitrete and
sodiarg nitrife. These baths, when pro-
perly circulated permit an effactive con-
trol, the exotherm being sbsorbed in the
form of seneible heat. The  conteol of
cooling, howewver, is not automafie and
ndcessitates o many vasss eonsiderabls
runarvizion. ’

An gatomatic copling melhod has heen
wsed i which the hath boils at aboub the
temperature of reection and the heal of
the eatalvst is absorbed in the form of
latenf heat of vaporisafion withoub ehanga

of tempevsture, Sneh baths are merewry,
mereury silogs, and the like, which rnay
boil under atmospheric pressure or in the
cage of mereury undey predetermined pres-
gura when a higher boiling point is de-
gived. . Thiz method of conlrol of exo-
thermic catalytie reactions has the grent
advantage that it i sutomatic in nature
within Hunits, that is to say fuetuations
in exotherrn de nob result in ecrrespoud-
ing fluctuations in bath tempersture bub
are tekon care of by a greater or less
ebnllition ab the sumc tempsrature. De-
spite the ndventapes of automatio control
which guch a gystem possesses, there are
numercus disadventeges. If is only pos-
gible to fill & comverber part full of cafa-
lyst and of batlr as a vapor spase mush
be left, Thiz redvces the length of cate-
lyst which can be used in a converter of
given sire. Another even more eervious
disadvantage Hae in the faet that the
boiling takes place directly in conbuet
with the catalyst (ubes or zones and as
the bath liquids used normslly arc of high
specific graviby, particularly in the ecase
of mercury and mereury lead alloys. there
i o serions tendency for bubbles of vapor
fo form in contack with the cululyst tubes
and to mel, at lonst femporarily, as insu-
lating layers for, as is a well known phy-
gical fack, 2 vapor is a mueh poorar con-
Juebor of heat than is a liguid. Ancther
disndvaniage les in the faet that In most
practical eonverter designs it is desirable
o pass the gases downwardly through a
vertical convervter in order to effect & more
intimate contaet. ' A boiling liquid, how-
éver, will not cireulate downwards and if
strengly heatad in its upper porlion and
not heated sufficiently ™ its lowear por-
tion the upper layers may boll and no
posifive control of the temperature of the
lower layers i¢ obfuined. TIn the ordinary
tyne of eonverter with a down flow of ges
thig iz vory ept to happen as the grestest
beat is evolved in the upper portion of
the contach msss which enocunters the

. frash reaction gases and whero, thorefore.

the reaction iz mosk violent.

Another disadventage of the method of
controfling  catulvile renctions by s
rounding the tubés with & boiling hath
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Hes in the fact that if the object of this
method of sontyol is achievad, that is to
say unifovm tewperature throughout the
hath liquid, this will no6 permit the CRETY-

..Ing uut of many reavtions nnder opbimum

conditions.  This is ordinarily troe of

equiibriom reackions, such as the eontact-

sulivic acid process, und of many organic
oxidations to intermediate products twhieh
are relatively unstable st high fempera-
tures m contact with the oatalysh. In
equilitvium rescfions the temperature o
maximwin- practieal resciion veloeify s
normally higher and in many cases much
higher, for ingtancs 100—900c Q. higher
than the reaction temperstuwe for ophi-
mua equilibrium, that is to say highest
pereentage conversion to the desived pro-
duet. Sumilarly in moeny crgamie oxida-
tions the - main reaction in ths portion of
the catalyst oncounfiersd by the freah
gases should be advanbageously oaried
cut ab a higher temperature than the lagt
portions of the reaction where a large can-
cenfrafion of the reeciion produet s pre-
sent and: where it s desirable fa Provent
decomposition . of -the -produch. Thig
necessifates  different  tempiratures in
different portions of the eonvertsr and in
the-ordinary downflow type of - fubular
eonverter normally the upper porbion
should be af a higher temperaturs than
the lower portion. For this resson ean-
verters fu which #he - catalysé tubes or
zones are completely sumoundsd by a heil-
ing bath have proved to be dismal failures
for the conbabt sulfuria aeid provess.

- The present- invenbion retains $he
advantages of automatic temperaturs cons
trol, or perliaps more eorrestly automatic
heat romoval, without- the disadvanfages
inherent in-the method which - surroungds
the catalyst vones -with a~boiling " -bath.
According to the present invention a olpssd
cireuit bath system is uged with & bgth
Yiguid,- for- example: & metal' or metal allay
or other suibuble - liquid, which under
atmospherie presswre~ boils st or profer-
rbly-below the duuired bath tamperditure
in contact -with-the hottest -eatalyst zdne;
This- bath s catised to eirevlats” areund
the catalyet comparbmients ‘and i provided
with suitable ‘exterial edobng. the por-
tion:of the bath in confadt with thé cata-
lyet compariments being under - sufficient

. pressure 50 that it will fiet-bofl aid the

60

a5

© 7One Or eonverfer and thé bath

presrure felng veleased in another portion
of-the -eirauit  external- to the- nafalyst
belng per-
mitted . to- hoil- tg tutomatidally - compert-
sade for fluebuntions-in-heat abSorption. -

The process of the present invention is
rot- litnited 6 smy partiénlas apharatus
design and the- variations in pressire in
the * differen} -portions- of - the" -gircAtating

liguid may be effected in any desirable
or suitable maaner. Since, however, the
metal alloys and metals such as mezcury
which may be considered as the preferred
batl Hquids for use in he present inven-
tion Luve a very high specifie gravity,
the difference in pressure ean be vbisinad
in a simple aud entively automutic mannar
by raising the level of the lignid in the
highest portion of the syzfem sufliciently
above the portion in eontact with the eaty.
lyst 2one so that the hydiostatie pressure
dus to the diffeyence in level will be suth-
cienf to prevent the liquid from boiling
In gontact with the entalyst zones, When
the method of the present invention is
carvied out in connection with the pre-
forred. iype of .converter, that it te sy
vertical fubuler conversers, a guitahle
vapor disengaging vessel or drum is placed
at o sufficlent level nbove the fop of the
catalyst tubes so thut the bath in the eon-
verter which i3, of eowrse, complately
filled with bath liquid is at a prossure
such. that the liquid will not boil m con.
tach with the catalyst tubes, ebullition
taking place only in the portions of (he
system ahove ile converter ov cutalyst
zona,  From the lower portion of the
vapor disengaging drum  suitable  rotmm
vonnections carry the lignid back to the
bottom of the converter and such con-
noetions may be provided with any suit-
able cooling means, this problem being
extremely simple 2s the high tempera-
tutes encounterad in  most highly  exo-

. thermic eatalytic reactions, such us the

oxidstion of urganie eompounds, will pro-
vide suilicient etoding cven when fhe re-
burn pipes are lagged for a considerable,
and, in mome cases for thehr whele length.
I# will be clear, of oowrse, that variations
i’ the amommt of heat ipsulation may be
used to control the eooling in any desired
mamner. Of course, suitable refinx eon-

© densers will ba %'ovided sa that tho vapors
} {

dissagaged in the drmm  will be reann.
densed end returnad to i,

The cirelation in the prefarved type
where thé verialions in Progsure  ars
effected hydrostatieally is very rapid, for
it i& possible and in many reactions
extromnely desivable to permit o tempera-
turs difference wy high as 100% gnd some-
tinmes ad much as 200° €. between the
bottom of the nonverber and the top. the
ciretiating bofh is heated up i passage
over the catalyst tubss fo o temperature
whiel is normally above its boiling point
ef ‘utmospherie pressure and which in an
extreme casc may be just below its hoil-
ing point st the presyure existing in the
upper part of the converter. As the hot
buth vises i tht connections to {he vapor
disengaging deum “the' pressure on it de-
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oreases, snd H 16 hus been beated up
almost to the Dboiling point under ths
higher pressure obtaining im. the eonverter
bubbles will begin (o forre in the aiser
pipes or connections which will rapidly
aocalerate the flow, giving what may be
culled a goeywer geion. The smount of
aceeleration which the flow receives from
thiz geyser action will nermally vary with
the tommperature e which the lquid is
heated before it lesves the comverter, that
ig to say with the exothermn of the re-
aetion. Tn olher words, o oiroulabing
systern  is. present which auwborusbically
and very rapidly increases its ecirculating
speed wilh Inoreasc of heaf sheorbed per
it time. At the same fime the tempera-
ture of the liquid in the drum, which to
a large exbent controls the terperature of
the retwning liquid, i¥ maintained con-
stant for, of course, i must Be at ths
boiling point of the ligeid at stmospherie
pressure,  All excess heat is, of couree,
removed ab constant tempersture by beil-
ing of the lquid in the drum and the
vapors afe econdensed in reflux eondensers,
returning condensate at  tha same jem-
pamtum

For most purposes it is desivable to per-
mit tha bath liguid to boil at atmospherie
pressure in the drumr bub it should be
understoad that the pressure at which ib
boils can be varied by any suitable means
30 a8 to vary the boiling point. An in-
crease in pressure will' not only raise the
hoiling poind of the liquid in the drum
but will result in & higher average fem:-
perature in the converter for the tempera-
ture of the comdensate which m fimn i
vne of the inain condrolling factors of the
bath inlet temperuture in the bottoin of
the econverter 8, of epurse, comfrolled by
fhe pressure under which” tha TAPOrs eDI
dense:  Méreover the higher - pressure
necessitates - greaber superheating before
gayser action tdkes place and will, thare-
fore tend to slow up the- cireulabion to &
poink where the temperature of the bath
in the-upper part of the conrverter is suffi-
cianiply increased fo ‘provide for the- ré-
guisite amonnt of meyser action to nfabn-
fain thé-eirculation at 2 sufficlent rate to
absorb the heat- of regebion. Correspond:
Ingly &*vaeuum on the drom wil lower
the average femparatuve-in fhe converter
by spéeding up the geyser citevlation and
by lowering the temperature of the con-
densate returmed té the converter: . Varia-
Homs in pressurs eanstifirte ‘4 very sinypla
menans ol varying tho average temperatuw
in the converter or the temperature in the
bath adjscent fo the zonme of mavimum
rasetion.  This mikes it a" simiple mattor
to vary flie” témaperstire at will which' &
convenient in many reactions as catalysts

sometimes deterigrale and reguive higher
temperatiures than when they are iresh.
Yo is; of course, an cusy mabter to vary the
boiling peint of the hath in the drum
when the luléer i am slloy by varying
tha composition bnt there is an advantags
in using pressure veristions to cffect tem-
porature variations ag the labter can be
regulated almost instentanecusly whereas
a considerable slthough net very long
peviod of fhwe is regquived o ellcel  corre-
sponding varabions in composificn of an
allay bath. In the drawings, no pressure
devioos are shown af thodr sonstruetion is
thoroughly known in the art  and the
particular design of pressure produsing
meung forms no pars of the present inven.

It will he apparent- then that the pre-
gent inveation provides for an  sutorostic
heat absorption reans at constant tem-
perafure and ot the -same time possesses
all of the advantages of systems whicih do
not use a bofling hath in contach with the
catalyst tubes and permits, of course, the
maintenance of desired temperature difier-
antials befween different porbtions of the
converter. In the preferved modifications
in which the¢ vurialions of pressure are
secured hydeostatically there are no mov-
ing parls and the specd of circuletion is
automaticatly veried by the amount of
goyser action ns well as by the difference
in specifie graviby of she hot and cool legs
of the eireult and as the geyser action
incrsages very rapidly when the super-
heating of the liquid in the top of the
convelter inereases a moszé effective con-
trol of exntherm is obtairad. The inven-
{ion, of course, is not
method of circudubion and it desired mech-
anidal oireulatihg ‘mMeans, such as pumps,
impellers, and the like may be used and
whero laige converterzs are contemplated
it is frequently advantageous to provide
an’ impsllar n the central portion of the
vouverber to nsure uniformly rapid efr-
culsition’ of the bath liguid arcund all of
izhe ‘eftalyst compartments.

" Anether’ ndvantage ‘of the presenb sys-
tern lies in the fac’ﬁ that while under
normal operation no hofling  takes place
ir_ contact with the e&talyst fubes, in the
eage of @ temporary emergency resulting
in n sudden énormons increase i exo-
therm the latent heat of the bath may be
considered u8 a snlely valvéd and will pre-
vent explosion or serious disfurbances
when the aperating donditions are fem-
porarity dersnged to an cxbremc extont.
Nm'mally, however, no boiling in the eon-
vertef I8 permitted and hencs for normal
operation” the predsute should be chosen
sufficiently high so thet there will be no
boiling. Wl‘th heavy bath liguids, sueh
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48 metals, this is of eourse very eusy as

then the ruise of level ot only two.feet
wil put a pressure of 10—12 pounds on
the nquid m che fop of the - conmverted
whinh, .of course, means a much highar
boiling point. In some eases.even groater
difference in level may be necessary sither
to aseure & suificiently greal pressure in
the .convevber -to prevent . boiling _or fio
assure a mpre rapid chroulation. .-

_ Many_of the alloys used wre solids at
vrdiaary. . temaperatures. .Soma. melt  ab
zbout the boiling point.of water or a little
shave, .others..yequire. quite a ligh tem-
perature. . When starting .up _it .ig, of
course, necessary tor lquefy ' the bath in
the. girenjt cutside of the converier as well
as. the mass. of buth inside. the converter
and, therefore, the external cireuit may
ha provided with heeting jackets fon
steam, hot oil, or any other medium, such
#s hot air or, as i preferabla n many
installations, snitable eleetrie lLicuters may
be employed. The drawings, which are
purely diagrammatic in nature do not
show these heabers as their construetion
is well Imown and farme no part of the
present invention, any suitable heater
design being ussble. The heating, par-
tHeulnrly of the riser pipes, may be used
only for stariing up or the hesting may
be contimred during running In oder to
Inaraase the spoed of cireulation and par-
ticularly the gevser action whieh would
be slowed down and in some sases prec-
tioally stopped if the riser pipes are
unduly ecoled.  Tn general no insulation
is shown in the drawings as its applieation
s well known and the partieulsr bype of
insnlation forms no pard  of the present

. Invention. The drawings alse show by

way of example air ecooled reflux von-
densers which are very satisfachory when
using  metal baths. However, wafer
cooled -refluxes of any suibable desion

 may be used and are sometimes of advin:

tage whers - ths amount of cooling by ebul-
litfon in-the vepor drums i suffictent fa
warrenl  utilizing the heat of condonsa-
tion to raise steam. Buch waber rvocled

. refluxes are wall known in the art and any

suitable type may be used in the present
invention, T '

The invention will be illustrated in

gréater detnil in conmection with the
drawings, whieh show disgrammatical
represenations  of typieal apparatms

which 'the” process of the

oon be curried out. -

. Fig. 15 a-section throngll & vertical

fubnlar converter showing lateral eiren-

lation pipes; o i
Tig. 2 is «# vertieal seehion through a

vertieal fubulayr - eonverter showing reen-

present inveation

tral riser pipes; -

Fig. 3 is o versical section through &
moditied type of reverse flow tubulsy con-
verlgy; )

-Fig. 4 15 an enlarged detailed seotion
throngh the single catalyst tube shown in
Fig. 8; und
. Fig. 5 illustrates a modified fom of
tubular convorter with meehanical eireu-
lating 1neans.

- In the construetion shown in g 1
the converter consists of a shall I, tug
picee 2, bottom pisee 3 and catalyst tubes
4.. Tha .gas inlet 5 serves $0 introduce
reaction gases into the top piece 2 and ag
outlet 4 removes reacted goses from tle
bottom plece 3. A ring shuped vapor re-
leasing drum 7 is mounted above the lowel
of the couverter and econnects .with the
bath space in the converter shell throngh
riser pipes 8, which discharge into tle
upper portion of the denm 7. The lower
portion of the liquid space in the dvum 7
enoneets with the bottom of the shell

“thivugh the retwn flow pipes 9 and refiux

condensers 10, shown by way of illusira-
tion &g air eocled eondensers of the steam
superheater type, serve {v condenss vapors
released in the drum 7. The whole sys-
tem s filled with » suitable bath in  the
drum 7, as shown. Preforably, when
filled eold the level is below the middla
of the drum so ag to provide for expansion

‘wpice when the lquid is heated.

In Fig. 2 lika parts bear like numerals.
This comstruetion is in essenca the same
as that in Fig. 1 exeept that o central
drium is provided, and the risor pipes 8
instead of eonneeting direetly  with the
sides of the shell bend inwardly and pass
down througl the center of the sop piece
2 through stuffing boxes 11, This desizn
parmiite & socmewhat better efreulation for
large converters and prevents any stag-
nant bath around the eonfral tubes.

" The operation of Figs. 1 and 2 s ths
sama. Fob example i the proeess is 10
be‘tged for the produetion of phthalie
aubiydride by ‘the air oxidation of naph.
thilene, a bath which may he mercury or
an alloy of meremy. for example an allov
of ‘wereury and lead, having the desfred
boiling point, is filled inte the eonvericr.
The econverter is heated, which mav
advantageously be effcoted by passing hot
alr throigh the ealalyst tubes, or in snme
caveg by heating the outside shell. far
exampls  with eleelric heaters, nmtil the
bath has reached the desived temperniure.
Af: the same thne the cireuloting tubes are
also bested sufficientlv to heep the bath
melten, -After-a sufficient temmerafure
has been obtained in the econvertar (he
heating of the retirn pines @ is ghut off
and the bath beging o eiveulate, apd when
finally heated suffieiently will boil in the
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drums 7, the geyser avtion” through _tlie
pipes B mereaging the gpeed of siroula-

‘When a suiiable temperafure has been
obniined 1n the converber a naphthalene-
atr “mixtore s wbtoducad infe the top
picte T, pusdis dows thirough the cafalysh
fiubes 4 woere the partial oxidation lakos
placs, and the vapors confaining phthalic
unhydride pass oub through the exhaust
pipe 8. The renction. involves lafge quan-
titieg of Tedt, Which Heat up the bath dnd
vzuse It fo eirdulate, the exeess hieat baing
removad in the dipm 7, and in scme cases
in"the "riser pipes 8 by boiling™ of the
bath. The tewperature in the upper por-
tion of the converter should preferably be
about 100° hotber than the lower portion,
and may for example, with suitable cafa-
Lysts, be about 400° in the  hotbest park
and about 300° in the bottom. This tem-
perature differentiol is continuously main-
tained by the vigorous and rapid circola.
tion, avd the tamparature of fhe bath
entering  the lower portion of fhe shell
is maintained wniform as the liquid leay-
ing the drum 7 is of ecurse always at the
builing point of the bath under atme-
spheric pressure or i pressurc reguleting
means (not shown) ave used at the boiling
{emperature eorresponding to the pressure.
The relatively cool lower portion of the
eomverter preverts undue detomposibion
of the phihalic anhydride formed in the
upper porbion of the catolyst fnbes, whera
the reaction is of cowrse most violent sinee
this portion of the catalysh ancounters the
greatest concentrabion uf reaction gases.
The speed of cirenlation is autometically
meintained .in  proportien to the hest
evolved, and the temperatuve in  the
bottom of the converber may be varied by
regulating the cooling of the retum
pipes 8.

In a similar manner other exothermie
reactions can be carried ocut, for example
other organic oxidations or the conbach
sulfuric acid progess, the - correst fem-
perafure in tha upper and lower portions
of the converber of course being chosen
in order to secure the mosh favonrable ve-
gnits in the reaction.

The operation’ of the converter shown in
Tig. 2 is of course idenfical with that in
Fig. 1, but as the ricer pipes pass-through
the top piece 2 it iy necessery to pravide
the stuffimg boxes 11 so that the top picce
can. be roised when it becomes - necessary
to M in cabalyst. Obviously, of coutse
a combination of center and: side - riser
pipes mav be used, and for very large
-converters -with- highly exothermic rese-
tions where fthe. heab evolved is vory graat
sneh  a - eomstruction 35 desirable:- -l
operation is of course identieal, snd the

tumber aod locatich of riser pipes will be
chosen by the 'skillad”enginesy in order
$0 produce o cirsulation of the desred
effectiveness and to maintain the best tem-
perebures in the differcut porlicus of the 70
converter. T
" In the eonshruation” shown in TFigs. 3
and 4 the pataryst tube econstiuetion is
somevwhat modifed; instgad of plain cata-
lyst tubes  passing down through a bath
the fiheg 14 are closed at the bottom end
snd vonkzin gpen end ecuter tubes 13 pro-
yided “with perforafions 13 af their
bottom cnds. Tlhicse open end hubes cxtend
through’ a perforated plate 15 below the
top pless 2. The cafalyss is arranged in
the ennular space bétween the tubes 12
and the tubes 14, as is clearly shown in
g, 4. The reaction pases enter in the
top plees 2. pass downwaadly threugh the
tubes 12 where they absorb heab from the
catalyst, then they exit into the ecatalyst
end pass upwardly into the space befween
the perforated plaie 15 and the upper
tuba shest 18 and thence ocut through the
exhaust pipe 6.~ I'his consbruokion per-
mits of efficient” préheating, end as  the
cabalyst is in the form of a thin annulus
oooled on  the " iriside by the incoming
cooled renction geses and on bhe outside
by the bath, 2 very intense cooling effect
is obtained. There i also an advantage
in eonsiruction g only a single tube sheef
Js used and the fubes 12 and 14 are free
to expand and contrachk. The gases
cneountering the first portions of the eaba-
iyst also come in:conlact with the coolest
art of the bath and are therefore
intensely eooled which iz of importance in
reactions where the exotherm is very high 105
or the reaction veloclly is wvery great so
that most of the sxotherra is set free in a
very ghort layer of eatalysh. 'This is, for
sxample, tue i the oxidation of some
orgamie compounds such as naphthalene 110
jo phihalic anhydride and benzena to
maleic acid with certein cabalystz whieh
are vary active. As the hot bath tends to
rise, o relatively . umiform bath terapera-
ture is obtained thioughout the sonverter. 115
This {2 sdvantagecus for: eeriain reactions,
but renders-the dype of converters less suit-
able for other reaetions, such as for example
the contact sulfirie aeid process, where &
considerable differential of {emperature is 120
desived -in different. paris of the comverter.
For such reactions the eonverter can be
inverted so thet the cafalysi tubes will
extiend upwardly -inslead of downwerdly,
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T sueh a ease, of course, the most intense 125

rgaction takes place in the upper -portion
of the converter shell and a bath {cropera-
ture pradient- of the twvpe deseribed Wn
connention- with Figa. 1 and -9 can be
readily cbtsined. The verbed eonsfrzes 180
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tion will be perdecily obvians o any
skilled chemical enginesr,

The modifications of the - invention de-
sartbed in conmection with Figs, 1 to 4
all show a vertical converter. For most
reactions this type of converter may be
considered as the preferved form, and it
possesses many advantages, such as eane
of eatalyst filling and ecnsbant assurance
that the tubes contiruously remuin flled
with eatalyst, unilorm  pressure on the
bath liquid for any horizontal eross see-
tlion, ebe. The inventiow, however, i8 in
no sense limited In Iis application ta ver-
tical eonverters and huzontal eonverbers
or converbers ab any desived inclination
can be used te earry out the process. Such
modifications will be clear to the skilled
chemicsl cnginser and have not been illus-
trated as the drawings are not infended
to illustrats wll possible types of con-
vatters for the invention is applicable to
a large number of differcnt eonverter de-
signs. For the swme reason the drawings
are purely disgrammatical and structwal
features such as insulation, provision of
pyrometers for meesuring bath and eata-
Iyet tempersbures at diffevent levels, per-
forated plates or sereens for retaining
eavaiyst in the tnbes in Figs. 1 and 2, and
the like, have been omitbed as all these
und other stroctural refinements of design
are wall known fo chemieal engiueers
skilled in the constiuction . of apparatus
for vapor phase catalysis and these par-
tieular design festures do.nob form any
part of the presend invention, it heing
understood that in every installation the
skilled engineer will adopt the strucbural
design buost suited to the conditions under
wieh his installation iz o oparate. s

Fip. 5 illusfrates o tubuler converter
provided with rnecharicel circulation and
a somewhat different design of externasl
eireulation. In this sonverter the eata-
Iyst tubes form s central zone and the
external shell extends to a greater haizht
than the top of the catalyst tubes, a ecir-
cilar baffla 17. is mounted spaced from the
outer wall of the shell und extends from
a point @ little above the bottom of the
bath to a point a littla below ity highesh
level in the high level porbion. A den-
tral well 18 is alzo provided with a serew
impeller 19 driven hy a shaft 20 pagssing
through stuffmg boxes 21 iu wne top piece
2 and upper fube sheet. The well is pro-
vided, with openings 22 at the bottom ‘and
25 about half way up. Just helow the
openings 28 is a bafflc plate 24 through
which the tubes extend. This eirenlar
baffie is faslened ab ibs-edge 0 the haffle
17. In operation the liqwid bath Aills the
whole of the space arund the. eatalyst

tubes and extends up-to a higher lavel in

the xiug shaped povtion formed hy the
extension of the outer shell. Tha gages
enter the {up piece through inlet 5, pass
down through the eutulyst tubes 4, enter
the bottom pigce 8 and then out through
the pipe 6, The liquid between cireular
batile 17 and the cutside wall is cooled by
sonbach with the wall, which may be
parily ar whelly vninsulated or which
may be provided with a sufficiently #hin
insulation to buing sbout the desired cool-
Iy effeet. The cold bath Aows under the
lower adge of the baflle 17 as indieated by
the srrows, thenvs acrose the lowsr ondg
of the cabulyst fubss 4 in through the
openings 22 into the well 18 where it is
rapidly driven up by the seraw 19 and
leaves flwuugh the openings 23, passing
vutwardly over the upper portion of the
tihes 4 above the bufle wall 34, and then
flows up slong the hatfa 17 and over its
upper edge, baginming to boil as it reaches
the lquid surfuce due to lowering of
presaure, The vapors are condensed in
the refluxes 10 and retumed, The eacled

- liquid then flows down on tha oufgide of

the’ baffle 17, and the eyele is resumed.
This type of converter is very sevisfactory
for lévge eizes with higlly exothermic ra-
agtions as & more uniform and a move
vigovous cireulation is effected by Ghe
addition of the mechaniesl impeller than
ean be provided where the thermoesyphon
elfect of the liquid eolumns of different
temperafures is relied upon as  the scle
méans for effecting eireulation.  The
baffle plate 34, which may for exarnplo be
a plate fithing around the tubes, may in
some eases be dispensed with. When it
is.absent the civeulation will be the game
but: ‘will he clightly less vigorous, and
there'is soinctimes @ tendeney 4o farm
eddies in the central portion of the con-
vorter, Where very high reaetion veloci-
tieg are desived this balfiling is helpinl,
but’ in mony cases where extreme aiveula-
tion velocities ara not sssential it may be
dispenséd with.

In Fig. 5 the tube spacing and the
volume of liguid surronnding the baffle 17
is.8hown vary large for the sske of clear-
ness. Tt should bo clemlv umderstend
that in a commereial installation i s
normally desirable to space the tubes
much mare clogely and ko provide smalley
cirenlating spaees in order to save hath
liguid and to obtain a more compact appa-
ratus, The ecirenlafion iz. the same
whether the spacing 1s elose or wide expept
for frietion effects, and the present Inven-
Hon I8 net limibed to any partieular spae-
ing nor to any particular sire of eatelvst

tubes. However, tha eatalyst tube should

normally be small, and preferably where
Highly cxothermic reactions sueh as the
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oxidation of organic compouiids is tnder-
taken- the fubes should not exceed 2.0 c.um.
in diameter though with soma cabdlysis
even' in highly exothermic reactions it s
possible to use ‘large tubes. The draw-
ings, however, show & -relatively wide
gpacing” so that the consiruetion” ard
operation, may be clear, bub of course are
only dizgrammatic and do nob give any
indications of actual ssala for commercial
apparatus.  If should bs noted that fhe
provigion for mechanical circulaiion illus-
trated in Fig. 5 may also he embodied in
the converter cireuite shown in Figs, 1,
2 gnd 3, and gimilarly $he eonverter olr-
guit shown in Fig. § may be used with-
out mochanieal elreulstion, in which case
of course the baffle 24 18 eliminated. The
eatalyst tubss have baen shown as fillad
with ecatalyst in some of the figures and
as parfly [H&] In others. The invention
is not limited to amy particular depth . of
catalys} filling, .any more than.it Iis
limited tn any class of eatalyst. .'Where
gused euber al u relatively high demperature
or where the reaction is mnitiated ab a.com-
paratively low, temperature, tubes full of
catalyst ropresent a desiveble aconowy of
space. In other reactions, where the
gases rusk be heated up to a high tem-
peraturs hefore veaction begins, the upper

portion of the tubes in converters of the’

type shown in Fige. 1, 2 and 5 may be
leit ompty or filled with blank flling
bodies 8o g to act as prcheaters for the
reaction gases. Of course even tubes
filled with catalyst will act as preheaters
in their upper porbion, if the ineoming
goses are at temperabures below thst of
raaction. The mosh satisfactory fling,
the best fempersfurs for entrance gases,
end other facts will of courze be deber-
mingd in any particnlar installation by
the skilled catalytic chemist in ascordance
with the regquiremenis and conditions of
the particunlar reaction which he desires
to eary oub.

In addition to the few representative
reachions described above, for which the
proceas of the pressnt invention is par-
ticularly suifed, many other ewmobhermie
vapor phase reactious may be carried oud,
thus for example in addition to the oxida-
tion of benzene or phencls to maleie seid,

ather seompounds contn.inini the sroup—
CH~-CH=CH-CH,—may be oxidized to

maleie and famaric or meschartaric aeid;
oresol ean be oxidized to salieylaldehyds
and solicylie scid; ‘tolucl and  various
halogen and nitzo-aubstifubted foluols or
othér aromatic side chain compoimds such
ag xylenmes, peeudocumens, mesitylens,
peracyinens, and the like, may be oxidized
to the corresponding aldehydes and acids
with air or with other oxidizing gases such

as for example mixbures of oxygen and
nitrogen. containing a smalier percentage
of oxygen thsn air, mixtures of oarbon
dioxide and oxygen, and the like. Fhen-
anthrene may be oxidized to phenaathra-

" quinons, diphenic aeid, phthalic anhy-

dride and maleic acid; fuorenc o Ioove-
none; eugenol and isceugencl to vanilin
and vanﬁ]e.ie acid; methyl slechol and
methane to formaldehyde, ethyl aleohel
to acebic aecid; ethylsne chlorhydrine to
ohloracetic acid, and the Iike.
Apother Imporfant series of argenie
reactions which are strongly exotherroie
‘are the purifications of crude compounds
by selective burning oub of impurities,
snch as for example the catalylic purifica-
tion of crude enthracenss with various
degrees of impurity with tolal combus-
tion of carbazole, dead cils and in some
cases phenanthrend; purification of crude
naphihelencs  and  erude  manonuclasr
hydrocarbons, sueh  as bensols  and the
liike; purification ol smmoenie from  eosl
far with the burning out of oxganie im-
purities such as phenolic bodieg or suifur
compeounds, both organie and incrgenie.
Reastions in whieh mixbures of organic
compounds sre ¢mdized to interroadiate

compounds with removal of impurities ore,

also effectively cacried oub by moans of
the "present process, thus for example
crude anthracenes, phenuutlwencs and the

like may he oxidized to antlraguincne,

phenenthraquinons, diphenie  aeid  or
phthialic anhydride with concomitant re-
moval of earbazale and dead oils by tobal
combustion. The oxidation of ernde tar
acids to malele and [umaric acids with
ecombustion of ¢erfain  impurities s
another example:*

Muary redudtions end hydrogenations
are strongly exothenmie, such as for
example the' féduetion’ of mary nitro eom-
pounds, as nittobenzens, dinitrohenzens,
nitrophencl, nitronsphthalens and their
homologues to the corresponding amines
or hydrogenated amines. The reduetion

.of curbon oungxide to methans, highaer

alenhals, ketenes' or petroleun like pro-
duets, the hydrogenation of aromatie com-
pounds fe elicyelic eompounds, sueh as
benzens to cyclohexsne, nwephthelenc to
totraline or deealine, anthracene to hydro-
genated anthrazenes, phenol fo cyelo-
hexanol, acetylene to ethylene and sthans,
and ths Iike. -

Composite rezedions in which oxides of
corbon are raduosd in the presence of other
organic compounds, dliphatie, alieyelis or
aromatic, are also in many cases strongly
sxothermie and well suited for the present
Proosss. ’

In addilion fo the exiremcly important
contact sulfuric” aeid process there are
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other ihordaric entalysss whish “are “exc-
thatiitlo and” wlich éanr Bs effsctively car
Tied out by meafi§ of “the “present’ inveh-
Iion,” f3¥EYplEs o sudli rendticis ate “Ehe
Syiithicsii of Amihonis T 15  elements,
e Toxidition- of Ammidhia to o#ideE of
nitioger, anid ¢heé lis, - 0 -

" Having now pdftienimly deieribed ~2nd
ageertdingd " the ildtire’ of our saif inven-
tlin and i “wlist mafner tlie” sathe s %o
be “performed,” we declaids that what wa
elaign fs e oe mee o SEHE TRE W
Tl T inetliod of ean¥ing it vapor
PhEsE eithernitia Tédotions “5utk us the oxi-
duaticns; Fedistivhs, ol of orgahia edm-
POty whish eoruprises “pagsiig rédction
gddes throtigh ooe of Mmore datalytic sones
or” vompartmetits; abaovbitig " thd  éxd-
thermic heal of resction by a nom-hoiling
liquid in heat exchanging relation there-
with, removing the lquid from the cata-
lytle zon®, reducing the pressure to per-
mit & part at least of the exothormic feat
to be given off ae latent hes$ of vaporiza-
lion, for example by raising the bath to
& lavel sufficiently abbve that of the cata-
lytic compartmerits to bring about the

‘nceessary reduction in preséure, ondens.

ifig"she”yapors and returning the eonden-

-Fats dnd unboiled liquid to the catalytic
‘zone wh the préssurc there existing, such

return. profersbly being to o point below
that at-which the liquid ia removed from
the bath,” -~ -
T 2.7 A mdihod acecording to elaiim 1 i
which the préssure on the bath af the
poiit  where vapor  disengaging  takes
place 35 varled in order to vary ile boil-
ing polat of thia bath, -

8.7 A riethod aecording to claims 1 and
2 i which the bath liguid flowing fram
tis catalyst zone to the vapor disengaging
or highey level is subjected %o heatiug,
~ 4. A method acvording to olaims I to 2
In Whigk the bath Hgnid reeiieulsted from
{he vapor disengaging zome i# rettoned to
the bath af o temperature below the boil-
ing point in sald disengaging zone.

Dated this 6th day of April, 1929.

. CRUTERHHANK & FATRWEATHER,
. 6668, Chancery Tane, Yondon,

B W.C. 2, snd
-1, 29, Bt. Vincent Place, Glasgow,
.. Agents for the Applicants.

Abingdon : Printed for s Mujosiy’s Stationery Offics, by Burgess & Son
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