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“Uhis invension relates to a catalytio reactor, and more
rurticularly to a catalytic reastor for the catalytic oxida-
iien of olefins. o

This invention has as an ahject the provision of a cata-
Ivtic reactor uscful for exothermic catalytic reactions,

The imvention has a further object the pravision of
a catalytic reuctor useful for the catalytic oxidation of
olefing fo olefin oxidass,

This inveation hes a furiber object the provision of a
catalvtic process for effecting cxothermic catalylivc reac-
tons.

This invention has as a difcrent object the provision of a
process for cffecting fuid catalytic operations.

This invention has as another chject the provision of
& process for cffecting the catalytic oxidation of olefins
to olefin oxides. '

These and other objects ure effected by the eatalyiic
reactor and catalytic provess of olr invention, 'The
catalytic reactor of our invention comprises a lower
manifold chamber having an ialct for introducing guseons
reactants Lhercto and an upper manifold chamber. The
reastor outlel i3 beyond and in gas-communication with
the upper manifold chamber. Between the upper and
lower manifold chambers sre a plurity of wprighl upen
catalytic tubes in gas-communication with the wnznifold
chambers. I( is advantageons that the catalytic tubes be
disposed in a median chamber, intermediate the lower
and upper ananifold chambers, so (hat heat-exchange can
te effscted belween the tuhes and a heat-exchan g8 inedi-
um contained in the median chamber, Each npright opean
catalytic tube is provided with an orifice at its hase of a
relatively small cross-sectional area when, comparad with
the cross-sectional area of the main body of the catalytic
lube, 5o that the snsevus rezctants issning therefrom are
impelled turbulently apward throngh the main body of
the catalytic tubes at a velocity preater than either the
ialet velocity of the gaseons reactants, or the veloclty of
the gascous reactants in fhe -fmain body of the catalytic
tubey, namely, a velocity NCCEESATy to maintuin a Anidized
Led of catalyst particles of 80 mesh size or smaller.

In u preferred embodiment of our invention it i most
advaniugeous to provide such catalvtic lube with a calo-
ing-seclion (having a cross-sectional areq infermediate
the grenter cross-sectional srea of the majn body of the
catalylic tubes and the lesser cross-sectional area of the
basal orifice) interjacent the basal orifice and the main
bady of the catalvtic {ube fo both reduce the velocity of
the incaming gaseons reaclunts to the velocily necessary
for maintaining z iluidized denge-phase catalyst bed
the main hody of the catalviic tube and o sliminnte the
tarbulency of ihe impefied guscous reactants so that a
substantinlly sirajght Tine flow of gaseans reachants is
maintained through the main budy of the catalylic tube.
Elimination of the gas torbulency prevents any appreci-
uble abrasive dishutegration of the fuidizcd dense-phase
catalyst bed contained in the cataiytic fubes,

In nnviber preferred embodiment of the reactor of our
invention, al least one filter should be provided in the
upper manifold chamber above Lhe cataiytic tnbes to re-
tain the catalyst purticles within the reactor. The filter
I in gas-commimicniion with the reactor outlet so that
the resction prodncly und tnconverted gascons reactants
are removed therefrom,
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The catalytic process for which the catalytic reaclor of
cur invention is adapted comprises accclerating a gaseous
Teaciunt turbulently wpward to g Ligh velocity in excces
of that which can maintain catalyst particles having a
mesh size of 80 mesh or smailer suspentded as g fuidized
bed, and then substantially teducing the velocily of tha
ERICOUS reaclant io a iean-phase velocity slightly above
that which can muintain ek catalyst particles suspended
a3 a fluidized dense-phase bed, and substantinpily climinat-
ing its turbulency. ‘The gaseous reactant is then passed
upwardly In subsiantially straight Iline flow at an iners.
mentally lower dense-phage velocity enfficient to maintain
@ flinidized dense-phase bed of such catalyst particles,
The gaseous reactant is catalytically converted into reac-
tion product by contact with the finidiged dense-phass
bed of catalyst particles and then fhe reaction product
is withdrawn from the fluidized dense-phase bed of cala~
Tyst particles at a leanphase velocity below the depse-
phase velocity,

By “catalyst bed” or “catalyst pariicics” we mean g
cafalysi bed or catalyst particles coinprising a catalvlic
companent disposad as the catalytic compornent per se or
composited with other matorials and which may also
contain other particles suck as inert filler particles and/or
catalytic suppressor pacticles, ete. Ry “lean-phase velop-
ity” we mean a velocily for the gaseos reactant which
can maintain a finidized Ican-phase bed, sometimes re-
ferred to oz a fAuidized dilute-phase bed, of catalyst pur-
ticles Liaving a mesh size of B0 mesh or smaller. By
“dense-phusc velocity” we mean a velocity for the sus-
eous reaciant which can maintain a fimdized dense-phuse
bed of purticles having o mesh size of 20 mesh os staailer,

In a preferred modification af the alorementioned
process, {he incoming guscous remetant feed s divided

7 into a plurality of separated gaseous reactant sfrens,

Each of the gaseons reactant streams is accelerated [ur-
bulently upsward at a high velocity in excess of that which
£an maimiein catalyst pacticles of RO wmesh size or smailer
as a finidiced bed, The velocity of each of said gaseous
Teactant streams is then reduced to .a lean-phase velocity
slightly above that which can maintain such catatysg
particles in # Auidized dense-phase bed and simultane-
vusly the tnrbulency of the impelled gaseous reactant is
substantially eliminated. Tach of the gasenus reactant
slreams is thea passed upwardly in substantiaily straight
line flow through separate {luidized captive densa-phase
catalyst heds of particles and through an equilizer fiui-
dized dense-phuse catalyst bed surmounting aed connect-
ing zach of the separate fuidized captive densa-phage
catalyst beds. ‘The pasecus reactant in each stream is
catalytically converted into reaction produet by contact
wilh the finidived dense-phise catalyst beds and the
squalizer fwidized dense-phase catalyst bed. After pasy-
ing through the cguilizer finidized dense-phase catalysi
Led, the reaction product amg @ny unconveried gassony
reactant are removed at a lean-phase velocity below the
dense-phase valocity, )

By “fluidized capiive dense-phase catalyst bed” we
means g fluld bed which forms =« self-contained entity
and from which particles are nat withdrawn for the pur-
poses ol regeneration or for ather purposes and 1o which
particles are not added CXCept to replace a minor amount
of the bed which has becn Jost during the course of the
process,

The pracess for awhich the catalytic reacior of our
Invention is adapted s especially uscful for exoihermic
reactions such as the Fischer-Tropsch reaction, and in
pacticular for the estalviic oxidation of olefins to olefin
oxides. Thus, in the onialylic oxidation of an olefin

_such =g sthylene to ethylene oxide, it is desirable to con-

tral the tempersture of the reaction witkin defimis limits.
Inagmuch as the reaction in highly exothermic it is neces-
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sary io remove the exothermic bheat of reaction rapidly
from the reaction. The embodiment of the process of
aur Invention which comprises passing the gaseous re-
actant, in the Instant case a mixture of ethylene and a
gas containing melsenlar oxygen, such as air, upwardly
through a plorality of separate fluidized catalyst beds
permniits the rapid removal of heat {rom each of the beds
and =z close control of the temperature,

As illustrative of the catalytic reactor of our inven-
tion, reference should be had te the asccompanying lgures
which are hereby incorporated uto owr application and
made a pari thecect.

FIGURE 1 is o diagrammatic representation, partly in
section and parily in elevation, of a catalytic reactor of
our invention,

FIGURE 2 is a cross-sectional view taken om line 22
of FIGURE [,

FIGURE 3 [s a diagrammatic representation, partly
n section and partly in elevation, of a catalytic tube of
the catalytic reactor of our invention,

FIGURE 4 is a sectional view of an embodiment of
the filter of the catalytic reagtor of our invention.

Referring to FTGURE 1, catalytic reactor 3¢ comprises
a comparimented cylindrical vessel having a lower man-
ifold chamber 12 provided with a recator inlet 14, A
dump outlet 15 iz provided at the base ok lower manifold
chamber 12, Dump outiet 16, is not normaily used bul
may he used when it is necessary to remnove (he matenial
inzside of reactor 1§, The ceiling of lower manifold

chamber 12 consisis of & rapsverse plate 18. A plerality

‘of upright or verticel open cylindrical catalytic inbes
designated 20 arc threaded inic transverse plate 18. Ex-
cept for the busal openings in the catalytlc tubes 20,
transverse plate I8 is wolid and thus the catalytic tubes 20
provide the sole exit for gases introduced into lower
menifold chumber 12 from inlef 14

The arrangement of (he catatytic tabes 29 in catalytic
reactor 10 can best be seen by reference te bath FIG-
TURES 1 and 2. As seen therein the catalytic itubes 24
are disposed within o median chamber 28, formed be-
fween transverse plate 18 and transverse plate 26. The
top of catalytic tubes 20 are fitted into transverse plate 35
which is sold. Only a minor fraction of the iolal num-
ber of calaiylic lubes 20 are shown in FIGUKES I and
2, it being understood that substantially the entive cross-
sectional arca of median chamber 28 coniains interspaced
catalytic tubes 20.

Referring o FIGURE 3, it is scen that cach of the
catalytic tubes 20 comprises a basal orifice 21, 4 calming-
section 22 and w main body 23. An advanlapsous ar-
rangement for seating basat orifice 21 into catalytic t_ube
20 iz that shown ic FIGURLD 3, namely by having orifice
21 located within a hollow threaded bushing 24 threaded
into the base of the catalytie tube 20. In the modification
shown in FIGURE 3, orifice 21 is lovated al the base
of holiow ihreaded bushing 26. If Is, of course, to be
understood that orifice 21 could be inserted into the base
of catalytic tube 20 by ofher mcans.

Calming-section 23 which is interjacent to basal orifice
21 and ihe mein body 23 of catalytic tnbe 20 comprises
a tuhe having a relatively smatler cross-sectional atea than
that of the main body 23 but also having an appreciably
larper cross-seciional aves than that of basal orifice 21.
The cross-sectional area of the calming-section 22 should
hear such rclationship lo the height thereof that the fur-
bulent Aow of paseons reactants issving from hasal orifice
21 at a velocily im excess of that which can maintain
catalyst particles of 80 mesh size or smaller us a fluidized
bed js substantially reduccd in wvelocily to a lean-phese
velocity slightly atove thul which can maintain such
catalyst particles in a fluidized dense-phase bed, und si-
multaneously the turbulent flow of such gascous reactants
is transformed to straipht line flow,

The maiv body 23 of each of catalytic tibes 26 com-
‘prises & cylindrical tube baving a cross-sectional atea to

=3

10

15

2

46

45

0

64

5

4

tube height relalionship such that a tluidized dense-phase
bed of parficles can be maintained therein. Moreover,
since the reactor of our invenlion has primary utility as
u reaclor for exothermic eataiytic reactioms, it is also
necessary that the cross-scctional urca of the tubr be
limited such that a suflicient amounl of external {ube
surface is available to camy away the heat of reasction.
As will be more fully explained below, the reactor of
our inveniion permits the rapid removal of heat from
the catalyde tubes 26. For many cxothermic reactions,
and in particular for the catalytic oxidation of olefins to
olefin oxides such as the catalytic oxidaticn of cthylenc
to ethylene oxide, 2 suitable internal tube diamefer for
main body 23 when using fividized particles comprising
particles small erough to pass through an 80 mesh Tyler
screen comprises an infernat tube diameter of belween
about 2 to 6 inches. Morcover, it is advantageovs that
the catalytic tubes have a main body tubc beight com-
prising a height of about 60 times the muin body interna)
diameter, although, of course, the height to nfernal tube
dizmeter ratio can be varivd. We have also found that
it is preferable to adjost ibe size of the opening jn the
basal eritice so that 3 fwidized dense phase bad of catalyst
particics can be wedntajued in the main body 23 of each
of catalytic tubes 26 of sufficient height and diameter
that the pressure drop of gaseons reactants passing therc-
through is sboul equul to or somewhat less fhan the
pressure drop of such gaseous reactants across the busal
crifice 21 of the catalytic tube 24.

Refersing again to FIGURE 1, it is scen that median
chamber 28 is provided with an inlet 30 et ils baye and
an outlet 32 at 1s top.  Tleat-exchange belween catalytic
fhes 20 and a heat-sxchange medium contained in median
chamber 2R is effected by the passage of the heat-exchange
meding upwardly from inlct 39 through median chamber
2% in heat-exchange relaticnship with catalytic thes 20
and ont of median chamber 28 throngh ovtlet 32, As
heretofore indicated, the reactor of cur invention has
maximnm utdlity for cxothermic catalytic reactions, in
which case heat is trunsferred to the heat-exchange
medivm from the catalvtic lubes 28. Flowever, the
catalytic reactor of our invention can also be ntilized
for endothermic cafalytic reactions, n which case the
neat-exchange medivum is heated prior to being introduced
through inlet 30 and heat is transferred to catalytic tnbes
20. Any switablc heat cichunge medinm can be ntilized,
such =8 water, Dowtherm, etc.  In order to increase the
rate of heat-cxchunge, lbe external surface of the catalytic
tubes 28 can bz 1ncreassd by the addition of fins or heat-
cxchange funges (not shown), Reactor heat expansion
van be cumpensated for by expansible joimts 34 located
on the reavior shell wall of median chambser 28.

Upper manifold chamber 3% is disposed above trans-
verse plate 36. A refrigerant member 40, comprising
pipes conlaining 2 coolant such as cold water or cold
Dowlherm, is conlained in the lower portion ol upper
manifold chamber 38. Above the refrigeranl membar 40
are locaied a plurality of filiers designuted 42, atlached

at their tep by plate 44 which is aftached to the shell

wall of reactor 10,

Referting te FIGURE 4, it Is seen that each of filkers
42 comprises a hollow tube having a porous filter wall 43,
Filter wall 45 can ke made of any suitable solid porous
filter materials which impedes the passage of solid par-
ticles bt permits the flow of gases therethrough, We
have found that porous sintered alumina is especially
snitable therefor, Each of filters 42 is bolited by means
of top flanges and tolts 42 to plate 44,

Referring again ta FIGURE 1, it iz seen that filters

42 are In gas communication with the upper portion 46

of upper manifald chambar 38 and reactor outlet 48.
As lustrative of the process for which the catalytic
reactor of our invention is adapted, we shall describe the
catalytic oxidation of ethylene to ethylene oxide. Tt is,
of course, to be understood thal this example i3 merely
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illustrative and that the process of our iuvention can be
applied to other reaclipng, '

© A gmscous charge comprising sthylene and air at a
temperature of about 60° . and pressusized to & pressura
of up te about 200 pounds per square inch, preferably
about 109 to 150 ponnds per square fnch, is introduced
inte lower manifold chamber 12 throuely reactor inlet 14,
Within Jower meznifold chamber I3 (hs gaseons stream
of ethylene and air divides inte a plurelity of streams,
Lach of these streams is directed npwardly through ane
of the catalytic tubes 2¢ disposed in median chamber 28.
‘The muin body 23 of each of the catalytic tubes 20 con-
tains & fluidized captive dense-phase Led of catalyst par-
ticles comprising particles of ahont 80 mcsh size ar
smaller. By 80 mesh size we mean particles that will
pass through an 80 mesh Tyler screen,

Each siream passeg upwardly through orifice 21 at the
base of each of the catalytic tmbes 20 and is thereby
impeiled mrbulently upward at a high velocity, in excess
of that which can maintain &89 Joesh size catalyst particles
such as those disposed in the maig body 23 of catalytic
lube 20 as & finjdized bed. After fssuing from basal
orifive 21, the mixture of ethylens und air passes through
calming-section 22 in which its velocity is reduced io g
lean-phase velocity, slightly above that which can imain-
tuin such cataiyst particles as # fuidized dense-phase bed
und simuitanecusly #s turbulency is substantially reduced,
'Thus, & minor amount of catalyst particles are disposed
i1 the form of a fnidized lean-phase bed or fuidized
difute-phase bed in the upper porifon of calming-
scetion 22,

‘The ethylene and air issues from calming-sectioiy 22
in substantially siraight {ine flow 2! & dense-phase velocily,
ihat is a velacily sufficient to majntein the catalyst pur-
licles dispnsed in the main body 23 of catalytic tube 24
in the form of a Ouidized dense-phase catalyst bed, W
have found that g velocity of the order of those conven-
lionally employed to maintain fluidized dense-phase cat-
alyst beds Is to be preferred, such us a linear gas velocity
of about one-hulf to two feef per second,  As herstofore
mentioned, the calalyst particles disposed in the mgin
budy 323 of each of catalytic tubes 28 are in the [uim
of 8 suspended flyidized captive densc-phase bed, In
addition, an equakizer Huidized densu-phase catalyst bed
is disposed ahove euch of catalytic lubes 20 surmounting
and connecting each of the fluidized densc-phase catalyst
hedy in cach of the catalytic tubes 20 and partally resting
0 transverse plate 36. The equalizer fluidized dense.
phase catalyst bed mauintaine s uniform catalyst level

throughout reactor 16, and therely equalizes the pres-

sure drop and other process variables in the fluidized
eaptive dense-phase catalyst beds in catalytic tubes 24.

Any of the conventional catalyst compositions can be
Dzed in cach of fhe cutalyst beds in calulytic tubes 26,
-Flemental silver-containing oxidation calulysis are most
nseful,

The oxidation of elhylene which is efiected by the
contacl of the ethylene and air with the colalyst particles,
is highly exothermic. A significani portion of the
exothermic heal of reaction is removed from catalytic
tuber 20 by heat-exchange medivm infroduced into
median chamber 28 through infet 30 and removed from
median chamber 28 by outlet 32 The rate of Leat-
exchange removal can be conlrolled by regulating the
fiow-rate of heat-exchange mediom through median
chamber 28, or, if desired, each of cafalytic tihes 20
can be providsd with flanged fins, 50 that a larger heat-
exchange surface is thereby obteined, For the catalytic
oxidation of ethylene, we huve found it desirable to main-
tain femperatures of about 285° €. within cack of cal-
alyiic tules 20. While an average axidation icmperature
of between about 100 to 400° <. can be uysed in fhe
“catalyst beds in catalytic tubes 20, i is preferable to majn-
‘toin wn mverage temperafure of between ahout 175 o
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300° C., and most advantageonsly the temperature indi-
caled above,

The effluent from the equalizer fluidized dense-phase
cululyst bed comprising ethylens calde, minor amounts of
by-product gases such ag carbon dioxide and ungconverted
ethylene and =iy is wilhdrawn af a Tean-phase velocity
theough upper manifold chamber 28 od is cooled to 2
iemperature of aboul 150° C. by Lizat-exchangs contast
with refrigerant member 46, It is desirable o cool this
effuent to refard further reaction on filiers 42, The
covled efitvent then passcs upwardly through fliers 42.
Filters 42 remove any ealrained particles from the cftuent
gaves, which particles are returned to the equalizer fuid-
irzed dense-phase catalyst bed, We bhave fonmd il desic-
able to precoat the filter wall 45 of each of filters 42 with
a layer of non-catalytic or inert filler particley prior fo
Placing the rsastor co-stream in the processing stage.
In this manner the buildup of sitver particles vpon the
surface of the filter wall 4% of cach of filters 4% 3¢ 1mini-
mized. In many cases, where the inert fler particles
comprise & material having an appreciably lower specific
gravily than sflver, precoating of the filter wall £5 of euch
of filiers 42 2 not necessary inasmuch as the silver par-
iicles will slough o of the flicers 42 due to aravity.

The filicred effluent passes through the upper portion 46
of upper manifold chamber 35 and is removed from re-
aclur 1§ thremgh reastor amfiet 48, 1t may then undergo
processing o separate the eiliylene oxide from the ui-
converted ethylene and air such as by water absoarption,
The unvonverted ethylens and air van, if desired, hs ra-
eyeled.

The reautur of our invention js particelarly useful for
exothermie eutalytic reactions such ay the catalytic oxi-
dation of clefins to olefin oxides. It permits high yields
of products (o be gbizined and a close control of the rem-
perature of reaction. The process for whick the catalytic
reactor of our imvention is adapted pesmits the effisient
calalyiie oxidation of clefins to alafin oxides.

Tt is {o be undersiood that the particular delsils of
apparatus construction and of operation, and Lhe cxam-
ples of this inventice given hereinabove are mtended as
exemplary aud are nop lo be construad =g limiling the
scope of this invention cxcept 2s it may bs Hmited by the
following claims.

Having described our invention what we claim as new
and desire to protect by Letters Patent is the following:

1. A catalyiic reactor for gaseous resclants in motion
therethrough, comprising 2 lower manifoid chamber pro-
vidad with & reactor inlet for intreducing the BasSOUs

reactants, an vpper manifold chamber, said rcector hav-

ing an outlel beyond and in gas-communicalion with said
wpper manifold chamber, a plurality of upright open cata-
Iytic bes inlermediate said manifold chambers, cach of
sald upright open catalytic tubes terminating in z basal
orifice of a relatively smaller cross-sectional ares than
the main body of euch of said upright open cotalytic labcs,
the cross-sectional area of said orifice bearing such rela-
tionship to the cross-sevtiona! area of the main body of
said uptight open catalytic (ubes that gaseous reactants
enfering said orifice are impelled lurbulently upwardly
therethrough at a velacity greater thun the imlet velooity
thereof and a velocity in excess of that which can main-
tain catalyst particles having a mesh sive smaller than
aboul 30 mesh suspended us o fluidized bed, a calming-
seclion interjacent said orifice and the main body of said
upright open catlytic tubes, said calming-ssction having
a criass-gectional arvea Intermediate the greater crogs-sece
tional aves of the main body of said n prizht open catalytic
tubes and the lesser cross-sectional area of said basa] ori-
fice, the crass-sectional area of sald calming-ssciion bear-

.Ing such relationship fo the height thereof that impciled

ga3cous reactants passing lherethrough from said orifice
are redioced to a lean-phase velocity substantially below
that of gaseous reactants issuing from said basal orifice

“but zbove that of gascous rzactants in the main body of
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sald npright open catalytic tubes and the torbumlency of
such Impelled gascous reactants is substantially eliminated
s that a wobstantially straight line flow of said gaseous
reactants is mainiained through the main body of said
upright open catalytic lubes at n dense-phase velocity,

2. A eatalytic reactor in uccurdance with ¢laim 1 in
which the main hody of each of said upright open cala-
lylic tubes is cylindrical and has an internal diameter of
between about 2 to 6 inches and a heipht of about 60
limes the interoal diameter.

3. A vompartmented cylindrical catalytic reactor for
guscous reactants in motion therethrough, comprizing a
lower manifold chamber provided with a reactor inlet for
introducing ths gaseous reactants, an uUpper manifold
chamber, said upper manifold chamber having at least
one filter for retuining solid particles in said reactor but
permitting the Row of gascs thercthrough, said reactor
having an outlet beyond and in gus-communication with
said filter, a plurality of upright open cylindrica catalyfic
tuhes intermediate said mantfodd chambers, cach of suid
uprighi open cylindrical catalytic tubes terminating in o
baszl orifice of relatively soraller cross-sectional ares than
the main body of said upright open cylindrical catalytic
tukes, tha cross-sectional area of said bosal orifice bearing

such relatfonship to the cross-sectional avea of the main ¢

body of said upricht open cylindrical catalytc tabes that
gaseons reactanis entering seid onfce ave Impelled fur-
bolently vpwardly therethirougl: at a velocity greater than
the inlet velocity thereof aml g veloeity in excess of that
which can maintain catalyst particles having @ mesh size
smaller than about 80 mesh suspended as a floidized hed,
a calming-section interjzcent said basal orifice and the
main bBody of said uprisght open cylindrical catalyiic tuhes,
said calming-section having a cross-sectional arsa inter-

mediate the greater cross-scctonal area of the main hody

of said npright open eylindrical catalyiic tubes and the
lesscr cross-scetional arca of said basal orifice, the cross-
sectional arca of said calming-section bearing such refe-
tionship 1o (he height ihereol thal impelied gascous re-
actants passing therethrough from said basal orilice are
reduced to a lean-phase velocity substantizlly below that
of gascous reactanty issuing from sald basal corifice bt
ahove that of gasesus reactants ip the main bady of said
upright open cylindrical catalytic tubes and the turbulency

of safd impelled gaseous reactsnis is similtanecusly sub- |

" stantially eliminated so that a substantially straight line
flow of said gascous rcactants is maintained through the
muin body ot snid upright open cylimdrical calalytic (ubss
al o dense-phase velogity,

4. A compartmenied eylindrical catalytic reactor for
pascons reactants in motion therethreugh, comprising a
lower manifold chamber provided with a reactor inlet
for introducing the gaseous reactants, an npper manifold
chamber, said upper manifold chamber haviog st least
one filtcr for refaining solid particles in said reactor Lut
permitling the flow of gases therethrough, said reactor
having an cutlet beyond and in pas communication with
said filter, a median chamber intermediate said lower and
upper manifold chambers, said median chamber having
an inlet and an outlel for the ingress and epress of a
heal-exchange medium, a plurality of upright open cylin-
dejcal catalytic tubes disposed in sald median chamber,
said upright open cylindrical catalytie tubes arranged So
that beul-exchange can be effected with 2 heat-exchange
medium contained in said median chamber, sach of suid
upright open cylindrical catalytic tubes terminating in &
basal orilice of rclatively smaller cross-sectional area
than the main hody ol said upright open cylindrical
cafalytic tubes, the cross-sectional area of sajd bagal ari-
fice bearing such relationship fo the cross-sectional area
of thc main body of said upright apen cylindrical catalytic
tubes that gaseous reactants enteripg said orifice are -
pelled turbulently npwardly therethrough at a velocity
greater than the inlet velocity thereof and a velocity in
excess of that which can maintain catalyst particles hav-
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ing a mesh size smaller lhar about 30 mesh suspcnded
as a fluidized bed, a calming-section interjacent safd basal
orifice: and the main body of suid upright open cylin-
drical eatalytic tubes, said ¢calming-section having & cross-
sectional area intermediate fhe greater cross-sactional
area of the main body of said wprisht open cylindrical
catalytic tubes and the lesser cross-sectional area of said
bagal orifice, the cross-sectional area of said calming-sece
tion bearing such relalionship lo the beight thereof that
impelled guseous reaclants pussing therethrough from said
basal orifice are reduced io a [ean-pbase veclocity sub-
stantially below (hat of the gaszous reactants issuing from
said basal eorifice bul above thal of the gascous reactants
in the main body of suid upright open cylindrical catalytic
tnbes und the turbuilency of suid impelled gascous reac-
tants is simbltaneonsly substantially elimivated so that a
substantiaily straight line flow of sald gaseous rsactants
ix maintainad through the main body of sald wpright open
cylindrical catalytic fuhes at a dense-phase velocity,

5. A compartmented cylindrical catalviic resctor [or
gaseous reactants in motion fherethrough, comprising a
lower manifold chamber pravided with a reactor inlet
for introducing the gaseous Teactants, an upper manifold
chamber, said upper manifold chamber having a plurality
of filters for retaining solid particles in said reactor but
permitting the flow of gases therethrough, said upper
manifold chamber having a refriserant member below
said filters for cooling said npper manifold chamber, gaid
reactor havinp an outlet beyond and In pas-comrnumecs-
tion with sajd filters, a median chamber intermediate
safd lower and upper manifold chambers, said pedian
chamber having an inlet and an ontlet for the ingress and
cgress of a heat-exchange medjvm, a plurality of upright
open cylindrical catalytic tubes disposed in sald median
chamber, said npright open cylindrical catalyiic tubes
arranged so that heat-cxchange can be effected with a
beat-vxchunge medinm contained in said median cham-
ber, vach of sajd upright open cylindrical catalytic tubes
terminating in a basal vrifice of relatively smaller cross-
sectional area than the main body of said upright open
cylindrical catalytic tubas, the crosssectional arca of said
basal orifice bearing such relationship to the cross-sec-
tional area of the main body of said upright open cyvlin-
drical catalytic tubes that paseans reactanis enlering said
orifice are impelled turbolently npwardly thersthrongh
at a velocity greater than the inlet velocity thereof and
a velovily in exeess of that which can maintain catalyst
particles having u mesh size smaller than about 80 mesh
suspanded as a fluidized bed, a calining-gection interjacent
said basal orifica and the main body of said upright open
cylindrical catalytic tubes, said calming seclivn having a
cross-scetional area imtermediate the greater cross-sec-
tional area of the main body of seid upright open cyiin-
drical eatalytic inbes and the lesger cross-scetional area
uf said basal orifice, the cross-sectionl ures of said calm-
ing-scction bearing such relationship fo the height thercof
that impelled gaseons reactants passing therethrough from
said basal orifice are reduced to a lean-phase velocily
substantially befow that of the gasegus reactants jssuing
from said basal orifice but above that of the gascous
reactanis fn the main body of said upright open cylin-
drical eafalytic tubes and the lurbulency of said impelied
gaseous reactants is simultanecusly substantially elimi-
nated so that a substantially siraight line fow of caid
reactante is maintained throvgh the mair body of said
upright open cylindrical catalvtic tabes at a dense-phase
velocity.

6. A compartmented cylindrical catalytic rcactor for
gaseous reactants it mation therethrough, comprising =
lower maaifold chamber provided with g resctor fnlet for
introducing the gaseous reactants, an upper manifold
chamber, said upper manifold chamber havimg s plurality
of filters for refaining salid pariicles in said reactor but
permitting the flow of gases therethrough, said wpper
manifold chamber having a refrigerant member below
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said Blters for cooling sald upper manifold chamber, said
reactor having an outlet beyond and in gas-communica-
tion with said filters, a median chamber intermediate said
tower and upper manifold chumbers, a plurality of np-
right open cylindrical catalvtic tubes dizsposed in said
median chamber, said wpright open cylindrical catalytic
thes arcanged so that heat-exchange can be effccted with
a heat-exchange medinm conisined in said median cham-
ber, the main body of each of said upright open cylin-
drical catulytic tubes having an iniernal diameter of
between ubout 2 to 6 inches and u height of abont 60
times the internal diameter, sach of said upright open
cylindrical cutalviic tubes terminating in a basal arifice
of relatively smaller crass-sectional area than the main

body of said upright open cylindrical calalyiic fibes, the

crosssectional arca of said hasal orifive bearing wuch
relationship to the cross-seetional area of the main body
of said upright open cylindrical catalytic tubes that gase
cous reactants enfering said orifice arc impeiled tnrbn.

lently upwardly therethrongh at a velocity greater than -

the inlet velocity thereof, and a velocily in cxcess of that
which can maintain catalyst particles baving a mesh sizse
smaller than about 80 mesh suspended as 5 fuidized bed,
a calming-section jofcrjacent said basal orifice and the

main body of said upright open cylindrica cutalytic hrbes, -

sald calming-section having a cross-sectional area intetr-
mediate the grealer cross-sectional area of the main body
of said upright open cylindrical catalytic lubes and the
lesser crose-sectioma] arca of said basal orifice, the cross-
seetional area of said calming-section hearing such rela-
tionship to the height thercof that frpelled gaseous react-
anls passing thevethrough from said hasal orifice are
radieed 1o a lean-phase velocity sobstantially below that
of the gaseous reactants issuing frem said basal orifice
but gbove that of the gaseouns rcactants in the main. body
of said upright open cylindeical catalytic tubes and the
furbulevcy of sald impelled gmscous reactants jy simul-

taneously substantially eliminated so that a substaniially.

straight tine flow of said gasecus reactants is maintained
through the main body of said upright oper cylindricsl
catalytic tubes at a dense-phase velocity and expansible
joints an the walls of the median chamber for cOmpen-
saling for reactor heat expansion.

7. A catalytic reactor for gassous reaclants in motion

therethrough, comprising a lower manifold chamber pro- 45

vided with a reactor inlct for introducing the gaseous

(-3
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id
reactants and including z tube-plate forming the upper
wall thereaf, an upper magifold chamber having a tube-
piate forming the lower wail thereaf and having an out-
lei for the dischaige of the products of the reactivn, a
plurality of upright catalytic reactor tubes intermedite
szid tube-plates and sealed thercio and comimnnicating
therethrough with the correspondiag manifold chambers,
au orifice beneath and in communication with each rcac.
tor tube amd operatively disposed between it and the
lower manifold chamber snd constituting the sole curm-
munjeation for the passage of lluid therebetween, e
cross-sectionsl arca of the orifice bearing such relation-
ship to the cross-scetional area uof the catalytic reactor

“tube and 1o {he cross-sectionsl aves of said lower muni-

fold chamber and of the inlet thereof that gaseous react-
amts passing from said Tower manifeld chamber through
sald orifice are impciled upwardly therethrongh al =
velocity very much greater than the velocity of said gases
in said Jower rmunifold chamber and also very much
greater than the velocity of said pases in the catulytic
reactor fube; said orifice being so shortf as not sipnificantly
to limit the rate of flow of such reactant gases through
the catalytic reactor tube, and a calming-fube infermedi-
alc said orifice and said resctor tube, sajd calming-tuke
having cross-sectional wrea less than that of the reactor
wbe and greater than that of the orificc and having g
lenglh and cross-sectionsl area in relation fo the CTO8S~
sectional area of the orifice such that the tnrbulence n
the resctant gas, created by the orifice, will be substan-
tially dissipated in the calming-tube and the fow throngh
the reactertube will he relatively non-turbulent,
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