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518048

This invention relates to an improved process and means for
conducting reactions betwesn carbon monoxide and hydrogen; more parti-
cularly, the invention is directed to the production of liquid hydro-
caxbona by the hydrogenation of carbon monoxide in the Presence of a
fluidized mass of pulverulent catalyst.

4As iz wldely reported in the technicsl literature, a major
problem that hes bosn snecountered in the copmereialization of the
synthesis of hydrocarbons is that of remeving heat end controlling
temperaturs in & prastical and effective mamner. The catalytic hydro-
genatlon of carbon monoxide is a strongly exothsrmic chemical reaction
and it is extremely important to prevent any appreciable rise in the
desired reaction temparature inasmuch as a temperatura rise of as
little as 10° F. or less may shift the reaction to the production of
loss valuable producfs, 8« @, fixed hydrocarbon gmses 1likes meihane
&and ethanse. Such a rise in reaction temperaturs not only lowsrs the
yield of the more valueble liguid products by pramoting the formation
of gaseous products, but alaso increasea the rate of raaction go that a
vicious ¢irele of rising femperature is initiatsd. Gbviously, the
greater tho temparature rise, the grester ia the shift in produet dis-
tributlon in the direction of lesa valuable products.

While numarous schemas have bean proposed %o maet theas
exacting requirements of hest removal and temperaturs combrol, asa far
&z I know, not one has been found which is entirely satiafactory or
fres of some peculiar disadvantage. To my knowledge, the most speciocus
achemas are those which have bean disc¢losed in two recent patents.

One patent suggests flowlng syntheals gzasss conteining sus—
vendad therein the powdered ecatalyst through parallel tubular reaction
zones without which a cooling madium 1s eirculated to remove the heat
of reaction. While this system is largely suceeseful in the attaimment
of ita prime objective, i. &+, removal of the heat of Teaction along

ths path of flow of the reastion gaeaea, 1t has three serious handicaps
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from a commerelal point of view. In the first Place, for an adeguate
contact time between the synthesis gas and catalyst, the reactor must
be of enormous volume and excessive height. The hedght is so great
thet the only practical way of erecting a rlant of this type would be
to use saveral reactora of reasonsbls height connsoted in seriss.
dnother shortooaming of this suggested process 1z the considerable
altrition of the equiyment and powdered catalyst which ocours at the
high gas veloocity required to carry the oatalyst along in suspensioxn.
In addition, such & process naecessitatsa cumbersame and expsnasive
suxiliary squimment, particularly separatora of gases and solids which
are subjested to heavy attritive sarvice. Thase factors make for such
high installation and maintenance costs that 1t is genuinely doubted
that a plant of this type can be seonanmically faasible.

: The other patent proposes passing synthesis gas through &
fluant but dense mass of partlculate catalyst, absorbing the heat of
conversion in the ocatalyst, moving the catalyst from the synthagis zonas
to an outaids ccoling zone and reintroducing the cooled catalyst for
abzorbing the heat of reaction in the syntheais zones While this
mathod has the distinet advantege over the preceding ona of reducing
the wolums and, sapeeially, tho height of the reaction zons to reaspn-~
able riegnitudes, it suffers fram the limitation that the removal of
heat ia ;iapendent on the low gpecific heat of the catalyst. Thiz means
that a relatively large maes of catalyst must be eirculated at a high
ratee PFurthermore, inasmuch as cooled catalyst is introduced into the
bottom of the reaction zons and hot catalyst is withdrawn from the top
of the zons, 1t ia obvions that there is 8 thormal gradient along ths
haight of the Teastor. The advarss effact of a varying reaction tem-

porature on the attaimment of & desired product distribution has been

proviously mentioned.
A prinsipal cbjeet of my invention is to provide & commexol-

ally atiractive ayntheais process in which the best features of fluidi-
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zation and of a tubﬁlar reaction zone immerssd in coelant are incor-
porated without entailing the usual attendant dizadvantages.

dnother Important objact 1a to provide a compact reactor in
whioh the reaction zone Is in tubular form and is matntained within
vory olose limits at any desired reaction temparaturs.

4 further object 1s to avold the extensive installation of
auxiliary equipment, mueh as cyolone separatora, hoppars and the lika,
conventionally associated wiih gms~phasa reactions involving powdared
catalyats.

S%111 another object 1s to provids a mathod which snsures
proper fluldization in eatch and all of several tubes whioch together
form & reaction zons.

Other objscta of my invention will be apparent in ths de=

- seription which followa.

In acoordancs with my invention, synthesis gas, i. a., carbon

monoxide and hydrogen; is distributed to and passed up through, a multi-

Plieity of tubular reaction zonss which become one at thelr upper and
lower snds. A mitable catalyst, e: g., powdersd irop, in fiuidized
eondition £ills the tubular reaction zones as well as the msrzing zones
At the upper and lower ends of the tubular zonas, The tubular zongas
are surrounded wiih a eoolant, such as water, Dowtherm or mereury, so
that they ecan be malntained very closely to the desired rsaetion tem-
peratures It is eritical that the tubular zones, which in section mey
be elliptical, sguara or polygonal as well as circular, have an affec-
tive alze of a pipe havwing an internsl radius of mot lesa than about

% inch and not mere than about 4 inches. By effective pipe size I mean

that ip any tubular ione the fartheat catalyst particle shall be not

.1sss than &bout % inch and not mors than about 4 inches away from the

'i“e-:loaea_t wall of the tubwlar zones Freferadly, the effective pipe alze

of my btubular reaction zones is not less than sbout 1 inch and not more

than ebout Z inches in internal radius. The tubular zone may be annu=-
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lar in sectlon and, in such case, essuming that the inner surfacs of
the ammulus is & cooling surfece, cna-half of the width of ths snnulus
is equivalent to the internal radius of a pipe. 4 relatively imert
gas, 8« %., hydrogen or a mixturs of methens, ethana, ate., i3 intro-
dueed into the bottom zone s0 ms to mmintain the powdered catalyst
the;ain in & fluidized state and to fasilitate the Tlow of catalyst up
into the tubular reaction zones as neaded; the inert fluidizing gas
aleo flows up the reaction tubes, mingling with the reaction gases.

Tha cdmbinad gasos disecharge from the multiple reaction tubes into the
top zons which is of larger horizontal eross-section then the aum of
the cross-sectlons of the reaction tubes. Acocordingly, the zases
undergo a decrease in welooity so thet a denser fluidized mass of cata-
lyst ia sstablished in the upper zome in which the resection tubes morgae.
Also, bhescauss of dscreased valoeity, the reaction gases which bacome

disengaged from the bulk of the powdered catalyst in the upper zmse

and flow out of the reactor carry relatively little quentity of catalysts

Wkile the fluidization art indicates that gas velocities over a wide
ronge may be employed, I find 1t adviasable with tubes of the size spe-
oifiad horein to keeap the linear veloeclity of the gases within the range
of about 0.l %o about 2.5 feet par second. Ny preferrsd range smbraces
gasg valocltles of about 0.5 to about 1.5 feet per second. In the upper
and lower merging zones the gas velocity may be as low &s 0,05 foot per
sacond or even lower.

4s mentioned hersinbefors, the =zize of the reactlon tubes is
eritical to the opersbility amnd success of my process. From heat trana-
far oconslderations, smaliar and amaller reaction tubes are deslred to
provide adequate cooling surfaca, but from the point of view of good
fluldization larger and lerger tubses are desirad to minimizas Interfering
wall affeets. In roconciling these opposing factors I have determined
that my tubular reaction zonssg must have an effactive pipe size of about

% inch to about 4 inches in internal radius. Thoss skilled in the
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practice of fluldization will appreciate fhe diffieulties_ of maintaine-
ing a satisfactorily fluidi'z;d- mass of pulverulent catalyat within
gach and every rsaeﬁon tube <.>f auch small size when holding to gas
volocities within the range specifisd hereinebova; for example, sligzht
surges In the faeding of gases to the reastion tubes will tend to blow
the catalyst out of one or more of the $ubes. By my invention, such
dirficultiss are largely overcame or their adverse effect ia very con=
~slderably minimized inasmuch as proper fluidizntion is almost immedi-
ately ;:se-atabli shed the mcment that any interruption ocours. For such
reasons, I vadntain a relatively donse masa of fluldized catalyat in the
upper zons to act as a stabilizing ¢ap on the rluidized catalyst mass
within the ra_antion tubes. The mass of fluidized catalyat in the botimm
zons Of my reastor asta as an emergency reservolr to supply catalyast
. promptly to any reasction tube from which part or all of its catalyst
" charge may have been tranaported inte the upper zons of ths reactor.
Te enpura further the attaioment of good fluidization within the m.l];
reaotion tubes, I prefar tc have a standpipe or equivalent comnsction
batween the upper and lower zones, filled with fluidized catalyst, ao
as to permit the immediate flow of catalyst, which may be carried up
out of the resotlion tubem, to the lower zons whence the catalyat murges
up inte any reaction tubes daficient In catalyat content. The autoamatic
" and rapld raplenishment of catalyst in the reaction tubea is conweni-
sntly achieved by a differonce 1ﬁ the densitiea of the fluidizad meas
" within the standpipe and the reasction tubss. 4 greater denaity in the
stendpipa exerts a pressurs on thae catalyat mass comparabls to a hydro-
atatio head in & liquid system; this pressurs causes the powdarad cata-
lyst in the lower zone to rise into the reaction tubes. Whils for the
sais of elucidation T have set forth the foragolng theory of operation
to explain the phonaqom that ooceur in, and make posaible, the oparatlon
of my proceas which 1s dopendent upon the maintananse of good fluidiza-

tion in relatively mmall tubes, I do not wish to bo held thereto; it
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suffices to have an apparatus with the necessary and cooperating

eleoments and to use such apparatus under the conditions brought out

' r}:ln this specification.

"

The invention will be more clearly and readily understood

< )i, by wefersnce to the acocmpanying drawing in which:

Flguro 1 is a schematic representation in vertieal section
of one form of tubular reactor of my inventlion;

Figure 2 i3 a similar view of another form of tubular re-
actor and

Flgure 3 is a vertical section of a modified reaction tube
which mey be embodied in the reactors of my inventiona

The same numerals ars used to indicate aimilar or squivelent
aleamonts in the three figures.

The reactora have a maln reaction shell 1, preferably elrcu~
Jar in hcrizontal croasg—saction, a bottom tnbe sheat 2 and a top tubs
sheet 3 which hold a multiplicity of reaction tubes 4. A standpipe 5
is shown in Flgure 1 at the center of the bundle of reaction tubes 4
and in Figurs 2 the standpipe is the annular spac¢e bebwean the largs
tube or shell 5 amd the reactor shell 1. In Figure 2, bracketas Ha
gupport shsll 5 which enclosas the bundle of tubes 4, by attachment to
the main reaetor shell l. An inlet 6 servea to introduce a coolant
into the zome surrounding the reaction tubes 4, while outlst 7 is for
tha withdrewal of heated coclant. The reactors have a taperad or
funnel-shaped bottom section 8 with a gas inlat 9. In Figure 1, aband-
pipe 5§ 1s represented as having an expandad bottom portion 10; thia
goams desirable to minimize any tendency of the powdsred catalyst to
pack within the standpipa as the catalyat mcves down therethroughe. A
conical plug 11l prejects up into standpips 5 and, by adjustment of lthe
gupporting threaded rod 12, plug 11 may be moved in or out to glve any
desired opening 13 at the bottom of sbandpips 5. Similarly, in Flgure

2 a ring 11 having a wodge-shapad cross-gection 1s made to slids up or

-6 -




&
v

518048

down te control the opsning 13 at the bottam of the annular space which
1s used for the return of powdered catalyst to the bottam section 8 of
the reactor. The position of the ring 11 1z set by adjustment of the
threaded rod 12, which through a ball-socket joint and forked red
members l2a supporta the ring 11. Plpe 14 has a ring-ghapad portion
with several nozzles ld4a to diatribute a fluidiziﬁg gas within the
annular zone outalde of shall H; in Figure 1, pipe 14 is likewise used
Tor the Introdustion of fluidizing gas into standpips 5. Pipas 15 ave
ussd for the introduction of syntheslis gas. These pipes have several
neadla-1ike mombsra 16 to feed the synthesis gas up into the rasetion
tubas 4. The roactors have a top seedion 17 with a vent pipe 18 for
the withdrawal of the gasasous rsacilon producta. Top section 17 may
also have an opening or manhole 19 (shown coverad up) for ready access
Into the top of the reactor. Opening 19 may be ussd for the charging

of catalyst powder into the reactor. Similarly, the bottom section 8

' may have an opening or manhole 20 (shown covered up) for the withdrawal

of catalyet and for access into the bottom of the reactor. It is often
found deairamble to operate ths reactor with a slow but continuous ra-
activaetion of the powdered catalyst. In such cases the openings 19 and
20 era comnected to sulitable piping for the contlinuoua introduetion of
reactivated catalyst and for the continuous withdrawal of fouled or
spent catalyst, respectively.

Figure 3 is a vertical saction of a modified reaction %ubs 4
which has an inper tube 4a with bent portions 4b and openings 4¢ through
the walls of tube 4« By this modification more coolling surface is in-
troduced info reamction tubs 4; such modification is partleularxly desir-
ahle with the largar reaction tubea., With this typs of tube the re-
action zone is annular in horizontal eross-sectlon. The sama coolant
whiech surrounda tube 4 flows through tube 4a and accordingly maintalns
ths same temperature on the inmer and ouber walls of the ammular re-

action zono.
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I have shown the top tube ashest % as being conical so as to
Tacilitate the movement of powderad catalyst, thet may discharge from
the tops of the reaction tubss 4, back %o the lowar zone of the Treactor
whence the cataelyst 1s fed up into the reactlon tubes. In Figure 1,
bacause of the conlcal shest 3, ths catalyst rising into the top zone
of the reactor migrates more readily into the sentral stendpipe 5
while in Figurs 2 the inverted cone promotes the movement of catelyst
discharging from the reactlon tubes o the annular zZone between shells
5 and ls A flat tube shest may be used at the top of the bundls of
reactlon tubes since the maintsnance of an appreciable depth, say about
1 foot, of fluidized catalyst above the tube shest will facilitate the
movement of catalyst particles in horizontal directions.

Baving described typical reactors of my invention as well
as their operation, I shall clte the details of a synthesis plant pro-
dueing 100 barrels par day of liquid hydrocarbons. 49he reactor is of
the type shown in Flgure 1; 1% has 300 reaction tubes maede from stesl
tubing of 3-inch outside diasmeter (7/32-inch wall thickness) and a
central standpipe having a 16-inch outside diameter. The 300 reaction
tubes are distributed around the standpips with clearances of about 1
inch beiween adjacent tubase. %While the lengbth of the reaction tubas
varies somewhat bacauss of the conical tube sheat at the top of the
tube bundle, the average length of the tubsa is 15 feet. The coolant
surrounding the reaction tubes is water; the rsactor therefors functicns
like & steam boiler in which the heat is supplied by conducting hot
gases through the boiler tubes. By maiptaining the cooling water under
propeT pressure, the reactlon tubes may be held at any deslred temper-
ature., In the plant undesr d&iscuasion, the tubss are kept at a temper-
ature of BOO® T. The cebalyst selected for this operation is a sub-
stantially pure iron powder which has been activated by the addition of
about 1.0% of potassium oxide (Kg0) and about 2.0 of alumina (Alaq3).

The powder is of such gize that all passes through a 200-mesh screen
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and sbout 85% passes through & 32F-mesh screen. The sizes of the
eatalyst partiocles are well distributed over a fairly broad range.
TheTe 1s sufficlent fluidized catelyst in the reactor to £ill the reo-
actlon tubes, the standpipe, and ths upper and lowsr merging Z0nes.
The fluidized mass of catelyst has a pssudo-liguid level, 1. a,, the
lével at which the bulk of the reaction gases become disengaged from
the fluid mss.‘which ig about 1 foot above the upper end of the long-
est reaction tubsa.

Frosk pynthosis gas containing 1.2 to 1.3 wolumes of hydrogen
for egeh volume of carbon monoxide and minor proportions of carbon di-
oxlde, water and nitrogen ls introduced inte the reamctor at the rate of
10 pound-mols per hour. This synthesis gas with an average molecular
woight of 1% ia distributed and fed into the 300 reaction tubgms. Ak
tﬁs same time, 315 pound-mols of mecyecls gas flowa through th; :raactor.
about G0% of this zas entering through the lower conicel section, tﬁere-
by mainbalning fluldizatlion in the lower zone and making catalyst powder
available for transport into any reaction tubes which may beooms defi-
olent in scatalyst content, and about 10% of the zas antsring at the
bottom of the standpipe to keep the catalyat thersin in & fluid condd-
tion. The reeyele gas which is the ges remaining after all the lIguld
rrodusta have been recovered from the effluent gasss of the reactor is:
campogsd largsly of carbon dloxides, hydrogen and gasaous hydroearbans
like mathans, othgne and ethylema. The averags molscular welght of
"Tacyels gas 18 24+ Tho 90% of recycle gas enbering at the bottom of
the reactor becamzé?%istributed and flows through the 300 reection
tubes along with.the frash gynthesis gas fod to each tube. The com-
binad gases pass up through the reaction tubes with a linsar wvelocity
in the vicinity of 1 foot per second end satizfactory fluldizetion of
the catalyat powder results. The raaction zone is under a prassure of

2R0 pounda gage.
With these conditions, 100 barrels (42 gallons per barrel)
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of liquid hydrocarbons are produced daily. The liguid product com-
prisss sbout 86% of hydrocarbons boiling in tha gasoline rangs, 1. o.,
& fraction starting with bydrocarbons of four carbon etoma and ending
at a boiling point of 400° F., and sbout 20% of hydrccarbons boiling
above 400° F.

With the selectod operating variambles, the process not only
yialds valuable liquid hydrocarbons but alse the operation ia continu~
ous end free of interruptive difficultles. Thus, because of aatig-
factory fluldization of the powdered catalyst within the reaction tubss
and because of the axtensive cooling surface of the reaction tubsas, the
entire reaction maus is maintained at the chosen temperature of 600° F.
in mpite of the great exothermicity of the hydrogemation of carbon mon-
oxide. 4s previously pointed out, any tendency of the catalyst to'be
blown out of any Teaction tube ia immedlately nullifisd by the reser-
volr of catalyst in the upper and lower zomes of the reactor and in the
standplipe connasting thaée zonsss The oombination of these zomes and
standpipe is analogous to an slevated water tank; the fluid is always
ready to flow. In the fluid reactor of this invention, the moment any.r
reaction tube iz emptied of its catelyst charge, another charge-of B
catalyat surges into it. The advantages of such continuous snd steady.
operation are high yields of synthetic produets, a favorable prqducﬁr ':
distribution, and a long actlve life for the ocatalyst. The lcng_caﬁ§4::
lyst lifs mey ba attributed to two factors: the close tamperature con- - |
trel in my reactor prsvénts thermal injury of the catalyst rasulti;g
from sudden tempsrebure surgea and'the paasage of ralﬁ’civaly nonra-
activa recyele gas up through the catalyat mass in the standpipe tends
to volatilize or strip abaorbed heavy hydroccarbons fram tha catalyet
as it movea downwardly in countercurrent relabtion to the recycls gas.
Bacause of the gensrally uniform condition of fluidity and turbulanca
of the oatalyst maas in the saveral tubea, good heat iransfer fram tma

catalyst to the tube walls im esteblished and fiuctuationa in remction
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temperaturs are held within limits of as low as 5° to 10° F.

4 distinet advantage of my invention over prior processes
using finely divlded catalysts resides in the faet that relatively
amall guantitles of catalyst particles leave the reactor. Prior prac-
oages have been predicated on high rates of introduction snd withdrawal
of the catalyst in the rsactor; sueh operation has necessitated elabo-
rate aystems for the separation of the powdersd catalyst from the
aeffluant reaction gases. These catalyat recovery aystems, beceuss of
the heavy duty to which they are axposed, are large and expensive both
in first cost and upkesp. In my process, & relatively dense phase of
powdered catelyst in the upper zone of the reactor blankets the upper
enda of the reaction tubes from whick powder would otherwiss be tranas-
ported at an appreciable rate. The small quantity of powder which may
leave the resctor by entralmment in the effluent gases is readily re-
covered by a sultable, =small separator, a. g., a cyclone, bag filter,
or the like. The recovered catalyst may be returned to the reactor by
any of several known procedures, such &3 suspension in the reecyole
gases entering at the bottom of tha reactor.

The eatalyst employsd in our process is an essentlal contrib-
uting faotor for commsrcial oparability. Fram this viewpoint, we
prefar to use iron catalyat although catalysts of the other metals of
the iron group, viz., cobalt and nickel, are well suited to our procesa
and, in certain instances, may offer some advantagas over irode The
catalyat is predaminantly, 1. e., at least 80%,‘3 metal or & mixture
of metals of the iron group. o are, of course, aware that various
pramoters and activators may ba addad to the irom group meatals in i'ninor
proportiona, i. e., not more than 204, to modify the hydrocarbon syn-
thasls remction and thersby to yilald diffsrent hydrocarbon producta.
Such promoters as compounda of alkall and alkaline sarth metals, the
oxides of titanium end silicon, and selts of molybdenum and chromium

may be employsde Inasmuch as both components of synthesis gas, Viz.,
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hydrogen and carbon monoxide, ares strong roducing aganta, the powdered
catalyst charged to the reactor may be in the form of any readily ra-
dueible oampound or compounds of metels of the iron group.

Whils relatively fine or relatively coarse catalyst powders
may be used, I generally choose powders of about 200 to 400 mash. Such
powlara preferably have a predominant fraetion, say 85%, pasaing through
& 325-mash screen and the particle sizes in this fraction are diatribe
uted over a falrly broad range. Instead of pulverizing the catalyst
1tself, thae cgtalytic material may be deposited by known technique on
finely divided, inert supporta like diatomaceous earth. Accordingly,
powdsred catalyats asulitable for our fluld synthesis process smbrace
both the unsupperted and the supported types.

It is understood that the selection of the several process
variablea, such as temperaturs, pressure ratic of carbon monoxide to
hydrogen in the fsed gas, catalyst composition, etc., depend largely
on the products deasired. Thare are sxiensive teachings in the techni-
cal literature which relate to the variables of the syntheais reaction
and to their influence on the products obtainad.

To rescapitulate, my invention inveolves a synthesis process
which amploys powdered catalyst in a multipliclty of relatlvely amall
reaction tubes surrounded by a suitable coolant. "The reagctor with
multipls tubes 1s of novel design and ineludes an upper and a lower
zone which ocamunicate with the respeotive ends of the reaction tubes
and which are connectad to each other through a vaertical zone or
passagsway, viz., the standpipe of Figure 1 or the anmular spzce of
Figure 2. The tubas, the upper end lower zones and the connecting
passageway are filled with fluldized catalyst, the fluidized masa being
of highsr density in the upper and lower zones and the conneeting
pessagoway than in the reastion tubese. This diffarence in density pro-
motes, so to speak, the migration of powdersd catalyst fron thess zomes

o the tubes and thus ensures that the tubes are at all times properly
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charged with fluldized catalyst. Inasmmuch as the aynthesls gas ias
admitted to, and flows through, the resction tubes only in proximity
of cooling walls, wery sansitive thermal regulation is achieved.

It is clear that the apparatus of my invention is appliecable
more broadly to any chemical reaction betwsen finsly divided solida
and vapors or gaseg, which involves a largs quantlty of reaction energy,
whother exothsrmic or andothermic. In an endothermic reaction, a Vheat—
ing fiuid inatead of a coclant ia clirculated in ¢ontact with the ex-
terior walla of tho reaction tubes. In either case, the sams accurate
econtrol of the reactiocn temperature iz accomplished by a reactor which
ia largely autamatic and foclproof in its funciloning.

Those skilled in the art will appreclate that the procesa and
apparatus of my invention will permit of many modifications. For ex-
ampla, it is not nacessary to have a relativsl?éiarga standpipe con-
neating the upper and lewsr zonss of my rsaator} instead, soms of the
saveral roaction tubes may be fad with gas at a lower veloclty than
that used in tha other tubea s0 as to favor the migration of catalyat
down through the tubes with lower gas velocity and up through the tubas
with higher gas veloeity. Similerly, the lower zons of the resotor may
ba fluldizad by the introduction of a ges other than recycls gaa, i. e.,
the Tesidual fized gases resulting from the synthesis reaotlen. Sult-
ahla games ineluds carbon dioxide, methane and hydrogemn. TMurthermere,
recyales gag may be advantageously replaced by a vaporizabls liquids.
Such a 1liquid, 8e ge, the fraction of the synthosia products which boil
at temperatures in the rangé of 300° to 500° Fap, would upon introduc-
tion inio the bottem of tha raactor be complately vaporized and the
resultant vapors would fluidize the powdered catalyat. Tha use of
liquid has the added feature that the heat of vaporizatlion is ab-
atracted frau the hot catalyst so that partial cooling is effected and
the e¢ooling load or service of the walls of the reaction.tubsa is

diminished correapondinglys 4Also, &s is known in the art, syntheasls
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conditions may be selected for the production of oxygsneted organic
compounds such as aleoholas.

In view of the many possible modifications within the spirit
of my invention, the ¢laims which follow should be construsd broadly

end not in a reatricted sehas bassd on the illustrative ambodiments

presented horein.
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The embodiments of the invention in which an ex-

clusive property or privilege is claimed are defined as

follows:

1. The process of synthesizing organiec compounds
through the catalytic hydrogenation of carbon menoxide which
comprises passing carbon monoxide and hydrogen up through
fluidized synthesis catalyst maintained at reaction condi~
tions and disposed in a multiplicity of tubular reaction zones

each having a transverse section within which the innermost

more than about 4 inches away from the periphery of said sec-
tion and each being subjscted to cooling for the extraction
of heat from said catalyst; while fluidizing a mass of said
catalyst with a substantially nonreactive gasiform medium in
a lower zone communicating with said tubular zones to ensgure
substantially uniform fluidization in said multiplicity of
tubular reaction zones; permitting said medium to flow up
through said tubular zones along with said carbon monoxide
and hydrqgen; causing said gases to become disengaged from
the bulk of sald catalyst in an upper zone into which said
pubu}grn%ones:dischgrge; withdrawing said gases and recoverinﬁ

synthesized organic compounds therefrom,

2. The pfocess.of.Clhim 1, wherein the gases flow-
ing up through theﬂtubular reaction zones have a linear velo-

¢ity in the range of about 0.1 to about 2.5 feet per second.

3. The process of Claim 1, wherein the several
tubular zones are subjected to cooling from within as well

as from without.

/&
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4+ The process of synthesizing organic compounds
through the ecatalytic hydrogenation of carbon menoxide which
comprises passing carbon monoxide and hydrogen up through
"ffluidized synthesis catalyst maintained at reaction conditions
and dispcsed in a multiplicity of tubular reaction zZones each
having a transverse section Withiﬁ which the innermost catalyst
particle is not less than about 1 inch and not more than about

2 inches away from the periphery of said section and each bein|

v

subjected to cooling for the extraction of heat from said
lcatalyst; while fluidizing a mass of said catalyst with & sub-
stantially nonreactive gasiform medium in a lower zone communid
cating with said tubular zones to ensure substantially uniform
fluidization in said multiplicity of tubular reaction zones;
permitting said medium to flow up through said tubular zZones
along with said carbon monoxide and hydrogen; causing said

gases to become disengaged from the bulk of said catalyst in an
upper zZone into which said tubular zones discharge; withdraw-
Jling said gases and recovering synthesized organic compounds

therefrom.

5. The process of Claim 4 wherein the gases flowing
up through the tubular reaction zones have a linear velocity

in the range of about 0.5 to about 1.5 feet per second,

6. The process of Claim 5 wherein the several tubu-
'lar 2ones are subjected to cooling from within as well as

from without,

7. The process of conducting a thermal reaction of
gaseous reactants in the presence of a fluidized catalyst,

which comprises passing the gaseous reactants up through the
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i
~fluidized catalyst maintained at reaction conditions and dis-

‘posed in a multiplicity of tubular reaction zones each having '
i :

a transverse section within which the innermost catalyst pare

ticle is not less than about 1/2 inch and not more than about

; !
| !
4 '
! i
i :
44 inches away {rom the periphery of said section and each

'

being subjected to heat exchange conditions, while fluidizing |
i

a mass of said catalyst with a substantially nonreactive gasi-
form medium in & lowsr zone communicating with said tubular
zones to ensure substantially uniform fluidization in said
multiplicity of tubular reaction zones, permitting said medium

to flow up through said tubular zones along with said gaseous

reactants, causing said gases to become disengaged from the
bulk of said catalyst in an upper zone into which said tubular
zones discharge, withdrawing said gases and recovering reactio

products therefrom.

8. An apparatus for conducting exothermic and endo-
thermic reactions involving gaseous reactants and finely divid
flﬁidized, solid particles; comprising an upstanding vessel;
a heat exchanger positioned in said vessel having a pair of
transverse tube sheets, vertically spaced from each other and
from the upper and lower extremities of said vessel to form
within said vessel an upper chamber above the upper tube sheet
and a lower chamber below the lower tube sheet, a multiplicity
of vertical tubes extending between said tube sheets and com-
municating at their extremities, respectively, with said upper
and lower chambers, and means for feeding into and withdrawing
from the space about said tubes and between said tube sheets
a heat transfer medium; gas inlet and outlet means communicati
respectively; with said lower and upper chambers; a passageway

substantially larger in cross section than the pipe size of

/7
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said tubes and connecting said lower and upper chambers; the
upper tube sheet being in the form of a conical surface slop-
ing downwardly toward the upper end of said passageway; and a
distributor positioned within said lower chamber for injectinJ

a fluid individually into the lower ends of said tubes,

9. The apparatus according to Claim 8 wherein the
upper tube sheet alopes downwardly toward its center and con-

‘nects with the upper end of said passageway.,

10. The apparatus according to Claim 8 wherein the
upper tube sheet slopes downwardly toward its perimeter and

connects with the upper end of said passageway.

, ‘, 11l. The apparatus according to Claim 8 wherein said
tubes have an effective pipe size of not less than about 1/2

inch and not more than about 4 inches internal radius.

12.. The apparatus apcording.tmelaim 8 wherein said
‘tubes have an effective pipe size of not less than about 1

'inch and not more than about 2 inches internal radius.

13. The process of manufacturing hydrocarbons from

a synthesis gas mixture containing carbon monoxide and hydrogeh
wherein a.fiﬁélx divided synthesis catalyst is contacted with
. phe.synthesis gas m;xture while in fluidized state; said pro-
‘cess being carried &ut in a closed process zone containing an
upper catalyst _zone;’ an 1ntermed1ate cooling zone comprlsing ﬂ

rgroup of vertical reaction tubes, a lower catalyst zone, a.

'Icatalyst reactivation zone disposed centrally of, durrounded by,

ﬁ; P and communicating with said reaction tubes, and comprising a

s
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{ conduit leading from s:id upper zone to said lower zone and

i passing centrally through said cooling zone, said process com-
: :
;;prising maintaining in said upper zone & suspension of the syn-

thesis catalyst in reaction gas in dense fluidized state under!

synthesis conditions of temperature and pressure, continuoucly
passing the synthesis catalyst in fluidized condition from said
upper zone to said reactivation zone, removing high molecular
weight reaction products from the catalyst particles in said
reactivation zone by contacting the synthesis catalyst with a
g2s rich in hydrogen, withdrawing the synthesis catalyst in a
fluidized condition from the reactivation zone downwardly

through said conduit to said lower zone, feeding said synthesils

gas into admixture with the catalyst from said lower zone at
the lower portion of said reaction tubes to form a dilute mixe
* ture of synthesis catalyst therein and then passing said dilutle
mixture upwardly through said cooling zone in a plurality of
confined streams in said tubes under synthesis conditions of
temperature and pressure into the bottom of said upper cata-
lyst zone to form the dense fluidized bed of synthesis catalysr

in said upper zone.

14. The process of manufacturing hydrocarbons from

=]

a synthesis gas mixture containing carton monoxide and hydroge
wherein a [inely divided synthesis catalyst is contacted with
the synthesis gas mixture while in fluidized state; said pro-
cess being carried out in a closed process zone containing an
upper catalyst zone; an intermediate cooling zone comprising a
| group of vertical reaction tubes; a lower catalyst zone, a

catalyst reactivation zone diSposed_centrally of, surrounded

by, and communicating with said reaction tubes, and comprising

/7
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2 conduit leading from said upper zone to said lower zone and .

4 '

ﬁpassing centrally through said cooling zone, said process com-

1

ésynthesis catalyst in reaction gas in dense fluidized state
tl
under synthesis conditions of temperature and pressure, con-
tinuously passing the synthesis catalyst in fluidized conditlo

from said upper zone to said reactivation zone, removing high

Eprising maintaining in said upper zone a suspension of the i
I N

molecular weight reaction products from the catalyst particle
in said reactivation zone by contacting the synthesis catalyst

with a gas rich in hydrogen, withdrawing the synthesis cataly

in a fluidized condition from the reactivation zone downwardly
through said conduit to said lower zone, feeding said synthesi

gas into admixture with the catalyst from said lower zone at

the lower portion of said reaction tubes to form a dilute
mixture of synthesis catalyst therein and then passing said
dilute mixture upwardly through said cooling zone in a plurali
of confined streams in said tubes under synthesis conditions
of temperature and pressure into the bottom of said upper
catalyst zone to form the dense fluidized bed of synthesis
catalyst in said upper zone and continuously causing the syn-
thesis catalyst, in fluidized condition, to rise into said

cooling zone from said lower zone.

15. A method for conducting catalytic reactions whig
comprises passing a fluid stream containing finely divided
fluidized catalyst particles suspended therein into a reaction
zone; dividing the suspension stream into a plurality of
smaller confined and substantially annular shaped streams
within said reaction zone; uniformly distributing a reactant

stream into said plurality of streams, passing the admixture

v,




particles following their discharge from said reaction zone.
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through said reaction zone and passing a fluid medium in in-
direct heat exchange relationship internally and externally |
with said annular streams immediately upon introduction of

said other reaction stream to the annular streams.

16. A method of condueting a fluidized catalytic
reaction hetween carbon monoxide znd hydrogen to synthesize
hydrocarbon vapors; which comprises passing a gaseous stream
to a reaction zone, injecting finely divided synthesis catalydt
particles into said gaseous stream whereby the latter trans-

ports sald catalyst particles to said reaction zone, dividing

the mixture into a plurality of smallerconfined and substantially

annular shaped streams, uniformly distributing a reactant

stream into each of said plurality of divided streams and PaASS
ing the mixture through said reaction zone; passing a cooling
fluid in indirect heat exchange relationship internally and
externally of said annular shaped streams immediately upon
introduction of said reactant $tream to the annular streams

and separating hydrocarbon reaction products from the catalyst

p:./
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