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The'present Invention ie concerned with processes relating to
the contacting of mubdivided fine eolid particles end gages., It also

pertains rore partidularly to a process of, and an apparatus for contacting

sollds with upflowing gases in which the gases pass through en enlarged

g

contactiné chember containing a body of subdivided fine solids at a con-
trelled rate to maintain the subdivided solids in a fluid rhase, which phase
is in a relatively turbulent, fluid ebullient state.

The invention ie more speciflcally directed to an improved

-

hydrocarbon syntheasis reactlon wherein the carbon content of the catalyst

“1p positively controlled by enploying a selective procedurs for the with-

drawal of the catalyst from the treating zone. In accordance with the

piecifio application  of this invention, carbon build-up on the catalyst

in hydrocerbon synthesis reactions 1s controllsd by employing a two vessel

gystem in which one vedsel éomprisea the reactor or treating zone, while the

. other vessel comprises g regeneration zone. The catalyst of the higheat

carbon content is aelectivaly.circulatad to the regeneration zone, prefer-
ably by placing packing, restrictions, or equlvalent means in the upper
part of the fluid phase in the treating zone,

It has, heretofore, been Xnown in the art toc contact gases and

golida by passing the gases upwardly through an enlarged treating zone, :

.containing a body of finely divided solids to be contacted, at a controlled
.-afeiocity to maintain the solids in the treating zone in a gquasi-liquid like
..'ataﬁe. Under properly controiled conditions, thqrsubdivided 80lid particles
“faré not only maintained in a highly turbulent, quesi-liquid and sbullient
‘atate, but there exists a repid and overall circulation of the flutdized

solids throvghout the fluld bed.

Procegses of this character, wherein fluidized solidas are contacted

- with gages, have a number of inherent and important adventages. TFor example,
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intimate contact between the gases and the fluild subdivided sclids is
gecured. It is alsoc possible to maintain a spubstantlally uniform tempera-
ture throughout the bed as & result of the extremely rapld transfer of
heat from one sectlon of the bed to the other because of the rapid circulation
of the fluid subdivi@ed solida, Fuithermore, dus tc the rapid transfer
of heat between the sclide under these conditions, it is readilyposeible
to add or extract hsat from the mmes at an extremely rapid rate.
Fiuid operations of the character deacribed for contecting fine

gubdivided solids and gases have found extensive application in various

reduction resctions, polymerization proéeasea, exothermic and endothermic

reﬁctions, processes Tor the carbonization of finely divided coal and
simllar operatlons. Specific procesees in which the solid fluld technique
had baaﬁ very succedafully employed, are processes lnvolving the treatment

of petroleum olils, such as catalytlc oracking operations, polymerizaticn

‘operations, and the like., The fluid technique has also been succeasfully

utilized in syntheals of hydrocarbons, such &s the Fischer Synthesls reactions

-boﬁh for the pfoduction-of synthesis gas 1teelf and for the reaction of

6xidea of carbon and hydrogen fér.the production of hydrocarbon constituents
containing ohe or more carbon atoms 1n the molecule. Thus, while the
contacting of Tinely divided solids and gases in a fluidized bed, ms presently

practiced, has found extensive application, thers ars certain intherent

limitations in wome of the processes as now practiced which have thus far
‘proevented adaptation in many other flelds and which have limited its

‘efficiency in many flelds in which it is now employed.

In some operations, for inatance as In hydrocarbon synthegia

l[_ioﬁeratipna, the overall rapid, swirling effect obtained by the circulation
of solids through the reaction zome may be undesiraple because 1t 1s not
_,_99531ble to segregate and separate from the reaction zone, & stream of

-solide which are anything more than an average mixturs of solide contalned

4n the zone. Also, in many processes it is desirable to carry out the
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operations in truly countercurrent fashion in which the molids pasg through
the contacting zone in a general direction countercurrent to the flow of

the gas. This is rarticularly true when it ie desired to remove spent
material from the treating zone rather than an average equilibrium mixture
"of solids contained in the zone, such as in purification and separation

of ganges and in the calcination and dlstillation of solilds. Also, in other
operations it is of advantage to carry out the prooasa with concurrent flow
of solids and gamea. Concurrent conditicne of operation are uncbtainable
in carrying out the contacting operation in a free, unconfined fluid bed

as presently practiced. TFurthermore, thers is a practical limit to the
depth of the fluid bed which may be used. It has been found that, if the
bed la exoessivelf-dqap, a surging and pounding of the bed results which
lends to depfeéséé}treating efficiency. It is also desirable in some cases
to pasa the.gaqgéfto be treated ;r contacted successlvely through two separate
flui@izéd_ﬁedsriﬁ bpen free communication with each other. It has also been
found that‘in carrying out the contacting of gases and solids in a fluidized
bed reactor of the type described, all excess gas, in addition to thab which
* 1 used to fluidize the solidd; tendsto agglomerate rapldly into large
hibbles which find the;r way through the bed with imperfect contact with

the subdivided solids.

bha purpose of the present invention is to provide an improved

mgthqd of, and apparatus Tor carrying out thé‘cdntacting of geses and sollds
jiﬁﬂ¥hq presence of a fluidized bed of the type descrided which would not
‘Béjéubjact to the limitations mentloned. Another important object of
.ﬁﬁigfinvention is to provide an Improved method of rapidly and effectively

- separating fractiona of sﬁbﬁivided solids of:diffbrent buoyant properties

”';fdr particle weights. Another objlect of the invention ta to provids an

L improved method of haintaining two or more separate and contiguous beda
ofléubdivided solids in open commnication with each other. -Another epecific

eﬁjﬁct of this inventlon 1s to provide an improved method of contacting
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gases with a relatively deep bed of fluidized solids. . The predent

invention is more specifically directed to improved hydrocarbon synthesis

raactions, the mcope of which will be inderateod by subsequent descriptions.
The invention finds general application in any oparation wherein it ia

: desirable to contact fine, subdivided sollds with gages in order to effect
# physical or chamical change in either solide or the gas.

In accordance with a specific and limited application of this

-}1ﬁ§eﬁtion,.substantial improvements are secured 1nr§;hydrocarbon gynthesls

© reacticn. In accordance with thia procesa, supa%éktigl aconomies are
gecured by utilizing a novel gperatling techﬁiqﬁ;'wherein carbon build-up on
the catalyst 1la controlled by aalectivglylfambtipgithé more buoyent catalyst
pa:ticlea havring the highest carboﬁ concenfratibn:ffom the reaction zone,
which catalyst ia regenerated In a regensration zone and returned to a

lower section of the synthesis zone. ‘ )

It 1s well hqu in the art to conduct hydrocarbon synthesls
reactions 'by contacting hydrogen and _oxides of cafbon with catalysts under
various temperature and pressurs conditions. The catalyst employed is
ﬁsualljr selected from the iron g_:’l-ou’p metals, as for example, iron, cobalt
and nickel. The catalysts are ubilized either alone or are employed in

conjunction with carriora, such as kissslguhr, diatomaceous earth, synthetlc

gels, silica, and alumina. Promoters, such as oxides of chromiizm; zinc,
aluminum, megnesium and carbonates of the alkali metals are used with the
.:l.ron"grouﬁ' metals. Theiae catalyate are employed in either fixed bed or
_'fluid catalyat operations. '
' "The temperatures employed in the synt:hesis reaction vary widely,
a8’ for example, in the range from about 300'F. to about 800TF. and are
‘f’geperaliy.in the range from sbout 350°F. to sbout 7OO'¥. The preasures,

'iikewiae, vary, conai'derablyrand ave a funotion of other operating conditions,

such as catalyst employed, activity of the catelyst, character of the feed

gaaos and the temperaturea utilized. Pressures in the range from about 1

\ . . | -5-
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to 100 and higher atmospherss have been guggested. The character of the

feed gases introduced into the synthesis reaction zone depends somewhat

on the particular temperatures and rressures, and upon the catalyst
employed. TFor exampls, when employing cobalt type catalyst, it la preferred
to use about 1 mol of carbon monoxide to mbout 2 mols of hydrogen, while
when an fron c¢atalyst is uﬁilized, equal mols of hydrogen end carben
monoxide in the feed synthesis gases are desirabls,

The synthesis feed:gases'comprisiﬁg hydrogen énd carbon monoxide
are usually produced from hydrecerbons, particularly from methane or from
natural gﬁs. The faaction comprises, generally, oxidizing hydrocarbons
with a reducible metal oxide. This procedure, pef se, is old in the art
singa there are many disclosures concerned with the use of reducible metal

b oxides, such as oxldes of iron, chromium, copper, nickel, mangeness, and
zinc for the oxidation of hydrocarbons comprising methane to produce
h;drogen end oxides of carbon, particularly, carbon monoxide, These reactions
arelgenerally conductad at temperatures in the range from about 1400°F. to
about 2000tF,

This Invention finda spécific application in a hydrocarbon
ayﬁthésia‘reaction'whérain the syhthesis gases are reacted by means of a
guitable cataiyst to form hydrocarbon cohstituents containing more than
one carbon atom in the moiacuie. For axaﬁple, in thile process one of the
impo#éﬁnﬁ.proplems'confronting the development of the synthesis process
Via'éﬁéﬁ”gérbon builde up on the c;taly;t to an extent that it 1 lost unless
,it-igfrégenarated Although, a' certain amount of carben ney be desirable

on hhe catalyst aurface, this factor must be controlled, otherwise the
" catalydt deterioratee with a resultant loss of selectivity. TFor. instance,
a8 the carbon content of the catalyst 1ncreaﬂes, there is a progressive

trend toward lighter hydrocarbons, including methane, in the product vapors.

" In accordance with this process 1t 1s, therefore, possible, to control

effectively the character of the product gases and vapors by controlling

G-
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the carbon content of the catalyst in the treating zone. As the carbon

content of the catalyst increamses, the catalyst particles become more

buoyant and tend to concentrate in the upper areas of the treating zone,
whils the relatively less carbonlzed catalyst particles, which are leas
buoyant, tend to concentrate in the lower areas of the treating or synthesiz-
ing zone. In accordance with the invention it ia possible to withdraw
preferentially from the synthesis zone catalyst of only the highest carbon
content ratﬁer than a composite catalyst.

The process of the pressnt invention may be readily understood
by reference to the attached drawings illustrating modifications of the
same. Flg. 1 1a a schematlc sketch whersin the suspended catalyst ia
introduced at the bottom of the trea%ing zone, and wherein only one section,

" that is, the upper secticn contains packing., PFig. 2 illustrates a

mﬁdifioation of the Invention wherein the entire treating zone contains
paEking.. "Fig. 3 illustrates an adaptation of this invention showing both
the treating zone and tﬁe regenerﬁtion zone with packing.

Referring specifically to Fig. 1, feed gaases comprising carbon
.honoxide and hydrogen are Introduced 1nito treating zovue (1) by means of
feed line {2). Prior to introducing these foed gases into treating zone (1)
amall particles of a aultable synthesis catalyst are introduced by means
of line (3). Reéenerated catalyst handled in a manner as hersinafter
described 1s also Introduecsd into the feed gases by meana of line {Y4).
Thege gases flow upwerdly through the lower section of reactor (1) which

does not contain packing materlel., The catalyst particles in general have

5 micron size in the rangé from about 20 to 200 microna and higher. The
-vaiocity of the gas flowiné up through reactor (1) is sufficient to maintaln
the subdivided aolid'particlea 1nla flnid ebu;lient state. At an inter-
-mﬂ@iéte po}nt in reactor (1) a supporging screen (5) supports sultable
nonfluidi;ed ﬁacking ﬁaterial in the upper section of the treating-zone.

"+ The treated gadea flow upwardly through the packed zone, through oyclone
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separator or equivalent means (6) and are withdrawn from the treating zone
by means of line (7). Cyclone separation or equivalent means (%)
functlona to remove entrained solid particles from the reactant gaeses.
The overhead product removed by means of line (7) 1e condensed in condensing
zone {8), vassed to meﬁaration zone {10) wherein a separation 1s mode
between the condensape and the uncondensed gases. The condensate product
ip removed by means of line (9) and handled in any mannexr desirable while
the uncondensed gases are removed by means of line (11} and recycled to
the bottom of treating zone (1) by means of pump or blowers (12).
The uppef level of the fluild synthesis catg;yst in treating ZON9
(1) 1o maintained at point {A). Thus, the emount of fresh catelyst
introduced by maans_of line (3} 1e merely sufficien£ to make up for that
catalyst whicﬁ is not recirculated. In accordance 'with this Jnvention, the
catalyat-of higher'danaity containing relatively little carbon contamination
: cohcantrateq in the lowq;"a?aa of treating zone (1) while the catalyst of
ibwer dénéity‘eoﬁﬁé}ning érrelatively high péroenﬁage of carbon con#aptéatea
,in‘the‘upper area, varticularly in the packed areé of treating'gﬁﬁqul).
‘-Iﬁ accordance wilth ths invention thls relatively high carbon%ﬁed,catalyét
u  ie withdrawn from the packed area by meens of line (l5}land.iFsaed to
regonsration zone (14), Inert atripping gas may be 1ntrodu§éd by means of
1lines (15) end (16). An oxidizing gas, such as, flue gas or an ailr stream
is 1ntfoducq@ into the lower section of regeneration zone (14) by meens: of
iing (17). Gases are removed from regensration zone (14} by means of line
.{18) while the regenerated catalyst is removed dy means of line {19), passed
through control valve (20) and recycled to troating zons (1) by introducing
this catalyst with the recycled gas.
Referring specifically to Fig. 2, reference chafacter (30)

designates a reactlon chamber which 1s adapted to contast synthesis feed
gasea With fluldized subdivided solid synthesizing catalyst. Reactor (30)

im provided with a ges inlet (31} through which aynthesis gases comprising
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carbon monoxide end hydrogen are introduced., Reactor (30) is also provided

with a gas exit (%2) through which reactant gases may be withdrawn from

b T e

the treating zone, Reactor {30) is adapted to contain a fluidized bed

of subdivided catalyst particles. _Gaﬂes ere caused to pass upwardly through
the bed at a controlled rate., For exemple, when using finely dlvided
catalyst golids heving a particle slze ranglng from about 30 to about 200
microns and higher, the velocity of the gases passing through the bed may
be of the crder from aboﬁt 0.1 to 5 ft. per pecond, depending upon the
density of the =olld partiéles being contacted. Under these conditlons

the solid particles are suspended in the gas stream and take on the
characteristics of a quaai-liquid.

In accordance with this invention, there is placed within the
reaction space of chamber (30) packing elements (33) of the type hereinafter
described which are adaquatély gpaced to provide free passage for the
upflowiné gases, The packing 1a of the character which permite the maintenance
of a fluid-1ike body of suspended solids between the spaces of the packing
elements, The packing elemahta'may be in the form of balls, spheres,
cylinders, U.ghaped elements, saddles, colls, metal tuinings, helicea, or
equivalents; Theaé'packing olements ave of sufficient sizes and weight to
prevent being suspended in the gas vapors passing upwardly thrbugh the )
reactor. The presence of these packing elements'within the reaction zcne

tends to prevent .overall Bﬁirling or recirculation of the suspended solid

particles within the reaction zone. At the sams time the formatlon of gas

bubbles iz avolded or 1f they are formed, they are digpersed so that a more
 intimate contact between the gases and sollde 1s obtained.

o "_ As previogsiy polnted out, the gases are introduced Into reaction
| zone (30) by means of line (31), passed upwerdly through the reaction zone,

and are withdrewn from the same by means of line (32). Cyclone separator

CR — _
S0 (3%), or equivelent means 1s provided in the upper portion of the reactlon

chambér for removing entrained solids from the geses. The solide are returned
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to the fluid bed in the reactor through conduit {35). Solid catalyst
particles to be contacted with the gas may be discharged into reaction
zone (30) by meana of hopper (36}, The catalyst solids digcharged into
reactlon zone {30) tend to pick up carbon with the result that they become
more buoyant and tend to concentrate in the upper section of reaction
zone (30}, Although, suspended ostalyst particles may be withdraim from
reaction zone (30) through conduit (37}, it is preferred to remove
solectively the catalyst containing the highest carbon content through
internal coﬁduiﬁ (58) and pass thesme relatively nigh carbon content catalyst
pérticles to a regeneration zone by means of line (39) and valve (40).
In the regensration zone means are provided to remove the carbon snd to
recycle the rsgenerafed catalyst to hopper (36).

| Raferring specifically to Flg. 3, synthesis feed gasea comprising
carbon monoiide and hydrogen are introduced into the bottom of treating
zone (4O) by means of line (41). Regenerated catalyst secured in the
manney ag hereinaftef described, im withdfawn from regeneration zone {50)
by means of 1line {51), passed through valve (52), and introduced inte line
(hl). Thus, the feed éaaea and the regensrated catalyst pass into ‘the
béttom of treating zone (40O) which contains packing elements (42). The
velocity of upflowing gas 1s sufficient to maintaln the subdivided catalyst
parﬁicles i& a fluldized condition. The reactant gﬁaes are passed through
cyclone, or equivalent means, (43) and withdrawn from the system by means
of line (hh). Small particles removed from the reactant gases in zone (43)
.ara.:eturned to the fluld bed by means of condult (45}, As the catalyst
hecomes more conteminated with carbon, the small particles becoms more
buoyant and thus tend to concentrate in the uppef area of zone (LO), In
.acgb?danée with thi; invention, it is propceed to withdraw these catalyst
ﬁartidles of the.highest carbon concentration from the upper area of zone
(40) by means of internal conduit {46). These particles are passed through

valve (67) into regeneration zone (50). = Gases mmy be introduced into

«10-
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conduit (45) by meane of linea (61) and (62) in order to aerate the catalyst.
Oxygen containing gases are introduced into regeneration zone (50) by
meens of line (49), These games oxidize the carbon on the catalyst asg
it flows downwardly between the interstices of packing elements (68)
malntained in zone (50). Reactant games are withdrawn from zone (50)
by passing the same through a cyclome separator or equivalent meema {57)
and then through line (58).

The process as dsacribed may be somewhat mddified. Different
size pecking may be used in different sections of the towsr to further
ald the assperation of the more buoyant; highly earbonized catalyst particles
from the leas buoyant, less carbonilzed ;articles. Equivalent means may
be used, as for eiample; congtrictlons in the zone lteelf, or cooling
tubes, heat transfer tubes, end the like, The regenératof may be & vessel
yhérain partial removal of the cargon oh the catalyst is obtained by
aiidation with alr. Temperature, air réte, and the catalyst clreculation
rate may be controlled to glve a carbon concentration on the catalyst

leaving the regensrator for recycling to the reactor of from about 10% to-

. about 15% by weight, Under these conditions, oxldation of the Ir'eh would

net occur and the catelyst could be returnsd directly to the aynthesis

reactor; By operatlng in accordance with this process, catalyet circtilation

1 reduced to a minimum since only that catalyst which requires reduction

in carbon content is eirculated. This reduces the catalyst attrition in
tranafer linss and reduces the size of the regeneration equipment.
It is within the scope of the present Inventicn to employ packing

both in the regeneration and in the gyntheais zonesa. It 1s also within

" tie scope of this invention to smploy packing only in the syntheals zone

and to permit overall cireulation.of the particles in the regeneration zonse.
It ts to be understood that this invention will find application
in operationa in which it 1s deaired to carry out the operatlon with sither

coneurrent or countercurvent Flow of one phass of the powder wikh respect
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to the gases. The invention 1s difectad_and is applicable to all procabaes
in which solids and gases are contacted, and ih which the gapes to be
treated or contacted are passed upwardly through en enlarged reaction zone
containing a body of finely divided solid parLicles maintained in two
phares at a velocity sufflolent to maintain the finely divided solid
particles in a fluldized, guasi-1igquid or ebulllent state. This invention
is appllcable to operatlons in which the finely divided sollds are continu-
oualy introduced into the reaction zone and a stream of sclid particles is
continuously reﬁoﬁed therefrom, as well ma to operations in which a body

of finely divided solids 1s maintained within the treating zone.

_ Tn accordance with a modification Qf the prepent invention, the
reactlon zone la filied, or partially filled, with packing or digpersing
elementé adequately spaced to provide a labyrinth of diecontinuous paaaaée-
ways in which the gases are in contact with the finely divided solids, which
are maintained in a quesi-liguid condition. These dispersing or packing

.A: elements prevent the.bve¥all awirling'or rapid circulation of the solids
throughouﬂ the full length and depth of the reactor, and alsc tend to
- break up and diaperse the lﬁfger gaé tubbles which tend to form. Further-
mbrb, the praaehce of these diépareing or packing elements provide, among

" other things, mnre-intimafe and better contact between the solids and gases

" than would be the case where the dispersing elements are omitied.

_ The size and character of the packing, a8 wall as, Ite employment
'fi;in“the treating zone may vary appreciably. For example, the packing or
1fdisperslng alements may bhe dumped In the reaction or treating zone in a
%*random faahion, or thease packing elements may be made to agsume predetermined
.?_gedmatric pattérn:. In casen where 1t is desired morely to avold rapid
x _o?argli racirculation of-thq solid particles throughout the reaction zone, -
,7 the}packing'alem@nts mey be so mpaced as to avold extended uninterrupted
flow of the gasss through the reactor while permitting substantial vartical

flow‘without intexruption. Where it is desired to break up the formation

-12-
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of large bubbles and to maintain two phases, the packing and spacing elesments

may be so arranged as Lo prevent extended and minterrupted vertical flov
of the gases through thé reaction zone. The dimensions a;d the type of
the packing elemgnts utilized may be varied considerably, depending upon
the type of the reactor employed, the velocity used, the particular reaction
being carried out and the character and particle size of mollde being'aua-
pended. In general, the packing may vary from & minimm dimension of l/h
inch to a meximum dimension of 12 inches or more. Packing elements of
the paddle type, having a maximum diameter of 1 inch to 2 inches (for
exsmple, Berl Saddles), are particularly sulteble for most reactors or
ffbating zones, The packing or spacing elements shouwld be shaped and arranged
' within the reactor so ad to avold exiended horlzontal surfaces on which
the solld particles undergoing treatment cen settle and collect.
The reactlon zone or treating chamber may have pdcking elements
of different sizes in different vertical sectiona of the chambe:. For
‘example, the upper secbion of the chamber may be Tilled with relatively
’ .: gmall packing elementa and the bottom‘aaction f1lled with relatively coarse
lxi;f packing elements. In Aome cased it might be of advantage to have the coarse

packing at the top and the fine at the bottom. Mfferent size packing in

' top end bottom of the contacting zone i@ of particular advantage in effect-

ing separatien and classification of subdivided solidas, and vwhen 1t 1s

_desired to maintain two separate 'and dfstinct bods or a gradient of fluidized

‘?.;solida in a eingle raactor.

When the space occcupled by the packing ia not an important factor,
.1 ﬁhé Qacking elements may.be in the form of so0lld balls, spherea, cylinders,

-‘j'_jhioc;r‘;s, bricks and the like. goﬁbver, where 1t is lmportent to provide

i _maiiﬁumlréaotor éﬁaoe with minimm volume occupled by the packing or spacing
:.eiehﬂnts,.it,is preferable to provide elements which glve a maximum surface.

f'" Thewe elements may, for example, be in the shape of hollow cylinders, U-ghaped

~13-
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elemsnts resembling saddlen, wire turnings, wire helices and the like.
Raschig rings may be used as such. When using wire helices as packing
elements, it is preferred to provide burs or crimps in the wire as base
polnts around the circumference to avold interlocking of colls. When
usling saddle shaped elements, the elementa ghould be designed to prevent
close nesting of one saddle in knother,

The packlng or spacing slements may be made of any desired material
capable of witbstanding the conditlone of operation. In cases whore the
reactor is adapted to carry out catalytic reactions; the spacing elementa
may or may not have catalytic activity. The elements may alao be of heat
.conducting materials guch as metals, for example, aluminuwn or other heai
condueting material in cases where 1t is neceseary to provide rapid heat
tranafer to various sections of the reaction zone.

In order to successively maintain a quasi-liquid phase of aub-

" divided gases end asolida in the passageways between the packing elements,
?ihé aubdivideﬁ solids or‘powder ghould be of such character as toc be able
to flow freely\down through the ilntersiices of the packing elements without
:‘1becoming packed or agglomerated in the abgsence of an upflowing fluid. This
';“ guality of free flowing in the intgrstices of the packing in the absence of
a suepending fluld 1s & function of factors, among which lnclude the denalty
of the subdivided particles, particle mize, cpnﬁacting zone slze with
-_respgct to length &s bto widﬁh aﬁd particle alze distribution, Thus, the
§ ,“; “finely divided solids used in the.prement invention must be of such particle
N slze §istribﬁtion do as to be free tlowing without the ald of seration. By
' thie 1s meant for example, that if a dody of sald solids having all sides
" and fhe pottam supported, has the support on one gide removed, the body
.vill flow out that glde in puch a way as tq leave & substantially, uniformly
8 inclined surface. As pointed out heretofore, the body is free flowing if

3% will flow downwardly freely through the packing in the abeence of aeration

without bridging. In general, this characteristic le influenced by the

~1h-




content of fines in the subdivided solids having a diameter lese than

about 20 microns. Usually the content of such fines should not be greater
than sbout 12% by volume aince a percentage proater than this will render
subdividad particles having particle dlstribution in the range from about

20 microna to 200 miprons nonfree flowing. If the subdivided particles are

free flowing, 1t._ -4oésible to Tluidize the aubdivided particles in the

interatices of thelgacking regardleas of the relative sizes of the packing,

and the partlcle siza of the aubdivided particles providing the packing

is Bufficiqptly ;arge to provide interstlces each having a diameter greater
than the diaﬁater of the largest partlcle in the gubdivided solids. In
gane;al, thé packing should be such as to provide interstlces having &
length a8 compared to diemater of net greéter then 15 to 1, Also, the pack-
ing ehould be at least about 10 times as large as the largest particle to

be fluidized. ;

_ A further illuatration of free flowing subdivided solldse in the
abaence of asration with regpect to its successlul fluidization between the
interatices of solld nonfluidized packing in a troating zone is shown by
tha follbwing data. The catalyst used was a silica gel catalyst impregnated
with alumina (approximately 87 1/2% silica and 12 1/2% alumina).

Silica-Alumina

Catalyst Operation Operatlon
Micron-Size A B
0-10 ~ 6.8 3.2
10-20 8.8 T.3
20-h0 19.1 24,1
40-80 35.8 35.8
80+ 28.5 29.6

ers Flowing Through Interstices of Packing
(Nb leration) No Yos

a\; Suoceasful.Fluidization In Interstices
' of Packing No* " Yee

-

*Secured surging and channeling.

~15-
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In these and similar operatilons, the reactor slze wlth respect to
length as compared to wldth was 15 to 1 or less. The packing comprised
commercial packing of the size from about l]h to 12 inches, generally, in
the range from 1/b to about 2 inches. Commerclel type packings were used,
such as Berl Saddles, Tho %#velocity of upflowing gas was in the range

| from &bout 0.1 to 1.5 fest por second.

Aé_another example, an iron catalyst having a micron size less

v tﬁan 4L wes not free Tlowing in the abeence of aeration through the inter-

_ gtices of the packing. Thils lron catalyst could not be successfully
fluidized in a packed zone. On the other hand, an liron catalyst haviné a
micron size Iin thp renge from about 100 to 250 flowed freely through the

interstices of the packing and could be guccessfully fluidized.

Sy LEE

A Also, 1f & silica catalyat impregnated with alumlna, as previoualy
. ' described, has a uniform micron size of about 45, 1t will neither flow

fresly between the interstices of packing, nor can 1% be succesefully fiuidized.

A further test of & free flowing body is that 1f such a body is
. packed wnder 1te own welght in a 60° funnel, it will flow th}ough the fumnnel

freely when relonged at the bottom. Whether or not small subdivided particles

e

~are frep)

“#lowing will vary with different materials as described heretofore.
-{'HEwgver,'its:frea»flowing characteriatics in the absence of aeration may

: bé‘raadily dotermined by a eimple test of the character indicated abovs.

If a finely divided aolid material 1s not free flowing it cen be made ao
4 ‘ .

by adjusting ite particle dimtribution.
3 _ Having described tha preforved embodiment of the present invention,
‘it?%illlbe understood that it embraces such other variations and modifications

- 3@ come within the spirit and scope thersof.

_;**Vbicgity in the treating zone provided no solids are present.

ST R




within the reaction zone due to the veloclty of the upflowing
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Improved hydrocarbon synthesls process which
cauprises introducing feed gases comprising carbon monoxide and
hydrogen into a reaction zone containing an iron-type synthesls
catalyst tending to form fixed carbon deposits and to disintegrate
at aynthesis condiltions, said catalyst comprising finely divided
s0lild particles which are maintailned in a fluld ebulllent state

feed gases, sald zone contalning solid non-fluidizable packing
elements in its upper portion, maintaining temperature and
pressure conditions within sald reaction zone to produce
hydrocarbon constltuenta containing more than one carbon atom
in the molecule, sald condltions being conducive to the formation
of carbon on said catalyst, whereby the carbon content of sald
catalyst increases, and increases the buoyancy of sald catalyat,
catalyst particles which have become more buoyant tending to
concentrate in the upper packed areas of sald reaction zone and
relatively leas carbonized and less buoyant catalyst particles
tending to concentrate 1n the lower areas of said reaction zone,
withdrawing from sald upper packed areas of sald reaction zone
the more buoyant catalyst particles, vassing the same to a
regeneration zone, subjecting the catalyst partilecles in saild
regeneratlion zone to a treatment with an oxldizing gas at
conditiona adapted to remove carbon, and returning regenerated
catalyst particles from saild rezeneration zone to said reaction

zone at a point in sald reaction zone below sald packed area and

free of packing elements,
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