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The present fnvention is concerned with
processes relating to the contacting of subdivided
fine solid particles and gases. The invention
pertains more particularly to a process of and
an apparatus for contacting solids with upflow-
ing gases in which the gases pass through anh en-
larged treating chamber containing s body of
subdivided fine solids at a controlled rate to
maintain the subdivided solids in a fluld phase,
which phase is in a relatively furbulent, fluid
ehulllent state. My invention is especially di-
rected to a process wherein a streem of subdi-
vided fine solids are withdrawn from the enlarged
treating chamber and segregated into more de-
sirable and less desirable subdivided fine solids.
The more desirable fine solids are returned to
the treating chamber.

The invention is more specifically directed to
an improved hydrocarbon synthesis process
wherein the carbon content of the catalyst is
positively conirolled by employing a selective
precedure for the withdrawal of the catalyst
from the treating zone. In accordance with a
specific application of my invention the carbon
concentration on the catalyst in the hydrocarbon
synthesis treating zone is controlled by with-
drawing from the treating zone a stream of cata-
lyst. This stream of catalyst is passed in a
fluidized siate to a separation zone or an elutria-
tor. Separation is made in the elutriator be-
tween catalyst particles having a relatlvely high
carbon content and catalyst particles having o
relatively low carbon content, The catalyst par-
tieles having a relatively high carbon content are
withdrawn from the system or passed to a re-
generation zone while the catalyst particles hav-
tng g relatively low carbon confent are returned
to the treating zone,

It has, heretofore, been known in the art to
contact gases and solids by passing the gases up-
wardly through an enlarged treating zone, con-
taining a body of finely divided solids to be con-
tacied, at a controlled velocity to maintain the
solids in the treating zone in a quasi-liquidlike

5

13

15

20

80

40

state. Under properly controlled conditions, the’

subdivided solid particles are not only main-.

tained in a highly turbulenf, gquasi-liquid and
ebullient state, but there exists a rapid and over-
all circulation of the Aunidized solids throughout
the fluid bed.

Processes of this character, whereln ﬂuldlzed i

solids are contacted with gases, have a number ~

of inherent and important advantages. For ex-
ample, intimate contact between the gases and
the fluid subdivided solids is secured. It is also
possible to maintain a substantially uniform tem-
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perature throughout the bed as a result of the
extremely raplid transfer of heat from one sec-
tion of the bed to the other because of the rapid
circulation of the fluld subdivided solids. Fur-
thermore, due to the ravid transfer of heat be-
tween the solids under these conditions, it is pos-
sible to readily add or extract heaf from the
mass at an extremely rapid rate. .

Fluid operations of the character described
for contacting fine subdivided solids and gases
have found extensive application in various re-
duction reactions, polymerization processes,
exothermic and endothermie reactions, processes
for the earbonization of finely divided soal and
similar operations. Speeific processes in which
the solid fluid technigue has been very success-
fully employed, are processes involving the
treatment of petroleum pils, such as catalytic
cracking operations, polymerization operations,
and the like. The fluld technique has also heen
successfully utilized in synthesis of hydrocar-
bons, such as the Fischer synthesis reactions both
for the production of synthesis gas itself and for
the reaction of oxides of carbon and hydrogen
for the production of hydrocarbon constituents
containing one or more carbon atoms in the
molecuwle. Thus, while the contacting of finely
divided solids and gases in a fluidized bed, as
presently practiced, has found extensive appli-
cation, thers are certain inherent limiiations in
some of the processes ‘as now practiced which
have thus far prevented adaptation in many
other fields and which have limiteq is efficlency
in many other flelds in whieh it is now employed.

In some operations, for instance asg in hydro-
carbon synthesis operations, the overall rapid,
swirllng effect obtalned by fhe circulation of
sollds through the reaction zone may be unde- -
sirable because It Is not possible to segregate
and separate from the resction zone, a stream
of solids which are anything more than an aver-
age mixture of solids contained in the zone. This
is not desirable since if 1t were possible to selec-
tively withdraw only the more contaminated par-
ticles the average efficlency of the remaining
eatalyst particles would be higher.

.One purpose of my invention is to provide an
improved method of, and apparatus for carry-
ing out the contacting of gases and solids in the
presence of a fluldized bed of the type described
which would not be subject to the Hmitations
mentioned. Another important object of my in-
vention is to provide an improved method of
rapldly and effectively separeting fractlons -of
subdivided sclids of different buoyant properties
or particle welghts. Another object of my In-
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vention is to provide an improved method of
maintalning two or more separate and contiguous
beds of subdivided solids in open communication
with each other. Another specific oblect of my
invention is to provide an improved method of
contacting gases with & relatively deep bed of
fluidized sollds. My invention is more specifically
directed to improved hydrocarbon synthesis re-
actlions, the scope of which will be understood by
subsequent deseriptions, My Invention finds ap-
plication in any treating operation wherein it is
desirable to contact fine, subdivided solids with
gases in order to effect a physical or chemical
change in either solids or the gas and wherein
it is deslrable to employ selectlve withdrawal
of the solid fluidized particles.

In accordance with a specific and limited gp-
plication of my invention, substantial improve-
ments are secured in a hydrocarbon synthesis re-
action. In accordance with my process substan-
tial economies are secured by utilizing a novel
operating technique wherein the carbon huild up
on the catalyst i1s controlled hy withdrawing a
stream of fluidized catalyst from the treating
zone and passing this fluldized stream to & sepa-
ration zone wherein the more buoyant catalyst
particles having the highest earbon concentra-
tion are segregated and removed from the system
or passed to & regeneration zone. The less buoy-
ant particles having a relatively lower carbon
content are returned to the treating or synthesiz-
ing zone.

It is well known in the art to conduct hydro-
carbon synthesis reactions by contacting hydro-
gen and oxides of carbon with catalysts under
various temperature and pressure condijtions.
The catalyst employed is usually selected from
the iron group metals, as for example, iron, cobalt
and nickel. The catalysis are utilized either alone
or are employed in conjunction with carriers,
such as kfeselguhr, diatomaceous earth, synthetic
gels, silica, and alumina, Promoters, such as ox-
ides of sodiom, potassium, chromiurm, zinc, alu-
minum, megnesium, and the rare earth metals
are used with the iron group metals. These cat-
alysts arc employed in elther fixed bed or fluid
catalyst operations.

The temperatures employed in the synfthesis
reaction vary widely, as for example, in the range

from about 300° F, to about 800° F. and are gen-

erally in the range from about 356° F. to ahout
700° F. The pressures, likewise, vary consider-
ably and are a function of other operating con-
ditions, such as catalyst employed, activity of the
catalyst, character of the feed gases and the tem-
perature utilized. Pressures in the range from
about 1 to 100 and higher atmospheres have been
sugegested. The character of the feed gases in-
troduced into the synthesis reaction zone depends

somewhat on the particular temperafures and’

pressures, and upoi the catalyst empiloyed. For
example, when employing cobalt type catalyst, it
is preferred to use about 1 mol of carbon monox-
ide to about 2 mols of hydrogen, while when an
iron catalyst is utilized, equal mols of hydrogen
and carbon monoxide in the feed synthesis gases
are desirable. .

The synthesis feed gases comprising hydrogen
and carbon monoxide are usnally produced from
hydrocarbons, particularly from methane or from
natural gas. The repction comprises oxidizing
hydroearbons with a reducible metal oxide. This
procedure, per se, is 0ld in the art since there are
many disclosures concerned with the use of re-
ducible metal oxides, such as oxides of iron, chro-
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mium, copper, nickel, manganese, and zinc for
the oxidation of hydrocarbons comprising meth-
ane to produce hydregen and oxides of carben,
particularly, carbon monoxide. These reactions
are generally conducied at temperatures in the
range from about 1400° P, to about 2000° P,

My invention finds specific application in a hy-
drocarbon synthesis reaction wherein the syn-
thesis gases are reacted by means of a suitahle
catalyst to form hydrocarbon constituents con-
taining more than one carbon aftom in the mole-
cule. For example, in this process gne of the
Important problems confronting the development
of the synthesis process is that earbor builds up
on the catalyst to an extent that it is Iost unless
it is regenerated. Although, & cerfain amount of
carbon may be desirable on the catalyst surface,
this factor must be controlled, otherwise the cata-~
lyst deteriorates with a resultant loss of selectiv-
ity. TFor instance, as the carbon content of the
catalyst increases, there is a progressive trend to-
ward lighter hydrocarbons, including methane, in
the product vapors. Also at the same time, as the
carbon accumulates on the catalyst it disinte-
grates into finer particles. For example catalyst
containing no 0-20 mieron material and 75% of
80+ micron fraction will be altered in 200 hours
to 50% of 0-20 micron material and 10% of 80+
material. The finer material contained the most
carbon, 50%, compared to 20% for the coarse, In
accordance with my process I therefore, can ef-
fectively control the character of the product
gases and vapors by controlling the carben con-
tent of the catalyst in the treating zone,

In accordance with my process I control the
conecentration of the carbon on the catalyst by
withdrawing from the treating zone a fluidized
stream of catalyst. This stream I pass to a segre-
gation zone which preferably contains packing
elements. In the segregation zone I control oper-
ating conditions so a5 to secure and take advan-
(age of the difference in buoyancy between the
catalyst particles containing a relatively higher
and a relatively lower carbon content. The cata-
lyst particles containing the relatively higher
carbon content are finer and more buoyant and
concentrate in the upper area of the fluld bed.
From. this area I withdraw from the system a
flnidized stream of catelyst particles containing
the higher carbon concentration. This stream
may be passed to a regeneration zone or with-
drawn from the system. The catalyst particles
containing the relatively low carbon concentra-
tipn are withdrawn from the segregation zone and
returned to the treating zone.

As pointed out heretofore, in hydrocarbon syn-
thesls and other catalytic reactions, such as haux-
ite treating, hydroforming and the like, small
amounts of carbon are fortned. While this car-
hon may be removed by burning with air, the ad-
ditlonal equipment and expense are undesirable.
This is particularly true when oxidation of the
catalyst takes place at the same time the carbon
is oxidized and it is necessary to reduce the ¢ata-
1yst before reintroducing it into the treating zone.

As discussed herefofore, it has been observed
that the fluidizing characteristics or buoyancies
of hjgh carbon catalysts are different from those
of low carbon catalysts. For instance, in hydro-
carbon synthesis reactlons an iron catalyst having
a carbon concentration of less than about 10%
will have & density of about 50 to 70 pounds per
cublc foot in the reactor. However, as the car-
bon concentration of the catalyst increases to
shout 20% to 50%, the density in pounds per
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cubic foot decreases to less than about 20 pounds
per. cuble foot. - In accordance with my inyen-
tlon catalyst is removed from the reactor and in-
troduced into an elutriator or fluld separation
zone. I prefer to use saddles or.other equivalent
nonfluidized solid packing elements in the bot-
tom of the fAuid separation zone and to employ
a veloeity 1 of 0.5 to 1% feet per second, depending
upon the pressure in the vessel and other aperat-
ing conditions. The coarser and denser catalyst
particles collect in the bottom of the vessel while
the finer and lighter catalyst particles collect in
the upper laver of the fluld bed. The solid non-

- fluidized elements give a more efficient separation

of the relaftvely more buoyant and the relatively
less buoyant catalyst particles. The catalyst
withdrawn from the hottom of the separation
vessel is returned o the main treating zone while
the fine carbonized catalyst withdrawn from the
top of the separation vessel is regenerated or re-
moved from the system. In a hydrocarbon syn-
thesis operation, the catalyst particles withdrawn
from the top of the separation vessel will contain
ahout 40.% carbon when the average carbon in
the treating zone is in the range from sboutf 15%
to 209 carbon; this latier value being optimum
in regard to fluidization of the catalyst and syn-
thesis yields. A preferred method of operating
my process is to have about % to 3% preferably
about 1% of the catalyst particles in the elutri-
ator. -In a typica] hydrocarbon synthesis process,
the catalyst particles removed from the top of the
separation zone will have 8 micron size in the
range from about 0 to 20 and will conizain about
35% carbon, while the larger catalyst particles
returned to the reaction zone will contain about
16% carbon., The catelyst which hias been re-
moved from the top of the separation zone may
be discarded or it may be regenerated with oxy-
gen containing gases in a separate regenerating
vessel and returned to the reactor. The regen-
erated catalyst may also be recyecled to a cafalyst
fusion operation so that It may be reincorporated
into the fresh catalyst charge.

The process of my invention may be readily
understood by reference to the attached drawing
illustrating a modiflication of the same. Refer-
ring specifically to the drawing, feed gases com-
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prising carbon monoxide and hydrogen are intro- -

duced into treating zone or synthesis reactor |
by means of feed lne 2. Prior to .introducing
these fzed gases into treating zone | small flyid
solid particles of a sultable synthesis catalyst are
introduced by means of line 3. This catalyst is
introduced from zone 30 which may comprise a
feed hopper or a regeneration zone, The amount
of fluld catalyst Introduced into line 2 by means
of line 3 is controlled by means of slide valve 31,
The make up or fresh catalyst in zone 30 is main-
tained in a fluidized state by means of alr or other
suitable suspending fluld which is introduced by
meang of lines 32 and 33. Catalyst handled in
a mauner as hereinafter described is also intro-
duced into line 2 with the incoming synthesis
gases hy means of line or conduit 4. The amount
of catalyst introduced into line 2 by means of line
4 is controlled by slide or control valve 40. The
synthesis feed gases flow upwardly through treat-
ing zone | which may or may not contain non-
{luidized packing material, In general it is pre-
ferred that treating zone | does not contain solid
nenfluidized packing ' elements. The catalyst
particles usually have a micron size in the range

1 Veloelty in the fluld separation zone provided no golids
are present,
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from about. 20 to 200 microns and higher. The -
velocity of the gas flowing up through treating
zone | is sufficlent to mafntain the fine subdivided
solid particles in a fluid ebullient state. The up-
per level of the catalyst bed is maintained at
point A. The treated gases flow Upwardly
through treating zone 1, pass through cyclone
separator or equivalent meansfi-and are with-
drawn from the treating zone by means of line 7.
Cyclone separator.or equivalent means 6 func-
tions to remove entrained solid particles from the
reactant gases. Separated solid particles re-
moved from the gases. in zone 6 are returned to
the fluid hed by means of line 42. . The overhead
product gases removed by Ineans of line T are
handled in any manner desirable. A portion of
these gases may be recycled or they may be con-
densed, and distilled or further treated.

In accordance with my invention I withdraw
from treating zone [ eatalyst particles through
conduit or line 8. The amount of catalyst with-
drawn is controlled by means of valve 8. I pass
this withdrawn stream Into a lower section of
elutriator or segregation zone {0. T prefer that
this lower section of the elutriator (9 contain
sclid nonfluldizable packing elements. In ac-
cordance with my process the more buoyant,
finer, highly carhonized catalyst particles segre-
gate in upper area B of zcne 10 while the coarser,
less carbonized catalyst -particles segregate in
packed zone C. I withdraw from the upper level
by means of conduit |1 the more buoyant, high-
ly carbonized catalyst particles, The amount
and quantity of particles withdrawn s controlled
by means of valve 12. The less carbonized.
heavier particles I withdraw. from zone (0 by
means of conduit or line 4 and introduce these
partieles into the incoming feed gas siream.

In accordance with the preferred adaptation of
my Inventlon, there is placed within the reaction
space of chamber 10 solid nonfluldized packing
elements 33 of the type hereinaffer described
which are adequately spaced to provide free pas-
sage for the upflowing gases and solid fluidized
catalyst particles.. The packing is-of the charac-
ter which permits the maintenance of a fluid-
like body of suspended solids between the spaces
of the packing elements. 'The packing elements
may be in the form of balls, spheres, cylinders,
U-shaped elements, saddles, coils, metal turnings,
helices, or equivalents. These packing elements
are of sufficient sizes and welght to prevent being
suspended in the gas vapors passing upwardly
through the separation zome. The presence of
these packing elements within the separation
zone tends to prevent over all swirling or recircu-
lation of the suspended solid particles within the
zone. Atthe same time the formation of gas bub-
bles Is avoided or if they dsre formed, they are dis-
persed so that a more intimate contact between
the gases and solids is obtained. It is to be un-
derstood these elements may also be used in the
reaction zone 1.

It is also to he understood that my invention
will find application in operations in which it is
desired to carry out the operation with either
conecurrent or countercurrent flow of one phase
of the powder with respect to the gases. -

By concurrent or counttercurrent operation is
meant the fow of suspended particles and sus-
pending gases with respect to a fixed point in the
treating zone. If hoth the gases and suspended
particles flow in the same direction past said
fixed point, the operation is concurrent with
respect to gases gnd suspended particles, If the
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gases and suspended particles flow in the opposite -

directions past said fixed point, the operation is
countercurrent with respect to gases and sus-
pended particles. If a fluid bed is maintained in
the reaction zone and there is no continuous
withdrawal or addition of solid particles, the op-
eration is neither concurrent nor countercurrent,
although a swirling, ebullient motion of the sus-
pended particles is secured in the zonhe due to the
effect of the upflowing suspending gases. In
order to secure flow of the suspended fluid par-
ticles, it is necessary to suspend the particles in
a suspending gas or fluid and then to impose a
fluid head, The fluid head may be imposed by
mechanical means, such as, pumps and blowers,
by a standpipe arrangement, by employing dif-
ferent packing sizes and the like. For example,
one method of securing countercurrent flow is
to introduce the solid particles at the top of the
treating zone, to suspend the particles in the
fluid state by means of an upflowing suspending
gas and to draw off fluid suspended particles from
the bottom of the treating zone due to the fluid
head imposed by the height of the fluld bed. The
withdrawn fluid suspended particles are gen-
erally, recycled either directly to the top of ths
treating zone or to a regeneration zone and then
to the top of the treating zone. Recirculation in
this manner may be secured by blowing with an
alr stream. On the other hand, if concurrent
flow is desired, the solid particles may be in-
troduced into the gas stream and the suspended
particles glong with the gases Introduced into the

bottom of the treating zone. A fluid head may be -

imposed on the stream introduced into the hot-
tom of the {reating zone by mechanical means,
but is generally accomplished by a standpipe ar-
rangement. The suspended particles, along with
the suspending gases are withdrawn frem an
upper part of the treating zone due to the im-
posed fluid head.

My invention is applicable to all operations in
which finely divided solids are continuously in-
troduced into a reaction zone and are continu-
ously removed therefrom, as well as to operations
in which a body of finely divided solids is main-
tained within the treating zone. As discussed
heretofore, the elufriator is filled, or partially
filled, with packing or dispersing elements ade-
quately spaced to provide a labyrinth of discon-
tinuous passageways in which the gases are in
contact with the finely divided solids, which are
maintained in a quasi-liguid condition. These
dispersing or packing elements prevent the gver-
all swirling or rapid cireulation of the solids
throughout the full length and depth of the sep-
aration zone, and also tend to break up and dis-
perse the larger gas bubhbles which tend to form.

The size and character of the packing, as well
as, its employment in the treating zene may vary
appreciably. For example, the packing or dis-
persing elements may be dumped in the separa~
tion zone in a random fashlon, or these pack-
ing elements may be made to assume predeter-
mined geometric patierns, The dimensions and
the type of the packing elements utilized may be
varied considerably, depending upon the type of
the separation zone employed, the velocity used,
the particular catalyst particle being segregated.

In general, the packing may vary from s mint- -

mum dimension of ¥ inch to a maximum di-
mension of 12 inches or more. Packing elements
of the saddle type, having a maximum diameter
of L inch to 2 inches (for example, Berl saddles),
are partlewlarly suvitable for most reactors or
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treating zones. The packing or spacing elements
should be shaped and arranged within the re-
actor 50 as to avoid extended horizontal sur-
faces on which the solid particles undergoing
treatment can settle and collect.

The elutriator may have packing elements of
different sizes in different vertical sections of
the chamber, For example, the upper section of
the chamber may be filled with relatively small
packing ¢lements and the bottom section filled
with relatively coarse packing elements. In some
cases it might be of advantage to have the coarse
packing at the top and the fine at the bottom.
Different size packing in top and bottom of the
contacting zone is of particular advantage in ef-
fecting separation and classificaiion of sub-
divided solids, and when it is desired to main-
tain two separate and distinet beds or a gradien
of fluidized solids in & single reactor. .

When the space occupied by the packing is
not an important factor, the packing elements
may be in the form of solid balls, spheres, cylin-
ders, blocks, hricks and the like. Iowever, whera
it is important to provide maximum reactor space
with minimum volume occupied by the packing
or spacing elements, it is preferable to provide
elements which give a maximum surface. These
elements may, for example, be in the shape of
hollow cylinders, U-shaped elements resembling
saddles, 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 burrs or crimps in the wire as base
points around the circumference to avoid inter-
lecking of coils. When using saddle shaped ele-
ments, the elements should be designed to pre-
vent close nesting of one saddle in another.
The packing or spacing elements may be made of
any - desired material capahle of withstanding
the conditions of operation.

In order to successively maintain a quasi-lignid
bhase of subdivided gases and solids in the pas-
sageways between the packing elements, the sub-
divided solids or powder should be of such char-
acter as to be able to fow freely down through
the interstices of the packing elements without
becoming packed or agglomerated in the absence
cf an upflowing Auld. This quality of free fow-
ing in the interstices of the packing in the ab-
sence of & suspending fluid is & function of
factors, among which include the density of the
subdivided particles, particle size, contacting zone
size with respect to length as to width and par-
ticle size distribution. Thus, the finely divided
solids used in the present invention must be of
such particle size distribution so as to he free
flowing without the aid of seration. By this is
meant for example, that if a body of said solids
having all sides and the bottom supported, has
the support on one side removed, the body will
flow out that side in such a way as to leave g
substantially, uniformly inclined surface. As
pointed out heretofore, the body is free flowing
if it will flow downwardly freely throuch the
packing in the absence of aeration without bridg-
ing. 1In general, this characteristic is influenced
by the content of fines In the subdivided solids
having a diameter less than about 20 microns.
Usually the content of such fines should not be
greater than about 129 by volume since a per-
centage greater than this will render subdivided
particles having particle distribution in the range
from about 20 microns to 200 microns nenfree
flowing. If the subdivided particles are free
flowing, it is possible to fuidize the subdivided -
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particles in the interstices of the packing regard~
less of the relative sizes of the packing, and the
particle sizes of the subdivided particles provid-
ing the packing is sufficiently large to provide
interstices each having a diameter greater than
the diameter of the largest particle in the sub-
divided solids. In general, the pecking shouid be
such gs to provide interstices having a length as
compared to dlameter of not greater than 15 to 1.
Alse, the packing should be at least about 10
times as large as the largest particle to be
fluidized. )
A further illustration of free flowing sub-
divided solids in the ghsence of aeration with
_ respect to its successful fluldization between the

—
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interstices of solid nonfluidized packing in a

treating zone is shown by the following data.
The catalyst used was a silica gel catalyst impreg-
nated with alumina (approximately 873 % silica
and 12%% alumina).

Bllica-Alumina Catalyst
Mieron Bize

Opera-

Opera-
tion B

tion A

BT o

Free i‘féﬁr’iﬁ}f"i'i{rb'ﬁéﬁ'iﬁ'té}éﬁc'e'i of Pa
(No Aeration),
Eu‘goesstul Fluidization In Interstices of Pack-
E. ’

Rowm—wew

* Secared purging and chanaeling.

In these and similar operations, the reactor size -

with respect to length as compared to width was
15 to 1 or less. The packing comprised com-
mercial packing of the size from about ¥% to 2
inches. Commercial type packings were used,
such as Berl saddles. The velocity 2 of upflowing
gas was in the range from about 0.1 to 1.5 feet
per second. :

As another example, an. iron catalyst having a
micron size less than 44 was not free Sowing in
the absence of aeration through the interstices
of the packing. This iron catalyst could not be
successfully fluidized in a packed zone. On the
other hand, an iron catalyst having a micron
size in the range from about 100 to 250 flowed
freely through the interstices of the packing and
could be successfully fiuidized,

Also, if a silica catalyst impregnated with
alumina, as previously described, has a uniform
micron size of about 45, it will neither flow freely
between the interstices of packing, nor can it be
successfully fluidized,

A further test of a free fiowing bedy Is that
if such a body is packed under its own welght in
a 60° funnel, it will fiow through the funnel
freely when released at the bottom. Whether or
not small subdivided particles are free flowing
will vary with different materials as described
heretofore. However, its free flowing characfer-
istics in the absence of aeration may be readily
determined by a simple test of the character
jndicated above. If a finely divided solid material
is not free fowing it can be made so0 by adjusting
fts particle distribution.

" Yelocity in the treating zone provided no sclids are
present,

20

30

35

40

60

55

a5

10

Having described the preferred embodiment of
my invention, it will be understood that it em-
braces such other variations and modifications
as come within the spirit and scope thereof.

I claim:

1. In & hydrocarbon synthesls process in which
finely divided iron catalyst particles having a
diameter size of from about 20-200 microns are
maintained in a fuidized state in a synthesis
zone and whereln the catalyst particles acquire
carbongeeous deposits as o result of the syn-
thesis reaction wherein the oxides of carbon are
hydrogenated and whereby as the said catalyst
acquires caroon its buoyancy increases, the m-
provement which consists in maintaining the
catalyst in a well fluidized condition, and at the
same tlme repressing the tendency of catalyst
particles to. become entrained in the product -
vapors issuing from the upper portion of the re~
sction zone, which consists essentially in flowing
carbon oxides and hydrogen upwardly in con-
tact with said finely divided iron catalysts at a
rate such as to cause the formation of a dense

finidized bed, withdrawing catalyst from said re-

action zone, charging the withdrawn catalyst to
an elutriation zone, causing a gasiform material
to flow upwardly in last-named zone in obstructed
paths and st a rate such as to effiect a separation
of the catalyst particles according to their con-
tent of carbon, the catalyst particles containing
the higher percentage of carbonaceous deposits
concentrating in the upper portion of sald elu-
trintion zone while the particles containing a
lesser amount of carbonaceous materlal concen-
trate in the lower portion of said elutriation zone,
withdrawing the thus separated particles con-
taining the legser amount of carbonaceous de-
posits and returning the sald portion to the
reaction zone in such a quantity that the average
carbon concentration on the iron catalyst in the
resction is from 15-20 weight percent.

2 The method according to clalm 1 wherein
about %4-3% of the total catalyst in the system
is maintained in said elutriatlon zone.

3. The method according to clalm 1 in which
the said obstructed paths in the elutriation zone
through which the gasiform material is caused
to flow in effecting separation of the catalyst
particles sccording to carbon content comprise
solid non-fiuidized packing elements disposed in
the lower section of said elutriation zone.

CHARLES E. HEMMINGER.
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