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4 Claims,

My present invention relates to improvemenis
in the fluidized solid type of chemical vapor phase
brocess. The novel features of my invention are
fully disclosed in the following specification, the
drawing forming a part thereof, and the claims.

The fiuid catalyst technique has now been de-
veloped sufficiently so that those engineers ex-
perienced in the petroleum and other chemieal
arts know its mode of operation. In general, in
this process, within a reactor, there is provided a
dense supension of bowdered catalyst in a gase-
ous or vaporous material charged thereto. 'This
phenomenon is effected by controlling the up-
ward velocity of the gaseous and vaporous re-
actants within certain limits, responsive to the
particle size of the catalyst, whereby the said
dense, turbulent suspension of catalyst in the gasi-
form material is achieved. Numerous commer-
cial continuous catalytic cracking plants are
now in operation in this country employing the
fluid catalyst type of process. Hence, as stated,
the industry is by now well acquainted with themn
and the manner in which they operate.” . - B

The present invention has to do with control
of reactions such as in the synthesis of hydro-
carbons, an operation entirely different, of course,
from that of catalytic cracking in that the former
is highly exothermic and presents its own spe-
cial problems. Thus, in a commercia] plant in
which 137,000,000 standard cubic feet of gas (con~
taining about 125,000,000 cubic feet of CO-}-Ha,
the remainder COs, CHs, N3, etc.) are fed to the
reaction zones per stream day, from 300,000,000
to 350,000,000 B. t. u.’s are released per hour dur-
ing the hydrocarbon synthesis reaction. In view
of the large amount of heat thus liberated, it is
difficult, as the process is ordinarily operated, to
maintain a uniform temperature throughout the
reaction zone. Since the concentration of the
reactants will be highest in the bottom of the
reactor (where the reactants enter) the highest
temperatures are apt to exist at the bottom of
the reactor.

It is an object of the present invention, there-
fore, to-improve vapor phase chemical reactions
performed in the presence of 8 fluidized pow-
dered catalyst, by effecting control of the reac-
tion, and in particular temperature control, in
& manner which is more expeditious and cheaper
than any heretofore proposed.

Another object of the present invention is to
maintain within the reaction zone of a highly
exothermic vapor phase chemical process em-
ploying g fluidized catalyst, a substantially uni-
form temperature,
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Still another object of the present invention
is t¢ maintain within the reaction zone of a
highly exothermic vapor phase chemieal proe-
ess employing a fluidized catalyst, a lower tem-
perature in the bottom of the reaction zone than
that prevailing further up.

In the accompanying drawing, I have shown
diagrammatically an apparatus layout in which
a preferred modification of my invention may be
carried into practical effect,

While my improvements are of general appli-
cation, I shall describe in detail an embodiment
of my invention by reference to its application
in the synthesis of hydrocarbons and oxygenated
hydrocarbons by reacting together carbon mon-
oxide and hydrogen.

Referring in detail to the drawing, | repre-
sents a vertical shell type reactor consisting
essentially of a cylindrical shell having a coni-
cal base and a convex crownpiece and provided
hear the bottom of the cylindrical portion with g, -
grid or screen G. The feed gas, containing a
mixture of carbon monoxide and hydrogen prop-
erly proportioned according to known procedure,
enters the system through line 3 and is there-
after discharged into the bottom of reactor |
and passes upwardly through the grid member G
into the main body of catalyst C, which is present
in the reactor in the form of a dense, turbulent
suspension. The catalyst consists of a physical
mixture of an active component and a diluent,
and is so maintained within the reactor that the
entering gases first contact the lower portion of
the body of fluidized catalyst, the mixture of
which active catalyst and inert diluent is richer
in the latter component than the mixture fur-
ther up near the top of the bed, all of which will
be described more fully hereinafter. The reac-
tion gases pass through the fluidized bed of cat-
alyst at synthesis temperatures and pressures
and contact the catalyst under these conditions
for a sufficient period of time to effect the de-
sired conversion. Such operating conditions are
well known to-those familiar with the art, and
since my present improvements do not go to
this matter of operating conditions such as tem-
perature, pressure, and residence time, it will
not be necessary for me to give a detailed state-
ment of such conditions. The reaction vapors
or gases emerge from the bed of fluidized cat-
alyst, that is to say, from the dense bed of flu-
idized catalyst, the upper limit of which is at
some point L, and thence pass toward the top of
the reactor. Above the dense phase level L in the
reactor there is g dilute phase suspension of
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catalyst in gases or vapors. The position of the
upper dense phase level L is fixed by the amount
of catalyst, that is to say, the number of pounds
of catalyst charged to the reaction zone and, of
course, the velocity of the gases passing upwardly
therethrough. The gases or vapols, before leav-
ing the reactor, pass through a plurality of gas-
solids contacting devices commonly referred to
as “cyclone” separators, in which separators fine
catalyst or entrained coarse catalyst is removed,
and the gases finally emerge overhead through a
line . However, the gases ordinarily still con-
tain minor amounts of catalyst, and in order to
further remove the catalyst from the gases, they
are forced through one or more dust separators
12 (usually of the electrical precipitating type)
and the catalyst thus removed is returned to the
reactor via line 13 while the gases, Now substan-
tially freed of catalyst, pass vig line 14 into &
product recovery system which need not be de-
scribed in detail herein. 1t will be sufficient to
say that the crude product is subjected to frac-
tional distillation and other known refining meth-
ods to recover desired products such as gas oil,
gasoline, and the like.

Referring again to the reaction zone, the same
is usually provided with a drawof Dpipe id
through which catalyst may be at least periodi-
cally withdrawn for the purpose of cooling the
catalyst if that becomes necessary and then re-
turning the catalyst to the reaction zone in
cooled condition. Also, it may be necessary to
remove catalyst for the purpose of regenerating
the saime.

Since my improvements are centered in the
reaction zone itself and the manner in which it
is operated, for purposes of simplicity I have
limited the showings in the drawing to those
which are necessary to {llustrate my present in-
vention. It will be obvious to those familiar with
this type of operation that numercus engineer-
ing aids and accessory apparatus, (not shown)
including pumps, flow control and measuring de-
vices, preheaters, heat exchangers, and the like
would be included in the final commercial unit
for the purpose of operating the said unit in an
expeditious and commercially feasible method.

As I have previously stated, catalyst C, which
is present in the form of a dense, turbulent sus-
pension in the reaction zone, conhsists of a me-
chanical mixture of an active component and
diluent. The active component and the diluent
are of different particle size and, due to the dif-
ference in particle size there will be a tendency,
due to classification and/or elutriation, for the
finer pacticles of the active component to con-
centrate in the upper portions of the bed, with
the result that the inert solid particles in the
dense suspension will be more concentrated in
the lower portion of the bed. The result of the
difference in the relative amounts of inert and
active catalyst in the fluid mass is to tend to
equalize the temperature throughout the fluid
mass or dense suspension of catalyst by distribut-
ing the conversion of CO throughout the length
of the bed. Without the diluent there is evi-
dence to support the conclusion that in an ordi-
nary fluidized bed of powdered catalyst, the con-
version of CO (which is converted more rapidly
than the Ha) is complete in the first quarter of
the bed. By diluting the active catalyst with
inert material in the lower. portion of the bed,
the reaction is throttled or delayed in this region,
thus effecting an improvement in the over-all
smoothness of the operation, with the attendant
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desirable atéributes of uniformity of temperé~
ture throughout the entire fluidized bed and a
more nearly equal rate of CO and Ha: consump-
tion. Fresh synthesis gas then entering the re-
actor first contacts a mass of solids and diluent
which does not possess the active catalyzing ca-
pabilities of portions of the catalyst mixture
higher up in the dense suspension, with the re-
sult that the extent of the conversion in the lower
portion of the fluid bed or suspension is retarded
or limited and with it the amount of heat re-
leased. As the reactants proceed upwardly in
the bed, they encounter progressively more active
catalyst, that is to say, a mixture of solids in
which the percentage composition of the active
ingredient is increased. This greater concen-
tration of finer active component is at a maxi-
mum near the top of the dense suspension oi
catalyst, in other words, in the region approach-
ing L in the drawing.

For example, in a fluid catalyst reactor hav-
ing a ratio of length to diameter of about 4.8,
two portions of silica gel having different par-
ticle sizes were mixed. The finer of the two
portions (60. weight per cent) passed 100 per
cent through a 325 mesh screen, while the coarse
material (40 weight per cent) passed through an
80-mesh screen but was retained on a ‘100-mesh
screen. Air was passed through the mixture at
a velocity sufficient to cause good fluidization of
the mass. The superficial velocity was about 0.74
feet per second. After equilibrium had been
established which was in about an hour, samples
were taken from the bottom and the top of the
fluidized catalyst bed. The sample at the bottom
contained only 23 per cent of the material pass-
ing through the 325 mesh sereen—greatest diam-
eter about 40 microns. The sample taken from
the top of the bed contained 59 per cent smaller
than 325 mesh.

When & similar test was made using a mixture
of coarse (8¢ to 100 mesh) jron powder (60
weight per cent) and a fine 325 size silica gel, (40
weight per cent) a similar segregation resulted.
In this test a sample withdrawn from near the
bottom of the bed contained 44 per cent fines
and a sample withdrawn at the top of the bed
contained 77T per cent fines. Alr was the fluidiz-
ing gas. The superficial air velocity was 0.740
feet per second.

From the above tests it can be seen that the
size of the particie has more effect on the extent
of the segregation than does the density of the
particle, and the secregation with a mixture of
itwo different sized silica gels was as great as
the segregation obtained using dense iron powder
and relatively light silica gel. The second ex-
ample shows the advantage of using a coarse
material as a diluent and a fine material as the
active ingredient of the fluidized bed.

In studies made with cobalt catalyst and silica
gel mixtures, it was found that the coarser parti-
cles tended to become concentrated in the lower
portion of a fluidized ped. In these runs, alr was
used as the fluidizing gas. In one of these runs,
silica gel having a particle gize of 100-200 mesh
was mixed with the cobalt cafalyst in the pro-
portion of 25 weight per cent silica gel and 75
weight per cent of the cobalt catalyst at a super-
ficial air velocity of 0.640 feet per second. Where
the vessel containing the fluidized bed was 3.7
times ‘as high as its diameter, the concentration
in particles having a size greater than 40 microns
changed from 88%, at a point § inches from the
bottom, to 83%, at & point 12 inches from the
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bottom. It should be pointed out that the cobalt
catalyst had the following particle size distribu-
tion:

Weight percent of 0-20 microns__________ 23

Weight percent of 20—49 microns___________ 16.5
Weight percent of 40-80 microns__________ 278
Weight percent of 80+ microns_.________ 32.8

obtained, that is to say, at a point 6 inches from
the bottom of the bed, 92% of the solids had a
size greater than 49 microns, whereas at a point
12 inches from the bottom of the bed, the parti-
cles having g size greater than 40 microns dropped
t083%. Thisis g drop of about 9%.
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In a further test, powdered iron was mixed with -

powdered silica, gel in about equal quantities by
weight, the two materials having about the same
particle size distribution, in other words, ground
so that each was composed of about the same

When fuidized with a gas, at equilibrium, there
was no substantigl segregation or concentration
of either material at any level in the bed.

In general, it may be stated that in order to
provide segregation between an active catalyst
and its diluent should have at least two or three

.

the reverse is desireq, hamely, a concentration of
the eatalyst in the lower portion of the bed, then
of course its average particle size should be two
or three times that of the diluent. Tn any event,
where the gas velocity is at least 0.3 to 0.4 feet
ber second, I may control concentration of either
the diluent or the active catalyst at any desired
level in the bed, and within reasonable limits,
by varying the relative varticle size distribution
of the two materialg by varying the relative aver-
age particle sizes of the two materials.

As regards the foregoing e€xamples, it is to be
understood that the Same are purely illustrative
of my invention and that any inert material other
than silica gel such as various clays, pumice,
sand, ete., may be used with iron or other active
components such ag cobalt, copper, the oxides of
heavy metals, ete., so long as the active com-

must be maintaineq within the Auidizing range,
50 called, which ordinarily is somewhere hetween
It may be pointed out
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of greater average particle size than the active
component, whereby maintenance of mere uni-
form temperatures throughout the entire bed of
catalyst ig accomplished by causing g gréater
concentration of the active component to be dig~
bosed in the upper bortion of the dense Suspéri-
sion and a correspondingly lower concentration
in the lower portion of the bed so as to cause
the over-all temperatures within the mass of cat.
alyst to be held at g, substantially uniform desired
level, so that undesirable “hot spots” or “run-
away” temperatures are avoided. As previously
indicated, it is also within the secope of my in-
vention to provide g sufficient concentration of
the coarse, inert material at the hottom of the
reaction zone or dense, turbulent hed 50 that a
lower temperatyre pbrevails in the said lower
portion of the bed than exists at points higher up.

Numerous modifications of my invention will
be apparent to those who are familiar with the
art without departing from the spirit thereof,

What I claim is:

1. A continuous method for synthesizing hy-
drocarbons which comprises forcing a mixtuire
of carbon monoxide and hydrogen upwardly
through a reaction zone charged with & mixture
of solid active synthesis catalyst particles and
solid diluent particles in fluidized conditicn in
said reaction zone and maintained under syn=
thesis conditions of temperature ang pressure,
said solid active synthesis catalyst particles being
of relatively high specific gravity ang of small,
fluidizable particle size, said diluent particles hav-
ing a lower speecific gravity than the catalyst par-
ticles and having g particle size at least 2 to 3
times the average varticle size of the catalyst
particles, maintaining said mixture of catalyst
barticles and solid diluent barticles as a dense
fluidized bed in the reaction zone with the active
catalyst particleg disposed in more concentrated
form in the upper portion of the densge fluidized
bed and the solid diluent particles disposed in
more concentrated form in the lower portion of
said bed by regulating the superficial velocity of
the upflowing gases within the limits of 0.5 to 3.0
6. per second, thereby equalizing temperature .
conditions in the dense bed by suppréssing the
reaction in the lower portion of the hed and re-
moving g erude Synthesis product from theé upper

b portion of said reaction zone.

2. The method set forth in claim 1 in which
the active catalyst component is powdered iron
and the diluent component is silica gel,

3. The process as defined in claim 1 wherein

4. The method set forth in claim 3 in ‘which
the active catalyst component is powdered iron
and the diluent component is silica gel,
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