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This invention relates to a fluidized catalytic process
and apparatus and particularly to a method and means for
obtqming uniform fluidization in a fluidized catalytic op-
eration.

Fluidized catalytic operations, both of the fuidized
moving bed type and of the fluidized fixed bed type, are
known in the art, The former involves continuous remov-
al of catalyst from a reaction zone to a regeneration zone
and continuous return of regenerated catalyst from the
regenerating zone to the reaction zone. The latter in-
volves continuous utilization of the same catalyst in-the
reaction zone without substantial intervening regeneration.
This invention relates to the reaction side or reaction
phase-of either type of fluidized catalytic operation, but
is considered to have greatest utility in connection with
fluidized fixed bed catalytic reactions.
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The problems involved in obtaining uniform fluidization -

in fluidized catalytic reactions are complex and are affected
by many factors.” The nature of the reactant - material,
the nature of the catalyst; the upward velocity of the
fluidizing gas through the catalyst bed, the structure of
the reactor, the temperatures of the reaction, ‘and the
pressure of the reaction may each contribute to the final
result. Accordingly, reactor structure and reaction con-
ditions which cooperate to produce uniform fluidization
may 1ot necessarily do so when one or more of the con-
tributing factors mentioned are changed. :

The problems involved in achieving uniform' fluidiza-
tion of catalyst in the reaction zone are quite different
from those involved in attaining this result in the regenera-
tion zone. Catalyst regeneration is normally carried out
under fairly standard conditions, regardless of the nature
of the reaction.. Thus, fluidization of catalyst. during re-
generation is normally uncomplicated by considerations
with respect to difficulty processable feeds, deposition of
materials on the catalyst, the adsorptive .capacity of the
catalyst, the physical shape of the catalyst particles,
practical limitations regarding the maximum lineat gas
velocity through the catalyst bed, and/or the ‘effects of
temperature and pressure. B

It is an object of this invention to provide a method and
means for achieving uniform fluidization of catalyst in
fluidized catalytic chemical reactions over a wider range
of conditions than heretofore considered possible. More
detailed objects of the invention ‘are to provide uniform
fluidization of catalyst in a reaction zone in the presence
of liquid, carbonizable reactant and/or low velocity
fluidized gas.
provide a fluidized fixed bed catalytic process and appara-
tus for carrying out chemical reactions at high pressures.
Other objects appear hereinafter. - ;

These and other objects.are accomplished by the inven-
tion which relates to a fluidized catalytic conversion
process involving contacting reactant 'at reaction tem-
perature in a reaction zone having a fluidized bed of
catalyst maintained therein, disengaging converted prod-
ucts and catalyst, recovering said converted products and
further utilizing the disengaged catalyst in the reaction
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zone. The invention includes in combination with such
a process, the steps comprising introducing fluidizing gas
mto a distributing zone which extends into the lower
portion of the bed of catalyst and forming said gas at a
plurality of elevations into a plurality of gas jets which
are radially disposed about the vertical axis of said
distributing zone. The lowermost gas jets are directed
outwardly and upwardly from the distributing zone im-
mediately adjacent the outer extremities of the bed of
catalyst. The remainder of said gas jets are directed
outwardly and wpwardly from the distributing zone at
greater elevations, and with greater elevation of the jets,
at greater distances from the outer extremities of the bed
of catalyst. In one modification of the invention the
aforesaid gas jets are rotated about the vertical axis of the
distributing zone. The invention also includes apparatus
for carrying out the process.

In the following description and drawing certain pre-
ferred embodiments of the invention have been described
and shown. It is understood that these embodiments are
by way of illustration only and are not to bé considered
as limiting. ’

Referring briefly to the drawing, :

Figure 1 is a schematic representation of a fluidized
catalytic reactor, partly in section, utilizing the principles
of this invention; and

Figure 2 is a schematic representation of a different
type of fluidized catalytic reactor which also embodies
the principles of the invention.

The invention is applicable to a wide variety of fluidized
catalytic chemical reactions. Examples of such reac-
tions are cracking, reforming, hydroforming, hydrode-
sulfurization, and destructive hydrogenation of hydro-
carbon oils. Another reaction which may be carried out
according to this invention is that of hydrocarbon syn-
thesis. :

The invention is particularly advantageous in connec-
tion with those reactions which involve unusual prob-
lems in achieving uniform fluidization. Such reactions
include destructive hydrogenation. and hydroforming,
each of which involves the use of hydrogen at high pres-
sure. The use of relatively costly gas under high pres-
sure places practical limitations on the maximum velocity
at which these gases may be passed through the.reaction
zone. Obviously, it is more difficult to achieve uniform
fluidization at lower linear gas velocities. . Other reac-
tion conditions presenting difficult fluidization problems
are: operation in the presence of a fluidized fixed bed of
catalyst, since this method of operation has a greater
tendency to permit stagnation of catalyst, and those op-
erations carried out in the presence of a partly liquid
feed, since relatively stagnant -catalyst which has been
overwetted by the liquid portion of the feed may tend
to form agglomerates of a size too large to remain sus-
pended by the fluidizing gases. Destructive hydrogena-
tion of crude petroleum. oil or.reduced crude oil is an
example of a reaction which may involve each of the
difficulties mentioned above. . )

Charge stocks which may be utilized include those nor-
mally employed in the reaction being carried out. By
way of example, these include naphtha for use in. re-
forming or hydroforming, heavy and light gas oils for
use -in catalytic cracking, hydrogen-carbon. monoxide
mixtures for use in hydrocarbon synthesis, and crude ol
or reduced crude for use in-destructive hydrogenation
or hydrodesulfurization. - As indicated above, the inven-
tion is of particular utility in connection with hydro-
carbon oils having a high end-boiling point, i. e., those
oils containing substantial amounts of liquid phase ma-
terial which cannot be volatilized at the conditions of
reaction without partial decomposition, The invention
is of utility in connection with such charge stocks, since
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it overcomes the unusual difficulties with regard to cata-
lyst fluidization which may accompany the use of such
feeds. :

The invention may be understood most easily with
more detailed reference to the attached drawing. In
Figures 1 and 2 like numerals refer to the same or sim-
ilar elements.

Referring now to Figure 1 in detail, numeral 7 de-
notes a cylindrical catalytic reactor. Numeral 8 de-
notes a dense-phase, fluidized catalytic bed within re-
actor 7. Numeral 10 refers to the dense-phasc catalyst
bed level. Numeral 12 represents a dilute-phase sus-
pension, or disengaging space, above dense-phase cata-
lyst bed 8. Numeral 14 refers to an opening in the
side of cyclone separator 16. Numeral 18 denotes the
product take-off line, and numeral 29 refers to the
dip-leg of cyclone separator 16.

Perforate means for distributing fluidizing gas, ex-
tending vertically upward into the lower portion of reactor
7 and defining an upwardly converging gas distributing
chamber therein, are .represented by numeral 4. Per-
forate member 4 comprises a hollow, upright, conical
member, whose vertical axis is coaxial with the ver-
tical axis of the reactor. The diameter of member 4
at its base is substantially as great as that of the corre-
sponding diameter of reactor 7. Perforate member 4
is provided with gas port means 6 for forming fluidizing
gas at a plurality of elevations into a plurality of gas
jets which are radially disposed about the vertical axis
of said distributing zone. Gas ports 6 are arranged
in parallel, circumferential rows about the vertical axis
of the conical member 4. The lowermost row of gas
ports is adapted to discharge gas jets immediately adja-
cent the outer extremities of the catalyst bed. Succeed-
ing rows of gas ports are positioned at higher elevations
within the reactor, and the individual ports 6 of the re-
spective rows are at greater distances from the outer
walls of reactor 7 with greater elevation in the reactor.
The plane of gas ports 6 is that of the sloped, upper
surface of conical member 4, whereby the gas jets are
directed outwardly and upwardly from conical member
4. The plane of each respective row of gas ports is
parallel to the base of the conical member.

Numeral 1 represents a hollow, vertical shaft attached

to the vertex of comical member 4 and supporting the

latter. Shaft 1 extends downwardly along the vertical
axis of member 4 through an opening in the bottom of
reactor 7. Bracing members 3 are radially disposed
about shaft 1. Each bracing member is attached at one
end to the lower surface of conical member 4 and com-
municates at the other end with the interior of vertical
shaft 1. Vertical shaft 1 and bracing members 3 are
provided with a plurality of gas ports 2.

Numeral 25 represents a flnid-tight bearing member,
positioned in the opening in the bottom of the reactor
7. and surrounding vertical shaft 1. Numerals 22 and
24 represent, respectively, driven and driving gear means
adapted to rotate vertical shaft 1 and attached conical
member 4 about their vertical axes. Numeral 21 repre-
sents a fluid-tight rotary coupling by means of which
hollow, vertical shaft 1 is rotatably attached to a con-
duit 23. Conduit 23 is connected to a source of fluidiz-
ing gas, not shown.

In Figure 2 conical member 4 is provided with an
unperforated supporting shaft 28 and with unperforated
bracing members 29. Conduit 26, adjacent vertical shaft
28, connects the gas distributing chamber beneath conical
member 4 with a source of fluidizing gas, not shown.

For simplicity, the operation of the apparatus will be
described in connection with a feed comprising hydrogen
and an at least partly vaporized hydrocarbon oil. Re-
ferring now again to Figure 1, a hydrogen-hydrocarbon
oil feed, preheated and compressed to reaction tempera-
ture and presstire by means not shown, is introduced into
hollow, vertical shaft 1, from which it passes through

4

" perforations 2 into the gas distributing chamber beneath
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conical member 4. The distributing gas is formed at a
plurality of elevations into a plurality of gas jets dis-
posed radially about the vertical axis of member 4 by
passage through gas ports 6. The lowermost gas jets are
directed outwardly and upwardly into catalyst bed 8 im-
mediately adjacent its outer extremities. The remaining
gas jets are directed outwardly and upwardly into cat-
alyst bed 8 at greater elevations therein, and with greater
elevation in the catalyst bed, at greater distances from the
outer extremities of catalyst bed 8. Preferably, gears 22
and 24 are driven by a suitable driving means, not num-
bered, during the process, in order to effect rotation of
shaft 1 and attached distributing member 4.

By virtue of the novel gas distributing method and
means provided, the fluidizing gas is effectively distributed
to all portions of the reaction zone. By achieving uni-
form gas distribution, uniform fluidization is achieved.
The sloped upper surfaces of conical member 4 prevent
stagnation of catalyst in the zones between the gas ports.
Any catalyst tending to find its way to the upper surface
of conical member 4 between gas ports 6, immediately
slides downwardly along the sloped surface, until it enters
the zome swept by a gas port at a lower elevation in
the reactor. Rotation of conical member 4 assists in
maintaining the catalyst particles in contact with the sur-
faces thereof in motion and also operates to prevent any
zone from being unswept by gas jets for any appreciable
period. The conical shape of member 4 is particularly
advantageous in that friction between its surfaces and
catalyst bed 8 is minimized. Catalyst attrition is also
minimized by this expedient.

The utilization of gas ports and gas jets at a plurality
of elevations in the reactor, at greater distances from the
outer reactor walls with greater elevation, is of distinct
advantage, since the horizontal distance between vertically
adjacent rows of gas ports is reduced thereby. This has
the effect of reducing the tgtal area not swept by fluid-
izing gas. Furthermore, a greater number of gas ports
may be utilized under this arrangement than in the mono-
planar distributors of the prior art. The advantages de-
scribed are achieved without a concurrent reduction in
structural strength of the gas distributing means.

The fluidizing gases pass upwardly through catalyst
bed 8, through dense-phase bed level 10, into the dilute-
phase suspension or catalyst disengaging space 12. Re-
action products containing some entrained catalyst then
pass through opening 14 into cyclone separator 16, where
the bulk of the entrained catalyst is disengaged from re-
action products. Catalyst separated in cyclone separator
16 is returned to the dense phase catalyst bed & by way
of dip leg 20. Substantially catalyst free reaction prod-
ucts are removed by way of product take-off line 18 to
product recovery equipment, not shown. Reactor pres-
sure is maintained by suitable valve means, positioned
downstream of reactor 7, in association with line 18.

Referring now to the operation of the apparatus shown
in Figure 2, gaseous feed again comprising, for example,
hydrogen and hydrocarbon oil vapors from a source not
shown, and preheated and compressed by means not
shown, is introduced into the gas distributing chamber
beneath conical member 4 by way of conduit 26 which
is positioned adjacent vertical shaft 28. As in the opera-
tion of the apparatus of Figure 1 the gaseous feed is
formed at a plurality of elevations into a plurality of
jets which are radially disposed about the vertical axis of
conical member 4. The lowermost jets are directed into
catalyst bed 8 immediately adjacent the outer extremities
thereof. The remaining gas jets are directed into catalyst
bed 8 at greater elevations therein and with greater eleva-
tion, at greater distances from the outer extremities of
catalyst bed 8.

In addition to the flow of feed through gas ports 6 in
the apparatus of Figure 1 and Figure 2, there is an addi-
tional gas flow between the base of the conical member 4
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and the outér walls of the reactor 7. The slight clearance
provided to permit rotation of conical member 4 has the
additional advantage of pernitting gas flow upwardly
through the smali, annular zone beneath the lowermost
row of gas ports 6. Stagnation of catalyst beneath the
lowermost row of gas ports 6 is thereby avoided.

As in the apparatus of Figure 1, vertical shaft 28 and
attached conical member 4 are preferably rotated during
the operation of the process by means of driven gear 22
and driving gear 24, or equivalent means. The flow of
feed upwardly through the catalyst bed and out of the
reactor in Figure 2 is identical with that described in
connection with the operation of the apparatus shown in
Figure 1.

Although the feed described in connection with the oper-
ation of the apparatus shown in Figures 1 and 2 has been
described as a mixed feed, this choice is not essential to
the operation of the process. If desired, a fluidizing gas,
such as hydrogen, may be introduced into the reactor 7
through the gas ports 6 of conical members 4, and the
hydrocarbon oil, either partly or completely vaporized,
may be introduced into the main catalyst bed at some
higher point in the reactor, by means not shown. In fact,
such arrangement may be preferred in some instances, as
for example, where the hydrocarbon oil is difficultly
vaporizable.

Comparison of Figure 1 and Figure 2 will indicate that
the shape of the reactor bottom is not critical. In Figure
1 a conical reactor bottom is employed, and in Figure 2
a flat reactor bottom is employed. - Similarly, a dished-
bottom reactor may be employed. It is desired in all in-
stances, however, that the base of conical member 4 be
positioned within the reactor at least as high as the plane
of intersection of the reactor bottom and the outer walls
of the reactor, in order that the fluidizing gas may be
directed into the outermost extremities of the catalyst bed.

Fluidized catalytic chemical reactions, such as the con-
version of hydrocarbon oils, are normally accompanied by
deposition of contaminants on the catalyst. Accordingly,
means for regeneration or replacement of contaminated
catalyst may be provided. In the apparatus shown in
Figures 1 and 2, catalyst may be regenerated by simply
stopping the flow of feed and introducing an oxygen-con-
taining gas into the fluidized bed of catalyst by way of gas
ports 6 in conical member 4. Alternatively, the flow of
feed may be stopped and catalyst may be removed by
means, not shown, and replaced through the same or addi-
tional means, not shown, with fresh or regenerated cata-
lyst. Catalyst removal and replacement may be effected
continuously or intermittently. The conditions of catalyst
regeneration are well known in the art and need not be
discussed in detal. Suitable purging or stripping of cata-
lyst may be carried out between the reaction and regen-
eration steps and between the regeneration and the reac-
tion steps, if desired.

From the foregoing discussion, it will be evident that
the provision of suitable gas distributing means, such as
conical members 4, is responsible for the major advantages
of the invention. The gas ports 6 provided in conical
member 4 may be uniformly or irregularly spaced. Fur-
thermore, they may be of identical or varying size to com-
pensate for the varying depth of the catalyst bed. The gas
ports are advantageously spaced over the entire surface of
the conical member from its base to its vertex. Since the
area of the zones swept by successive rows of gas ports
decreases with decreasing distance from the vertical axis
of the reactor, the number of gas ports in each row is less
with greater elevation in the reactor.

The angle formed by the sloped upper surfaces of coni-
cal member 4 with the horizontal is advantageously se-
lected to provide minimum frictional resistance to rota-
tion and minimum frictional resistance to downward flow
of catalyst thereover, while still maintaining maximum
reactor capacity. Preferably, the angle formed by the
sloped upper surface of conical member 4 with the hori-
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zontal is greater than the angle of repose of the catalyst
being employed in the reaction. Although a somewhat
lesser angle may be employed without the catalyst coming
to rest on the upper surfaces of member 4 between gas
ports 6, when member 4 is continuously rotated, it is de-
sired that the angle mentioned be sufficiently great as to
prevent catalyst from coming to rest on the upper surface
of member 4 in the absence of rotation. This expedient
provides-a marginal factor in case of rotation stoppages.
For the purposes of this invention the angle formed by
the sloped upper surface of member 4 with the horizontal
is desirably between about 30° and 60°. This angle, as
illustrated in the drawings, is 45°. It will be understood
that as this angle approaches 90° the frictional resistance
to rotation is decreased, but the reactor capacity is de-
creased. As this angle decreases, the converse is true.

Although other structures than the conical structure of
member 4 may be utilized to provide the desired gas dis-
tributing effect, the conical structure shown is highly ad-
vantageous in that no horizontal surfaces are present
upon which catalyst may stagnate, and since frictional re-
sistance to rotation and catalyst attrition are minimized
thereby. o

Although the apparatus described in Figures 1 and 2
is adapted for rotation of conical members 4, rotation
thereof is not essential. Many important advantages are
achieved in the absence of rotation. -However, rotation
of conical member 4 is distinctly preferred, since in this
manner no zone within the reactor 7 is unswept by gases
for any appreciable time. The speed of rotation is not
critical with respect to the operability of the apparatis
and may be varied widely. Low rotational speeds, e. g.,
from about 5 to about 100 R. P, M., are preferred, since
such speeds require low power consumption, since cata-
lyst attrition is minimized at such speeds, and since the
balance and machining of the distributing member need
not be as fine at low rotational speeds. As indicated,
however, greater or lesser speeds of rotation may be
utilized.

The reaction conditions employed are those normally
utilized in the particular reaction being carried out. As
indicated above, however, the invention has particular
utility in connection with reactions carried out at elevated
pressure, since the use of compressed fluidizing gases nor-
mally places practical limitations on the maximum gas ve-
locity which can be utilized in the reactor. As also stated,
reduced linear gas velocities in the reaction zone tend to
increase the difficulty of obtaining uniform fluidization.

Catalysts employed are those normally employed in the
reaction being carried out, .and the physical size and
form thereof are those normally utilized in fluidized cata-
Iytic operations. The advantages of the invention are
greater in connection with catalysts which are less easily
fluidized, such as those of granular rather than spheroidal
shape, and in connection with those catalysts which have
low liquid-adsorptive capacity. Specific examples of cata-
lysts which may be utilized in this invention are silica-
alumina for crackng reactions, and supported or unsup-
ported Group VI and Group VIII metals and/or com-
pounds for hydrogenation reactions.

With respect to the conditions of fluidization, the in-
vention has utility in fixed or moving. bed operations.
The invention is particularly advantageous in connection
with those gas velocities through the catalyst bed which
are in the vicinity of the threshold of fluidization, e. g.,
superficial linear gas velocities of between about 0.01 and
about 0.3 foot per second.

By virtue of the improved gas distribution method and
means provided by this invention an operator is able to
achieve uniform fluidization over a wider range of con-
ditions. More particularly, it is made possible to obtain
uniform fluidization in the presence of one or more of
the following: fluidized fixed bed of catalyst, low linear
gas velocities through the catalyst bed, and partially liquid
feeds containing substantial proportions of difficultly va-
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porizable high boiling materials. As a result of the im-
provements provided by the invention, more thorough
contact between catalyst and reactant is obtained, more
effective use is made of available catalyst, catalyst ag-
glomeration due to catalyst stagnation is avoided, and
improved reaction selectivity and product distribution are
provided, due to effective utilization of the available
catalyst:feed ratio.

1t will be understood that the present invention is not
restricted to the particular embodiments thereof herein
described but only as indicated by the appended claims.

I claim:

1. In fluidized catalytic apparatus of the type wherein
reactant is contacted at reaction temperature in a cylin-
drical catalytic reactor containing a fluidized bed of cata-
lyst and having means associated therewith for disengag-
ing converted products and catalyst, means for returning
disengaged catalyst to the fluidized bed of catalyst, and
means for recovering converted products, the combination
therewith of conical perforate means for distributing
fluidizing gas extending into the lower portion of the
reactor and defining a gas distributing chamber connected
to the upper portion of the reactor by means of a narrow,
annular passageway between the base of the conical per-
forate means and the reactor walls, the diameter of said
conical perforate means at its base being substantially
the same as but slightly less than the corresponding inner
diameter of the reactor, the sloped upper surfaces of the
conical perforate means forming an angle with the hori-
zontal that is greater than the angle of repose of the cata-
lyst particles and between 30° and 60°, said conical per-
forate means being provided with a plurality of gas ports
at a plurality of elevations, said gas ports being disposed
circumferentially about the vertical axis of said conical
perforate means, the plane of said gas ports being such
that gas passing therethrough will be directed outwardly
and upwardly from the conical perforate means, the
lowermost gas ports being immediately adjacent the walls
of the reactor, the distances between said reactor walls
and the remaining gas ports being greater with greater
elevation of said gas ports, and means for introducing
fluidizing gas into said gas distributing chamber, and
means for rotating the conical perforate means about its
vertical axis.

2. In a fluidized catalytic apparatus of the type where-
in reactant is contacted at reaction temperature in a cylin-
drical catalytic reactor containing a fluidized bed of cata-
lyst and having means associated therewith for disengag-
ing converted products and catalyst, means for returning
disengaged catalyst to the fluidized bed of catalyst, and
means for recovering converted products, the combination
therewith of a hollow, upright, conical gas distributing
member positioned coaxially with the vertical axis of the
reactor and within the lower portion of said reactor and
defining a gas distributing chamber therebeneath, said gas
distributing chamber being connected to the upper portion
of the reactor by means of a narrow, annular passage-
way between the base of the conical member and the
reactor walls, the diameter of said conical member at its
base being substantially the same as but slightly less than
the corresponding inner diameter of said reactor, and the
lateral area of said conical member being substantially
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2 .
greater than the cross-sectional area of the reactor, the
sloped surfaces of said conical member being provided
with a plurality of circumferentially disposed rows of gas
ports also connecting the gas distributing chamber and
the interior of the reactor, the plane of each respective
row of gas ports being parallel to the plane of the base
of the conical member, but at different vertical distances
therefrom, the lowermost row of gas poris being imme-
diately adjacent the reactor walls, the sloped upper sur-
faces of the conical member forming an angle with the
horizontal that is greater than the angle of repose of the
catalyst particles, and between 30° and 60°, and means
for introducing fluidizing gas into the gas distributing
chamber, and means for rotating the conical member
about its vertical axis.

3. The apparatus of claim 2 where said means for ro-
tating the conical member comprises a vertical shaft at-
tached to said conical member and extending downwardly
along the vertical axis thereof through an opening in the
bottom of the reactor, a fluid-tight bearing positioned in
said opening and surrounding said shaft, and means for
rotating said shaft and the attached conical member.

4, The apparatus of claim 2 where said means for ro-
tating the conical member comprises a vertical shaft at-
tached to the vertex of the conical member and extending
downwardly therefrom through an opening in the bottom
of the reactor, bracing members attached to said shaft and
to said conical member and extending radially therebe-
tween, a fluid-tight bearing positioned in said opening
and surrounding said shaft, and where the means for in-
troducing fluidizing gas into the gas distributing chamber
comprises conduit means adjacent said shaft connecting
the gas distributing chamber with a source of fluidizing
gas.

5. The apparatus of claim 2 where said means for ro-
tating the conical member comprises a hollow, vertical
shaft attached to the vertex of said conical member and
extending downwardly therefrom and through an opening
in the bottom of the reactor, said shaft being provided
with a plurality of gas ports along the portion thereof
within the reactor, hollow, perforate bracing members
radially disposed about said shaft, each bracing member
being attached at one end to the lower surface of said
conical member and communicating at its other end with

the interior of the hollow vertical shaft, a fluid-tight bear- -

ing positioned in said opening and surrounding said shaft,
means for rotating said shaft, and where the means for
introducing fluidizing gas into the gas distributing cham-
ber comprises a conduit connected to a source of fluidiz-
ing gas, and a fluid-tight, rotary coupling connecting said
hollow shaft and said conduit.
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