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This invention relates to catalytic reactions

-and more particularly relates to cafalytic con-

version of hydrocarbons.

In processes using catalyst in powder form,
it is generally the practice to mix the catalyst
with reactant vapors or gases and pass the mix-
ture as a suspension through an enlarged reac-
tion vessel taking the reaction products and spent
catalyst overhead and then separating the spent
catalyst from the reaction products in vapor
form. With this type of process it is necessary
to use a plurality of separating units to recover
the catalyst particles from the suspending gases.
For example, when cyclone séparators are used
there is a relatively large pressure drop through
the cyclone separators due to the relatively high
concentration of catalyst in the suspension and
in addition some of the catalyst particles are lost
from the system..

Where standpipes are used for transferring the
catalyst from a low pressure zone to a zone of
higher pressure, it is necessary to have a long
vertical column of catalyst powder in a stand-
pipe. By adding a small amount of aeration gas
to the standpipe at various points, the mass of
catalyst is maintained in a fluid state, so that
pressure is built up due to the weight of material
in the column. The standpipe is made high en-
ough to provide a pressure at the bottom suf-
ficient to convey the catalyst through the system.

According to my invention, the number of
separating units used is reduced and the stand-
pipe height is reduced so that less structural
material is required. According to my invention,
the catalyst particles in a relatively dense sus-
pension are removed as such from the bottom
of the reaction zones. In g catalytic conversion
operation such as catalytic cracking of hydro-
carbons the catalyst becomes inactivated due to
the deposition of carbonaceous material on the
catalyst particles. The larger portion of the
spent or partially spent catalyst particles is re-
moved from the bottom of the reactor and passed
to the regeneration zone where the catalyst is
regenerated by burning with air or other oxidiz-
ing agent,

During regeneration it is necessary to control
the operation so that excessively high tempera-
tures are avoided. The regenerated catalyst
particles in a dense suspension are removed from
the bottom of the regeneration zone and returned
to the reactor for reuse in further catalytic con-
versions. The major portion of the catalyst
particles is removed from the Bottom of the
reaction zones so that less catalyst passes over-
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head with the vapors or gases and in this way
fewer separating units are necessary for obtain-
ing the desired separation of solid particles from
gases Or Vvapors.

The velocity of the vapors or gases passing.
through the reaction zones is so controlled or
adjusted to maintain a body of catalyst particles
in these zones. The catalyst mass is aerated and
simulates a liquid in that it is mobile and has
a level within each reaction zone. With the velo-
city at the desired figure the catalyst masses in
the reaction zones form relatively dense suspen-
sions. By removing the catalyst as a dense sus-
pension from the bottom of a reaction zone the
relatively dense suspension is used as such with-
out the necessity of passing through separating
means. . .

The reaction products in vapor form leave the
top of the reactor and carry some catalyst par-
ticles with them. These reaction products are
passed through a separating means for removing
most of the remaining solid catalyst particles
from vapors and gases. As the reaction products
still contain traces of catalyst particles, they can
be passed through a scrubbing tower or other
device to recover the particles. By removing most
of the catalyst from the bottom of the reactor
in a relatively dense suspension, fewer separat-
ing units such as cyclone separators are re-
quired, and due to the relatively low concentra-
tion of catalyst in the vapors and gases, there
is a much lower pressure drop through the sepa-
rators. )

The regeneration gases from the regeneration
zone also carry a small amount of catalyst par-
ticles from the regeneration zone and the re-
generation gases are passed through a separat-
ing means for recovering the catalyst particles.
As most of the regenerated catalyst is taken
from the bottom of the regeneration zone as a
relatively dense suspension, the amount of cat-
alyst particles going overhead is relatively small,
less separating equipment is needeti to effect the
desired separation of catalyst particles and lower
pressure drops are obtained across the separators.

In the preferred form of my invention the
regeneration zone is placed above the reactor
so that the reactor is under a greater pressure

_than the regeneration zone. Using this arrange-
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ment the gas for regeneration can be compressed
to a somewhat lower pressure. The higher pres-
sure in the reactor is used to force the products
through heat exchangers, fractionating towers,
or other equipment. It should be understood
that other arrangements of the apparatus are
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within the scope of my invention. For example, fluidized mass or mixture. The dense catalyst or
the reactor may be located above the regenerator, contact suspension or mixture is withdrawn from
or it may be located to one side. Also, both a well or reservoir 30 which extends above the
reactor and regenerator may be operated at es- grid 18 for a short distance as at 31 into the

sentially the same pressure. The relatively dense g dente mixture of solid particles. The well 30
suspension leaves the reaction zones through communicates with standpipe 32 which extends

standpipes and the body of relatively dense sus- below reactor 10. The further treatment of the
pension of catalyst in each of the reaction zones withdrawn catalyst or contact material will be
forms part of the respective standpipes to pro- presently described.

vide the necessary pressure for circulating the 10 The products of reaction in vapor form leave
catalyst through the system. In this process the the upper portion of the reactor (0 through line

fluid static head due fo the catalyst in the re- 36 and carry with them a relatively small amount
action zones acts to increase the pressure built of catalyst or contact particles. The reaction
up in the standpipes, whereas in a system where products are passed into a separating means
all of the catalyst is taken overhead, this fluid 15 38 such as a cyclone separator for separating
static head must be counterbalanced by addi- residual catalyst particles from the reaction prod-

tional standpipe height. Because of this, and ucts. More than one cyclone separator may bhe
because of the lower pressure drop through the used, if desired. The reaction products pass over-
cyclones as described bhefore, shorter standpipes head through line 42 and are further treated
may be used with the process described herein. 20 &s, for example, in suitable fractionation equip~

Referring now to the drawing, the figure rep- ~rpent to separate desired motor fuel in the gaso-
resents:; one form of apparatus which may be line boiling range from condensate oils. The
used to carry out my invention. separated solid particles are withdrawn from the

Referring now to the drawing, the reference bottom of the separating means 38 and passed
character [0 designates an enlarged vessel or 25 through line 44 to the standpipe 32 which is
reactor into which catalyst or contact material used to withdraw spent or partially spent solid
in powder form is introduced through standpipe particles from the reactor 0. Or the separated
12 which is shown in the drawing as extending solid particles from line 44 may be introduced
through the top of the reactor {0. The stand- into well 30.
pipe 12 has a control valve 13. The reactants 30 The spent or partially spent catalyst or con-
in vapor or gas form are passed through line tact particles in the standpipe 32 are stripped by
14 and introduced into the bottom portion introducing stripping gas such as steam through
of the reactor through line 16. The line (8§ line 46, preferably into the lower portion of the

Introduces the reactants below the grid 18. In- well 30. Or the stripping gas may be introduced
stead of introducing the reactants through line 35 into standpipe 32 and ahove the slide valve 48,
16, the reactants may be passed through line The valve 48 is provided at the bottom portion
22 and into the body of catalyst or contact ma- of the standpipe 32 for controlling the rate of
terial 24 in the reactor (0 by means of nozzles withdrawal of catalyst or solid particles from the

26 or the like. In the latter case a small amount reactor {0. It is by means of valve 48 that the
of aeration gas may be added at the bottom of 40 }evel 28 of the dense catalyst prhase in the reactor
the reactor to maintain the catalyst or contact is maintained at a desired point. The level can

material in a fluidized condition. ) be lowered by opening valve 48 to o greater extent
The reactant gases are introduced into the so that the rate of removal of catalyst from the
reactor 10 at such a velocity as to maintain a = reactor 10 through standpipe 32 and line 53 is
body of catalyst or contact material in fluidized 45 8reater than the rate at which it is added to the
condition in the reactor and the fluidized mass  reactor through standpipe 12. To raise the level
has a level 28 similar to the level of a liquid in  Valve 48 is moved toward closed position so that
a vessel. The level 28 is generally not a quiescent catalyst flows into the reactor 10 faster than it
level as shown in the drawing but is more like is removed from the reactor and hence the level
the surface of a violently boiline liquid, as vapor- 50 28 builds up. By proper control of valve 48, the
ous reaction products are continuously leaving  level may be held at any desired point.
the surface of the fluidized mixture and these The extent of reaction depends on the catalyst
vaporous products carry with them overhead rate as set by valve 13 in standpipe 12 and alco

some of the finely divided contacting material.  On the level 28 in the reactor I8, a higher level
In the space above the level 28 the catalyst or 66 tending to give more reaction. As these two
solid particles are carried in a dilute phase or in variables are independently controlled, a high de-

a cencentration much less than the concentration gree of flexibility is provided.

of the solid particles in the dense phase below The regeneration of the catalyst or solid par-

level 28. ticles will now be described. The relatively
The maintenance of this level is an essential 60 dense suspension leaving the standpipe 32 is

feature of mv invention and the method of con-  mMiXed with a regenerating gas such as air or

trolline the level will be described later. While  Other gaseous oxidizing agent, combustion gases

the catalyst or contact particles are in the re- containing oxygen, or hydrogen or carbon diox-

actor 10, thev are maintained in a turbulent ide, etc., introduced through line 52 into a mixing
condition so that intimate contact is provided 68 zone 53 below valve 48. The fluidized mass of
between the catalyst or contact particles and catalyst or solid particles and regenerating gas

the reactants and a substantially uniform tem- has a lower density than the fluidized material in
perature is maintained in the reactor 9. standpipe 32 and is passed through line 54 and
In many reactions the catalyst or contact par- introduced into the bottom portion of a regener-

ticles become partially or wholly inactivated after 70 ation zone 56 and below the grid 58 arranged in
contact with reactants for a certain time and  the bottom portion of the regeneration zone by
it is necessary to regenerate them before using the pressure produced in the column of dense
them further. According to my invention, the catalyst suspension in standpipe 32.

catalyst or contact particles are removed from The regeneration zone is formed as an en-
the bottom of the reactor 10 as a relatively dense 75 larged vessel. The velocity of the gases in the
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regeneration zone is such that the body of cata-
1yst or solid particles in the regeneration zone is
maintained as a relatively dense fluidized mass
having a level 62. The level 62 is similar to
level 28 in reactor 10 described above in that it
simulates a violently boiling liguid. The space
above level 62 has a much lower concentration of
catalyst or contact particles than the dense
fluidized mass having the level 62 and may be
termed a dilute phase. In the regeneration zone

" the catalyst or contact particles are maintained

in & turbulent condition so that intimate contact
is provided between the catalyst or contact parti-
cles and the regenerating gas or agent. Due to
the turbulent condition, the temperature through-
out the mass of catalyst or contact material un-

dergoing regeneration is substantially uniform.

Within the bottom portion of the regeneration

" mone 56 a well or reserveir 64 is provided which

extends above the grid 58 for a short distance as
indicated by the reference character 66. The top
of the well 66 may be located anywhere within
the dense catalyst phase and this is also true for
well 30 in the reactor. The reservoir or well 64
empties into the standpipe {2 hereinbefore de-
seribed for conveying regenerated catalyst or
contact particles to the reactor 10. The stand-
pipe 12 is provided with the valve 13 above de-
scribed to control the amount of catalyst or con-
tact particles passing to the reactor (0, Strip-
ping gas such as steam is introduced into the
bottom portion of the well 64 through line 68.
One or more inlet lines 68 may be provided. The
stripping gas is used to remove any remaining
regenerating gas or agent remaining in the re-
generated catalyst or contact particles.

Where the regeneration treatment is an exo-
thermic reaction, it is necessary to maintain the
temperature during regeneration below g tem-
perature which is harmful to the catalyst or con-
tact particles and some means must be provided
to prevent the temperature from rising too high.
In the preferred form of my invention hot regen-
erated catalyst or contact particles are with-
drawn from the well or reservoir 64 during re-
generation in a relatively dense phase, cooled and
returned to the regenerator 56. For this recy-
cling of regenerated catalyst a line 72 is provided
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which communicates with the bottom portion of .

the well or reservoir 64 for withdrawing regener-
ated catalyst or contact particles in a relatively
dense suspension. The line 72 comprises a
standpipe provided with a valve 13 at its bottom
portion for controlling the amount of catalyst or
contact particles withdrawn through line 72. A
suitable suspending gas such as air, steam or the
like is introduced into line T4 through line 15
where it is mixed with the regenerated catalyst
or contact particles introduced into line 74 from
the standpipe 12. By mixing the suspending gas
with the relatively dense suspension, a lighter or
less dense suspension results which is forced up-
wardly and returned to the bottom portion of the
regeneration zone by the pressure produced by
the more dense catalyst or solid particle suspen-
sion in standpipe 12. .

The lighter suspension passes through line 74
and upwardly through a cooler 16 for reducing
the temperature of the catalvst or contact par-
ticles and the cooled catalvst or contact, particles
are then passed through line 78 and through line
54 where they are mixed with spent or partially
spent catalyst and this mixture is introduced into

" the bottom portion of the regeneration zone be-

low the grid 58. Or the lighter suspension may
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be passed through line 18 directly into the re-
generator 56 below grid 58. The cooler 16 is
provided with an inlet 82 and an outlet 84 for
circulating a heat exchange medium through the
cooler,

Returning now to the regeneration zone 56,
the regeneration gases pass overhead through
line 86. Most of the regenerated catalyst or con~
tact material is withdrawn from the bottom of
the regeneration zone 56 through well 64 in a
relatively dense condition. However, some of the
catalyst or contact particles pass overhead with
the regeneration gases and in order to remove
these catalyst or contact particles the suspension
is passed through a separating means 88 which
is shown on the drawing as a cyclone separator
but other separating means may be used, or more
than one cyclone separator may be used. The
separated catalyst or contact particles are re-
turned to the well or reservoir 64 in the regenera-
tion zone 56 through line 92. If desired, the
separated particles in line 92 may be directly re-
turned to the body of the catalyst or contact mass
in the regenerator 56.

The separated regeneration gases pass overhead
through line 84. The regeneration gases after
passing through the separating means 88 still
contain some relatively fine catalyst or contact
particles and in order to separate additional
amounts of catalyst or contact particles, the re-
generation gases are passed through an electric
precipitator 96. The separated gases pass over-
head through line 98 and are vented to the at-
mosphere or may be treated for the recovery of
contained heat or traces of catalyst or contact
particles. The separated catalyst fines or con-
tact particles are withdrawn from the botiom
of the precipitator 86 through line {02 and in-
troduced into the body of catalyst or contact ma-
terial 24 in the reactor i0. Or the catalyst or con-
tact particles may be introduced into standpipe
12 ahove or below valve {3 or into standpipe 32
or line 54. Moreover this catalyst may be re-
turned to regenerator 56 or to separator 88.

The catalyst or contact fines separated in the
electric precipitator 96 have poor flow charac-
teristics and it is preferred to mix relatively
coarse particles with the catalyst fines or con-
tact particles to form a mixture which will haye
better flow characteristics than the fines alone.
A line 104 having a valve 19§ is provided for
withdrawing catalyst or contact particles from
the bottom portion of the regeneration zone 56
and for introducing the catalyst or contact par-
ticles into the bottom portion of the electric pre-
cipitator 96. If desired, the particles may be
withdrawn from well 64. :

In the reactor 10 a dish shaped member (12
is provided below the discharge end of the stand-
pipe 12 to prevent reactant vapors from passing
upwardly through the catalyst or contact parti-
cles in the standpipe 12. :

During the operation of the process, a certain
amount of the catalyst or contact particles is lost
in the gases leaving the system. It is necessary
to add make-up catalyst or contact particles to
the system to maintain the proper amount of
catalyst or solid particles. I have provided a hop-
per ({4 which is maintained under a pressure
somewhat higher than that used in reaction, The
catalyst or contact material in powder form in
the hopper |14 is maintained in a fluidized con-
dition by the introduction of fluidizing gas such
as steam into the bottom portion of the hopper

75 through line 116, Preferably more than one in-
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let line 116 is provided so that the entire mass
of finely divided catalyst or contact material is
fluidized. Excess gas is removed from the top of
the hopper 114 through line (17 and is passed
through a separating means 118 for separating
finely divided catalyst or contact particles from
the gas. The separated catalyst or contact par-
ticles are returned to the hopper through line 122
which extends below the level of the solid parti-
cles in the hopper {14. The separated gases are
passed through line 124 provided with a pres-
sure control valve 126.

The make-up catalyst or contact particles un-
der pressure and in fluidized condition are with-
drawn from the bottom of the hopper 1 (4 through
line 128 provided with a control valve (30 and
introduced into line 131 where it is mixed with air
or other suitable gas introduced through line §32.
The make-up catalyst or solid contact particles in
suspension are then passed through line 13,
mixed with spent catalyst or contact particles
passing through line 54 and this mixture is mixed
with cooled regenerated catalyst or contact par-
ticles passing through line 78 and the entire mix-
ture is introduced into the regeneration zone 56
below grid 58 where the make-up catalyst or con-
tact material is brought up to the proper tempera-
ture. If desired, the make-up catalyst or contacl
particles may be introduced into the regeneration
zone 56 below grid 58 as a separate stream.

As an example of my invention the catalytic
cracking of hydrocarbons will be described. In
the catalytic cracking of hydrocarbons, the hy-
drocarbons in vapor or gas form are introduced
either through line 16 or through line 22 into the
reactor 10 where they are contacted with catalyst
powder. The catalyst powder may be any suit-
able cracking catalyst but preferably is an acti-
vated or acid treated finely divided bentonite
clay containing substantially no particles greater
than 100 microns and preferably with less than
40% in the range of 0 to 20 microns. The velocity
of the feed vapors or gases is so controlled that
the body of catalyst is maintained in a fluidized
condition and has a relatively high density. For
example, the velocity of the outgoing vapors or
gases passing into line 36 is preferably maintained
between about 0.5 feet to 3 feet per second and
the density of the catalyst in the reactor 10 will
be about 10 to 30 pounds per cubic foot in the
lower portion of the reactor 10 below level 28 and
only a fraction of this density at the point where
the gases leave the reactor 10 through line 36.
The dispersed phase above level 28 will have a
density of about .05 to 0.4 pound per cubic foot.
Velocities somewhat higher or lower than these
may be used if desired. The velocity of the strip-
ping gas introduced through line 46 is about 0.1
to 1.0 feet per second.

During the cracking operation, the reactor io
is maintained at a temperature of about 800° P,
to 1000° F. and during the reaction carbonaceous
material is deposited on the catalyst particles.
The catalyst particles are withdrawn by means of
well 30 and the standpipe 32 and passed through
the regeneration zone 56 where they are regener-
ated by burning off the carbonaceous material
with air or other suitable oxidizing agent.

In the regeneration zone 56 the velocity of the
gases is so controlled that the density of the cata-
lyst in the regeneration zone is maintained at
about 10 to 30 pounds per cubic foot in the dense
phase below level 62. The catalyst particles are
in a fluidized condition and are withdrawn as a
relatively dense suspension from the bottom por-
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8

tion of the regeneration zone 86 by means of the
well or reservoir 64,

During regeneration, the temperature is pref-
erably held below about 1150° F. when acid acti-
vated bentonite clays are being regenerated. In
order to control the temperature, some of the re-
generated catalyst is withdrawn from the well 64,
cooled by passing through the cooler 16 and the
cooled regenerated catalyst is returned to the
regeneration zone 56. Intimate mixing of the
cooled catalyst and the catalyst undergoing re-
generation is quickly effected due to the mixing
in the regenerator and in this way the tempera-
ture is controlled during regeneration. It will
be noted that the catalyst used for control-
ling the regeneration temperature never passes
through the cyclones so that no loss is sustained
on this stream.

The catalyst particles as a relatively dense sus-
pension in the regeneration zone 56 form part
of the standpipe 12 so that the pressure developed
at the bottom of the standpipe 12 is equivalent
to a column of catalyst extending from the bot-
tom of the standpipe 2 to the level 62 of the
body of catalyst in the regeneration zone 56. By
using a part of the regeneration zone as the
standpipe, the height of the standpipe is reduced.

The regeneration zone 56 is preferably ar-
ranged above or at a higher level than the re-
actor 10. In this way the reactor 10 operates
under a higher pressure than the regeneration
zone 56. The catalyst particles as a relatively
dense suspension in the reactor {0 are main-
tained under a higher pressure than the dense
suspension in the regeneration zone §6. For ex-
ample, the regenerating vessel 56 may be sub-
stantially at atmospheric pressure and the re-
actor 10 will be at a pressure of about 8 pounds
ber square inch. These pressures are by way of
example only and my invention is not to be re-
stricted thereto. By having the reactor under 3
slight pressure, the reaction products are carried
to suitable equipment for further treatment as a
fractionation system. Where it is desired to have
the regenerator at a higher pressure than at-
mospheric pressure, the pressure in the reactor
10 will be correspondingly increased.

In the reactor the relatively dense suspension
of catalyst having a level at 28 forms part of the
standpipe 32 for providing pressure by a fluid-
ized column. As the reactor 10 is at a higher
bressure than the regenerator 56, only a short
standpipe 32 is required to return the spent cata-
1yst to the regeneration zone.

While I have shown the standpipe 12 as ex-
tending through the top of the reactor and into
the body 24 of catalyst in the reactor 10, it is to
be understood that this construction may be
varied and the standpipe 12 may be located out-
side of the reactor 10. For example, the stand-
pipe 12 may be arranged to introduce the re-
generated catalyst into line 22 or into Iine 16 for
admixture with the oil or other vapors or gases
being introduced into the reactor 10. Under
these conditions the regenerated catalyst and
inlet vapors would be introduced into the reactor
10 as a suspension. This suspension may be in-
troduced into the body of the catalyst in the re-
actor 10 through line 22 or into the bottom por-
tion of the reactor 10 below the grid 18.

After continued use, the catalyst becomes less
active so that a certain amount of the catalyst in
the system must be removed occasionally and re-
placed with fresh. Provision for this has not
been indicated on the drawing, but the less active



http://ww. Pat ent Gopher.com

1,518,803 ' :

tatalyst may be withdrawn from the system at
any suitable place as, for example, from line 102.

An automatic level control device 140 is pref-
erably provided for reactor 10 to maintain the
level 28 at a desired point. The valve 13 is set to
feed catalyst to the reactor 10 at a desired rate
and variations in this feed are compensated for
by the device 140. The control device 140 is pres-
sure responsive and if the level 28 falls, the pres-
sure differential between lines 142 and 144 Jead-
ing to the reactor 10 will decrease and the control
device 140 will move the valve 48 toward closed
position to decrease the amount of catalyst with-
drawn from standpipe 32. If the level 28 rises,
the pressure differentia]l between lines (42 and
144 will increase and the control device 140 will

open the valve 48 wider to withdraw more cata-

1yst through standpipe 32. The pressure respon-
sive control 140 may also be actuated by the pres-

sure drop across reactor 10. The pressure drop ¢

for a given level of catalyst will be known and
variations from this pressure drop will be used
to control valve £8. The level control device is
preferably used with my process when using cat-
alyst or contact material in powder form in re-
actions generally. If the density of the body 24
of dense phase catalyst decreases, the control de-
vice 140 will permit rise in the level to compensate
for the lowered density.

As an alternative the level 28 in reactor 10 may
be controlled by valve 13, that is the control de-
vice 148 will be associated with valve I3 rather
than valve 48. The valve is set for withdrawing
catalyst at a desired rate and variations in the
level 28 will be compensated for by valve {3.

The level 28 in reactor {0 may be held at any
desired point to give the desired results and de-
sired extent of reaction. For example, in the
catalytic cracking of hydrocarbons the extent of
cracking may be controlled by the amount of cat-
alyst in the reactor.. The amount of catalyst in
the reactor will be independent of slight varia-
tions in the rate of catalyst feed or oil feed.
Where & high degree of cracking is desired, the
level 28 in reactor 10 will be maintained at a high
level and the hydrocarbon vapors or gases in
passing through the reactor 10 will be contacted
with a large amount of catalyst. Where less
cracking is desired, the level 28 will be main-
tained at a lower level and the hydrocarbon va-
pors or gases wiil be contacted with a smaller
amount of catalyst. The extent of reaction in
other cases may be similarly controlled by vary-
ing the level of catalyst. By way of illustration,
the reaction temperature may be about 700° to
1000° F. when cracking hydrocarbons.

If desired, the level 62 in the regenerator,
which depends on the amount of catalyst in the
system, may be automatically maintained by a
level control device operating valve 130 so that
the rate of addition of catalyst from hopper |14
will be equal to the rate of catalyst loss from the
system. i

In order to maintain a level of dense phase
catalyst or contact material in the reaction ves-
sels and remove catalyst as a dense phase from
the bottom of the vessels, it is essential that the
rate of catalyst feed to the reaction vessel be
greater than the rate at which catalyst is car-
ried out by the gases or vapors passing overhead.
For instance, it has been found that when oper-
ating the reaction vessel at a velocity of 1.0 foot
per second of the outgoing gases or vapors, the
amount of catalyst carried overhead is about 5
pounds per 100 cubic feet of gas so that catalyst
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must be fed at a greater rate than this in order
to have a level in the reaction vessel. -

The amount of catalyst or solid particles ear-
ried overhead from the reaction vessels varies
with the distance between the level of the dense
fluidized mass and the gas outlet, the amount go-
ing overhead decreasing as the distance is in-
creased. For example, in reactor 10 as the level
28 is lowered, and the distance from level 28
to gas outlet 36 increases, the amount of solid
particles carried over with the gas or vapors and
passing through line 36 is decreased.

By altering the design of the apparatus so that
the solid particles from separating means 88 are
returned to the body of solid particles in reaction
vessel 56 instead of well 64 or from separating
means 38 to the body 24 of solid materials in
reaction vessel 10 instead of standpipe 32, the
level of dense phase or fluidized solid particles
can be maintained at a desired level at lower
catalyst or solid feed rates. In this case the
minimum feed rate is set for the respective reac-
tion vessels by the pounds per hour of solid par-
ticles leaving the separating means 88 and 38.

By having the reactor (0 and regenerator 56
act as hoppers, no storage hoppers are necessary
and as a result the catalyst inventory in the sys-
tem is less than where storage hoppers are used.

My invention may be used where solid materiai
in finely divided or powder form is contacted with
gaseous products and the mixture passed through
a treating or reaction zone to bring about physical
or chemical changes in the gases or solids or both.
For example, my invention may be used for sepa-
ration and purification of gases by solid adsorb-
ents and recovery of gasoline constituents from
natural gas, casinghead gas or cracked refinery
gas or the like.

While I have given densities of acid treated
bentonite clay particles in dense phase in the
reactor and regenerator and of the dispersed
phase, it is to be understood that these figures
will vary with the density of the catalyst or con-
tact particles. For example, if contact particles
are used which are heavier or which have a higher
density than the bentonite clay particles, the
dense phase and dispersed phase will have higher
densities per cubic foot than the figures given
for the acid treated bentonite clay particles. On
the other hand if the contact particles used are
lighter or have a lower density than the bentonite
clay particles, the dense phase and dispersed
phase will have lower densities per cubic foot
than the figures given for the acid treated ben-
tonite clay particles. The densities of the dense
phase and dispersed phase will also vary with the
particle size, being higher for larger particles than
for smaller particles of the same material and
with gas velocities substantially constant and
with rate of feed of solid particles to the vessel
substantially constant. '

My invention may also be used in various or-
ganic reactions in which the finely divided solid
acts as a catalyst, as oxidation, reduction, chlo-
rination, hydration, dehydration and the like and
more particularly various hydrocarbon reactions
wherein solid catalysts or treating agents may
be used such as cracking, hydrogenation, dehy-
drogenation, treating, polymerization, alkylation,
dealkylation, isomerization, aromatization, desul-
furization, reforming, hydroforming, synthesis of
hydrocarbons from carbon monoxide and hydro-
gen, and the like. )

Preferably fluidizing lines are used in connec~
tion with standpipes 2, 32 and 12 to fluidize the
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solid particles in the standpipe and maintain
them in fluidized condition.

Return on dip pipe 92 from separating means
88 may be provided at its lower end with g valve,
if desired.

While I have shown one form of apparatus for
carrying out my invention and while the catalytic
cracking of hydrocarbons has been specifically
referred to, it is to be understood that these are
by way of illustration only and various changes
and modifications may be made without depart-
ing from the spirit of my invention.

I claim:

1. A process for the catalytic conversion of
hydrocarbons in the gaseous state in the presence
of a solid conversion catalyst of small particle
size, said catalyst thereby becoming contaminated
with carbonaceous material and thereafter being
regenerated by the oxidation of said carbonaceous
material which process comprises maintaining
two separate catalyst contacting zones with one
of said zones disposed vertically above the other,
passing a hydrocarbon stream in gaseous state
upwardly through a distributing grid member in
the lower portion of the lower zone at such a rate
as to maintain a dense turbulent phase of sus-
pended catalyst solids above said grid member
in said zone, passing an oxygen containing regen-
eration gas upwardly through a second distrib-
uting grid member in the lower portion of the
upper zone at such a rate as to maintain a dense
turbulent phase of suspended catalyst solids above
said second grid member in the upper zone, sepa-
rating contaminated catalyst solids from gases
leaving the upper part of the lower zone and in-
troducing said contaminated catalyst solids into
the upper zone, separating regenerated catalyst
from gases leaving the upper part of the upper
zone, withdrawing regenerated catalyst as a
downwardly moving aerated column from the up-
per zone, the column being of such height as to
provide a pressure at the base thereof which is
greater than the pressure in the lower zone and
suspending catalyst from the base of said column
in the hydrocarbon stream which is passed up-
wardly through the lower zone, the downwardly
moving aerated column of regenerated catalyst
serving as a seal to prevent the passage of hydro-
carbon gas to the upper zone.

2. In a catalyst conversion system for handling
powdered catalyst, a first reactor, a distributing
grid in the lower portion of said reactor, means
for passing gases or vapors upwardly through
said distributing grid in said reactor at such rates
as to maintain a dense turbulent suspended cata-
lyst phase above said grid which is superimposed
by light dispersed catalyst phase, means for with-
drawing dense phase catalyst directly from the
dense turbulent suspended catalyst phase, means
for aerating and stripping the withdrawn cata-
lyst while it remains in dense phase condition,
a second reactor, a second distributing grid in
the lower portion of said second reactor means
for passing gases or vapors upwardly through said
second grid and into said second reactor at such
rates as to maintain a second dense turbulent
suspended catalyst phase superimposed. by a light
dispersed catalyst phase, means for introducing
into this second dense turbulent suspended cata-
lyst phase the aerated and stripped catalyst from
the first dense turbulent suspended -eatalyst
phase, means foir withdrawing dense phase cata-
lyst directly from said second dense turbulent
suspended catalyst phase, means for stripping
and aerating said last-named catalyst while it
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remains in dense phase, means for returning last-
named aerated and stripped catalyst to said first-
named dense turbulent suspended catalyst phase,
and means at the top of at least one reactor for
knocking back catalyst from the light dispersed
catalyst phase into the dense turbulent suspended
catalyst phase therein.

3. In a fluid catalyst system a reactor, a stand-
pipe with its upper end inside of said reactor and
with its lower end beneath said reactor, a dis-
tributing grid in the lower portion of said reactor,
means for introducing powdered catalyst into said
reactor, means for introducing a suspending gas
or vapor upwardly through said grid into the
lower portion of said reactor at such a rate as
to maintain a dense turbulent suspended catalyst
phase in said reactor above said reactor and at
least up to the upper end of the standpipe, a
catalyst settling section at the upper end of said
reactor and above the top of the standpipe for
separating catalyst particles from the gases or
vapors leaving the upper settling section and for
returning the separated catalyst to the dense
turbulent suspended catalyst phase in the reactor,
means for aerating and stripping catalyst in said
standpipe and means for withdrawing catalyst
from the base of said standpipe.

4. The method of operating a finely-divided
solids contacting system which method comprises
passing a first gasiform stream upwardly through
a distributing grid in the lower portion of a first
contacting zone containing finely-divided solids
at such a rate as to produce a first dense turbu-
lent suspended solids phase and a light upper
dispersed solids phase, passing a second gasiform
stream upwardly through a second grid in the
lower portion of a second contacting zone con-
taining finely-divided solids at such a rate as to
produce a second dense turbulent suspended solids
phase and a light upper dispersed solids phase,
withdrawing solids as a downwardiy moving
aerated column from said first dense phase, in-
troducing said withdrawn solids from said eolumn
into the second dense phase, withdrawing solids
as a downwardly moving aerated column from
said second dense phase, returning solids from
said last-named column to said first dense phase,
separating solids from the light upper dispersed
phase at the top of at least one of said zones
and returning the separated solids directly to the
dense phase in said zone and cycling solids from
one of said contacting zones to a heat exchange
zone and thence back to said contacting zone
for controlling temperature in said contacting
zone, :

5. The process of converting hydrocarbon oils
which comprises introducing hot regenerated
catalyst at an intermediate point in a reaction
zone. introducing a hydrocarbon stream at a lower
point in said reaction zone and at such s rate
that the vertical vapor velocity in said zone will
maintain a dense catalyst phase above the point
of hydrocarbon stream inlet, withdrawing spent
catalyst downwardly as an aerated column from
a low point in said reaction zone whereby the
pressure at the base of said cclumn is the sum
of the pressure head of the column itself plus
the pressure head of the dense catalyst phase
above the column in the reaction zone plus the
pressure at the top of said reaction zone and is
greater than the pressure in the lower part of
a regeneration zone, introducing catalyst from
the base of said column into a regeneration zone
and passing an oxygen-containing regeneration
gas upwardly in said regeneration zone at such
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a rate as to maintain a dense catalyst phase
therein, centrifugally separating catalyst particles
from regeneration gases leaving said regenera-
tion zone and returning said centrifugally sepa-
rated particles to said regeneration zone, down-
wardly withdrawing catalyst as a second aerated
column from the regeneration zone and intro-

ducing catalyst from -the base of said second .

column to said intermediate point in said reac-
tion zone.

6. In a catalyst conversion system for han-
dling powdered catalyst, a first reactor, a dis-
tributing grid in the lower portion of said re-
actor, means for passing gases or vapors upwardly
through said distributing grid in said reactor at
such rates as to maintain a dense turbulent sus-
pended catalyst phase above said grid which is
superimposed by light dispersed catalyst phase,
means for withdrawing dense phase catalyst di-
rectly from the dense turbulent suspended cata-

lyst phase, means for aerating and stripping the .

withdrawn catalyst while it remains in dense
phase condition, & second reactor, a second dis-
tributing grid in the lower portion of said sec-

ond reactor, means for passing gases or vapors -

upwardly through said second grid and into sald
second reactor at such rates as to maintain a
second dense turbulent suspended catalyst phase
superimposed by a light dispersed catalyst phase,
means for introducing into this second dense
turbulent suspended catalyst phase the aerated
and stripped catalyst from the first dense turbu-
lent suspended catalyst phase, means for with-
drawing dense phase catalyst directly from ‘said
second dense turbulent suspended catalyst phase,
means for aerating said last-named catalyst
while it remains in dense phase, means for re-
turning last-named aerated catalyst to said first-
named dense turbulent suspended catalyst phase,
and means at the top of at least one reactor
for knocking back catalyst from the light dis-
persed catalyst phase into the dense turbulent
suspended catalyst phase therein.

7. In a catalyst conversion system for handling
powdered catalyst, a first reactor, means for pass-
ing gases or vapors upwardly through said re-
actor at such rates as to maintain a dense tur-
bulent suspended catalyst phase which is super-
imposed by light dispersed catalyst phase, means
for withdrawing dense phase catalyst directly
from the dense turbulent suspended catalyst
phase, means for aerating and stripping the
withdrawn catalyst while it remains in dense
phase condition, a second reactor, means for
passing gases or vapors upwardly through said
second reactor at such rates as to maintain a
second dense turbulent suspended catalyst phase
superimposed by a light dispersed catalyst phase,
means for introducing into this second dense tur-
bulent suspended catalyst phase the aerated and
stripped catalyst from the first dense turbulent
suspended catalyst phase, means for withdrawing
dense phase catalyst directly from said second
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dense turbulent suspended catalyst phase, means
for aerating said last-named catalyst while it
remains in dense phase, means for returning last-
named aerated catalyst to said first-named dense
turbulent suspended catalyst phase, means at the
top of at least one reactor for knocking back cat-
alyst from the light dispersed catalyst phose into
the dense turbulent suspended catalyst phase
therein, a separate vessel for containing make-
up catalyst under pressure, means for passing a
gas upwardly through said separate vessel for
maintaining catalyst therein in a fuidized con-
dition, means for removing excess fluidizing gas
from the upper portion of said separate vessel,
a valved outlet leading from the bottom of said
separate vessel and a conduit for conducting to
said second reactor catalyst withdrawn from said
separate vessel through said valved outlet.
CHARLES E. JAHNIG.
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