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This invention relates to a catalytic ¢ nversion
system and it pertains more particularly to a sys-
tem for handling fluidized powdered catalyst.

In the powdered or fluid type catalyst system a
powdered catalyst effects a conversion while sus-
pended in a gas or vapor stream. It is then sepa-
rated from gases or vapors, stripped with an inert
gas such as steam, and suspended in a gas mix-
ture for regeneration. The regenerated catalyst
is then separated from regeneration gases and re-
suspended in the original gas or vapor stream for
effecting further conversion. While my invention
is primarily directed to hydrocarbon conversion
systems it is not limited thereto but is applicable
to any conversion system wherein a powdered
catalyst effects conversion in one zone and is
regenerated in another zone or wherein it effects
different conversions in two different zones.

In systems of this type the problem of handling
powdered catalyst is of great importance because
of the enormous bulk of catalyst which must be
continuously recycled between the two zones.
Ordinary mechanical pumps and conveyors are
ruled out because of the abrasive action of the
powdered solids. It has been proposed to employ
pneumatic handling and conveying means and to
obtain the necessary pressure differentials by the
pressure head that is developed by aerated cata-
lyst in standpipes. The use of such standpipes
has necessitated cumbersome and expensive
equipment, structures from 150 to 259 feet high.

Furthermore, the use of such standpipe pressur--

ing means has given rise to troublesome problems
of differential expansion because of the enormous
differences in temperature incident to starting up
or shutting down a system and the long pipes or
conduits that have heretofore been deemed neces-
sary for conveying catalyst from one part of the
system to another. An object of my invention is
to avoid all of such expansion difficulties and to
eliminate the necessity of the cumbersoime and
expensive standpipes.

Fluid type catalytic conversion systems have
heretofore required a number of valves for con-
trolling the flow of powdered catalyst material in
various conduits. These valves are not only ex-
pensive and difficult to fabricate but they are a
constant source of trouble because of the abrasive
action of the aerated solids. An object of my in-
vention is to provide a system which eliminates
the use of valves in any conduits handling ap-
oreciable amounts of powdered catalyst. The
elimination of catalyst valves materially lessens
the pressure differentials required for obtaining
the desired catalyst flow rates and hence makes
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possible a marked reduction in the overall height
of the equipment.’

" - A further object of the invention is to provide a

new and improved type of unitary conversion-re-
generation chamber which will require less mate-
rial, which may be fabricated more easily and
which will operate more smoothly and efficiently
than any device for the purpose heretofore known
to the art. A further object is to provide a system
which is equally suitable for large and small in-
stallations and which may be easily and at mini-
mum expense supplemented to increase the ca-
pacity of a given installation or blocked off to de-
crease capacity. h

A further object is to minimize the amount
of work required for the recycling of catalyst from
a conversion zone to a regeneration zone and
thence back to the conversion zone. Enormous
amounts of catalyst must thus be recirculated in
systems of this type. My object is to minimize the
distances through which catalysts must be con-
veyed, to minimize the frictional resistance to
flow, to minimize catalyst deterioration because
of handling and to minimize the errosion and
“wear and tear”’ on equipment which is caused by
catalyst flow. .

A further object of my invention is to provide
improved means for maintaining a fluidized pow-
dered catalyst mass in dense phase throughout
the entire conversion, regeneration and recycling
system and to minimize catalyst losses. A further
object is to provide improved methods and means
for utilizing at least a part of the heat of regen-
eration for supplying at least a part of the heat
of conversion. ‘A further object is to provide
improved methods and means for obtaining op-
timum conversion, product distribution, yields,
etc. and to avoid any overheating of the catalyst
in the regeneration step. Other objects will be
apparent as the detailed description of the inven-
tion proceeds.

In practicing my invention I effect both conver-
sion and regeneration in a single chamber which
is separated into two zones by cooperating in-
ternal baffles which are so arranged as to permit
catalyst flow from the middle of a first zone to a
second zone and from the bottom of the second
zone back to the first Zone while the spaces above
the catalyst in the two zones are separated from
each other by one of the baffles. Catalyst is
stripped in its flow from one zone to another and
aeration gas such as steam is provided to serve
the double function of maintaining the catalyst in
aerated condition and preventing gases or vapors
in either zone from entering the other zone.
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The chamber may be a horizontal cylindrical

vessel which may be easily elongated or partially

- blocked off for changing the capacit of a given
installation. The horizontal vessel offers new and
unique advantages in that it provides for the low-
est vertical vapor velocities at substantially the
dense phase interface and thereby remarkably de-
creases catalyst entrainment in the gases leaving
the dense phase and thus decreases catalyst losses
from the system. The horizontal chambers like-
wise enable the use of effective bafles and other
means for preventing catalyst losses.

The bafile arrangement may consist of & U-
shaped baflle around the lower end of a depend-
ing upper bafle which may be either vertical or
slightly inclined. One leg of the U-shaped baffle
may be slightly lower than the other-leg and in
fact one leg may be actually reversed in direction
as will be hereinafter described. The space be-
tween the depending baffle and one leg of the
U-shaped baffle may be greater than the space be-
tween the depending baffle and the other leg of
the U-shaped baffle in order to provide for ade-
quate stripping.

The unitary chamber may be vertically mount-
ed instead of horizontally mounted in which case
the depending and U-shaped baffles may be of the
same type as used for horizontal chambers or
may be annular in shape. If a vertical cylindrical
chamber is employed it is preferably enlarged at
its upper end to avoid any material decrease in
cross-sectional area in reaction and regenera-
tion zones because of the space required for the
flow of catalyst from a mid point of one zone to
the mid point of the other.

Catalyst flow from the reaction zone to the
regeneration zone and thence back to the reaction
zone is effected by simply controlling the pres-
sures above the dense catalyst phase in the reac-
tlon and conversion zones and controlling the
vertical gas or vapor velocities in said zones while
maintaining the necessary catalyst inventory.
The vertical vapor velocities determine the den-
sity of suspended catalyst in each zone and also
determine the gas lift effect therein. In the zone
of lowest catalyst level the eatalyst density may be
sufficiently greater than the catalyst density in

* the other zone to provide the necessary pressure
differential for causing catalyst to flow Ifrom the
base of the denser zone to the base of the lighter
zone. Catalyst may flow from the top of the dense
phase in the lighter zone by virtue of the differ-
ence in catalyst level in said zone. Pressure dif-
ferentials for obtaining catalyst flow may likewise
be obtained by regulating catalyst density in the
transfer legs between baffle plates. The recycling
of catalyst in this system is thus effected entirely
by controlling the pressures and catalyst densities
in various parts of the system and this in turn is
accomplished by regulating gas or vapor velocities
in various parts of the system. On one side of
the system there is a gas lift effect and the net
movement of the catalyst is upwards while on
the other side of the system the gravity head of
the catalyst is greater than the gas lift effect so
that the net movement is downward. By a proper
control of the gas lift and gravity effects in
varlous parts of the system, any desired flow di-
rection and catalyst flow rate may be obtained.
Aeration steam (and the flowing mass of catalyst
itself) prevents reaction vapors from entering the
regeneration zone and regeneration vapors from
entering the reaction zone.

A single bafle may be the equivalent of two
cooperating baffles when it is provided with aper-
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tures at its lower and mid points for permitting
catalyst flow and is so designed and sealed as to
prevent gases in one zone from entering the other,

The invention will be more clearly understood
from the following detailed description read in
conjunction with the accompanying drawings
which form a part of this specification and in
which:

Figure 1 is'a flow diagram of the conversion
system as a whole showing the reactor-regener-
ator chamber as g horizontal cylindrical vessel,

Figure 2 is a vertical transverse section through
said chamber.

Figure 3 is a similar section illustrating the
principle of operation. :

Figure 4 is a vertical transverse section illus-
trating a modified baffle arrangement to provide
an upper seal.

Figure 5 is a vertical transverse section illus-
trating an alternative baffle arrangement.

Figure 6 is a vertical section through a vertical
cylindrical chamber. :

Figure 7 is a horizontal section taken along the
lines T—1 of Figure 6.

Figure 8 is a vertical section {llustrating a ver-
tical cylindrical chamber with cylindrical baflles,
and

Figure 9 is a horizontal section taken along the
lines 9—9 of Figure 8.

My invention will be described as applied to &
process of catalytically cracking gas ofl but it
should be understood that the invention is equally
applicable to other hydrocarbon conversion pro-
cesses such as naphtha reforming, hydrogenation,
dehydrogenation, isomerization, alkylation, poly-
merization, etc. provided that the catalyst and
operating conditions be employed as required for
the particular process used. The invention is also
applicable to catalytic conversion processes gen-
erally such as oxidation, reduction, etc.

For catalytic cracking a preferred catalyst may
be an acid treated montmorillonite clay com-
monly marketed as Super Filtrol or it may be a
synthetic catalyst consisting essentially of acti-
vated silica and a metal oxide. Such a catalyst

"may be prepared by ball milling silica hydrogel

with alumina or magnesia using about 2 to 30%,
for example about 15%, of alumina or magnesia.
The ball milled dough may be dried at a tempers-
ture of about 246° F. and then activated by heat-
ing to a temperature of about 900 to 1000° F.
Another method of preparing a highly active
cracking catalyst is to form a gel from dilute
sodium silicate in the presence of an aluminum
salt by the addition of excess dilute sulfuric acid.
The resulting gel is boiled for an hour or two
with an excess of ammonium hydroxide solution
before washing, after which it is dried and heated
&s in-the previous example. The silica-alumina
or silica-magnesia catalyst may be rendered more
stable at high temperatures by the addition
thereto of zirconia or aluminum fluosilicate.
Thoria or other metal oxides may also be included
in the composition. No invention is claimed in
the catalyst per se and further description 1is,
therefore, unnecessary,

In the examples hereinafter described the
catalyst is in powdered form with a Darticle size
of about 10 to 100 microns, The invention 1is
applicable to other catalyst sizes provided only
that the catalyst be of such size and density that
it may be aerated and handled as a fluid in the
manner herein described. Higher gas Or yapor
velocities may be required for coarser catalyst
particles.
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The density of the catalyst particles per se
may be as high as 160 pounds per cubic foot but
the bulk density of catalyst which has settled
. for 5 or 10 minutes will usually range from aboub
30 to 45 pounds per cubic foot. With slight aera-

tion, i. e., with gas or vapor velocities of about -

05 to-5 foot per second, the bulk density of this
catalyst is usually about 25 to 30 pounds per cubic
foot and under such conditions the catalyst is
referred to as “aerated catalyst.” With vapor
velocities of about 1 to 2 or 3 feet per second the
bulk density of such catalyst may be about 10 to
25 pounds per cubic foot. It is at such gas or
vapor velocities that the powdered catalyst is
maintained in the dense turbulent suspended
catalyst phase which has been found most satis-
factory both in the conversion and regeneration
steps. With higher and higher vapor velocities
the bulk density becomes less and less. In Zones
above the level of dense phase catalyst in the re-
action and regeneration zones, the average bhulk
density of catalyst is usually less than 1 pound
per cubic foot and under such conditions the
‘catalyst is said to be in the dilute, light or dis-
persed phase. This dilute phase may contain
only about 50 grains or less of catalyst material
per cubic foot. The density of aerated catalyst
Jeaving a dense phase zone is usually at least 1
to 5 pounds per cubic foot greater than the density
of the dense turbulent suspended catalyst phase
in said zone.
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* The density of the dense turbulent suspended
catalyst phase may be controlled within fairly -

close limits by carefully regulating the vertical
vapor velocity of the upward flowing gases or
vapors. Thus with a given amount of catalyst
in a vertical cylindrical chamber a vertical vapor
velocity of 115 feet per second may give a catalyst
density of about 20 pounds per cubic foot and a
correspondingly low interface level while a velocity
of about 2 to 215 feet per second may give a cata~
lyst density of only 15 pounds per cubic foot and
a correspondingly high interface level. Vertical
gas or vapor velocities may thus be employed to
regulate catalyst density. ‘

Referring to Figure 1, gas oil charging stock
from source 10 is introduced by pump i1 through
coils 12 of pipe still {13 and thence through trans-
fer line 14 to the reactor side of vessel 15. A part
or all of the charging stock may by-pass the heat-
ing eoil through line (6 when the heat of regen-
eration and catalyst-to-oil ratios are such that
the heat of regeneration may effect vaporization
as well as cracking.

Vessel 15, as illustrated in Figure 2, is a large
horizontal cylindrical chamber which, for a 10,000
barrel per day plant, may be about 30 feet in
diameter and about 50 feet long. A substantially
vertical or inclined baffle T is welded or other-
wise secured to the top and ends of the chamber
but is spaced from the bottom thereof. For this
catalytic cracking system this bafile is preferably
positioned closer to one side of the vessel than
the other so that the reaction or conversion zone
which is on one side of the bafile will be only
about .5 to .05 the size of the regeneration zone
which is on the other side of the bafle. The top
part of the bafile may be inclined toward the
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conversion side of the chamber in order to provide -

increased catalyst settling area on the regenera-
tion side. ’ )
A U-shaped baffle I8 surrounds the lower end
of baflle IT and is likewise welded or otherwise
secured to the end walls of the chamber. The
two legs of this U-shaped bafile may be of equal
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length or oné leg 19 may be longer than the other
leg 20. In Figure 2 the left-hand side of the
chamber constitutes regeneration zone A while
the right-hand side constitutes conversion zone B.
Catalyst flows from zone A downwardly through
the space between leg 19 and baffie 17, then up-
wardly in the space between leg 20 and the lower -
end of baffle {7 and is thus transferred from a mid
point in the regeneration zone to a mid point
in the conversion zone. Catalyst flows from the
conversion zone to the regeneration zone under-
neath the U-shaped bafile 18 or the lower exten-
sion 21 thereof. :

To obtain catalyst flow in the direction indi-
eated the pressure at the base of zone B must be
greater than the pressure at the base of zone A
and the pressure at the base of the transfer space
between baffle leg 19 and baffle 7 must be greater
than the pressure at the base of the space between
baffie 17 and leg 20. This will be more clearly
apparent by reference to Figure 3 wherein:

p is the pressure at the bottom of regeneration
zone A :

p1 is the pressure at the bottom of reaction zone B

12 is the pressure at the base of the zone between
bafiles 17 and 19

ps is the pressure at the base of the zone between
baffles §7 and 20

o is the pressure at the top of the regeneration
zone -

po’ is the pressure at the top of the reaction zone

1 is dense phase level in regeneration zone A

11 is dense phase level in reaction zone B

h is the height of dense phase catalyst in regen-
eration zine A

71 is height of dense phase catalyst in reaction
zone B

h2 is the height of catalyst between baffles 17 and
19 .

k3 is the height of catalyst between bafiles i7 and
20

d is average density below I in regeneration zone
A

di1 is average density below I1 in reaction zone B

da2 is average density between bafiles 17 and 19 and

ds is average density between baffles 1T and 20.

Since density is expressed in pounds per cubic
foot and pressure is expressed in pounds per
square inch, we have:

hd l hid, l
PTggT Lo 1114l Plo
hod had
D2 =—124 42 +po P ———134 43 +9

The density in various parts of the system must
be so regulated that »: is greater than p and p2
is greater than ps. The density is regulated by
simply controlling the vertical velocities of aflr,
steam and oil which is introduced at various
points in the system, regulating the pressure at
the top of the reactor and regenerator and main-
taining the necessary catalyst inventory in the
chamber. The general downward flow through
the reactor and through the space between baffles
17 and 19 is caused by the pressure head therein,.
i. e., by gravity. The general upward flow through
the regenerator and through the space between
bafiles 17 and 20 is caused by the gas-lift effects
therein. The gas or vapor velocities in all parts
of the system are controlled to give the desired
balance between pressure head and gas-lift
effects.

By way of example, the 10,000 barrel per day
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plant herein described may employ a chamber
30 feet in diameter by 50 feet long. Baffle 1T may
be about 6 feet from the right wall and 24 feet
from the left wall of the chamber at its horizontal
diameter and baffles {8 and 20 may be spaced
about 2 feet on each side of baffle {1. The bottom
of the U-shaped baffle should extend within about
1 or 2 feet from the lower chamber wall under
baffle 17; if desired an extension 21 at the ba:e
of the U-shaped bafle may extend to within one
or two feet of the chamber wall, thus shortening
the length of flow around baffle 171 in U-shaped
baffle 18. - In this particular modification we may
have approximately the following conditions:

=440  p0=5.00
p =6.18 h =16 d =16
p1=7.22 hl=16 d1=20
12—=6.74 h2=14 d2=—=24
3=5.97 ha=14 d3=10

This will give a pressure differential of 1.04
pounds per square inch for effecting flow in a
space between baffles and a pressure of .77 per
square inch for effecting flow underneath the
U-shaped bafile.

By proper selection of catalyst levels, catalyst
densities, baffle arrangements and pressures at
the top of the reaction-regeneration zones I may
obtain pressure differentials ranging from about
Ts pound to 5 pounds or more per square inch and

by slightly changing the pressure at the top of the .

reactor or regenerator T may distribute this pres-
sure differential for effecting desired flow rates
at the bottom and intermediate parts of the
chamber. Thus in the case where: -

L is 20 h2 is 19 d is 14 d2 is 25
h1 is 17 h3 is 16 d is 21 ds is 10

the use of equal pressures at the top of the reac-

tion-regeneration zones will give an upper pres-

sure differential of 2.19 pounds per square inch
and a low pressure differential of .54 pound per
square inch. However, if the pressure at the top
of the reactor in this particular reactor is .83
pound per square inch higher than the pressure
at the top of the regeneration zone, I obtain a
pressure differential of 1.35 pounds per square
inch for both the upper flowing stream and the
lower flowing stream respectively.

Where the density of the flowing stream be-
tween baffles {7 and 18 is substantially uniform,
it is desirable to use the U-shaped bafle with rela-
tively short sides and to employ a relatively long
bafle extension 21 at the base thereof, the
U-shaped baffle in this case simply serving as a
seal to prevent the entrance of vapors from one
zone to the other. The use of short legs on the
U-shaped baffle decreases friction and thus in-
creases the flow rate for a given pressure differ-
ential.

The actual rate of flow of the catalyst will de-
pend upon the distance ketween baffles and in the
particular example of a 10,000 barrel per day
plant employing a chamber of 30 feet diameter
I may employ such pressure differentials as to
obtain flow rates that will give a catalyst-to-oil
weight ratio of about 14 or 15: in other words,
about 14 or 15 pounds of catalys: are introduced
into conversion zone B in the same unit of time
that one pound of oll charging stock is intro-
duced thereto. The weight space velocity in the
reaction zone in this particular example may be
about 10 to 12; in other words, for each 10 to 12
pounds of oil which is introduced into the conver-
sion zone per hour there will be about 1 pound of
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8
catalyst in said zone. This means that the aver-
age residence time of the catalyst in the conver-,
sion zone is about .3 to .4 minute. The upward
vertical velocity of oil vapors and steam in the
conversion zone may be about 1 to 2 feet per
second. )

The regeneration zone in this particular case is
about ten times the volume of the conversion zone
and sufficient air is introduced by pump 22 through
line 23 and distributor pipe 24 to maintain an up-
ward gas velocity in the regenerator to maintain
the desired dense phase conditions. This air also
serves as a gas-lift and although catalyst is in
dense turbulent suspension throughout the re-
generation zone, the net flow of catalyst is up-
ward in this zone. Much of the heat of regen-
eration is recovered from regeneration gases
which are withdrawn through line 25 to waste
heat boiler 26. A large portion of the heat of
regeneration is stored in the catalyst particles
themselves and may thus be utilized to effect con-
version in the reaction zone. I prefer to control
the temperature in the reaction zone by regu-
lating the amount of heat introduced into the
charging stock where large amounts of heat are
liberated in the regeneration zone, the.heat ab-
sorbed by the catalyst may be sufficient to effect
the vaporization as well as the cracking of the
charging stock in which case the charging stock
may be introduced as a liquid or partially in the
liquid and partially in the vapor phase. The tem-
perature in the regeneration zone may be about
1000° F. and in the conversion zone about 900° F.,
in this particular example. Where the rate of
catalyst recirculation is not sufficiently rapid to
enable the utilization of all of the excess heat of
regeneration for vaporizing and cracking the
charging stock, I may employ cooling coils or
other equivalent means in the regeneration zone
for absorbing the excess heat.

It may be desirable to strip oxygen from re-
generated catalyst before introducing the cata-
lyst into the conversion zone and this stripping
may be effected in the space between baffle 17 and

5 baffle leg 20. Stripping steam for this purpose

may be introduced through line 21. The space
between these baffles may be as wide as necessary
or desirable for effecting this stripping without
unduly decreasing the density of the down-flow-
ing catalyst. The gas-lift effect for transferring
catalyst from the base of the U-shaped bafle
upwardly between baffles 17T and 20 may be sup-
plied by steam irtroduced through distributing
line 28. I may, of course, employ a single dis-
tributor at the base of this U-shaped baffle so that
a part of the introduced steam will be employed
for stripping on the left side of the bafle while
another part acts as a gas-lift on the right side
thereof. The steam introduced at this point
serves the important function of maintaining the
catalyst in aerated condition and at proper
density and it also serves the important function
of a seal for preventing hydrocarbon gases from
entering the regeneration zone and for prevent-
ing regeneration gases from entering the con-
version zone.

The charging stock which is introduced
through line 14 is distributed by suitable dis-
tributing pipes 29 which pipes in this particular
example may be about half-way between the
horizontal diameter and the bottom of the vessel,
About 4 or 5 feet below the charging stock dis-
tributing pipes I provide stripping steam distrib-
uting pipes 30 for distributing the steam intro-
duced through line 31. By this means any volatile
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hydrocarbons are recovered and removed from
the catalyst before it enters the regeneration sec-
tion and the stripping steam serves, of course, as
a component of the upflowing vapors in the con-
version zone. Catalysts may be maintained in
aerated condition in the very bottom of the
reactor by suitable steam distributors 32 con-
nected to line 33 and the steam introduced at this
point not only serves the function of maintaining
the catalyst in fluidized state but it also serves as
a seal to prevent hydrocarbon vapors from enter-
ing the regeneration zone and to prevent regener-
ation gases from entering the conversion zone.
Instead of employing a single elongated hori-
zontal chamber I may employ a plurality of rela-

tively short cylindrical chambers arranged end to-

deslgn and the above description is illustrative

- and only diagrammatie.

10

15

end and in such cases I may have the reaction .

side-of one chamber next to the regeneration side
of the adjacent chamber for better temperature
control and heat utilization. Also, I may employ
transverse vertical baflles extending from the
sides of the U-shaped baffle (and its lower exten-
sion) to the side walls of the horizontal. vessel
for effectively providing a plurality of reaction
and regeneration zones of smaller cross-sectional
ares. The use of such bafiles may insure. more

uniform operations throughout the length of the

chamber. Vertical bafles may serve a particu-
larly-useful function in the steam stripping zone
for insuring uniform contact of all catalyst with
stripping steam. Also, instead of employing
distributor pipes extending throughout the length
of the horizontal vessel I may employ a manifold
along the vessel wall with branch lines extending
from said manifold transversely along the bottom
side of the vessel. A wide variety of bafles and
distributing means may be employed and it
should be understood that my invention is in no
way limited to the particular baffies and distribu-~
ting means illustrated in the drawings.

Having thus described a particular example of
my reactor and regeneration system, reference
will again be made to Pigure 1. The conversiom
products and steam withdrawn from chamber 16
through line 34 are conducted to a scrubbing and
frationator tower 35 which is provided at its top
with suitable reflux means 36. The heaviest con-
densate, which may contain entrained catalyst
particles, may be withdrawn from the system
through line 37 or recycled by pump 38 through
line 39 to coils 12 of pipe still 13. A gas oil side
stream may be withdrawn through line 39 and a
gasoline and lighter components may be taken
overhead through line 40 from cooler 41 to
separator 42. Water is withdrawn from the
bottom of this separator through line 43 and is
passed by pump 44 through tubes 45 of waste heat
boiler 26 and thence through line 46 to coils 41
of pipe still 13. The steam is heated in coils 47
to about 900° F. and is then ready for use in lines
21, 28, 80, 32, etc. Additional water may be added
to the system through line 48.

The gases from separator 42 are compressed by
compressor 49 and condensed oil is pumped by
pump 50 for introduction into stabilizer tower 51
which is provided with a suitable heater 52 at its

base and reflux means 53 at its top. Stabilized
cracked gasoline is withdrawn from the bottom
of this stabilizer through line 54. Gases are taken
overhead through line 55 and cooler 56 to receiver
81 from which gases are taken overhead through
1line 58 and a butane fraction of reflux condensate
is removed through iine 59. It should be under-
stood, of course, that the fractionation system
hereinabove described may be of any conventional
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Make-up catalyst may be introduced into
chamber 15 by charging it into pressure vessel
60, pressuring the vessel by means of compressor
6! and then opening valve 62, The make-up
catalyst in this pressure tank may be aerated by
gas introduced through line 63. Make-up
catalyst is preferably introduced directly into the
regenerator so that air may be used as the aerat-
ing and pressuring gas. It should be understood,
however, that make-up catalyst may be intro-
duced with air through line 23 or with oil vapors

‘through line 14 in cases where there is no danger

of plugging distributor pipes.

In the horizontal reactor-regenerator system
hereinabove described the pressures in all parts
of the system must be carefully controlled. Ordi-
narily a constant charge rate may be maintained
by pump i1. Pressure rezulated valve 64 insures
the maintenance of the desired pressure at the
top of the conversion zone and pressure operated
valve 65 regulates the introduction of steam
through lines 30 for maintaining the critically
close limits on vertical vapor velocities in the
reaction zone. The pressure at the top of the
regenerator is closely controlled by pressure-
operated valve 66 and the vertical gas velocities
in the regenerator are primarily controlled by
compressor 22 and supplementarily controlled by
pressure-controlled valve 67 in line 33 which sup-
plies steam to distributors 32. The amount of
steam introduced through lines 27 and 28 is care-
fully and preferably automatically regulated in
accordance with pressure conditions at these
points, The pressure-controlled valves, flow
regulators, ete. are well known to those skilled in
the art and no detailed description of such devices
is therefore deemed necessary. It should be
pointed out, however, that the average density of
catalyst may be readily determined by means of
pressure differentials and such pressure differen-
tials serve to warn the operator of any deficiency
of catalyst inventory or any departure from de-
sired operating conditions.

In Figure 4 I have illustrated a modification
wherein the sides of the U-shaped baffle are rela-
tively short and the bottom extension 21 is rela~
tively long. In such an embodiment it is im-
portant that the pressures on both sides of the
U-shaped baffle be carefully balanced in order to
prevent regeneration gases from entering the
conversion zone and conversion gases from enter-
ing the regeneration zone.

In Figure 5 I have illustrated another modifi-
cation of baffle arrangement to {llustrate the fact

-that a U-shaped baffle is not an essential element

of my invention. In this case the lower end of
pbafile 11’ is curved toward an intermediate or
lower part of the regeneration zone. Cooperating
baffle 18’ follows the curvature of the lower end
of baffle 11’ and extends sufficiently close to oil
distributor pipes 29’ so that regenerated catalyst
is dispersed by charging stock vapors into the
reaction zone and are thus prevented from short-
circuiting said zone. The lower part of baffle 18’
may follow the general curvature of the lower
part of chamber wall 15 in order to provide a
steam stripping zone of substantially uniform
cross-sectional area. Baffles 17’ and 18’ may be
one single baffie with an intermediate aperture
providing a communication from the mid point
in one zone to a mid point in the other.

In Figures 6 and 7 I have illustrated a vertical




8,464,813

11
chamber 1§a with a depending bafle 1Ta the
lower end of which.is surrounded by U-shaped
baflle {8a having a relatively long leg 18a and a
relatively short leg 28a. The lower extension 21a
.of baflle 18z extends down into a narrowed por-
tion 15’a of the chamber to Increase the seal
at the base thereof and to provide a greater
pressure differential between relatively dense
catalyst to the right of this baffle and less dense
catalyst to the left thereof. The space between
bafles 19a and 1Tq is larger than the space be-

tween bafles {Ta and 20a and the space to the -

right of baflle 21a is greater than the space to the
left thereof In order that the down-flowing cata-
lyst which is undergoing stripping may have a
larger corss-sectional area than the up-flowing
catalyst which is entering the reaction and re-
generation zones. The overall height of the re-
actor may be about 80 feet, baflle 1Ta may extend
downwardly about 64 feet. Leg (8a may be about
50 feet, leg 20a may be ahout 40 feet and the
lower part of baflle 18a together with extension
21a may be about 10 feet. I will then have about
the following conditions: .

h is 60 d is 16 .
hi11s 50 di is 20
ha is 47 daz is 24
h3is 37 ds is 10

pe is 4 pounds per square inch
p’o is 622 pounds per square inch

and there will be a pressure differential both at
the bottom and at the middie of the reactor of
about 2.75 pounds per square inch for causing
catalyst flow.

The diameter of chamber {5a may be about 25
feet or more and the baflles should be so spaced
as to provide a cross-sectional area in zone A of
about 250 square feet and in zone B of about 125
square feet. The ofl inlet distributors 29a may
be about 25 feet below the top of baffle leg 20qa
and the air distributor 24a may be about 50 fee
below the baflle leg 1%a. . :

In this specific example the catalyst-to-ofl
ratio may be about 5 and the weight space veloc-
ity about 314, thus allowing a catalyst residence
time in the reaction zone of about 3% minutes.
Under such operating conditions it may be neces-
sary to remove any considerable amount of heat
from the regeneration zone and I may employ a
suitable exchange 87 for that purpose or I may
continuously recycle a portion of the dense phase
catalyst from this zone through a cooler and back
to the regeneration zone. To obtain approxi-
mately the same conversion I may employ a cata-
lyst-to-oil ratio of about 7% and a weight space
velocity of about 5% which will give a catalyst
residence time in the reaction zone of about 115
minutes. This will materlally increase the
amount of regeneration heat which may be uti-
lized in the reaction zone. For still further
utilization of such heat T mav employ a catalyst-
to-oil ratio of about 14 or 15 and a weight space
of about 11 which, as above stated, will give. a
catalyst residence time of less than half a minute,
The catalyst-to-oil ratios may be easily controlled
by varying the catalyst bulk densities in various
parts of the system and thus varying the pressure
differentials, the inventory of catalyst being
maintained by the addition of make-up catalyst
from time to time.

Generally speaking, the catalyst-to-oll ratios
may range from about 1:1 to 20:1 or more, the
welght space velocities may range from about 1
weight of ofl per hour per weight of catalyst to
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15 weight of oil per hour per weight of catalyst
and the catalyst residence time may range from
about 10 minutes to 10 seconds. It should be
understood, however, that my invention s not
limited to these particular operating conditions
nor to the operating conditfons set forth in
specific examples. For catalytic cracking the -
temperature in the reaction zone should ususally
be maintained between 750° F. and 1050° F. and
regeneration temperatures are usually from
about 900° F. to 1050° F, or higher.

The modification of my invention illustrated
in Figures 8 and 9 is similar to that illustrated
in Figures 6 and 7 except that cylindrical baffes
are employed, thus simplifying construction and
minimizing expansion problems. .In this case
the upper part of the cylindrical.chamber (5b
may be about 25 feet in diameter and the lower
part 18bb may have a diameter of about 22 feet.
The diameter of cylindrical bafle {15 will be abotit -.
15 feet and the upper part 11bb of the cylindrical
bafle may be tapered to provide inecreased set-
tling space in regeneration zone A. Inner leg 20b
together with depending bafie 21 may form an
inner cylindrical chamber about 1214 feet in di-
ameter. Outer leg 196 may be about 17 feet in
diameter and the bottom of the U-shaped section
of annular bafle 185 may be at approximately the
juncture between the upper section 15b and the
lower section 15bb of the vertical vessel. Thus
the cross-sectional area of conversion zone B will
be approximately 125 square feet and the cross-
sectiona] area of regeneration zone A will be a
little more than 250 square feet. 'The charging

5 stock inlet distributor 29b may be about 25.feet

below the level of the dense phase catalyst in the
conversion zone B and the air distributors 24b
may be about 50 feet below the level of dense
phase catalyst in regeneration zone A. This
will provide for about a 15-foot stripping sec-
tion below charging stock inlet 28b and it will pro-
vide for a catalyst level in zone A which is about
10 feet higher than the catalyst level in zone B.
The operation may be under substantially the

? following conditions:

his 60 dis16
h1is 50 di1is 20
hais 20 d21s 24
h3is 10 dzis 10
Do Is 4 pounds per square inch

P’0is 5.5 pounds per square inch

This will give a pressure differential of about 2.1
pounds for effecting the downward and upward
flow between the concentric baffles and a pressure
differential of about .8 pound for effecting the
flow of catalyst at the base of the chamber. The
same catalyst-to-ofl ratios, weight space veloci-
tles, catalyst residence times and operating con-
ditions may be employed in this case as were
previously described in connection with Flgures
6and". '

In Figure 8 I have illustrated the use of an ex-
ternal catalyst cooler for regeneration Zone A,
the dense phase catalyst flowing downwardly
through conduit 68 through tubes in exchanger
88 and thence through conduit 70 back to the
lower part of the vessel I5bb, Water or other
heat exchange fluid may be introduced through
line T# and steam or other fluid withdrawn there-
from through line 72. Aeration gas may be
introduced through line 13 and the catalyst flow
rate may be regulated by valve T4. Here again,
however, it should be understood that cooling
coils may be mounted directly in the regenera-’
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tion where low catalyst-to-oil ratios are em-
ployed. With large catalyst-to-oil ratios, i. e.,

with rapidiy circulating catalyst, the excess heat ‘

of regeneration may be utilized for effecting at
least a partial vaporization of the charging stock
as well as the cracking thereof. : -

The length of bafie leg 20b may be the same
as or even greater than the length of baffle leg
§9b. When the pressure differential, catalyst
flow and steam introduced through line 21b is
properly regulated leg 20b may be entirely elim-
inated and the catalyst may be introduced direct-
1y into the conversion zone as it flows past the
lower end of bafile {1b. The cooperating baffles
should be so shapasd as to avoid any possibility
of reaction vapors entering the space between
baffle 1T and bafile leg 19b.

With properly controlled pressures and proper-
1y regulated gas and vapor velocities in various
parts of the system the catalyst flow rate can be
controlled entirely without the use of valves. It
should be understcod however that throttling
valves and/or check valves may be used if de-
sired to supplement the controls hereinabove
described and to prevent any reverse flow of
catalyst in the system. Simple flap valves con-
sisting essentially of hinged plates (not shown)
may be placed in the system at the points where
catalyst enters the conversion and regeneration
zones respectively or at any other convenient
points.

While my invention has been described as ap-
plied to a 10,000 barrel per day unit for the cata-
Iytic cracking of gas oil, it should be understood
that the invention is not limited thereto. Pres-
sure indicating and control means will, of course,
be employed at various points throughout the
system. Additional baffles, cyclone  separators,
electrostatic precipitators and other apparatus
may be employed for effecting maximum catalyst
recovery. Various heat exchange systems may
be employed for effectively utilizing the excess
heat of regeneration; etc.  Such features are
well known to those skilled in the art and will,
therefore, not require further description. While
T have described in detail a certain conversion
process and cerfain specific examples of baffle
arrangements therefor it should be understood
that the invention is not limited to such process
or to such particular examples. Many modifica~
tions and alternative arrangements of the baffles
will be apparent to those skilled in the art from
the above deseription. A single baffle, for in-
stance, may be provided with openings at its
lower and intermediate parts, respectively, for
permitting catalyst flow, and if adequate seals
. are provided, such structure may be the full
equivalent of baffle arrangements hereinabove
deseribed. Apparatus features of the invention
are claimed in my copsnding application Serjal
No. 602,240 filed June 29, 1945 which is a con-
tinuation-in-part of this application and of com-
panion application Serial No. 427,947 filed Janu-
ary 23, 1942,

I claim:

1. The method of separately contacting solids
of small particle size with a plurality of different
gasiform streams in separate first and second con-
tacting zones located adjacent each other with
the contacting spaces in said zones being at sub-~
stantially the same levels, which method com-
prises separately passing different gasiform
streams upwardly through, masses of said solids
in said separate first and second contacting zones
at such velocities that the solids in each zone
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are maintained in a fluidized state and an inter-
face is maintained between a lower dense phase
and an upper light phase in each zone, separately
withdrawing gasiform streams from the upper
light phases in said respective first and second
contacting zones, withdrawing solids from an
upper portion of the dense solids phase in the -
first of said contacting zones, transferring said
withdrawn solids through an upper transfer zone
inte the second contacting zone at an upper level
therein while maintaining said solids in dense
phase fluidized condition, effecting said solids
transfer by the pressure differential caused by
having the pressure at the top of the first contact-
ing zone plus the fluidized solids head on the
inlet side of the upper transfer zone greater than
the pressure at the top of the second contacting
zone plus the fAuidized solids head on the outlet
side of the upper transfer zone, transferring
fluidized solids from the iower part of the second-.
contacting zone through a lower transfer Zone
direetly into the dense phase portion of the first
contacting zone at a low level therein while main-
taining the solids in dense phase fluidized condi-
tion, and effecting said last-named solids transfer
by the pressure differential caused by having the
pressure at the top of the second contacting zone
plus fluidized solids head on the inlet side of

- the lower transfer zone greater than the pressure
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at the top of the first contacting Zzone plus
Auidized solids head on the outlet side of the
lower transfer zone, the fluidized solids head in
all cases being the pressure exerted because of
the height and density of the respective fluidized
solids. . '

2. The method of claim 1 which includes the
step of introducing an aerating gas into at least
one of said transfer zones. i

3. The method of claim 1 wherein fluidized
solids flow downwardly from the dense solids phase
in the first contacting zone to the upper transfer
zone and then flow upwardly from the upper
transfer zone into the dense solids phase in the
second contacting zone. :

5 .. 4. The method of separately contacting solids

of small particle size with a plurality of different

gasiform streams in separate first and second
contacting zones located adjacent each other with
the contacting spaces in said zones being at sub-
stantially the same levels, which method com-
prises separately passing different gasiform
streams upwardly through masses of said solids
in said separate first and second contacting zones
at such velocities that the solids in each zone are
maintained in a fluidized state and an interface
is maintained between a lower dense phase and
an upper light phase in each zone, separately with-
drawing gasiform streams from the upper light
phases in said respective first and second contact-
ing zones, withdrawing solids at a level below said
interface in the first of said contacting zones,
transferring said withdrawn solids through a first
transfer zone into the second contacting zone at
an upper level therein while maintaining said
solids in fluidized condition whereby the fluidized
solids in said first transfer zone function as a seal
between said contacting zones. effecting the solids
transfer by the pressure differential caused by
having the pressure at the top of the first contact-
ing zone plus the fluidized solids head on the
inlet side of the first transfer zone greater than
the pressure at the top of the second contacting
zone ptus the fluidized solids head on the outlet
side of the first contacting zone, withdrawing
solids from the second contacting zone at & level
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below the interface therein, transferring said last-
named withdrawn solids through a second trans-

fer zone directly into the dense phase portion of '

the first contacting zone while maintaining the
solids in fluidized condition, introducing an aerat-
ing gas into the solids which are transferred in said
second transfer zone and effecting the solids trans-
fer into the second transfer zone by the pressure
differential caused by having the pressure at the
top of the second transfer zone plus fiuidized solids
head on the inlet side of the second transfer
zone greater than the pressure at the top of the
first contacting zone plus fluidized solids head on
the outlet side of the second transfer zone, the
fluidized solids head in all eases being the pres-
sure exerted because of the height and density of
the respective fluidized solids.

5. The method of conducting catalytic reactions
and regenerating catalyst in fluidized flow in a
process carried out in a first contacting zone and
a second contacting zone located adjacent thereto
and having its contacting space at substantially
the same level as the contacting space in the
first contacting zone, which method comprises
separately passing different gasiform streams
upwardly through the first contacting zone and
the second contacting zone respectively at such
velocities that the catalyst in each zone is in
a fluidized state having an interface between a
lower dense phase and an upper light phase,
separately withdrawing gasiform streams from
the upper light phases in the first and second
contacting zones respectively, withdrawing cata-
lyst downwardly from an upper portion of said

 dense phase in the first contacting zone, transfer-
ring said catalyst from said first contacting zone
through an upper open transfer zone into said
second contacting zone at an upper level in said
second contacting zone, effecting said catalyst

transfer by the pressure differential caused by 4g

having pressure at the top of the first contacting
zone plus catalyst head on the inlet side of the
upper transfer zone greater than pressure at
the top of the second contacting zone plus catalyst

head on the outlet side of the upper trans- g4
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- fer ‘zone, transferrlng
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catalyst from the lower
part of said second contacting zone through s
lower transfer zone directly into the dense phase
portion of the first contacting zone at a low
level therein, and effecting said last-named cata-
lyst transfer by the pressure differential caused
by having pressure at the top of the second
contacting zone plus catalyst head on the inlet
side of the -lower transfer zone greater than
pressure at the top of the first contacting zone
plus catalyst head on the outlet side of the
lower transfer zone, the catalyst head in all
cases being the pressure exerted by fluidized

. catalyst itself because of its height and density.
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6. The method of claim 5 which includes the
step of regulating the rate of catalyst transfer
through at least one of said transfer zones by
controlling the pressure at the top of at least
one of said contacting zones.

7. The method of claim 5 which includes the
step of regulating the rate of catalyst transfer
through at least one of sald transfer Zones by
controlling the catalyst head on at least ome
side of said transfer zome.

8. The method of claim 5 which includes the

- steps of regulating the rate of catalyst transfer

through at least one of said transfer zones by
controlling the pressures at the top of both con-
tacting zones and controlling the upward velocities
of said gaseous sireams through the dense phases

therein.
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