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1

My invention pertains to a catalytic hydroear-
bon conversion system and it relates more partic-
ularly to improvements in process and unitary
apparatus for handling fluid catalyst in a so-
called fluid-type hydrocarbon catalytic conver-
sion system.

In the fluid-type catalytic hydrocarbon conver-
sion system a powdered or granular catalytic ma-
terial effects conversion while the catalyst is sus-
pended in the gases or vapors undergoing re-
action within g hindered settling zone. The cat-
alyst and reaction products are separated and
the catalyst recycled to a reaction zone or passed
to a regenerator. The spent catalyst can be re-
generated by suspending it in a gas mixture in
which case a regenerated catalyst and regenera-
tion gases must be separated before the catalyst
is returned to the reaction zone.

The powdered or fluid-type catalytic hydro-
carbon conversion system can employ a wide
variety of catalysts, charging stocks, operating
conditions, etc. for effecting alkylation, aroma-
tization, dehydrogenation, desulfurization, gas
reversion, hydrocarbon synthesis, hydrogenation,
isoforming, isomerization, polymerization, re-
forming, etc., but it is particularly applicable to
the catalytic cracking of reduced crude and gas
oil for the production of high antiknock motor
fuels and aviation gasolines.

An object of my invention is to provide im-
proved methods and means for removing catalyst
from g reactor or regenerator. A further object
is to minimize expansion difficulties, particularly
in connection with sandpipes which are em-
ployed for obtaining the necessary pressure dif-
ferentials for transferring catalyst from one zone
to another. Another object is to provide a uni-

tary conversion-regeneration apparatus which.

will be less expensive to fabricate and more effi-
cient to operate than any prior system of this
type.

A further object of my invention is to provide
a more simple and efficient method and means
for separating catalyst from gases or vapors in
a regenerator or reactor and for minimizing the
energy required to transfer catalyst from one
zone to another. Other objects of the invention
will be apparent as the detailed description pro-
ceeds.
. In practicing my invention I provide a combi-
nation reactor and catalyst regenerator for use
in hindered-flow powder-type catalytic cracking
wherein the catalyst regenerator is concentric
with the reactor. A feature of the invention is
the reduction in the overall height of a combina-
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tion reactor and regeneration unit. Another im-’
portant feature is the use of internal standpipes
whereby the number of large, costly expansion
joints is reduced. The internal standpipes are
not subject to stresses or strains occasioned by
the temperature changes. Furthermore, the in-
ternal standpipes minimize heat losses and since
for at least a part of their length they are in heat
exchange relationship with or partially surround-
ed by the cracking and regeneration zones, heat
radiated from high temperature portions of the
system may be absorbed by lower temperature
solids in an adjacent or contiguous portion of the
system,

A feature of my invention is the withdrawal
of catalyst from the upper part of a reactor di-
rectly from a dense turbulent suspended catalyst
phase and the introduction of said catalyst into
the dense suspended phase of the regenerator.
Likewise the regenerated catalyst can be with-
drawn from the upper part of the dense turbulent
suspended catalyst phase within the regenerator
and introduced into the dense phase of the re-
actor.

In one embodiment spent catalyst from the
dense phase of the reaction zone overflows into a
standpipe or standpipes which lead to the lower
part of the dense phase of the regeneration zone.
Likewise, the regenerated catalyst from the dense
phase of the regeneration zone overflows into a
standpipe which leads to a point substantially
below the base of the regenerator but within an
extension of the reactor. The effective level of

- the dense phase of the catalyst in the reactor is
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maintained at a sufficient height to produce flow
into the regenerator. Stripping is accomplished
in the upper sections of the reactor standpipe and
the regenerator standpipe.

Catalysts adapted to my process are, for exam-
ple, of the silica-aliimina or silica-magnesia type.
The catalyst can be prepared by the acid treat-
ing of natural clays such as a bentonite or by
synthetically preparing a powdered silica-alu-
mina or silica-magnesia mixture. Such a mix-
ture can be prepared by ball-milling silica hy-
drogel with alumina or magnesia, drying the
resulting dough at a temperature of about 240°
F'. and then activating by heating to g tempera-
ture of between about 900° F. and about 1000°

The catalyst per se forms no part of the pres-
ent invention and it is therefore unnecessary to
describe it in further detail.

When using powdered catalyst havmg a particle
size of between about 1 and about 135 microns, I
prefer to employ vapor velocities in the reactor
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of between about 0.4 and about 4.0 feet per sec-
ond, for example about 1.5 to 2 feet per second.
The catalyst-to-oil weight ratio can be between
about 0.5:1 and about 20:1 and is preferably
about 8 or 10 to 1 when cracking reduced crude.
The catalyst residence time may range from a
few seconds to an hour or more, for example, it
may be about 4 to 10 minutes. The vapor resi-
dence time is usually about 10 to 30 seconds.
The temperature prevailing throughout the re-
actor may be maintained at between about 850°
. and about 1050° F., for example 900° F. for mo-
tor gasoline. Lower temperatures, for example
about 750° F. are satisfactory for aviation fuels.

The catalyst in this specific example is in
powder form with a particle size of between
about 1 and about 135 microns, 1. e., with about
50% of the catalyst passing a 400-mesh screen.
The invention is applicable, however, to other
catalyst sizes provided only that the catalyst is
such size and density that it can be aerated and
handled as a fluld in the manner herein de-
scribed. Higher gas or vapor velocities may be
required for coarser catalyst particles but these
particles can be of such size as to be retained
on a.400, 300, 200, 100, or even 50-mesh screen.

The density of the catalyst particles per se
may be as high as 160 pounds per cubic foot,
but the bulk density of the catalyst which has
settled for five or ten minutes will usually be
from about 35 to about 60 pounds per cubic foot.
With slight aeration, i. e., with vapor velocities
of between about 0.05 and about 0.5 feet per
second, the bulk density of 1 to 135 micron cata-
lyst will be between about 20 and about 30
pounds per cubic foot. With vapor velocities of
between about 1 and about 3 feet per second, the
catalyst is in the dense turbulent suspended
catalyst phase and the bulk density of such
catalyst may be between about 10 and about 20
pounds, for example about 15,to 18 pounds per
cubic foot. With higher vapor velocities, 1. e., the
vapor velocities existing in transfer lines, the
catalyst is in a dilute dispersed phase, the density
of which may be only about 1 or 2 pounds per
cubic foot, or even less.. Similarly, the light dis-
persed catalyst phase in the top of the reactors
or regenerators can have a density of between
about 50 or 100 grains and about 3 pounds per
cubic foot. The light dispersed catalyst phase
is at least 5, and preferably is at least 12 pounds
per cubic foot lighter than the dense turbulent
suspended catalyst phase. This latter phase is
at least 1, preferably at least 5, pounds per cubic
foot lighter than the aerated catalyst being
transferred to the dense phase.

The bulk density of the aerated catalyst phase
or the dense turbulent suspended catalyst phase

- is greater in the absence of appreciable cata-

lyst fines than in the presence of substantial
amounts of such fines. When the recovered cata-
Iyst consists almost entirely of fines, as exempli-
fied by catalyst particles separated from the di-
Jute phase by cyclones, the bulk density of set-
tled or lightly aerated catalyst may be only
10 or 15 pounds per cubic foot.

In practicing my invention I withdraw cata-
lyst directly from the upper part of the dense
turbulent suspended catalyst phase through one
or more overflow pipes or standpipes which are
of the suspended or internal type standpipe here-
in described. The catalyst in the standpipes
is in the dense aerated phase and is therefore
of greater bulk density than the catalyst in the
dense turbulent suspended catalyst phase. I
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utilize the difference in resultant static pres-
sure to provide the catalyst head in the stand-
pipes required for transferring catalyst from the
reactor to the regenerator, or irom regenerator
to reactor, and for preventing the flow of gases
from one zone to another. Catalyst fines are
centrifugally separated from gases or vapors
leaving either the reactor or regenerator and are
introduced into the main body of catalyst in
the respective reactor or regenerator. Other
features of the invention will be apparent from
the following detailed description.

In the accompanying drawing which consti-
tutes a part of this disclosure and in which
similar elements are designated by correspond-
ing reference characters:

Figure 1 is a schematic diagram of a unitary
catalytic unit of the concentric reactor-regenera-
tor type; and

Pigure 2 is a schematic flow diagram of a
catalytic cracking system adapted for processing
reduced crude.

To illustrate my invention I will describe the
system for the catalytic cracking of reduced
crude by means of a silica-alumina catalyst as
hereinabove described, i. e., a catalyst having
a particle size of about 10 to 135 microns.

Figure 1 illustrates diagrammatically in more
or less detail a unitary reactor {0 within re-
generator (I, Hereinafter this arrangement is
referred to as being concentric. Reactor 10 should
be designed to provide a vertical vapor velocity
therein of between about 1 and about 3 feet per
second at a temperature within the range of
between about 800 and 1050° F'., preferably be-
tween about 900° F. and about 1000° F., and at
a pressure of between about atmospheric and
about 50 pounds per square inch, for example
about 13 pounds per square inch at its base.
The charging stock may be heated in a pipe
still to this reaction temperature or it may be
simply preheated and only partially vaporized in
the pipe still, at least a substantial part of the
heat of cracking and, if desired, the heat re-
quired for vaporization being supplied by the
sensible heat contained in the hot regenerated
catalyst introduced into the reactor 10.

The ratio of introduced catalyst to introduced
oil in reactor 10 may range from about 0.5:1
to about 20:1 depending upon the activity of
the catalyst, the amount of heat which is to
be supplied to the reactor, and the desired cata-
lyst residence time within the reactor. Where
reduced crude is employed as a charging stock
the catalyst-to-oil ratio may be about 8:1 or
10:1, or higher, in order to supply at least a
considerable part of the heat of vaporization
as well as the heat of cracking by the sensi-

" Dble heat contained in the added catalyst.

60

- As stated above, the upflowing vapors in ithe
reactor 10 are of such velocity as to maintain a

- dense turbulent suspended ' catalyst phase

65

T

throughout the conversion zone, The reactor 10
may be about 70 or 80 feet high and it is provided
with an enlarged upper section to facilitate the
settling of catalyst out of the dilute phase into
the dense turbulent suspended catalyst zone.
Catalyst fines are knocked out of the cracked
vapors in cyclone separators 12 and returned
through dip legs or standpipes 13 to the dense
turbulent phase or directly to the standpipe {4.
Ordinarily the cyclone separators §2 will be em-

- ployed in groups of several sets, each set compris-

ing three stages. However, when desired one
or more stages may be operated in parallel. The



. vapors from line 15 pass to the recovery appa-
ratus described below. .

The reactor 10 comprises the 1nner of two con-

o centric shells and extends substantially below the

base of the outer shell. The regeneration zone

t1 is in heat exchange with reaction zone 10. A

‘E standpipe 4 extends upwardly into reactor (0

£
o
(&)
—

@ for a distance of about 20 or 40 feet and down-'

+="wardly within the regenerator {1 to a point near
its base. Spent catalyst from the dense turbulent
. suspended catalyst phase overflows the upper end
of this standpipe |4 and is stripped with steam
therein introduced by line 17 before being with-
= drawn via valve 16 into regenerator (1. Aerating
— steam diagrammatically illustrated as being in-
troduced near the lower end of standpipe through
Q—line 30 ordinarily will be distributed over the
: length of standpipe through several introduction
= ports (not shown).

The regenerator I is of larger diameter than
the reactor 18 and both may be provided with an
enlarged top section to facilitate the settling of
catalyst particles out of the upper dilute catalyst
phase. Cyclone separators (8 knock back the
catalyst fines removed from the regeneration gas
and pass by dip legs or standpipes 19 into the
dense phase. Air or other oxygen-containing re-
generation gases may be admitted to the regen-
erator {1 by means of conduit 20 near the base
thereof. The regenerated catalyst flows from a
point near the top of the dense turbulent sus-
pended catalyst zone into standpipe 21 extending
downwardly within the regenerator {1 and re-
actor (0. The lower portion of the standpipe 21
is concentric with or merely within vertical con-
duit 22 extending downwardly from the base of
reactor 10. Expansion joint 23 is provided be-
tween conduit 22 and the base of reactor (0.
Stripping and aerating steam lines 24 and 25 are
provided to permit the stripping of oxygen-con-
taining gas oui of the rgenerated catalyst before
the catalyst is carried upwardly through vertical
transfer line 22 to the reactor I1. The regener-
ated catalyst and charging stock flow upwardly
through vertical transfer line 22 and discharge
into the dense turbulent phase of reactor {8 at the
base thereof. The regenerator | { may be operated
at a slightly lower pressure than the conversion
zone or it may be operated at substantially the
same pressure since the bulk density of aerated
catalyst in standpipe 21 is greater than the tulk
density of the dense turbulent suspended catalyst
phase through which this standpipe extends
thereby resulting in a difference in static pressure.
Thus the pressure at the base of standpine 21
may be from 1 to 5 pounds per square inch greater
than the pressure in the vertical extension of the
reactor 10 at this point. Valve 26 is designed to
automatically close and seal the lower end of the
standpipe if this pressure differential becomes less
than about 1 pound per square inch because it is

. extremely important that the vapors or gases
from one zone should be prevented from reaching
the other.

If more heat is liberated in the regenerator than
safely can be stored in the catalyst without ex-
ceeding the upper desired temperature limits of
between about 1000° F. and 1050° F. (sometimes
higher, e. €.; 1300° F. with certain catalysts) it is
necessary to provide means for removing heat
from the regenerator. Such heat may be removed
by the provision of heat exchange tubes in the
regenerator, such tubes preferably being mounted
around the periphery thereof so that they will
not interfere with the dense turbulent suspended
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6
catalyst phase phenomenon. Boiler 27 represents
one such unit.

An alternative method of temperature control
is to recycle the catalyst through g cooler and
return the cooled catalyst to the regenerator.
Thus catalyst may be removed from the upper -
part of the dense turbulent suspended catalyst
phase in the regenerator, passed through a cooler
(not shown), and returned to the regenerator at
Additional temperature
control may be effected by the amount and tem-
perature of the regeneration gases introduced by
line 20. In any event the amount of air or oxy-
gen-containing gas introduced through line 20
must be sufficient to effect the desired regenera-

‘tion and to provide for a vertical gas velocity in

the regenerator of between about one and three
feet per second in order that the desired dense
turbulent suspended catalyst phase may be main-
tained in the regenerator up to at least the top
devel of standpipe 21. The flue gas from line 28
may be passed through suitable heat exchangers
or turbines for recovering heat or energy there-
from and catalyst dust may be separated by
means of an electrostatic precipitator and rein-
troduced into the system by any desired means.

Provision for the withdrawal of cyclones from
the top of the reactor or regenerator is made by
placing manholes 29 of sufficient size on the
shoulder of the regenerator and on the top of
the reactor to permit the withdrawal of said
cyclones.

" Referring to Figure 2, crude is charged to the
system by line 35. It picks up heat in exchangers
36, 37 and 38, and then is subjected to a flash-
ing operation in crude flash tower 39, entering
the tower 39 at a temperature within the range
of between about 500° F. and about 700° F. The
gas and light naphtha from this crude flashing
operation are withdrawn overhead by line 40,
passed through cooler 41 and thence to separator
42. The separated gas is sent to the absorption
step by line 43 and compressor 44. A portion of
the light naphtha may be returned to the crude
flash tower 39 by line 45 and pump 46 as reflux.
However, the greater portion of the light naphtha
is sent via line 41, pump 48, bottoms heat ex-
changers 49 and 50 to high pressure stabilizer 51.
A stabilized straight run naphtha is recovered by
valved line 52. The overhead from stabilizer 5
is sent by line 53 and cooler 54 to high pressure
separator 55, the gas fraction being cycled to the
gas absorption step by lines 56 and 43. The reflux
condensate is recycled by line 51 and pump 58 to
the stabilizer 5i.

Reverting to the crude flash tower 39, heavy
naphtha and kerosene can be withdrawn as side
streams. Thus a heavy virgin naphtha is with-
drawn by line 59 to stripper 60. Vapors from the
stripper 59 are returned to crude flash tower 39
by line 61. The heavy naphtha is withdrawn
from the stripper 60 via line 62 and cooler 63.
Similarly the kerosene cut is obtained by line 64,
stripper 63, cooler 66 and line 61. Lighter prod-
ucts are returned to the flash tower 39 by line 68,

The reduced crude is withdrawn as bottoms
from flash tower 38 by line 69 and charged via
pump 10 and valved line T} to reactor 10. If de-
sired, substantially all the heat necessary for
cracking can be supplied by the regenerated cat-
alyst. Alternatively the feed can be diverted
by means of valved line 12 through furnace 13,
being preheated therein to a temperature of be-
tween about 900° P. and 1100° F'. Between about
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29% and about 20% steam can be added to the
charge via line 74.

The products from the catalytic cracking are
removed from reactor 10 via line 15 and passed
to low pressure scrubber and fractionator T8.
The scrubber gnd fractionator 18 may be oper-
ated at about 5 p. s. i. with a temperature of be-
tween about 200° F. and 250° F. near its top and
8 bottoms temperature between about 500° F.
and about 600° . If desired, conventional means
(not shown) can be used to supply heat to the
fractionator 15. The gases and light naphtha
are taken overhead by line 91 to an absorption
step for recovery of condensibles as described
below.

- A reflux side stream is withdrawn by line 18
and pump 11, passed through heat exchanger 386,
cooler 18, and returned to fractionator 715. A
furnace oil cut is taken off by line 719 to furnace
oil stripper 80, the overhead from stripper 88 be-
ing returned to a higher point in the fractiona-
tor 15 via line 81. A stabilized furnace oil may
be taken off by valved line 82. The bottoms from
80 may leave at a temperature of between about
400° P, and about 500° F. and reenter tower 15
at between about 325° F. and 425° F. A portion
of the furnace oil can be heated for operation of
80 by passing in heat exchange with bottoms from
fractionator 75. This can be done by means of
line 85, pump 83 and heat exchanger 84.

A portion of the heavy bottoms can be diverted
from line 86 via line 87 and pump 88 through heat
exchangers 50, 84, and 38 and returned to frac-
tionator 15 via line 871. Cooler 89 in line 87 re-
moves residual heat and furnishes the scrubbing
liquid for removing catalyst fines from the vapors.

‘The catalyst slurry can be recycled to catalytic

cracking by lines 86 and 115. A valved line 90
1s provided to permit the withdrawal of the heavy
fractionator bottoms from the system if desired.

The overhead from low-pressure scrubber and
fractionator 15 is removed via line 81 and the
temperature of this stream may be between about
200° F. and 250° F. These gaseous products gre
passed through cooler 91a and thence into sepa-
rator 92. The coverhead gases from low-pressure
separator 82 are compressed by compressors 93
and the liquid bottoms are pumped by pump 94

and line 95 into high-pressure separator 86. The

liquid bottoms from high-pressure separator 96
is pumped via line 97 and pump 98 to line 99 lead-

ing to still 100. The gases pass via lines 01

and 43 to absorber 102. The unabsorbed gases
frcm absorber 102 are removed as fuel gas via
line 103.

A light gas oil ordmarily is withdrawn from
fractionator 15 by line 104 and pump 105 and
charged to the thermal cracking furnace 114. The
thermal cracking is conducted at a temperature
of between about 700° F. and about 1100° ¥, and
under a pressure of between about 600 and 1000
pounds per square inch.

The cracked product enters high-pressure bub-
ble tower (06 via transfer line 107. Reflux for
the tower 106 is provided by taking off a side

stream by line 108 and pump 109, passing the

stream through heat exchanger 37 and cooler 110
and returning the. cold stream to the top of the

high-pressure bubble tower 106. A heavy fuel

oil is withdrawn by valved line {Il as bottoms
from high-pressure bubble tower 106, A recycle
gas oil is withdrawn via line ({2 and pump 113
and recycled to the thermal cracking furnace
{14 via line 104. An intermediate gas oil is with-

“drawn via line {15 and pump 118 for catalytic

8
cracking, This side stream is blended with the
reduced crude and enters reactor 10 by lines 89
and Tl or via preheater furnace 13 and lines 12

- and Tf. A portion of the intermediate gas oil cut
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may be removed vig line 117, pump |18 and cooler
119 and returned to the high-pressure bubble
tower 108 to control the temperature thereof.

The gases and vapors from high-pressure bub-
ble tower 106 are removed overhead via line 120,
are passed through cooler 121 and introduced to
high pressure separator 122. The gases from sep-
arator 122 are passed via line 123 to line 43 and
thence to absorber 102 with the gaseous vapors
recovered in the initial high-pressure separating
zone and those resulting from the crude flashing.
The liquid product recovered in high-pressure
separator 122 is withdrawn as bottoms via line
124 and introduced by pump 125 and line 99 with
the rich-absorber oil from abosrber {02 and naph-
tha from line 97 into still §00. Rich absorber oil
is withdrawn by line 126 and passed by pump 121
into line 99.

Still 100 is provided with trapout and reboiler
128. The bottoms from still 100 comprising lean
absorber oil is withdrawn by valved line 129 to
stripper 130, or can be diverted via valved line
131 and recovered as heavy naphtha. The ab-
sorber oil or heavy naphtha from still {00 is sub-
jected to stripping in stripper 130 by means of
steam introduced through valved line §32 and
then recycled via pump 133, line 134 and cooler
168 to the absorber 102, 'The overhead from
stripper 130 is passed through cooler 135 on line
136 and introduced into separator 131. Water
is withdrawn as bottoms by valved line {38 and
t't;: separated naphtha is recovered by valved line

The catalytically and thermally cracked gaso-
line removed overhead from still 100 by line 140
passes through cooler 14f and into separator (42,
The light naphtha is withdrawn as bottoms from
separator 142 by valved line (43 and pump 144
and passed in heat exchange with the bottoms
from rectifier 145 before entering the rectifier,
Heat exchanger 146 is provided for this purpose.
If desired, a portion of the light naphtha may be
diverted from valved line 143 to still 100 by valved
line 147 and pump 148 provided for that purpose.

The light cracked naphtha is withdrawn as bot-
toms from the rectifier 145 by means of valved line
149. Reboiler 150 is provided to supply additional
heat necessary in the rectification step. The nor-
mally gaseous hydrocarbons withdrawn as the
overhead from rectifier 145 by vaived line 151 pass
into cooler 152 and thence to separator 153 where-
in the gases are removed under high-pressure and
sent to absorber 102 by lines 154 and 43 with other
gases recovered from the system. The liquid prod-
uct removed by line 155 may be recovered as a
polymerization feed and a portion of it may be
returned to rectifier 145 by valved line (56 and
pump 57 as reflux.,

In one embodiment of my invention, crude
oil is charged to the system, heated by heat ex-
change up to about 450° F., and subjected to a
flashing operation. The liquid reduced crude
then can be preheated up to about 1100° F. and
charged to the reactor I via upflow conduit 22 as
described above, If desired, process steam may
be injected via line 14 in proportions of between
about 2 and 20% of the charge. The temperature
within the reactor can be between about 850° F.
and about 1050° F., for example about 950° F
and can be under a pressure of between about- 5
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and about 25 pounds per square inch, for ex-
ample about 13.pounds per square inch in the
dense turbulent phase and about 10 pounds per
square inch in the dilute phase. The spent cata-
lyst is introduced to the regenerator {1 by stand-
pipe 14. A temperature of between about 900° F,
and 1050° F., for example 1000° F., is maintained
with pressures of between about 8 and 20 pounds
per square inch, for example 12 pounds per square
inch within the dense turbulent phase. In the
base of downflow conduit a pressure of about 17
pounds per square inch is maintained, thus as-
suring flow of the catalyst from the regenerator
zone into the reactor zone. Likewise, the pres-
sure at the base of upflow conduit 22 is about 14
pounds per square inch, which gives a differential
of approximately 3 pounds per square inch.

The pressure in low-pressure scrubber and frac-
tionator 18 is maintained at about 5 pounds per
square inch, the inlet tempersature is about 750°
the liquid outlet temperature is between 500 and
600° F', and the light naphtha and gases leave
the fractionator 15 at a temperature of between
about 200° I, and about 250° ¥,

From the above description it will be seen that
the applicant has provided a unique process com-
bining catalytic cracking of liquid feed in a fluid
catalyst system and thermal cracking of a recy-
cle stock. Crude oil is heated and subjected to a
flashing operation. The gas and light naphtha
from this crude flashing operation are separated
and the gas is sent to an absorption step for re-
covery of condensables. A straight-run stabilized
naphtha is recovered. Heavy virgin naphtha and
kerosene are withdrawn as side streams from the
crude flashing operation. Reduced crude is sent
as a liquid and/or vapor to the fluid catalyst
cracking process, and in the embodiment illus-
trated a combination reactor-regenerator is used
wherein the reactor and regenerator are concen-
tric. However, the process which we have de-
scribed is not limited to. the use of this type of
apparatus.

The product from the catalytic cracking step
is fractionated and the gas is passed to an ab-
sorption step for recovery of the condensables.
The naphtha cut from the catalytic cracking step
is also sent to the absorption system along with
the gases. The gas oil from the fractionation of
the product from the catalytic cracking of the
reduced crude is thermally cracked. This ther-
mally cracked product is fractionated, the light
product being sent to the absorption system, a
light gas oll is sent to the catalytic cracking step,
a heavy gas oil is recycled to the thermal crack-
ing step, and a high-boiling fraction is eliminated
as fuel oil. The light naphtha, a heavy naphtha
and a polymerization feed are separated and re-
covered in the absorption system.

While I have described my process and appa-
ratus in terms of particular embodiments there-
of, it should be understood that I do not desire
to be limited except as by the following claims.

I claim:

1. A catalytic contacting system which com-
prises an upflow reactor concentric within a re-
generator, a reactor standpipe extending from
within said reactor to a point near the base of said
regenerator, means for introducing hydrocarbon
into the lower part of the reactor, means for in-
troducing regenerated catalyst into the reactor
whereby "said introduced catalyst may be sus-
pended in the hydrocarbons for effecting conver-

sion, said means comprising a conduit extending-

from within said regenerator to within ar upflow
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conduit communicating with the base of the reac-
tor, means for separating catalyst from reaction
vapors leaving. the top of sald reactor and for
returning sald separated catalyst to the lower
part of the reactor, means for introducing cata-
lyst from the reactor standpipe into the lower
part of the regenerator, means for introducing

-afr in the lower part of the regenerator so as to

disperse catalyst from the reactor standpipe as
a turbulent suspended dense catalyst phase in
the regenerator, and means for separating cata-
lyst from regeneration gases and for returning
said separated catalyst to the lower part of the
regenerator,

2. In an apparatus for converting hydrocarbon
oils by the ald of suspended solid catalyst in-
cluding a reaction zone and a regeneration zone,
a vertically disposed elongated .seal extending
from an intermediate point within said reaction
zone to a point within the said regeneration zone,
means for maintaining a column of catalyst with-
In said seal, means for discharging catalyst from
said seal into said regenmeration zone, means for
introducing oxygen-containing gases into said
regeneration zone, means for introducing re-
generated catalyst and hydrocarbon feed into
sald reaction zone, and means for discharging re-
action products from said reaction zone, the im-
provement comprising a vertically disposed elen-
gated catalyst draw-off extending from within
sald regeneration zone and communicating at its
base with a vertically disposed upflow conduit
surrounding the lower end of said draw-off and
extending from the base of said reaction zone for
conveying catalyst from said regeneration zone
to said reaction zone, means for discharging cat-
alyst from sald catalyst-draw-off into said up-
flow conduit, and means for introducing hydro-
carbons into said upflow conduit.

3. An apparatus for contacting gases or vapors
with suspcnded solid particles which comprises a
first vertically elongated contacting chamber
and a second contacting chamber, a common wall
between said first and second contacting cham-
bers means for separating solid particles within
sald chambers, a first substantially vertically dis-
posed elongated conduit extending between said
first and second contacting chambers, a second
substantially vertically disposed elongated con-
duit extending between said second and first con-
tacting chambers, each of sald conduits being
adapted continuously to transfer separated solid
particles downwardly from the respective con-
tacting chambers, separate means for introduc-
ing contacting gases or vapors into the said con-
tacting chambers, means for maintaining a col-
umn of fluent solid particles within each of said
conduits to seal the vapors or gases between said
contacting chambers, and separate means for dis-
charging gases or vapors from each of said cham-
bers.

4. An apparatus for catalytic contacting by the
aid of fluent solid catalysts which comprises a re-
action chamber and a concentric regeneration
chamber, means for effecting the catalytic con-
tacting while maintaining the fluent solid cata-
lysts in each of said chambers in a dense turbu-

. lent suspended phase, internal conduit means
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extending downwardly from ‘an intermediate
point in each of said chambers for .transferring
the catalyst from each of said chambers in a
dense aerated phase and means for controlling
the flow of catalyst from the base of said con-
duits.

5. An apparatus for converting hydrocarbon
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oils by the aid of suspended solid catalysts which
comprises a reaction chamber and a regeneration
chamber, separate means for maintaining a dense
turbulent dispersed catalyst phase in each of said
chambers, means in each of sald chambers for
knocking back catalyst to a low point therein, a
substantially vertically disposed elongated conduit
extending from an intermediate point within said
reaction chamber to a low point in said regener-
ation chamber, means for flowing downwardly a
column of dense aerated catalyst through said
conduit, means for discharging catalyst from said
conduit into said regeneration chamber, means
for introducing oxygen-containing gases into said
regeneration chamber, an elongated conduit ex-
tending downwardly from an intermediate point
within said regeneration chamber to a low point
communicating- with the reaction chamber, and
means for introducing hydrocarbons into said re-
action chamber. -

6. The process of converting hydrocarbons by
contacting with suspended solid catalyst compris-
ing effecting the desired contact between catalyst
and hydrocarbons at conversion temperatures in
a reaction zone, maintaining a dense furbulent
suspended catalyst phase within the reaction zone,
maintaining within said reaction zone a relatively
dilute catalyst phase above said dense catalyst
phase continuously separating catalyst within the
sald reaction zone from the products of the reac-
tion, maintaining the separated catalyst at the
reaction temperature of the reaction zone, sep-
arately withdrawing from said reaction zone the
products of reaction, conducting said separated
catalyst downwardly from said reaction zone in
8 dense aerated phase and discharging directly

into a regeneration zone maintained in heat ex--

change with said reaction zone, dispersing said
catalyst in a dense turbulent suspended phase in
contact with oxygen-containing regeneration gas
within said regeneration zone whereby carbo-
naceous matter accumulated on said catalyst is
removed by combustion, continuously separating
catalyst from regeneration gases within said re-
generation zone, discharging the regeneration
gases from the regeneration zone and accumulat-
ing directly the regenerated catalyst in a rela-

tively dense phase within said regeneration zone,

separately withdrawing regenerated catalyst

downwardly in said dense phase, stripping resid-.

ual regeneration gases from said dense phase
catalyst and commingling the stripped regener-
ated catalyst with the hydrocarbons to be con-
verted.

7. A method of converting hydrocarbons in
the presence of powdered catalyst which com-
prises mixing powdered cracking catalyst with
relatively heavy hydrocarbons and maintaining
the mixture as a dense fluidized mass in a reac-
tion zone for a sufficient fime for the desired
cracking, withdrawing - vaporous reaction prod-
ucts and spent catalyst from said reaction zone,
introducing the spent catalyst into a stripping
zone, stripping the spent catalyst, passing the
stripped spent catalyst to a regeneration zone sur-
rounding at least a portion of said stripping zone
and said reaction zone, introducing a regener-
ating gas into said regeneration zone, withdraw-
ing regenerated catalyst from said regeneration
zone, and returning said regenerated catalyst to
the reaction zone.

8. The method of contacting solids of small
particle size with at least two separate gaseous
streams which method comprises suspending such
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stream upwardly in an inner contacting zone at
a-velocity for maintaining a dense turbulent sus-
pended solids phase therein superimposed by a
light phase of low solids content, passing dense
phase solids downwardly directly from said dense
phase as an aerated solids column in a restricted
zone which is at least partially surrounded by
said inner contacting zone and which communi-
cates at its upper end with said inner contacting
zone, discharging aerated solids from the base of
said column into an outer contacting zone which
at least partially surrounds said inner contact-
ing zone and is in heat exchange relationship
thereto, suspending solids thus discharged from
said column in a second gaseous stream and pass-
Ing said gaseous stream upwardly in said outer
contacting zone at a velocity for maintaining a
dense turbulent suspended solids phase therein
superimposed by a light phase of low solids con-
tent, withdrawing dense phase solids directly from
said last-named dense phase as a second down-

‘wardly moving aerated solids column from said

outer contacting zone for resuspension in said
first gaseous stream, withdrawing said first gase-
ous stream from the light phase above the dense
phase in said inner contacting zone, withdrawing
said second gaseous stream from the light phase
above the dense phase in the oufer contacting
zone, and maintaining the height of each column
and the density of solids therein sufficlent to
effect downward flow thereof and to provide a
seal between said inner and outer contacting
zones. :

9. The method of claim 8 which includes the
further steps of centrifugally separating solids
from said first gaseous stream after it has left the
dense phase in the inner contacting zone and be-
fore it is removed from said zone, returning the
centrifugally separated solids to a dense catalyst
phase in the inner zone, centrifugally separating
solids from the second gaseous stream after it has
left the dense phase in the outer contacting zone
but before it is removed from said zone and re-
turning said last-named centrifugally separated
solids to a dense solids phase in said outer con-
tacting zone.

10. A cyclic process for separately contacting
solids of small particle size with at least three
separate gaseous streams which method com-
prises suspending said solids in a first gaseous
stream and passing said stream upwardly through
an inner contacting zone at a velocity for pro-
ducing a dense turbulent solids phase in said zone
which is superimposed by a dilute solids phase, re-
moving solids while still in dense phase condition
as a downwardly moving column directly from

. the dense phase in said inner contacting zone
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through an intermediate contacting zone which
is adjacent said inner contacting zone and in heat
exchange relationship therewith, introducing a
second gaseocus stream into said column and pass-
ing said stream upwardly in said column coun-
tercurrent to the downwardly flowing dense phase
solids therein, discharging solids from the base of
sald column directly into an outer annular con-
tacting zone surrounding said inner zone and said
intermediate zone respectively and also in heat
exchange relationship with at least a part of said
intermediate zone, suspending solids thus intro-
duced from the base of said column in a third
gaseous stream and passing said stream upwardly
in said outer contacting zone at a velocity for
maintaining a dense turbulent solids phase there-
in superimposed by a dilute solids phase, with-

solids in a first gaseous stream and passing sald I8 drawing solids directly from the dense turbulent
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solids phase in said outer contacting zone as a
downwardly moving aerated column for suspen-
sion in said first gaseous stream, withdrawing said
first gaseous stream combined with said second
gaseous stream from the upper part of said inner
zone, separately withdrawing said third gasecus
stream from the upper part of said outer con-
tacting zone and maintaining a height of each
column and an aerated solids density therein suf-
ficient to effect a downward flow thereof and to
provide a seal between said inner and outer zones.

11, The process of claim 10 wherein said solids
consist essentially of hydrocarbon conversion cata-
lyst material, wherein the first gaseous stream con-
sists essentially of hydrocarbon vapors, said second
gaseous stream is a stripping gas, and said third
gaseous stream is an oxygen-containing regen-
eration gas, wherein endothermic conversion at

_a high temperature is effected by sald solids in

sald inner zone thereby causing an accumulation
of carbonaceous deposits on said solids, wherein
stripping is effected in said intermediate zone, and
wherein exothermic regeneration is effected in
sald outer zone, a part of the heat liberated by
said exothermic regeneration being imparted to
the intermediate zone through the heat exchange
relationship of the outer and intermediate zones
respectively.

12. The process of contacting separate gasiform
streams with suspended solids of small particle
size which process comprises contacting said
solids with a first gasiform stream within a first
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form stream in the dilute phase in said contact~
ing zone and returning said solids to said dense

phase, withdrawing a substantially catalyst-free

gasiform stream from the upper part of said zone,
separately withdrawing solids downwardly from
said dense phase in said contacting zone, main-
taining said downwardly withdrawn solids in aer-
ated dense phase condition and introducing them
into a second contacting zone maintained in heat
exchange relationship with said first contacting
zone, passing a second gasiform stream upwardly
in said second contacting zone at a rate to main-
tain therein a second dense turbulent suspended
solids phase superimposed by a second dilute solids
phase, separating solids from said second dilute
phase and returning them to said second dense
phase, withdrawing a substantially solids-free
gasiform stream from the upper part of the sec-
ond contacting zone, withdrawing solids in dense
phase aerated condition from said second dense
phase in said second contacting zone, returning
said solids to said first dense phase in said first
contacting zone and maintaining a column of
solids withdrawn from the second contacting zone
in heat exchange relationship with solids being
returned to said first contacting zone.

14, An apparatus for contacting solids of small
particle size with a plurality of separate gasi-
form streams which apparatus comprises a first
contacting chamber, means for introducing a first

" gasiform stream at the base of said chamber,

contacting zone, maintaining a dense turbulent .

suspended solids phase within said first contact-
ing zone and a relatively dilute solids phase above
sald dense solids phase. continuously separating
solids from said first gasiform stream in the dilute
phase of said first contacting zone and returning
said separated solids to said dense solids phase,
withdrawing the first gasiform stream from the
first contacting zone, downwardly withdrawing
solids in dense aerated condition directly from

~ sald dense phase in the first contacting zone and

introducing said downwardly withdrawn solids at
a low point into a second dense turbulent sus-
pended solids phase in a second contacting zone
maintained in heat exchange with said first con-
tacting zone, passing a second gasiform stream
upwardly through sald second contacting zone
at a velocity o maintain =aid second dense turbu-
lent suspended solids phase superimposed by a
second relatively dilute solids nhase. continuously
separating solids from said second gasiform
stream in said second dilute solids phase arg re-
turning the separated solids to said second dense
phase. withdrawing said second gasiform stream
from said second contacting zone. downwardly
withdrawing dense phase aerated solids from an
upper part of said second dense phase to a point be-
lowthe bottom level of said second dense phase.in-
troducing said first gasiform stream into said last-
named withdrawn solids and conveying sald last-
named withdrawn solids via sald stream upwardly
to said first-named dense solids phase in heat ex-
change relationship with solids being downwardly
withdrawn from said second dense solids phase.
13. The process of contacting separate gasiform
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streams with suspended solids of small particle

size which process comprises effecting contact be-
tween said solids and a first gasiform stream
at elevated temperature within g first contacting
zone, maintaining a dense turbulent suspended
solids phase within sald zone and a relatively
dilute solids phase above said dense solids phase,

continuously separating solids from the first gasi-
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means for withdrawing substantially solids-free
gas from the upper part of said chamber, a sec-
ond contacting chamber contiguous with said first
chamber by having a common wall therebetween,
means including a substantially vertical transfer
conduit for introducing a second gasiform stream
at the base of said second chamber, means for re-
moving substantially solids-free gases from the
upper part of said second chamber, a substantially
vertical standpipe with its upper end communi-
cating with said second chamber and its lower end
communicating with the first chamber, means for
controlling flow of solids through said standpipe,
a second standnipe concentric at its lower end
with said vertical transfer conduit and extending
downwardly from said first contacting chamber
for discharging solids directly into the substan-
tially vertical transfer conduit and means for con-
trolling the flow of solids in said second standpipe.

15. The apparatus of claim 14 which includes
means for introducing a third egasiform stream
into at least one of said standpipes.

ROBERT C. GUNNESS.
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