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23 Claims.

. 1

This invention relates to a method of and ap-
paratus for contacting solid material in finely-
divided form with gaseous products and pertains
more particularly to a process and apparatus in
which solid material in finely-divided form is in-
termingled in a gaseous medium and the result-
ing mixture passed through a treating zone.

The invention finds application in industrial.
processes of various types wherein finely-divided.

solids are intermixed with a gaseous or vaporous
stream in a continuous manner for the purpose
of bringing about physical or chemical changes in
the gases or solids, or both., . ‘

As examples of processes wherein solids are
acted upon by gases in which some phases of
the invention may be adapted are: the low tem-
perature carbonization of coal, production of
water gas from coal, distillation of wood, oil shale,
or coal, treatment of ores, such as reduction and
roasting of various metallic ores, drying of solids,
and the like.

As examples of non-catalytic processes wherein -

gases are acted upon by the solids and in which
certain phases.of the invention find application
are: oxidation of gases by various solid oxides,
separation and purification of gases by solid ad-
sorbents, such as activated carbon and oxide gels
as in air conditioning, recovery of vapors from
gases, as in the recovery of solvents from gases
in dry cleaning and painting establishments, re-
covery of gasoline constituents from natural gas,
casinghead gas or cracked refinery gas, and the
like, separation of gases or vapors by selective
adsorption as in selective removal of higher boil-
ing hydrocarbons from lower bolling hydro-
carbons. : )

A third class of processes in which the inven-
tion finds application is that in which the finely-
divided solid acts as & catalyst for bringing about
gas reactions. As examples may be mentioned
various organic reactions involving oxidation, re-
duction, chlorination, hydration, dehydration,
and the like, and more particularly various hy-
drocarbon reactions wherein solid catalysts or
treating agents may be employed, such as In
cracking, hydrogenation, dehydrogenation, poly-
merization, alkylation, dealkylation, isomeriza-
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tion, aromatization, desulfurization, synthesis of
hydrocarbons from carbon monoxide and hydro-

gen, and the like.
The invention in its more specific phases is

especially directed to processes in which the solid

- material after passing through the treating zone
' is separated from the gaseous or vaporous stream
and again returned to the treating zone, In par-

55
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ticular, it has application to processes in which
it is desirable to (1) reactivate or regenerate cata-
lyst powders before returning the same to the
treating zone, as in the catalytic conversion: of
hydrocarbon oils or vapors, or (2) rapidly add
or extract heat from the treating zone in which :
strong exothermic or endothermic reactions are
carried out.. : : '

The present invention has for its general object
the provision for a method of and apparatus for
contacting solids with gases, involving mixing
finely-divided. solids in s gaseous stream and
carrying the resulting mixture through a treat-

ing zone in s continuous manner which is more

simple and economical to construct and operate
and which will not be subjéct to the operating
difficulties heretofore experienced in processes of
this general nature. - : .

Other more specific objects and advantages of
the invention will be made apparent from the
more detailed. description hereinafter. ’

The jnvention in its entirety comprehends
a complete unitary process involving reaction
and regenerative treatment of the powdered ma-
terial in & closed circuit and also embraces cer-
tain combinations and sub-combinations of proc-
ess and elements as set forth in the claims here-
inatter, .

For illustrative purposes the invention will be
described with specific reference to the catalytic
cracking of petroleum oils in which it has been
found to be particularly applicable, it being un-
derstood from the above disclosure that the in-
vention in its broader phases will have a more
general- application. :

For a fuller understanding of the invention,
reference will now be made to the accompanying
drawing, wherein: ]

Fig. 1 is a diagrammatic view in elevation of
a part of the apparatus forming a part of the

“present .invention, and

Fig. 1A is a continuation of Fig. 1 showing th
remainder of the apparatus, o

Referring to Fig. 1 of the drawing, reference.
character 10 designates a charge:line through
which. the oil to be cracked is intfodiced into the .
system. This oil may be a clean condensate stock
such as & gas oil or it may be a residual stock such
as topped or reduced crude, : .
. The ofl introduced into the system through line
18 is first passed through a heat exchanger (i
wherein the oil passes in heat exchange relation
with spent regenerating: gases as hereinafter de-
scribed. The ofl from heat exchanger {1 passes
through line 12 to a second heat exchanger 13
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where it is further heated by heat exchange
with powdered catalytic material withdrawn
from the regenerating zone later described.
The ofl, after passing through heat exchanger {3,
is transferred through lines I4 and 18 to a va-
porizing coil 18 located in furnace 171 where it
is rapidly heated to a temperature sufficient to

vaporize at least a substantial portion of the oil.

If desired, steam or other stripping gas may be
introduced into the oil through line 18 prior to
or during passage through the vaporizing coil 16
to assist in the vaporization of the oil.

‘Products from the vaporizing coil 16 may pass
through transfer line I8 to a separator 21 for
separating vapors from ‘unvaporized residue,
Additional steam or other stripping agent may be
introduced into the separator 21 through line 22.
Unvaporized residue segregated in the separator
21 may be removed therefrom through line 23.
Vapors liberated in the separator 2( pass over-
head through line 24.

In cases where the oil to be treated is a clean
condensate stock, the separator 2 may be omit-
ted or the ofl from the vaporizing coil {6 may
by-pass the separator 2f through line 28,

The vapors Hberated in the separator 21 con-
stitute the charging stock to the catalytic crack-
ing unit, These vapors may be passed through
lines 24 and 25 to a conduit 2T wherein the vapors
Intermix with powdered catalytic material intro-
duced into the conduit as later described. The
resulting dispersion of oil vapors and powdered
material passes through the conduit 27 to a

" cracking vessel 29. (See Fig. 1A))

In some cases it is desirable to further heat the
oll vapors from the separator 21.' In such case
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catalyst particles within the cracking zone in
such case is materially greater than the time
of residence of the ofl vapors. For example,
whereas the time of residence of the oil vapors

‘may be of the order of from 5 to 50 seconds, the

time of residence of the solid particles within the
cracking zone may be of the order of from 10
seconds to an hour or more, As a result, a smaller
and more compact Teactor may be used for a
cracking unit of given capacity and the amount
of powdered catalyst in circulation may also be
reduced. .

The velocity of the oll vapors passing through
the cracking zone, however, is preferably suft-
cient to prevent complete settling of the powder
so that the cracked vapors may be utilized for
removing the powdered material from the crack-
ing zone. :

The suspension. of oil vapors and catalyst, after
passing through fhe cracking vessel, is removed
therefrom through line 32 having a Venturi noz-
zle 33 and is passed to a primary cyclone sep-
arator 34 wherein the bulk of the powder is re-
moved from the oil vapors. The catalyst sepa-
rated in the primary cyclone separator 34 is dis-
charged into the bottom section 35 which is pref-
erably of sufficient size to provide a reserve supply
sufficient to last from 5 to 15 minutes. The cata-
lyst discharges from hopper 35 through a suit-
able valve 36 into a stream of stripping gas such

. as steam passing through line 37 to a cyclone

separator 38 forming the upper section of a sec-

- -ond catalyst hopper 89. The steam separated

35

vapors from line 24 may be passed through a-

superheating coil 31 or other heating device for
imparting the desired heat to the vapors.

The amount; of catalyst introduced into the oil
vapors passing to the reaction chamber 28 may
vary over an extended range depending upon a
number of factors, such as the characteristics of
the oil to be cracked, the activity of the catalyst,
and the amount of conversion desired. In gen-
eral, the amount of catalyst so introduced may
be between the limits of from .5 to 20 parts of
catalyst per part of oil by welght.

The bottom section of the reaction chamber

may be provided with a perforated plate 32

- through which the dispersion passes. The pur-

pose of the plate is to distribute the dispersion
uniformly through the full cross-sectional area of
the cracking vessel, o
The cracking vessel is preferably made of such
dimensions that the desired conversion is ob-
tained ‘at relatively low velocities, such as from
.5 to 10 feet per second. Because of the relatively
low velocities at which the gases flow through the
circuit, the powder tends to settle out of the gas,
As a result there is a considerable slippage be-
tween the solid particles and the vapors so that
continuous intermixing of the gas and solids is
attained. Purthermore, the density of the sus-
pension or dispersion within the reaction zone
Will be materially greater than the density of
the stream passing to the reaction zone or the rel-
ative proportions of catalyst and oil vapors in-
troduced into the zone. The density of the mix-
ture within the zone should be at least twice that
of the stream passing thereto. Expressed in
other words, the velocity of the gases passing
through the reactor is preferably controlled with
respect to the size and density of the catalyst
perticles so that the time of residence of the
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in the separator 38:is withdrawn therefrom
through line 41 and is passed by means of steam
injector 42 to the inlet side of the primary cyclone
separator 34 through line 43. :

The reintroduction of the catalyst into a stream
of steam in line 37 is primarily for the purpose
of removing any volatile oil constituents which
may be retained within the catalyst after the sep-
aration. In lieu of steam other inert gas such as
nitrogen, carbon dioxide, spent combustion gases
and the like may be used.

Vapors separated in the primary cyclone sep-
arator 34, having the bulk of the powdered ma-
terial removed therefrom, pass through line 44
to & secondary cyclone separator 45 wherein the
vapors are subjected to further purification. The
secondary cyclone separator #5 may be conven-
iently built into the upper section of the catalyst
hopper 39. Catalyst separated in the secondary
cyclone separator 485 may then charge directly
into the catalyst hopper 39. Cracked vapors from
the secondary cyclone separator 45 are passed
through line 46 to a tertiary cyclone separator
41 wherein further removal of powdered material
from the cracked products is obtained, The cat-
alyst separated in the tertlary cyclone separator
41 discharges through line 48 having the end
thereof terminating in the bottom section of the
catalyst hopper 39 at a point below the level of
catalyst maintained therein. Cracked vapors are
removed from the tertiary cyclone separator 471
through line 49 and passed to a suitable frac-
tionating or rectifying system (not shown) for
segregation of the desired' motor fuel products
from insufficiently cracked constituents and from
normally gaseous constituents. The fractionating
or rectifying system may be of any conventional
design and in the interest of simplicity has not
been shown in the drawing.

While we have shown & series of three cyclone
separators operating in serles for separating the
powdered catalyst from the vapors, it ‘will be
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understood that other equivalent devices for ef-
fecting separation of sollds from gases may be
used if desired.

In cases where the catalyst is not completely
removed from the oll vapors prior to passing the
same to the fractionating tower, a narrow frac-
tion of the initial condensate formed in the frac-

tionating tower containing the residual catalyst

may be segregated from the remainder by means
of s trap-out tray-or the like and recycled through
line 81 to the inlet side of the primary cyclone
separator 34.

Catalyst collected in the hopper 3% discharges
into a vertical standpipe 52 of sufficient height to
feed the catalyst into a stream of regenerating
gas under a pressure at least sufficient to over-
come the pressure drop through the regenerating
circuit.

One of the important phases of the present in-
vention is the provision of a column of catalyst
of a height sufficient to produce a bottom pressure
which will feed the catalyst into the stream of
regenerating gas.

It has been found that under properly con-
trolled conditions the powdered material can be
made to flow as a fluid and to conform with many
of the physical laws thereof. In order to insure
the material flowing as a fluid, it is necessary to
prevent the powdered material from packing in
the standpipe 52. This can be readily accom-
plished by the introduction of a small amount of
a fluldizing gas at one or more spaced points along
the standpipe through lines 55, 56 and ¥1.

The fluidizing gas introduced through lines §§,
56 or 87 is preferably an inert gas such as steam,
carbon dioxide, spent combustion gas, nitrogen
or the like.

The lower end of the standpipe 52 is provided
with g suitable valve 58 for regulating the amount
of catalyst discharging therefrom. A convention-

al slide valve which can be adjusted to regulate

the size of the orifice through which the powder
passes is suitable for this purpose, although other

types of valves may be used. This valve may be

operated manually or automatically, such as by
the level in the hopper 39. In the drawing the
valve is shown diagrammatically as being con-
trolled through instrument 59 by the level in
hopper 39,

As a safety precaution to prevent theipossibility
of regenerating gas passing upwardly through
the standpipe and intermixing with oil vapors,
a second safety valve 8f is preferably provided.

6

of such dimensions that the flow of suspension
through the chamber is relatively slow so that
considerable slippage occurs between the powder
and the gases. The velocity of the gases, how-
ever, is greater than the average rate of settline
so that the gases may be used to carry the

. catalyst through the regenerating system. Conse-
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This valve may be operated automatically to -

close when the level of powder in the hopper 38
drops below a predetermined point or it may be
designed to close automatically when the pres-
sure below the valve 58 approaches or equals the
pressure above the valve §8.

The spent catalyst segregated from the cracked
products is fed into a stream of regenerating gas
which may be air or air diluted with a suitable
inert gas, such as steam, carbon dioxide, nitrogen,
or the like, introduced ‘into the system through
line 65. Regenerating gas is placed under suffi-
cient pressure by means of a blower or other sim-
ilar device (not shown) for forcing the stream of
regenerating gas and catalyst through the regen-
erating circuit. A suspension of regenerating gas
and catalyst to be regenerated is formed in con-
duit 66 and passed through line 87 to a regen-
erating chamber 68 (see Fig. 1) which is pref-
erably of a construction similar to the cracking
chamber 29. _

The regenerating chamber 68 is also preferably

St
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quentlv, as in the cracking rhamber 29 the resi-
dent time of the catalyst in the regenerating zone
is materially greater than the resident time of th~
regenerating gas therein. The suspension of
powdered catalyst and regenerating gas upon
being introduced into the regenerating chamber
€8 is admixed with cooled regenerated catalyst in-
troduced through conduit 69 as later described.
The amount of regenerated catalyst introduced
into the regenerating chamber is regulated.to con-
trol the temperature in the regenerating chamber
below  a value which would permanently impair
the activity of the catalyst. The catalyst, during
its passage through the regenerating chamber, is
subjected to oxidation reaction to burn off car-
bonaceous deposits formed thereon during the
cracking operation. The suspension of regener-
ated catalyst and gas, after passing through the -
regenerating chamber 68, is conducted through
line T{ to a primary cyclone separator 72 in
which the bulk of the regenerated catalyst is
segregated from: the regenerating gas.

The density of the stream passing through line
71 may be measured by the pressure drop through
a Venturi nozzle 78 located therein and this
measurement may be utilized for regulating the
flow through the regenerator 68.

It has been found, for example, that the pres-
sure drop across the Venturi nozzle depends upon
the density of the stream of gases and solids pass-
ing through the nozzle. The use of suitable pre~- -
sure indicators or recording instruments, which,
for simplicity, have not been shown in the draw-
ings, showing the drop in pressure across the Ven-
turi nozzles forms a convenient method for regu-
lating the concentration of the solid contact ma-
terial in the gas stream.

The regenerated catalyst separated in the
primary cyclone separator 12 may discharge di-
rectly into a catalyst hopper 74. To this.end the
cyclone separator 72 may be built into the upver
section of the catalyst hopper as illustrated. The
regenerating gas is removed from the primary
separator T2 through line 1% and is passed to a
secondary- cyclone separator 16 wherein further
removal of the catalyst from the regenerating gas
is obtained. Catalyst separated in the secondary

-cyclone separator 18 discharges through line 11

having the lower end thereof submerged below the
level of catalyst maintalned in the catalyst hop-
per 14.

Regenerating gases from the secondary cyclone
separator 16 pass through line 18 into a tertiary

. cyclone separator. 79 wherein further removal of

15

‘regenerated catalyst from the gas is obtained.

Catalyst separated in the tertiary cyclone sep-
arator 19 is discharged through line 8i into the

‘catalyst hopper T4 at a point below the level of

the catalyst maintained therein. By submerging .
the ends of the catalyst discharge lines-T17 and
81 below the level of the catalyst in the hopper
14, & seal is maintained preventing gas from the
catalyst hopper passing in a reverse direction
through the secondary and tertiary cyclones.
The regenerating gas from the tertiary cyclone
separator 19 is passed through line 82 to heat ex-
changer {1 wherein it passes in heat exchange re-.
Jation with fresh oil to be cracked as previously
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described. The advantage of the heat exchanger
11 is not only to preheat the oil but to cool the
regenerating gases to a point where they may be
passed to an electrical precipitator for complete
removal of the powdered material. For example,
the regenerating gas during passage through heat
exchanger {1 may be cooled from a temperature
of 1000° down to 700° hefore passing to the elec-
trical precipitator.

Regenerating gas, after passing through the
heat exchanger {f, is transferred through line
83 to an electrical precipitator 84 for further
purification of the gas prior to releasing the same
to the atmosphere. This electrical precipitator
may be of any conventional construction. Cat-
alyst precipitated in the electrical precipitator
84 discharges through line 85 into the catalyst
hopper 74 at a point below the level of the ma-
terlal therein. The regenerating gas, after hav-
ing been substantially purifled by means of the
cyclone separators and electrical precipitators, is
rejected from the system through line 86. This
gas may, if desired, be passed to s suitable waste
heat boiler or other heat recovery system for
removal of heat before being released to the at-
mosphere.

The regenerated catalyst collected in the hop-
per 14 discharges continuously into a pair of
standpipes 87 and 88. The standpipe 88 should
have a height sufficient to produce a pressure at
the bottom thereof sufficient to feed the catalyst
into the stream of oil vapors to be cracked which
in turn must be at least suficient to overcome the
pressure drop through the cracking equipment.

The standpipe 87 should also be of g height
sufficient to develop a pressure at the bottom ade-
quate to return the catalyst to the regenerating
zone. .

In order for the standpipes to be effective for
developing pressure, it is important that the
catalyst maintained therein be in g freely flowing
state therein. To this end, a fluldizing gas may
be introduced at one or more spaced points in
standpipes 87 and 88 through lines 80 to 93,
inclusive, and 94 to 96, inclusive, respectively.

The catalyst maintained in the standpipe 88
is adapted to be returned to the cracking cir-
cuit. To this end the bottom of the standpipe 88
may be provided with valve 97 for regulating the
flow of catalyst into the stream of oil vapors in
conduit 27.

The valve 91 may be regulated to maintain
the desired catalyst concentration in the oil
stream as measured by pressure drop across the
Venturi nozzle 33 as heretofore described with re-
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spect to the Venturi nozzle 73 in the regenerat- -

ing gas stream line Ti.

Also, as shown, a second or safety valve 99
may be placed at the bottom of the standpipe 88
to prevent the possibility of oil vapors from line
21 passing through standpipe 88 and intermin-
gling with regenerating gas. To this end the valve

99 may be made to close automatically when the-

level in standpipe 88 or hopper T4 drops below
a predetermined point or when the difference in
pressure between opposite sides of the valve 97
reaches a specified minimum.

Catalyst collected in the standpipe 87 is adapt-

60

85

ed to be returned to the regenerating chamber -

for regulating the temperature therein,

To this end, a portion of the catalyst collected
in the standpipe 87 may be passed through valve
103 and line 104 to the.cooler 13 where it passes
in heat exchange with fresh oil to be distilled
and cracked and thence back to regenerating zone

(s

({]

€8. If desired, a portion of the catalyst returned
to the regenerating zone may by-pass the cooler
13 through valve 108 and line 106, Ir desired, air
or other regenerating gas may be introduced
through line 197 into the stream of regenerated
catalyst being circulated through cooler 13 or
through line 108 into the line {06 by-passing the
cooler or both to serve as a carrier for the cata-
lyst belng returned,

By regulating the relative amounts of cooled
regenerated catalyst and uncooled regenerated
catalyst returned to the regenerating chamber
through lines 104 and 106, respectively, a care-
ful control of temperature within the regenerat-
ing chamber may be obtained.

In many cases the amount of heat which must
be removed from the catalyst during regenera-
tion is in excess of that required to preheat the
oil feed to the desired temperature. Further-
more, it is desirable from a practical standpoint
to feed the oil to the vaporizing coil 18 at a uni-
form temperature regardless of the amount of
heat liberated in the regenerating zone.

As shown in the drawing, a part of the oil,
after passing through the heat exchanger 13,
may be passed through line (11 to a waste heat
boiler {12 wherein the oil may be cooled and
steam generated. The ofl, after passing through
the waste heat boiler 112, may be returned to the
inlet side of the heat exchanger {3 by means
of pump {13 and line {14,

By regulating the amount of oil passing
through the waste heat bofler 112 a uniform
temperature of feed passing to the vaporizing
coll 18 may be maintained without affecting the
amount of cooling carried out in the catalyst
cooler 3.

From the above description it will be apparent
that all of the pressure necessary for introduc-
ing the catalyst into the stream of reaction gases
and regenerating gases is obtained from verti-
cal columns of catalyst rather than by the use of
mechanical devices.

For better understanding of the invention, the
following examples may be of help, it being un-
derstood that the values and conditions given
therein are illustrative rather than limitive.

Reduced crude to be treated introduced into
the system through line 10 may be preheated in
the heat exchanger (f from an initial tempera-
ture of 400° to 450° F, to a temperature of from
450° to 500° F. and in the catalyst cooler 13 to
a temperature of from 650° to 750° F., usually 700°
F., prior, to passing to the vaporizer 16. The oil
during its passage through the vaporizing cofl 16
is heated to s temperature of from 800° to 900° P,
usually 850° F. The oil then passes from va-
Porizer coil 16 to the separator where from 60 to
95% passes overhead as vapors. The vapors from
the separator pass through a superheater where
they are further heated to a temperature of from
850° to 950° F., preferably 900° P,

The amount of pressure imposed upon the oil
vapors should be sufficient to overcome the re-
sistance through the eracking circuit and the
Iractionating system, In cracking apparatus of
commercial size employing the type of reactor
previously described, & pressure of an atmosphere
gauge is ordinarily suficient.

The catalyst introduced into the stream of ofl
vapors may be any active cracking catalyst, such
as naturally active or activated clays and par-
ticularly acid treated clays, or it may be synthetic
gels or other adsorptive catalysts of the same
or different chemical composition, such as syn-
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thetic silica-alumina gels, silica-magnesia gels,
and mixtures thereof.
The amount of catalyst introduced lnto the ofl
vapors may range from 0.1 to 20 parts of catalyst
per part of oil by weight. - When employing acid

treated bentonitic clays, the ratio may be 4 parts-
- catalyst per part of oil.
. catalyst introduced into the oil stream is prefera-

'The temperature of the

bly substantially the final regenerating tempera-
ture which may be in the order of 1,000° to 1,100°
F. so that the resulting equilibrium'temperature
of the catalyst and oil vapors may be between
900° F, and 1,000° "

The height of the standpipe 88 from which the
catalyst is fed into the oil stream should be suf-
ficient to develop a head of pressure adequate
to feed the catalyst into the stream of oil vapors,

In a specific instance where activated clay is
employed as a catalyst and when the column
is properly fluldized by addition of fluidizing gas
along the standpipe, from 4 to 6 feet of fluidized
catalyst are required for each pound of pressure.
In the specific case wherein the oil vapors are
under a pressure of one atmosphere gauge and
where the pressure at the: top of the standpipe 88
is of the order of 3 pounds per square inch, the
minimum height of the standpipe will be of the
order of 50 feet and is preferably 100 feet or more.
In order to insure proper control of the catalyst
feed into the oil stream, it is necessary to main-
tain a pressure differential across the. control
valve 97 of from 2 to 5 pounds per square inch.

The velocity of the oil stream passing through
the cracking zone 28 is preferably below 8 feet per
second and may, for example, be of the order of
about 2 feet per second. ‘When these low veloci-
ties are maintained, the concentration of catalyst
within the reaction zone is materially greater
than the concentration of catalyst in the stream
passing to the reaction zone. For example, when

“the velocity of oil vapors of 2 feet per second is

employed, the concentration of catalyst within
the cracking zone may build up to 10:pounds per
cubic foot of reaction space. . Under such circum-
stances the resident time the catalyst is retained

in the reaction zone may be about 3 minutes,"

whereas the resident time of the oll vapors will
be in the order of 10 seconds.

The cracked vapors and spent catalyst pass to
the primary cyclone separator at a temperature
of from 850° to 950° F', The pressure drop from
the point where the catalyst is introduced into
the oil vapors through the cracking chamber up
to the primary cyclone where the catalyst is sep-
arated may Le-of the order of 5 pounds per square

inch. @ such case the oil vapors passing to the-

fractionating tower will be under a positive pres-
sure of about 10 pounds per square inch. As a
result, no additional pressure need be imposed to
accomplish the subsequent rractionation and sta-
bilizing treatment. - -

The height of the standpipe 52 which feeds the
catalyst into the regenerating gas should be suf-

" ficient to produce a head of pressure at the bot-

tom which will feed the spent catalyst into a
stream of regenerating gas whichein turn must
be under sufficient pressure to carry the mixture
through the regenerating circuit. This pressure
may, for example, be of the order of 12 to 15
pounds per square inch gauge.
when the back pressure on the hopper .39 is of

 the order of 10 pounds per square inch gauge,

the height of the standpipe 52 may be of the

order of from 30 to 60 feet to insure a proper.

differential across the control valves.

In such case,
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The catalyst and regenerating gas passing to
the regenerating chamber 68 are commingled with
cooled regenerated catalyst recycled through
standpipe 87 and cooler {3 in such proportions
that the equilibrium temperature of the mixture

introduced into the regenerator is of the order

of 900° F. The temperature, however, will be
controlled by the amount of catalyst being re-
circulated through the cooler and the amount
being recirculated but by-passing the cooler to
prevent the témperature within the regenerator
from exceeding a point which would permanently
impair the activity of the catalyst. In the case
of activated clays previously mentioned, the maxi-
mum permissible temperature in the regenerat-
ing zone may be of the order of 1050° F.

The velocity of regenerating gas passing
through the regenerating zone may be substan-
tially the same as that of the oil vapors passing
through the cracking zone, such as from 1 to 8
feet per second. Under such conditions the resi-
dent time of catalyst.in the regenerating zone
may be from one minute to 5 minutes and the

" resident time of the regenerating gas in the re-
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generating zone may be from 2 to 60 seconds.

The suspension of regenerated catalyst and re-
generating gas is separated in the cyclone sepa-
rators and electrical precipitators at a tempera-
ture approximating the temperature obtained
during regeneration, which may be of the order
of 1000° to 1100° F. as previously described.

The height of the standpipe 81 for returning
catalyst through cooler I3 and back into the
stream of unregenerated catalyst passing to the
regenerator should be suficient to overcome the
pressure drop through the cooler, regenerating
chamber and connecting conduits.

It may be helpful to mention at this point that
the circulation of the powder from the point of
highest elevation back to the same point is made
possible by the fact that the density of the up-
flowing stream is lower than that in the down-

- flowing stream. The pressure developed in the
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standpipes and superimposed hoppers may be
expressed by the formula DP=dh, where DP is
the differential pressure, d is the density of the
material and 2 the distance from top to bottom.

In order for the powder to circulate in the sys-
tem, dih1 must be greater than daha, where dih:
is the density and height of material in the down-
flowing stream in the standpipes and daha the den-
sity and height of material in the upflowing
stream passing through the reactor or regenerator
and connecting pipes.- The density of ‘the up-
flowing stream is maintained below the density
of the material in the standpipes by introducing
the reaction or regenerating gas into the upflow-
ing stream. The same result might also be ac-
complished by application of heat on the up-
flowing stream,

In order for the powdered material to seek its
own level and otherwise behave as a liquid, the
solid must be in finely-divided form and each
particle should. preferably be surrounded by a
film of gas. Particle sizes smaller than 200 mesh
are’ usually preferred. -

While the invention has been described as ap-
plied to the catalytic cracking of hydrocarbon
oils, in which process it finds particular appli-
cation, the same general procedural steps apply
to other types of hydrocarbon reactions with or
without the presence of extraneous gas, such as
hydrogen, although the specific operating condi-
tions will usually vary from that just described.

For example, in the reforming of gasoline to
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11 -
improve octane number, the catalyst may be a
carrier, such as slimina or magnesia, preferably
in adsorptive form containing oxides or sulfides
of the metals of group III to VIII, preferably the
metals of group VI.- Thetemperature may range
from 800° to 1400° ¥ ahd the contact time from
2 to 66 seconds.  Thé pressures employed may

' range from atmospheric to 400 pounds per square

inch, )

With respect to pressyre, it will be understood
that the system may be operated under any de-
sired pressure since the standpipes are employed

-to produce enough pressure to overcome the pres-

sure drop in the system. .

In case hydrogen is employed in reforming,
some provision is necessary for recycling excess
hydrogen. R

When the process is utilized for dehydrogen-
ating gases, the same géneral type of catalyst as
employed in reforming may be used. The tem-
perature may be somewhat higher, such as from

-700° to'1400° F. and the pressure may be some-
--what lower and may range from subatmospheric

to 200 pounds per square inch.

" “In the alkylation of olefins with branched chain
paraffins; -active alkylating catalysts may be em-
ployed.- One particularly suitable catalyst is a

* complex sodium-gluminum chloride. The pres-

per square inch: ;:
In hydrocarbon ‘processes involving isomeriza-

sure may be of the order of 500 to 3000 pounds

* tion of stralght chain to branched chain paraf-
' fins, ‘sodium* aluminum chloride. may be used as
. @ catalyst or anliydrous aluminum chioride or

boron ‘flioride adgorbed on adsorptive carriers,

" such as activated.charcoal, natural or activated

clays, synthetic gels, or the like. The tempera-
ture may be of the order of 200° to 300° F. and
the pressure from atmospheric to 300 pounds per
square inch, '

For isomerizing olefins, activated clays, baux-
ite, and activated aluminas may be employed as
catalysts and the temperature may be from 575°
to 1000° F. s

In ‘catalytic refining of hydrocarbons to re-
move gum-forming constituents, sulfur and other
impurities, activated alumina, alumina gels, nat-
urally active or activated clays with or without
the presence of other meétal oxides may be used
as a catalyst. In such processes, the tempera-
ture is below active cracking temperature, such
as from 400° to 800° P. .

For reactions involving hydrogenation, pres-

sures upwards .of 300. pounds per square inch.
should be employed. - Temperatures upwards of:

700° F. may be employed with a catalyst consist-
ing of finely-divided nickel, tungsten, molyb-
denum, or the oxides. and sulfides thereof. Also

other known hydrogenating catalysts ‘may be

employed.

For example, in some variations of the cata-
Iytic cracking process or in some other processes
using the above invention, the amount of heat
liberated in regeneration may be relatively small
and the range of desirable regenerating tempera-
ture from inlet to outlet may be. relatively large
so that it is feasible to cool the stream of fluid-
ized spent catalyst prior to its induction into
the regenerator and omit the recycling of re-
generated catalyst from the standpipe contain-
ing regenerated catalyst to the regenerator,

In some cases it may even be desirable to heat
the regenerated catalyst recycled.to the.reactor
rather than to cool.

Also, in some processes using the above inven-
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tion, the amount of heat absorbed in the treating
step may be relatively large and the range of de-
sirable operating temperature from inlet to out-
let may be relatively small so that it is desirable
to add to the apparatus above described equip-

.ment, not shown, to permit recycling catalyst

from -the spent catalyst standpipe through indi-
rect heat exchange equipment or other means (to
put heat into the stream) back into the reactor.

While we have shown the step of stripping the
catalyst recovered in the primary cyclone 34, in
many cases this step may be omitted.

For lack of & better name, the term “fluistatic”
as employed in the claims is intended to be syn-
onymous with “hydrostatic,” except that it is
not limited to liquids but applies also to finely-
divided solids which in fluidized state behave in
many respects as a liquid. ’ .

Having described the preferred embodiment of
the invention, it is understood that it embraces
such other variations and modifications as come
within the spirit and scope thereof.

What is desired to be protected by Letters
Patent is: .-

1. A continuous process for the conversion of
hydrocarbon oils which comprises forming a sus-
pension of oil vapors to be converted and. finely
divided conversion catalyst, passing the resulting
suspension while at conversion temperature up-
wardly through a conversion zone to thereby ef-
fect sedimentation of said catalyst particles by
the influence of gravity and increase the length
of time of contact of the catalyst particles with -
said oil vapors, thereafter separating the cat-
alyst particles from the conversion products, pass-
ing the catalyst so separated through a regénera-
tion zone containing an oxidizing gas to burn
carbonaceous deposits contained on the catalyst
5o separated, separating the regenerated catalyst
from sald last-named gas while gt a pressure
below the pressure of the oil vapors passing to said
conversion zone, maintaining a vertical column of .
finely divided regenerated catalyst, the pressure
on the catalyst particles at the top of said column

" being less than the pressure on the oil vapors at

the point of formation of said suspension and the
pressure at the base of said column being greater
than the pressure on the ofl vapors at the point
of formation of said suspension, introducing an
inert gas into said column to facilitate the flow
of regenerated catalyst therethrough, transfer-
ring catalyst separated from said regenerating gas
to the top of said column and transferring cat-
alyst from the base of said column into said oil
vapors to be converted to thereby form said sus-

~ pension’ therewith. :

.2. In a process for the conversion of hydrocar-
bon oil the steps which comprise introducing &
confined stream of sald oil at elevated pressure
into the bottom portion of an enlarged conversion
zone containing a body of finely divided conver-
sion catalyst, passing the oil in vapor form up-
wardly through the conversion zone at a reduced
velocity controlled to maintain a relatively dense
bhase of said catalyst and oil vapor within said
zone, maintaining a column of said catalyst ex-
terior to sald conversion zone, passing a gaseous
medium lengthwise of said column in an amount
controlled to fluidize the catalyst substantiailly
throughout the entire length thereof and cause
such catalyst to exert a fluistatic pressure at the
base of sald column, maintaining said column at
a height sufficient to generate g fluistatic pressure
at the bottom thereof greater than the pressure
on said oil, discharging a stream of said fluidized
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catalyst from the base of sald column while under
said fluistatic pressure into said oll prior to pass-
ing the same through said conversion zone and
withdrawing catalyst from said conversion zone,.

3. In a process for the catalytic conversion of
hydrocarbon oils the steps which comprise in-
troducing a confined stream of said oil at elevated
pressure into°the bottom portion of an enlarged

- conversion zone containing a body of finely di-

vided conversion catalyst, passing the oil in vapor
form upwardly through the conversion zone at a
reduced velocity controlled to maintain a rela-
tively dense phase of catalyst and oil vapors with-
in said conversion zone, maintaining a column of
said catalyst exterior to sald conversion' zone,
introducing gq fluidizing gas into said column at
spaced points therealong in an amount controlied
to fluidize the catalyst throughout substantially
the entire length thereof and cause said catalyst
to exert a fluistatic pressure at the base of said
column, maintaining said column at a height suf-

‘ficient to generate a fluistatic pressure at the

bottom thereof greater than the pressure on said
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oil, delivering a stream-of sald fluidized conversion .

catalyst from the base of said column while under
said fluistatic pressure into said oil prior to pass-
ing the same through said conversion zone and
continuously withdrawing ca.ta.lyst from said con-
version zone,

-4, Tn a process for the conversion of hydrocar-

bons the steps which comprise passing a confined

stream of said hydrocarbons in vapor form and at
elevated pressure upwardly through an enlarged
conversion zone containing a body of finely di-

- vided conversion catalyst at a low velocity con-

trolled to maintain a relatively dense turbulent
phase of catalyst and vapors in said zone, with-
drawing conversion catalyst from said conversion
zone, maintaining a column of said catalyst so
withdrawn, passing a stream of said catalyst into

the top of said column, said column containing-

a'gas in amount controlled to fluidize said cat-
alyst and to generate a fluistatic pressure at the
base of said column, passing a stream of oxidizing
gas at elevated pressure upwardly through a re-

.generating zone containing a body of finely di-

vided conversion catalyst withdrawn from said
conversion zone at a reduced velocity controlled
to maintain said body within said regeneration

zone in a turbulent fluidized state, delivering cat- .

alyst from the base of sald column into said re-
generating zone, maintaining a second column of
regenerated catalyst, passing a stream of catalyst
from said regenerating zone to the top of said last
named column, said last named column contain-
ing a gaseous medium in amount controlled to
fluidize the catalyst therein and thereby gener-
ate a fluistatic pressure at the base of said last
named column, delivering regenerated catalyst
from the base of said column into said conversion
zone and maintaining the combined height of said
columns sufficient to generate a total fluistatic
pressure greater than the total loss in pressure
on said hydrocarbons and regenerating gas pass-
ing through the conversion and regenerating

- zones respectively.

-5, In a process for the conversion of hydrocar-
bons the steps which comprise passing a confined
stream of said hydrocarbons in vaporous form
and at elevated pressure upwardly through an
enlarged conversion zone containing a body of
finely divided conversion catalyst at a reduced
velocity . controlled to maintain said body in a
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and combustible deposits from the remainder ot
sald vapors, passing & stripping gas in contact
with the catalyst so separated to strip entrained
vapors therefrom, maintaining a column of con-
version catalyst so stripped, discharging the
stripped catalyst into the top of said column, in-
troducing a fluidizing gas into the lower portion
of said column in an amount controlled to fluid-
ize said catalyst and thereby generate a fluistatic
pressure at the base of said column, discharging
the fluidized conversion catalyst from the base
of said column into a regenerating zone main-
tained at elevated pressure, subjecting the cat-
alyst to oxidizing treatment within the regen-
erating zone to remove combustible deposits
therefrom, returning the regenerated catalyst. to
the conversion zone and maintaining said col-
umn at a height sufficient to generate a flulstatic
pressure at the base thereof greater than the pres-
sure in said regenerating zone.

6. In a process for cracking hydrocarbon oils
in the presence of a finely divided cracking cata-
lyst the steps which comprise passing a confined
stream of said oil in vapor form and at elevated
pressure upwardly through an enlarged cracking

‘zone containing a body of sald cracking cata-

lyst at a reduced volocity controlled to maintain
said body of catalyst in a dense fluidized state,
maintaining exterior to said cracking zone a
separate column of said finely divided catalyst
containing a gaseous medium in amount con-
trolled to fluidize the catalyst therein and gener-
ate a fluistatic pressure at the base of said col-

_umn, maintaining said column at a height suffi-
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turbulent- fluidized state, separating conversion

catalyst containing entrained hydrocarbon vapors

%

cient to generate a fluistatic pressure greater

‘than the pressure on sald 6il, delivering a stream

of the fluidized catalyst from the base of said
column while under fluistatic pressure into said
stream of hydrocarbon oil prior to passing the
same through said cracking zone, withdrawing
finely divided cracking catalyst from the crack-
ing zone, regenerating the withdrawn catalyst to
remove combustible deposits therefrom and
passing the regenerated catalyst to the top of
said column for return to said cracking zone,

7. In a process for cracking hydrocarbon oil in
the presence of finely divided cracking catalyst
the steps which comprise passing a confined
stream of said oil in vapor form and at elevated
pressure upwardly through an enlarged cracking
zone containing a body of said finely divided
cracking catalyst at a low velocity controlled to -
maintain said body in a dense fluidized state,
withdrawing catalyst from said cracking zone,
maintaining a column of said withdrawn cata-
lyst, delivering a stream of said withdrawn cata-
lyst to the top of said column, maintaining a
gaseous medium in admixture with said catalyst
within the said column in an amount controlled
to fluidize said catalyst throughout the full
length thereof and generate a fluistatic pressure
at the base of said column, delivering catalyst
from the base of said column into a regenerating
zone maintained at elevated pressure wherein
combustible deposits formed on said catalyst dur-
ing the cracking treatment are removed there-
from, returning the regenerated catalyst to the
conversion zone, and maintaining said column
at a height sufficient to generate & pressure at
the base thereof greater than the pressure in
said regenerating zone, ‘

8. In a process for cracking hydroca,rbon oils
in the presence of finely divided catalyst the
steps which comprise passing a confined stream
of said oil in vapor form upwardly through an
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enlarged cracking zone maintained at elevated

pressure, containing a body of finely divided
cracking catalyst at a low velocity controlled to
maintain said body in a turbulent fluidized state,
separating cracking catalyst containing combus-
tible deposits and entrained hydrocarbon vapors
from the remainder of said vapors, contacting the
withdrawn catalyst with a stripping gas to strip
entrained hydrotarbon vapors therefrom, dis-
charging the stripped catalyst into the top of
a vertical column of catalyst, maintaining a
gaseous medium in admixture with said catalyst
within said column in an amount controlled to
fluidize sald catalyst and generate a fluistatic
pressure at the base of said column greater than
the pressure in the regenerating zone hereinafter
mentioned, delivering a stream of catalyst from
the base of said column into a regenerating zone,
passing an oxidizing gas upwardly through said
regenerating zone at a low velocity controlled to
maintain the catalyst therein in a turbulent
fluidize state, withdrawing regenerated catalyst
from the regenerating zone, passing a stream of
catalyst so withdrawn to the top of a second
column of catalyst, delivering catalyst from the
base of said last named column to said cracking
zone, maintaining a gaseous medium in admix-
ture with said catalyst in said last named col-
umn in an amount controlled to fluidize said

catalyst and generate a fluistatic pressure at the

base thereof sufficient to deliver said catalyst into
sald cracking zone.

9. In a process for the cracking of hydrocarbon’

oils in the presence of finely divided catalyst the
steps which comprise passing the oil in vapor
form upwardly under elevated pressure through
an enlarged cracking zohe, containing a body of
said finely divided catalyst, at a low velocity con-
trolled to maintain said body in a turbulent fluid-
ized state, maintaining a column of finely divided
catalyst exterior to said cracking zone, passing a
gaseous medium lengthwise of said column in an
amount controlled to fluidize the catalyst therein
and generate a fluistatic pressure at the base of
said column greater than the pressure in said
cracking zone, delivering catalyst from the base of
said column into said cracking zone, removing
cracking catalyst from said cracking zone, pass-
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ing the catalyst so removed to a regenerating -

zone, passing an oxidizing gas upwardly through
said regenerating zone at a low velocity controiled
to maintain a turbulent fluidized body of cata-
lyst within said regenerating zone, removing re-
generated catalyst from the regenerating zone
and passing the regenerated catalyst so removed
to the top of said column for return to said crack-
ing zone. .

10. In a process for cracking hydrocarbon oils
in the presence of finely divided catalyst the steps
which comprise passing a confined stream of
said oil in vapor form upwardly through an en-
larged cracking zone containing a body of said
finely divided catalyst at a low velocity controlled
to maintain said body in a dense fluidized state,
withdrawing catalyst from said cracking zone,
treating the catalyst so withdrawn to remove en-
trained hydrocarbon vapors therefrom, there-
after passing the withdrawn catalyst into the
top of a column of said catalyst, maintaining a
gaseous medium in admixture with said catalyst
within said column in an amount controlled to
fluidize the catalyst therein and thereby gener-
ate a fluistatic pressure at the base of said col-
umn sufficient to deliver said catalyst to a re-
generating zone, delivering catalyst from the base
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of sald column into said regenerating zone, pass-
ing a regenerating gas upwardly through caid re-
generating zone at a low velocity controllrd to
maintain a turbulent fluldized body of catalyst
undergoing regeaeration within said regenerating
zone, withdrawing regenerated cat lyst from the
regenerating zone and returning .he regener-
ated catalyst to said conversion zone.

"11. In a process for cracking oils in.the pres-
ence of finely divided catalyst the steps which
comprise forming a suspension of oil vapors and
catalyst in a region of elevated pressure, passing
the resulting suspension upwardly at low ve-
locity in a cracking zone to thereby effect sedi-
mentation of said catalyst by the influence of
gravity and increase the time of residence of the
catalyst in the cracking zone, maintaining g col-
umn of said catalyst passing a gaseous medium
lengthwise of said column in amount controlled
to maintain the catalyst in a freely flowing flui-
dized state. throughout substantially the entire
length thereof, the column being of such height
that the fluistatic pressure developed thereby i3
sufficient for introduction of the catalyst to said
suspension-forming region and delivering cata-
lygt from the bottom of said column to said
region. . )

12. In a process for cracking hydrocarbon oil

in the presence of finely divided catalyst the steps

which comprise forming a suspension of said
oil in vapor form and catalyst in a region of ele-
vated pressure passing the resulting suspension
into & cracking zone, passing the oil vapors up-
wardly through said zone at a low velocity to
effect substantial sedimentation of the catalyst
by the influence of gravity within sald cracking
Zane, separating catalyst containing combustible
deposits from the oil vapors, maintaining a col-
umn of said withdrawn catalyst in freely flow-
ing fluldized state exterior to said cracking zone,
mpintaining said column at a height sufficient

. to generate g-fluistatic pressure greater than the

pressure. on the regenerating gas hereinafter
mentioned, discharging the catalyst from the
base of said column into a stream of regenerating
gas under. elevated pressure, passing the sus-
bepsion of regenerating gas and catalyst into a

.regenerating zone, removing regenerated catalyst
from said regenerating zone, passing the regen-

etated catalyst to the top of a second column of
catalyst, discharging the regenerated catalyst
from the base of said last named column into the
oll to be cracked, maintaining a gaseous medium
in admixture with the catalyst in the last named
column in an amount controlled to fluidize the
catalyst and generate a fluistatic pressure at the
base of said last named column, the height of said
last named column being sufficient to generate
& pressure greater than the pressure of the oil
vapors in the suspension-forming region.

13. In a process for contacting solids with gases
the steps which comprise passing a confined
stream of a gaseous medium upwardly through a
contacting zone containing a body of finely di-
vided solids at a low velocity controlled to main-
tain a relatively dense fluidized phase of gas and
solids in said zone, maintaining a column of said

" finely divided solids exterior to said contacting
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zone, passing a gaseous medium lengthwise of
said column in an amount controlled to fluidize
the solids throughout the full length thereof and
thereby generate a fluistatic pressure at the base
of sald column, delivering a stream of fluidized
solids from the base of said column while under .
said fluistatic pressure into the first named stream
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prior to passing ‘the same through the contactlng
zone and continuously withdrawing finely divided
solids from the contacting zone, the height of
sald column being sufficient to generate a flui-
static pressure substantially greater than the
loss in pressure of the gases passing through the
contacting zone,

14. In a process for contacting gases with
finely divided solids the steps which comprise
passing a confinetl stream of said gas under ele-
vated pressure into the bottom portion of an
enlarged contacting zone contalning a body of
said finely divided solids, passing the gas up-
wardly through said contacting zone at a reduced
velocity controlled to maintain the body therein
in a turbulent fluidized state, maintaining a col-
umn of said solids exterior to sald contacting
zone, passing a gaseous medium lengthwise of
said column in an amount controlled to fluidize
such solids and maintain a more dense body of
solids in said column than is maintained in said
contacting zone, the height of said column being
sufficient to generate a fluistatic pressure at the

" base thereof substantially greater than the pres-

sure of the gases passing to said contacting zone,
delivering solids from the base of said column
Into said stream of gas prior to passing the same
through the contacting zone and withdrawing
solids from said contacting zone.

15. In a process for contacting finely divided
solids with gas the steps which comprise passing
a confined stream of sald gas into the bottom of

an enlarged contacting zone containing a body of -

said finely divided solids, passing the gases up-
wardly through said contacting zone at a re-
duced velocity controlled to maintain a relatively
dense fluidized body of solids within said zone,
maintaining & column of said finely divided solids
exterior to said contacting Zone, introducing =
gaseous medium into sald column at spaced points

therealong in an amount controlled to flutdize

the solids through substantially the entire length
thereof and generate a fluistatic pressure at the
base of said column, maintaining said column at
such height that the fluistatic pressure generated
thereby is substantially greater than the pressure
of the gases passing to said contacting zone, de-
livering solids under fluistatic pressure from the
base of said column into said flrst named stream
of gas prior to passing the same through the con-
tacting zone and withdrawing solids from the
contacting zone.

16. In a process for contacting ﬁnely divided
solids with a gas the steps which comprise passing
a stream of said gas at elevated pressure into the
bottom of an enlarged vertical contacting zone
containing a body. of said finely divided solids,
passing the gas upwardly through the zone at a
reduced velocity controlled to maintain a dense
fluidized phase of solids and gas therein, main-
taining a column of sald solids exterior to said
contacting zone, introducing. a gaseous medium
into the lower portion of said column, passing
gases through substantially the entire length of
said column in an amount controlled to fluidize
the solids therein and generate a fluistatic pres-
sure at the base of the column, maintaining said
column of such height that the pressure generated
thereby is substantially greater than the pressure
on the gas passing to said contacting zone, re-
leasing a portion of the pressure on said solids
while retaining sufflcient pressure on such solids
to deliver such solids into said first-named stream
of gas, and thereafter delivering the solids under
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ing to the contacting zone,

17. A process for contacting gas and & finely
divided solid which includes forming a suspen-
sion of said gas and solid in a region of elevated
pressure, passing the resulting suspension at a
low velocity upwardly in a-treating zone to there-
by eftect substantial sedimentation of said solid
by the influence of gravity, maintaining a column
of said solid, passing a gas lengthwise of said
column in an amount controlled to keep the solid
in a freely flowing fluidized state throughout the
length thereof, the column being of such height
that the fluistatic pressure developed thereby is
sufficient for introduction of the solid to said sus--
pension-forming region, and delivering the solid
from the bottom of said column to said region.

18. A process for contacting gas and a finely
divided solid which includes forming a ‘suspen-
sion of said gas and solid in a region of elevated

‘pressure, passing the resulting suspension at a

low velocity upwardly in a treating zone to there-
by effect a substantial sedimentation of said solid

by the influence of gravity, maintaining a column

of sald solid, introducing a gaseous medium into
the lower portion of said column and passing it
lengthwise of said column in an amount limited to
maintain said solids in freely flowing fluidized
state throughout the full length thereof, main-
taining said column at such height that the flui-
static pressure developed thereby is substantially
greater than the pressure in the suspension-form-
ing region, releasing a portion of the pressure gen-
erated at the hase of said column, while retaining
sufficient pressure on said solid to deliver the same
into said first named region of elevated pressure,
delivering solids from the base of said column un-
der reduced pressure into said region and con-
trolling the amount of pressure release to regulate
the amount of solids delivered to said region.

19. In a system for the conversion of hydro-
carbons, the combination of apparatus elements
which comprises an enlarged vertical conversion
chamber adapted to contain a body of finely di-

" vided conversion catalyst, means for passing a

stream of hydrocarbons in vapor form upwardly
through said conversion chamber at a low velocity
controlled to maintain a relatively dense phase
of solids and vapors within said conversion cham-
ber, means for withdrawing converted vapors from
the top of sald conversion chamber, an enlarged
vertical regeneration chamber, means for trans-
ferring catalyst from said conversion chamber to
said regeneration chamber, means for passing a
regenerating gas upwardly through the regenerat-
ing chamber at a velocity controlled to maintain
a relatively dense phase of catalyst and regenerat-
ing gas in said regenerating chamber, means for
transferring regenerated catalyst from' said re-
generating chamber to said conversion chamber,
said last named means comprising a standpipe
adapted to contain a column of said regenerated
catalyst, means for introducing an aerating gas
into said standpipe at spaced points therealong
in an amount sufficient to maintain said catalyst
in a fluidized condition capable of generating a
fluistatic pressure at the base thereof, the height
of said standpipe being sufficient to contain a col-
umn of catalyst capable of generating & pressure
of fluidized catalyst at the base of said standpipe
greater than the pressure within said conversion
chamber, means for transferring regenerated cat-
alyst from the base of said standpipe to said con-
version chamber and means at the base of said
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standpipe for controlling the flow of regenerate
catalyst to said conversion chamber. . :

20. In a system for the conversion of hydro-
carbon oils the combination of apparatus elements
comprising an enlarged vertical conversion cham-

_ber adapted to contain a body of finely divided

conversion catalyst, means for passing a stream
of ofl vapor under elevated pressure upwardly
through said conversion chamber at a low velocity
controlled to maintain a relatively dense phase
of solid catalyst and oil vapors in said conver-
slon chamber, means for withdrawing converted
vapors from the upper portion of said conversion
chamber, an enléarged vertical regenerating cham-
ber, means for transferring catalyst from said
conversion chamber to said regenerating chamber,
sald last named means comprising a standpipe
communicating at its upper end with said con-
version chamber and its lower end with said re-
generating chamber, said standpipe being adapted
to contain a column of catalyst withdrawn from
sald conversion chamber, means for introducing
a fluldizing gas into the catalyst in sald column
in amount controlled to generate a fluistatic pres-
sure at the base of sald standpipe greater than
the pressure maintained in the regenerating zone,
means for passing the regenerating gas upwardly
through the regenerating chamber at a low velo-
city controlled to maintain a relatively dense
phase of catalyst and regeneration gas therein,
means for transferring regenerated catalyst from
sald regenerating chamber to said conversion
chamber, said last named means comprising a
standpipe adapted to contain a column of regen-
erated catalyst, means for introducing a gas into
the catalyst in said column in amount adjusted
to fluidize the catalyst and generate a fluistatic
pressure at the base of said column, means for
transferring catalyst from the base of said column
to said conversion chamber and means at the base
of sald standpipes for controlling the rates of flow
of the catalyst between sald conversion chamber
and said regenerating chamber.

21, In a system adapted for the conversion of
hydrocarbons wherein finely divided conversion

" catalyst is circulated in a closed circuit in series
.through a conversion chamber and g regenerat-

ing chamber; the improved combination which
comprises a vertically elongated conversion cham-
ber having an inlet for hydroearbons in the bot-
tom portion thereof and an outlet for converted
products in the top portion thereof, a vertically
elongated regeneration chamber having an inlet
for regeneration gas in the lower portion thereof
and an outlet for regeneration gas at the top

. thereof, conduit means connecting said conver-

sion chamber with said regeneration chamber for
transferring a stream of catalyst from sald con-
version chamber to said regénerating chamber,
separate conduit means connecting said regenera-
tion chamber with said conversion chamber for
returning regenerated catalyst from said regener-
ation chamber to said conversion chamber, one
of said conduit means including an upwardly ex-
tending section having a height sufficient to con-
tain a column of aerated catalyst capable of re-
storing a material portion of the pressure lost

during circulation of the catalyst through the re-
maining portions of the equipment through which
the catalyst circulates, a plurality of pipes of 7

smaller diameter than said conduits connected to
said vertical section at spaced points therealong
for introducing gas into sajd vertical section,
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means for controlling the amount of gas intro- 75

20 \
duced at each of said points and means for con-
trolling the flow of solids through both of said
conduit means. : .

22. In the process of converting hydrocarbons
wherein the vapors of said hydrocarbons are con-
tacted at conversion temperatures with finely di-
vided solid catalysts In suspension in an upfiow
stream of hydrocarbon vapors in a reaction zone
wherein the velocity of said vapors is sufficiently
low to permit settling of said catalyst, resulting
in increased concentration of catalyst within said
reaction zone while said catalyst is' continuously
discharged from the top of said reaction zone with
said hydrocarbon vapors, the improvement com-
prising maintaining a low superatmospheric pres-
sure in said reaction zone, feeding fresh, dry, free-
flowing aecrated powder catalyst to said reaction
zone from the base of a column of catalyst of suff-
cient height to provide the pressure required for
feeding the catalyst into said reaction zone, and
injecting aerating gas into said column to main-
tain the - catalyst in free-flowing condition
therein. ' :

23. In a process wherein hydrocarbons are con-
verted in the presence of finely divided conversion
catalyst which circulates through a conversion
zone in which it contacts the hydrocarbons and
through a regenerating zone in which it contacts
& regeneration gas; the combination of steps
which comprises passing the regenerating gas up-
wardly through the regenerating zone at a low
velocity controlled to maintain a dense turbulent
body of catalyst therein, maintaining a column of
sald catalyst exterior to said zones, introducing
gas into said column in amount controlled to
maintain the catalyst in a fluld state throughout
the full length thereof and thereby generate a
fluistatic pressure at the base of said column,
transferring catalyst from the cracking zone to
the top of said column while under a pressure
lower than the pressure in the regeneration zone
and delivering catalyst from the bottom of said
column to the regenerating zone, said column be-
ing of a height which will develop a pressure suf-
ficient to deliver the catalyst to said regenerating
zone.

DONALD I, CAMPBELL.
HOMER Z. MARTIN.
EGER V. MURPHREE,
CHARLES W. TYSON.
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