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'10 Claims,

This invention relates to catalytic cracking of.
hydrocarbons and provides improvements in ap-
paratus for cracking higher-boiling hydrdcarbons
to produce more valuable lower-boiling hydro-
carbons in the presence of a catalyst.

In heretofore customary operations, the cata-

. "lytic treatment of the hydrocarbons has been

".conducted in an intermittent manner. The hy-
drocarbons to be cracked, for example a petro-
leum stock, are vaporized by heating under a
low pressure, usually in the presence of steam to

B

onds, and, in certain catalytic cracking opera-
tions, the entire cycle time for cracking and re-
generation may be less than a minute. This has
necessitated the development of elaborate control
mechanisins for automatically bringing about
diversion of the stream of stock from a fouled

- catalytic mass to a regenerated one.. Such con-

10

' promote vaporization. The temperature of the

resulting vaporous mixture of hydrocarbons, and

any steam, may range from 700-800° F. to about -

1000-1100° F.; the pressure may range from sub-
atmospheric to as high as 100 pounds per square
inch or more. Depending upon the nature of the
stock to be cracked, the temperature and pres-
sure, and the proportion of steam employed, -all
or only a portion of the stock may be vaporized.
When unvaporized: hydrocarbons remain’ these
are usually separated and removed prior to cata-:
lyst contact. In any event, the vaporized hydro-
carbons are sent to the cracking operation.
There, in a reaction zone, s stream of the hydro-
carbon vapors is passed in contact with a solid
and usually porous or granular catalytic mass,
such, for example, as fuller’s earth or kieselguhr
alone or admixed with various metals or metal
salts. Lower-boiling hydrocarbons and “carbon”
result from the ensuing cracking. The lower-
boiling hydrocarbons and some of the carbon are
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trol mechanisms not only increase plant invest-
ment. and maintenance costs but are subject to
operating difficulties. The regular production of
& superior cracked product requires uniform op-
erating conditions. :

The heat of cracking reaction is composed of
the heat of decomposition and the heat of re-
combination. - Decomposition is endothermic and
recombination is exothermic, and whether or not
the reactfon as a whole is heat-releasing or heat-
consuming depends upon whether the heat of re-
combination - or .the heat of decomposition is
greater. With most stocks to be cracked, at tem-
peratures below about 975° F. the "heat of de-
composition generally is greater so that below
this temperature cracking generally is endother-
mic. Above 975° F. the heat of recombination
usually is the greater so that above this tem-
perature the reaction (considered as a whole) is
-exothermic. When the cracking in the region of
‘catalyst contact is an endothermic reaction (as

" is more often the case) it consumes considerable

30

" removed from the reaction zone as formed, but -

a substantial portion of the carbon adheres to
the catalyst and coats its surfaces and chokes its
pores as it accumulates. - As the carbon accumu-
lates and fouls the catalyst, the activity of the
latter decreases.

35

‘When the economic limit of -

_catalyst activity has been reached, the stream

of hydrocarbon vapors to be cracked is diverted
to another reaction zone containing a reactivated .
or regenerated catalyst mass, and the fouled mass
"is subjected to regeneration. This is usually ac-
eomplished by passing a hot oxidizing gas in con-
tact with the catalyst so as to burn off the carbon
accumulated on the, surfaces and in the pores
thereof and thus clean.the catalyst for further
service. Once the catalyst has been reactivated
or regenerated by such treatment, the stream of
vapors to be cracked is ultimately diverted back
to a reaction zone containing the reactivated or
regenerated catalyst mass and the operation thus
proceeds. . '
The economic 1imit of catalyst activity may be
reached In a very short time, even in a few sec-
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heat which may be supplied from the stock itself,
or from an exterior source as by conduction -
through the walls of the chamber in which the
‘catalyst is confined. On the other hand, regen-
eration involving as it does combustion of carbon,
is exothermic, and its successful accomplishment
requires dissipation of heat. 'This situation is
one in which heat exchiange between the cracking
zone and the zone of regeneration is desirable but
such exchange has heretofore been ascomplished
equipment and in an inadequate manner, .
As a result of my investigations, I have devel-
oped improvements in apparatus for the cata-
Iytic cracking of hydrocarbons which permits
continuous cracking of a stream of hydrocarbon
stock without diverting this stream periodically
as the catalyst requires regeneration which per-
mits a substantial gain in thérmal efficiency
through improved heat exchange between the -
cracking and’ regeneration phases of the cycle,
and which affords several advantages with re--
spect to control. Consequent upon these im-
‘provements, the cumbersome autoniatic controls
heretofore necessary may be eliminated with re-
sultant savings in costs for plant, operation, and

- only at the expense of additional and cumbersome
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maintenance and with greater ease of operation
and improvement in products. These results are
achieved in a pracess involving the contact of a
catalytic mass with vaporized hydrocarbons with
resultant cracking of the hydrocarbons and dep-
osition of ecarbon on the mass and the subsequent
treatment of the mass to remove the carbon
therefrom prior to further contact of the mass
with the hydrocarbons to be cracked by rotating
the mass relatively to certain zones so that indi-
vidual segments of the catalyst mass pass suc-.
cessively and cyelically through a first zone to
which the vaporized hydrocarbons to be cracked
are supplied substantially continuously and from
which the resulting cracked hydrocarbons are
withdrawn substantially continuously, a second
zone through which a purging fluid (such, for
example, as superheated steam) is passed sub-
stantially continuously, a third Zzone through

which a hot oxidizing gas is passed substantially 2

continuously and in which the carbon deposited
on the mass is burned and a fourth zone through
which g purging fluid is passed substantially con-
tinuously to remove products of the carbon com-
bustion from the mass prior to the reintroduction
thereof into the first zone, while substantially
uniform conditions are continuously maintained
in all four zones, particularly the first.

The above described method is described and
claimed in my copending application Serial No.
290,398, filed August 16, 1939, but is carried on
advantageously in the apparatus of my invention
which is desecribed and claimed hereinafter.

This apparatus provides a casing divided into
at least a cracking section and a regenerative
section by radially extending baffles. These sec-
tions are sealed from each other, but enclose &
concentrically mounted wheel divided into a plu-
rality of segments in each of which is disposed a
catalyst. The wheel is rotatable with respect to
the various sections which enclose it, so that its
catalyst segments may be passed continuously
through the series of sections and thus be alter-

nately employed to crack hydrocarbons passing.
continuously through the cracking section and’

be regenerated by hot oxidizing gases in the re-
generative section. More specifically, the inven-
tion provides, in apparatus for the catalytic
cracking of hydrocarbons, the combination which
comprises a hollow head divided around its pe-
riphery into a plurality of segmental chambers,
said head having a flat bearing plaie with ports
therein communicating, respectively, with each
of said chambers, a second hollow head disposed
concentrically to the first head and having seg-
mental chambers matching those in the first head
with a flat bearing plate having ports therein cor-
responding to those in the first head, said bear-
ing plates being disposed concentrically and par-
allel facing each other and spaced apart a fixed
distance, a catalyst carrier in the form of a wheel
disposed between the two bearing plates with its
axis coinciding with that of the two heads and
rotatable relative to the heads, said carrier be-
ing divided into a plurality of segments or com-
partments by radial vanes extending substantially
from one bearing plate to the other, a catalytic
mass disposed in the compartments of the cata-
lyst carrier, means for forcing vaporized hydro-
. carbons from s chamber of one head to a cor-
responding chamber of the other head in contact

with the catalytic mass in & compartment, means.

for stmultaneously forcing a hot oxidizing gas
from & second chamber of one head to a corre-
spongling second chamber of the other head in

J
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contact with the catalytic mass In another com-
partment, and means for simultaneously rotating
the wheel relative to the heads. .

In the preferred form of the apparatus of my
invention, the heads are annular, the catalyst
carrier wheel is rigidly mounted on a shaft dis-
posed on the common axis of the two heads and
passing therethrough; means are provided for ro-
tating the shaft; means are provided for pre-
venting leakage of-vapor-between the various sec-
tions of the apparatus; and the catalyst carrier
is surrounded by an annular jacket for a hot dilu-
ent gas such as steam. The jacket space is en-
closed by a drum fastened to the two heads so as
to enclose.the carrier, and means are provided
for supplying the dilueni gas (say steam) to the
jacket at a pressure In excess of that prevalling
in any of the chambers so that leakage of gas,
if any, will take place into the carrier compart-
ments rather than out, thereby preventing leakage
to the outside and undesirable admixture of hy-
drocarbons and oxidizing gases within the ap-
paratus.

There may be two or more chambers in each
of the heads but preferably there are at least
four, comprising respectively (along the direction,
of rotation of the apparatus) a chamber for hy-
drocarbons, & second for a purging gas such as
steam, a third for the oxidizing gas, and & fourth
for a purging gas to remove the products of
oxidation. ' ’

The number of compartments or segments in
the catalyst carrier may be two or more, but
preferably a large number (such as eighteen or
twenty) is provided. In any case, the segments
should be of such dimensions relative to the
-radial distance between the ports in the bearing
plates that no one catalyst segment is in contact
with the ports of different chambers in the same
head at the same time; that is to say & segment
should be out of contact with the port supplying
hydrocarbon before it comes in contact with the
port which supplies purging gas, ete, This may
be assured by making the radial space between
ports (i. e. the distance between them in the path
of rotation) greater than the radial space or
angle devoted to a single segment.

These and other features of my invention will
be more thoroughly understood in the light of the
following detailed description taken in conjunc-
tion with the accompanying drawings in which

Fig. 1 is a plan view of apparatus of my in-
vention having means for rotating a catalyst suc-
cessively through a cracking zone, & purging zone,
a regenerative zone, and a second purging zone;

Mg, 2 is a vertical section taken through the
apparatus of Fig. 1 along the section line 2—2;

Fig. 3 is a horizontal section taken through
the apparatus of Figs. 1 and 2 along the section
line 3—3 of Fig. 2;.

Fig. 4 is another horizontal section taken
through said apparatus along the line 4—4 in
Fig. 2;

Fig. 5 is a developed vertical diagrammatic view
of one form of the apparatus of my invention;

Fig. 6 is a section of a portion of the apparatus
taken along the line 6—8§ of Fig. 2 and showing &
type of wiper seal for sealing the various zones
of the apparatus from each other;

Fig. T is a diagrammatic flow sheet showing
the disposition of the rotating catalyst apparatus
of Figs. 1 to 6 in a system for the catalytic crack-
ing of hydrocarbons. )

Referring now to the drawings and particularly
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to Figs. 1, 2 and 3, it will be observed that in

general the apparatus comprises a vertical shaft

assembly 10 upon which is rigidly mounted a

- substantially cylindrical catalyst carrier wheel

if. The outer portion of the carrier wheel is
enclosed by an annular casing §2 which is cir-
cular in plan and comprises a central cylindrical
drum portion or jacket 13 t0 which is fastened at
the top and bottom, respectively, a pair of hollow

annular heads (4, 16. The inner wall of each

"head is formed by flat annular parallel bearing
plates 16, 41.  The heads are mirror images of
each other and each is divided into four sections
by radially extending bafles. These sections cor-
respond to a cracking zone 18, a first purging
zone 19, a regenerative zone 20 and a second
purging zone 21 (Fig. 3). ‘The carrier wheel is
adapted to rotate successively through these
zones, carrying catalyst segments mounted
thereon in contact with the hydrocarbons to be
cracked, thence into contact with superheated
steam or other purging gas in the first purging
zone, thence into contact with an oxidizing gas
in the regenerative zone and again into contact
with the purging gas in the second purging zone.

To consider the apparatus in greater detail,

10

15

3
at the upper and lower outer edges of the catalyst
carrier wheel,

The space between the sheath and the outer
shell of the carrier wheel is divided into a plu-
rality of segmental compartments 654, §5B, §5C,
et seq. to 85R by vertical radial bafiles or vanes
B6A to B6R, inclusive, (Fig.-4). Any desired
number of compartments may be. provided, but
it is desirable to have a relatively large number
of them, and, in the instant case eighteen com-
partments are provided. The vertical bafile plates
extend substantially completely from top to bot-
tom of the carrier wheel and have straight hori-
zontal upper and lower edges 51, 58 close to and
parallel with the inner surfaces of the bearing
plates of the two heads. In the lower portion
of each compartment a horizontal foraminous

. plate §9 or other catalyst support is fastened. A

20

porous or loose granular catalytic mass 68 or
bed is disposed in each of the segmental com-.
partments on the plates. It may be composed of

- any of the conventional solid catalysts suitable

28

the vertical shait assembly is connected at its

upper end through a variable speed reducer 22,

or other means for varying the speed of rota-

tion, to a motor (not shown). The shaft assembly
is hollow to permit water cooling. It is supported
adjacent its lower end 23 by a thrust bearing 24
through which is passes. The shaft assembly at
its mid-portion within the carrier wheel is en-
larged and enclosed by a cylindrical wall 25 to
form a cooling water chamber 26. A water inlet
pipe 21 projects upwardly from.the base of the
shaft to a point adjacent its closed upper end 28.
‘This pipe is stationary. Water forced into it
through a lower water inlet 29 enters the cooling
water chamber and flows downwardly through
the lower hollow portion 30 of the shaft into a

water outlet gland 31 disposed below the thrust-

‘bearing and concenirically around the water
inlet pipe.
rotatably mounted on this gland, thus forming a
sealed system. Water forced through the inlet
pipe cools the inteérior of the shaff, flows down-~
wardly through a rotatable coupling 32 disposed
below the thrust bearing and out through the
gland.

The carrier wheel f1 is rigidly fastened to the
shaft'adjacent its enlarged portion, Immediately
adjacent the shaft, the carrier wheel has an
- annular chamber 33 enclosed by a cylindrical
sheath 34 and upper and lower annular walls
3%, 36. This chamber is filled with non-inflam-
mable heat insulating material 37 such as sn-o-
Cel.

The outer vertical wall of the ca.rrxer wheel is
a cylindrical shell 38 that is separated from the
sheath by a considerable annular space. At the
top and bottom of the shell 38 are fastened, re-
spectively, outwardly projecting peripheral lab-

yrinth seal members 39, 40. These members are
disposed adjacent the plates 18, 1T that form
the walls of the upper and lower heads, respec-

‘The lower portion of the shaft is’

30

" the peripheral seal members.
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tively. Each seal member has a series of con-

centric circular grooves 41, 42, 43 and 44, 45, 48
in the surfaces that face the plates, and into
these fits. a series of corresponding rings 41, 48,
4% and 50, 51, 52 that are fastened to the plates
of the two casing heads thereby forming a pair
of peripheral labyrinths, ‘53, 54 respectively,

70

75

for catalyzing the cracking of hydrocarbons. A
number of such materials are known, among
them being kieselguhr or fuller's earth. The
catalyst bed substantially fills the segmental
compartments to a point just below the upper
edge of the vanes. The catalyst bed should be
porous or otherwise provide passage for gases
therethrough in a vertical direction.

It will be observed that around the catalyst
carrier wheel between its outer shell and the
drum portion 13 of the casing there is an annular
chamber 6J, This annular chamber or jacket
space is enclosed at its upper and lower .ends by
However, unless
these seals are perfect there is 4 tendency for gas
under pressure to leak through the jacket space
from one head to the other and thus by-pass the
catalyst bed. With a view toward preventing such
by-passing and also maintaining a proper tem-

‘perature within the apparatus, steam is ad-

mitted into the annular chamber or jacket
space through & pipe 82, the pressure of the steam
being in excess of that maintained within the
apparatus as a whole so that any leakage which
occurs will be of steam from the annular cham-
ber into. the space occupied by the carrier wheel
and the upper and lower heads.

An inner pair of peripheral labyrinth seals 63,
64 is provided, respectively, at the top and bot-
tom of the carrier disk adjacent the space filled-
with insulating material. In this instance, a
series of concentrically disposed rings 65A, 68,
66, and 68, 69, 10 are fastened, respectively, to.
the upper and lower surfaces of the carrier wheel
on the plates 35, 36 and project into peripheral
concentric grooves TIA, 71, 12, and 74, 15, 16
formed in a psair of upper and lower bearinhgs 11,
18 through which the shaft passes. The lab-
yrinth seals 63, 64 or other sealing device of like
form, are necessary to prevent leakage of gases
from the space above and below the catalyst
bed outwardly to the atmosphere. If desired,
packing material may be placed in the seals. ]

‘To consider the construction of the upper and
lower heads {4, 15 of the casing, reference should
be made particularly to Figs. 2 and 3, The upper
and lower heads are substantially mirror images
of each other and are annular in form, being
concentrically disposed in parallel planes. The
outer portions of the heads, i. e. the portions re-
mote from the carrier wheel are formed of curved
plates 19, 80. These are welded to the inner flat
annular bearing plates 16, 11. Each of the an-
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nular chambers 81, 82 thus. enclosed is divided
into at least four segmental chambers by vertical
radially extending baffles.

Thus, the upper head chamber 81 is divided .

into a hydrocarbon chamber 83, a first steam
chamber 84, an oxidizing gas chamber 89, and a
second steam chamber 86 by radial baffles 81, 88,
89, 90, and these chambers are disposed, respec-
tively, in the cracking zone {8, the first purging
zone. 19, the regenerative zone 20, and the second
purging zone 2f. Likewise, the lower head cham-
ber 82 is divided into four corresponding seg-
mental chambers 91, 92, 93, 94 by baffles 95, 96,
91, 98 (see Fig. 5) and these chambers are dis-
posed, respectively, in the cracking zone, the first
purging zone, the regenerator zone and the second
purging zone. .
The rotation of the carrier wheel is clockwise
as viewed from above. ‘Thus, as the wheel is ro-
tated, any segment of the catalyst bed passes suc-
cessively between the chambers 83, 81, or hydro-

10

20

carbon chambers of the upper and lower heads, '

between the chambers 84, 92 or first steam cham-
bers, between the chambers 85, 83 or oxidizing gas
chambers, and between the chambers 86, 84 or
second steam chambers.

As illustrated in Figs. 3 and 5, the hydrocarbon
chambers occupy more than %s of the respective
heads, Hydrocarbon vapors to be cracked enter
the upper hydrocarbon chamber 83 through a feed
pipe 99 of relatively large diameter, pass from
this chamber through a port 100 that corresponds

in radial space to five or six catalyst segments, .

23

30

through these catalyst segments and a matching -

outlet port 101 into the lower hydrocarbon cham-
ber 91. 'The resulting lower-boiling hydrocarbons
are removed from this chamber 91 through an
outlet pipe 102 of relatively large diameter.

Adjacent the hydrocarbon chambers, 84, 82 of
the respective heads are the first steam chambers
which occupy %s or-34s of the respective heads.
Steam is admitted into the upper chamber 84
through a pipe 84A, and passes into contact with
the rotating catalyst carrier through a small pox:t
103 in its bottom or bearing plate. This port is
equal radially to about one catalyst segment and
is disposed in the approximate center of the plate.
The steam port 103 is separated from the hydro-
carbon port 100 by a radial distance greater than
that of one catalyst segment, so that such a seg-
ment must pass out of contact with the hydro-
carbons before steam is admitted thereto. There
is a corresponding steam port 104.in the plate of
the matching lower steam chamber 92, Steam
is admitted into the upper chamber 84 through a
pipe 844, and withdrawn from the lower chamber
92 through a pipe {06.

35
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passes downwardly through the rotating catalyst
segments into the corresponding lower chamber
93 of the lower head and is withdrawn therefrom
through an outlet pipe 110.

The balance of the apparatus is occupied by
the second purging section. This second purging
section, like the first, corresponds radially to two
or three of the catalyst segments. It contains the
second steam chambers 86, 94 in the upper and
lower heads, respectively. Steam for purging is
admitted into the upper chamber through an in-
let pipe Hi and passes through the adjacent
catalyst segment to the steam chamber 94 in the
lower head from whence the steam is withdrawn
through an outlet pipe 112. Both upper and lower
chambers of the second purging section are pro-
vided with small pie-shaped ports 113, {14 (equal
to about one catalyst segment) through which the
steam passes into and out of the catalyst seg-
ments.

To prevent leakage between the various sec-
tions of the apparatus, the upper and lower edges
of each of the vanes on the catalyst carrier wheel
are provided with wiper seals which bear against
the inner plates of the upper and lower heads.
Such a seal is shown in detail in Fig. 6, and com-
prises a flexible brush- 115 fastened to the vane
and bearing against the inside plate of the head.
Seals of different construction may, of course, be
provided but that illustrated is simple and effec-
tive.

The upper head is provided .with four thermo-
couples 116, 117, 118, 119 disposed, respectively,
in wells 20, 121, 122, 123 in each of the several
chambers to enable proper temperature control
of the system. Like thermocouples in similar
wells are provided in the chambers of the lower
head.

A better idea of the operation of the apparatus
described hereinbefore may be obtained by refer-
ence to Fig. 5 which is a developed diagram of
the apparatus. Referring now to this diagram, it
will be observed that oil vapor to be cracked is
admitted in the hydrocarbon chamber of the up-
per head. It passes from this chamber through
the hydrocarbon port (corresponding to about six

" segments of the carrier), through these six seg-

50

55

Next around the periphery of the apparatus is .

. the regenerative section in which are disposed the
oxidizing gas chambers 85, 93. These chambers
occupy approximately %is to 7s of the respective

- upper and lower heads. They are provided with a
pair of segmental ports 107; 108, respectively, in
the upper and lower plates through which hot
oxidizing gases pass for contact with the catalyst
segments to be regenerated. The ports in the
regenerative section of the apparatus approxi-
mate in cross section about five or six catalyst
segments and are spaced from adjacent ports by
a distance cqual to more than one of the segments
of the catalyst wheel, for reasons hereinbefore ex-
plained. Hot air or other oxidizing gas for burn-
ing carbon from the catalyst segment is admitted
into the upper chamber 85 through a pipe 108,

60
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ments and the corresponding lower hydrocarbon
port into’the lower hydrocarbon chamber from
which it is withdrawn.

At the same time, steam is passed through the
first purging section, entering first the steam
compartment of the upper head, passing then
through a small port (equal to about one catalyst
segment) and then through the catalyst segment
and the lower port into the steam chamber in the
lower head. The steam, plus such substances as
have been purged from the catalyst (principally
entrained hydrocarbon gas) is .withdrawn from
the chamber in the lower head either independ-
ently or together with the cracked oil vapor from

- the cracking section.

Simultaneously, hot air plus steam or inert gas
is introduced into the regenerating section which
corresponds in this case to about six catalyst seg-
ments. The mixture of steam or inert gas with
hot air enters the oxidizing gas chamber of the
upper head, passes through a port therein cor-
responding to about five catalyst segments and
through thesé catalyst segments and a corre-
sponding lower port into the oxidizing gas com-
partment of the lower head. The excess oxidiz-

ing -gas and the products of carbon combustion

are then withdrawn and sent to waste or to a
heat recovery system.
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At the same time that certain of the catalyst
segments are being subjected to contact with oil
vapors, others to contact with steam in the first
purging section and still others to contact with
hot oxidizing gas in the regenerative section, the

balance of the catalyst segments are treated in

the second purging section with steam which is
admitted into the upper head in its steam cham-
ber corresponding to about two catalyst segments
from whence it passes to a port corresponding to
about one catalyst segment and through this
catalyst segment and the corresponding lower
port into the lower steam chamber from whence

10

it is withdrawn either alone or with the exhaust

gases of the regenerative section.
As shown in Fig: 5, a control valve l24 is pro-
vided on the inlet line 99 for regulating the pas-

sage of oil vapor through the cracking section
and & pair of valves 128, (27 are provided in

branch pipes for regulating the proportions of

air and steam or inert gas supplied to the regen- .

-erative section through the pipe 109. Likewise,
control valves 128, 129 are provided for regu-
lating the supply of steam to the purging sec-
tions. Valves 130, 131 and 132, 133 are also pro-
vided on the outlets from the purging sections so
that gases therefrom may be passed through by-

pass lines 134, 135 and mixed, if desired, with the

products of the cracking and regenerative sec-
tions or else handled separately. ‘Thus, the valves
130, i3 on the outlet of the first purging section
permit exhaust gases therefrom to be mixed with

the product of the cracking section or handled

independently. Likewise, the valves 182, 133 on
the outlet of the second purging section permit
exhaust gases therethrough to be handled inde-
pendently or passed into and mixed with the ex-
_haust gases of the regenerative section. Another
. valve 136 is provided for controlling the outlet
of the regenerative section and regulating the
pressure therein. .

As Indicated, especially in Fig. 2, the entire‘
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. outer ‘casing of the apparatus may be covered

with a heat Insulating jacket 137T.
: As indicated hereinbefore, the cracking reac-
tion ordinarily is endothermic but may become
exothermic - at temperatures in excess of about
975° F. and with certain stocks when the heat of
recombination-exceeds the heat of decomposition.
Hence, in most instances, it 1s-necessary to add
heat to the cracking zone, but with certain stocks
and under certain conditions it may be necessary
to extract heat. In either case, the apparatus
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that prevalling in the cracking zone, so that they
act to extract heat.

The heat supplied and extracted from the ro-

tating catalytic segments in the various zones
will, of course, depend upon the specific heat, 1. e.

the heat containing capacity of a given mass of

the catalyst per degree of temperature, as well as
upon thermal gradients existing between the sev-

eral zones and the catalyst segments passing -

therethrough. Consequently, the catalytic mass
should have-a relatively high specific heat and
the mass itself should be large enough to assure
ample heat carrying capacity.

Assuming that the catalyst segments are such . '

as to carry an adequate amount of heat to or

from the cracking zone, the regulation of the
amount of heat so carried can be controlled in

various ways. If gases of constant specific heat,
temperature and volume are passing through the
purging and regenerative sectfons, the amount of
heat supplied to the cracking zone may be altered
by varying the speed of rotation of the catalyst
carrier. On the other hand, the amount of heat
introduced.into the catalyst carrier and supplied
to the cracking zone may be varied by varying
the temperature of the purging gases, or by vary-
ing the temperature of the oxidizing gases passed
in contact with the catalyst in the ‘regenerative

‘zone. Since the great bulk of the heat supplied

to the catalyst is supplied in the regenerative
zone, this is a satisfactory point at which to regu-
late the amount of heat supplied. This regula-
tion may be brought about by changing the tem-
perature or the specific heat or both of the gases
passed through the regenerative zone, However,
this regulation of heat in the regenerative zone
cannot be regulated without regard to the oxidiz-
ing characteristics or capacities of the gases pass-
ing therethrough. Consequently, it is convenient
to provide, as illustrated in Figure 5, a source of
hot oxidizing gas and of & hot diluent or inert

.&as, which may be inert carbonaceous gaseous

products of combustion or steam or both. By
regulating the temperature. and proportions of
these ingredients,- it is possible to obtain & gas
mixture which has the correct oxidizing charac-~
teristics concurrently with the proper specific
heat and temperature. This condition having

been attained,-and assuming the'correct speed of -

rotation of the catalyst carrier, the exact amount ..

of heat necessary for the promotion of the
catalytic cracking reaction may be supplied. By

- -this means constant conditions ean be main-

hereindescribed provides convenient means for -

regulating the heat supplied to the cracking zone
or removed therefrom, by varying the amount of
_heat contained in the rotating catalyst segments.
If, for example, the particular cracking reac-
tion being carried out is strongly endothermie, it
is necessary to.supply to the cracking zone a rela-
. tively large amount of heat.
. my invention, this heat is supplied by the rotat-
ing catalytic segments which serve a8 dual pur-
pose in that they act as a heat exchanger {n addi-
tion to acting as catalysts. By proper control of
the speed of rotation and of the heat supplying
media in the purging and regenerative sections of
the apparatus, an amount of heat can be stored
in the rotating catalytic segments which will be
just sufficient to supply that necessary for the
eracking reaction, -
© " In the event that the cracking reaction is exo-
thermic, the rotating catalyst segments are cooled
in the zones other than the cracking zone, and

are returned to the latter at-a temperature below:
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In accordance with -

tained in all of the zones of the. apparatus and

; constant streams at constant temperatures of
~both reaction products and reactivation products
are available for further economical recovery of

waste heat.

By varying the speed of rotation of the cata-
lyst wheel or carrier, the cycle of processing and -

reactivation may. be varied at will to give opti-
mum activity of the catalyst for the particular
hydrocarbon stock undergoing cracking. Once

".the desired speed of rotation for a given stock

has been established, the character and amount
of oxidizinz gas employed in reactivation may

. be controlled so as to burn from the catalyst
the desired proportion of the carbon content de--

posited thereon. Thus, if desired, all of the car-
bon may be burned out of the ca.talyst How-

ever, it is preferable to burn substantially only '

the surface carbon from the catalyst, leaving
some deposit- of carbon within the pores of the
mass. Operations so conducted result in an in-
creased yield of more valuable hydrocarbons with
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a minimum degradation or conversion of hydro-
carbons to elemental carbon.

In the event that the heat of reaction cannot
be supplied in the reactivation zone either from

the heat of combustion, or from the sensible heat

of gases introduced therein while maintaining an
optimum catalyst efficiency, the apparatus may
be divided into five sections rather than four, the
additional section being used for raising or low-
ering the temperature of the catalyst bed by
means of steam, inert gas, or by passing the gase-

ous products of reactivation through the mass.

Moreover, by varying the temperature and quan-
tity of preheated steam or other purging gas
passed through the purging section, the amount
of heat picked up by the rotating catalyst may
be varied to some degtee.

As indicated hereinbefore, the sealing steam
introduced into the jacket space between the
catalyst wheel and the drum of the casing tends
to leak into the oil vapor being cracked as well
as into the inert gas or steam-air mixture passed
through the regenerative section. For this rea-
son, the steam employed for sealing should be
maintained at a temperature sufficiently high
that leakage thereof into the apparatus will not
reduce the temperature of the vapor streams, es-
pecially the stream of hydrocarbons. Hence, it is
necessary to superheat the steam employed for
sealing to a temperature slightly in excess of that
of the oil vapors being treated in the cracking
zone. Superheating the steam offers a further
advantage by serving to reduce the amount of
steam required for sealing. |

In order tc minimize steam consumption in
the apparatus and espeelally steam consumption
due to leakage, it is desirable to maintain the
pressure of the gases employed in reactivation
substantially the same as the pressure. of the oil
vapor entering the cracking zone while main-
taining slightly higher pressures on the steam
entering the purging zones and the sealing zone.

To minimize leakage from. zone to zone at the
bottom of the carrier wheel a back pressure
should be maintained on the products from the
reactivation zone substantially equal to the back
pressure on the oil vapors leaving the ecracking
zone while maintaining a back pressure at the
bottom of the two..purging zones equal to or
slightly in excess of the back pressures main-
tained at the bottom of the cracking zone and
. at the bottom of the reactivation zone.

In order to maintain the desired pressure in
the reactivation zone while varying the supply
of oxygen thereto, the amount of steam or addi-

tional inert gas introduced into the reactivation

zone may be varied inversely to the air supply
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be left between the radially spaced ports of both
upper and lower heads to prevent any catalyst
carrier segment of the carrier wheel from com-
ing in contact with two zones at thé same time.
Thus,. any individual segment of the catalyst
carrier must pass completely out from under a
port into the cracking zone before it passes under
the port in the first purging zone, et seq.

The apparatus of Figs. 1 to 6 may be incor-
porated into a variety of hydrocarbon cracking ~
systems, and utilized in conjunction with a vari-
éty of equipment for recovering and separatmg
the cracked hydrocarbons. One means of uti-
lizing the apparatus is illustrated in Fig. 7 which
is a flow sheet, of a catalytic cracking system in-
cluding the rotating cstalyst apparatus herein-
before described. In this system, a petroleum

. stock 150 to be cracked is mixed with an appro-
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priate amount of steam 151 and the mixture is
passed to a heater 152 which vaporizes the oil
substantially completely. From the heater a
mixture §53 of oil vapor and steam (say, in
equimolecular proportions) passes to a cracking
apparatus 154, constructed as described in de-
tail hereinbefore and indicated diagrammatically
on Fig. 7. The oil vapor and steam mixture
passes through the cracking section of the appa-
ratus as the catalyst carrier thereof is rotated
(at a speed of say, twn revolutions per minute)
and the oil is cracked and withdrawn in a mix-
ture 155 of steam and vapors of lower boiling
hydrocarbons at the lower portion of the appa-
ratus. .

A supply of steam 156 for operating the purg-
ing sections of the cracking apparatus, for ad-
mixture with hot air for the regenerative sec-
tion and for sealing purposes is passed through
a superheater (57, and there heated to a tem-
perature in excess of that of the oil entering the
cracking section, Part of this superheated steam
is passed through a line 158 into the space be-
tween the catalyst wheel and the drum of the:
casing, from which it may ieak through the laby-
rinthian seals into any of the sections of the ap-
paratus but in so doing prevents leakage out-
wardly from these sections. Another part of the
superheated steam passes through a line 159 into
the first purging section of the apparatus and
sweeps out of the catalyst segments that rotate
therethrough residual oil vapors. The steam
from the first purging section is permitted to in-
termingle with the cracked hydroearbons ex-
hausted from the cracking apparatus to form

" the mixture §55 and through a pipe line 188 the
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so as-to maintain a substantially constant-volume -

flowing through the catalyst. This will permit
the maintenance of a pressure drop through the
reactivation zone equivalent to the pressure drop
of the oil vapors passing through the cracking

zone. 'The valves provided in the apparatus, as-

illustrated in Fig. 5, permit such variations.
Generally speaking, the portion of the appa-
ratus employed as a regenerative zone should be
approximately the same in size as that employed
in cracking and hoth should occupy several times
as much space as the purging sections. However,
when it is necessary to supply a very large
amount-of heat to the cracking zone, it may be
desirable to reduce the size of the cracking zone
as compared to the regenerative zone thereby in-
creasing the heat transfer therebetween. It°
‘should also be observed that sufficient plate must

60

65

70

75

thence into the line 161.

mixture is sent to a flash tower 160A,

A third portion of the steam from the super-
Heater may be mixed with hot compressed air
and “inert gases in a -pipe line..16{ and passed
through the regenerator section of the cracking
apparatus. To produce the hot compressed air,
atmospheric air is first compressed in a com-
pressor 162, passed through a heater 63 and
The inert gases for
diluting the air and thus impeding the combus-
tion of the carbon on the catalyst segments pass-
ing through the regenerative section may be pro-
duced by burning carbonaceous fuel 164 in hot
compressed air delivered to an inert gas genera-
tor 165 through a pipe line 166. From the inert
gas generatar the inert gas, in which the oxygen
has been substantially all consumed is sent into

_ the pipe line (61.

Superheated steam is admitted to the second
purging section through a conduit 187, and after
passing thrqugh the rotating catalyst segments
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is withdrawn from the lower head and may be
passed to waste either independently or mixed
. with the exhaust gases from the regenerative
section through a stack 168.
When the petroleum stock to be cracked is a
" relatively light oil which can be completely va-
porized under prevailing temperature and pres-
sure conditions, say a temperature ranging from
800° to 1000° F. and a pressure ranging from sub-
atmospheric to in excess of 100 pounds per square
inch, it is not necessary to remove unvaporized

10

hydrocarbons prior to introduction of the mix- -

ture of oil and steam into the cracking appara-
_tus. Otherwise; a flash chamber (not shown)

should be disposed between the heater and the
inlet for the oil vapors into the cracking appara-
tus.

If desired, one or more of the cracking appara-
tus or units may be connected in parallel or in
series. In any event, the outlet from the crack-
ing ‘sections of the ‘apparatus augmented by
purging and sealing steam, all at a temperature
of about '750°-1100° ¥. and preferably between
800°-1000° F., is sent to the flash tower IGOA

without release of pressure,

" - The flash tower temperature may be con-
trolled either by recirculation of condensed tar

7

compressed overhedd is then mixed witis part of
the bottoms withdrawn from the receiver.

The mixture of receiver bottoms and com-
pressed overhead is passed through @ line (86
to a high pressure receiver 187 and subjected to
a further operation from which gas and liquid
are separated under a pressure of approximately
250 pounds per square inch. Such separation
gives a gaseous end product that is relatively free

-from hydrocarbons that should be included in

the liquid product or distillate. _

The distillate 188 from the high pressure re-
ceiver, 1. e. the bottoms product or liguid result-
ing from the separation under high pressure,.is
sent to a conventional stabilizer 189 from which
a distillate 190 of the desired vapor pressure is °

- drawn off as a bottoms product. Overhead gas

20

or by introduction of fractionating column bot- -

toms to give a desired tar gravity preferably less
than 10° A. P. I. Both types of control are pro-
vided for in the apparatus illustrated in Fig. 7.
Thus, tar may be withdrawn from the bottom of
the flash tower through a line 189 and part of
the tar forced through a pump 170 back into the
?‘?fh tower with or without cooling in a cooler

The flash tower overhead 172 passes to a frac-
tionating tower 173.  Here two gas oil cuts may

30

181 from the stabilizer normally is diverted to-
gether with the overhead 192 from the high pres-
sure receiver to a polymerization plant for con- .
version of these gases to higher olefine for poly-
mer gasoline.

I claim:

1. In apparatus for the catalytic cracking of
hydrocarhons, the combination which comprises
a hollow annular head divided around its peri-
phery into a plurality of segmental chambers,
said head having a flat bearing plate with ports
therein communicating respectively with each of
said chambers, & second hollow annular head

"disposed concentrically with the first head and

-
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having segmental chambers matching those in
the first head with a flat bearihg plate having -
ports therein corresponding to those in the bear-
ing platé of the first head, said bearing plates

“being disposed concentrically and parallel facing

be taken off—one as a side stream 174 and one

as a bottom cut 175. Either or both of thése
streams may be recycled through the system for
further processing and may be returned to the
tower system either hot or: cold, as desired. In
the apparatus illustrated in Fig. 7, provision is
made only for recirculating the bottom cut
through a pump {76 and optionally either
through a cooling coil 117 or directly in the hot
~ condition. -
" In the apparatis illustrated in Fig. 7 the side
stream cut is passed through the cooler 178 and

thence is withdrawn from the system for furthera

-'processing.
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each other and spaced apart a fixed distance, a
catalyst carrier wheel disposed -between the two
bearing plates with its axis coinciding with that
of the two heads and rotatable relative to the
heads, said carrier wheel being divided into a
plurality of compartments by radial vanes ex- -
tending substantially from one bearing plate. to
the other, a catalytic mass disposed in the com-
partments of the catalyst wheel, means for forc~
ing) vaporized hydrocarbons from a chamber of

.one head to a corresponding chamber of the other

50

head 'in contact with the catalytic mass in one
compartment, means for simultaneously forcing
a hot oxidizing gas from & second chamber of
one head to a corresponding second. chamber of

" the other head in contact with the catalytic mass

The overhead stream 119 of the fractionating . -

tower is controlled to give a product within fin-
ished gasoline distillation range specifications;

55

The overhead from the fractionating column is .
withdrawn and passed through a cooler 180 into

a receiver 18f. A portion of the condensed frac-
tionator overhead (receiver bottoms) {8f{A may
be retirned from this receiver as reflux to the
top of the fractionating column through a pump
182 and a line 183 for controlling the tempern-
ture of ‘the top of this column.

The apparatus of Fig. 7 is designed for low

pressure operation, in whlch Case a gaseous over~
head product 184 of the receiver 181 (. e., the
portion of the fractionating column overhead
which remains uncondensed) is withdrawn from
this receiver and would contain a large portion

of hydrogarbons which should be retained in the

final stabilized distillate. Withi this in mind, the
overhead 184 from the receiver is passed through
a compressor 88 and compressed to a pressure °
slightly above that desired for stabllization 'rhe

in another compartment, and means for simul-

‘taneously rotating the carrier wheel relative to

the heads.

2. In apparatus for the catalytic cracking of
h¥drocarbons, the combination which comprises
a hollow head divided around its periphery into

“a plurality of segmental ¢hambers, said head
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having a flat bearing plate with ports therein
communicating - respectively with each of said

‘chambers, ‘'a second hollow head disposed con-

centrically with the first head and having seg-

mental chambers matching those in the first -

head with a flat bearing 'plate having ports .
therein corresponding to those in the bearing

" plate of the first head, said bearing plates being
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disposed concentrically and parallel facing each
othér and spaced apart a fixed distance, a catalyst
carrier wheel. disposed between the two bearing
plates: with -its axis coineciding with that of the
two-heads and rotatable relative to the heads,
sald carrier wheel being divided into a plurality.

.of compartments by radial vanes extending sub-

stantial_ly from one bearing plate to the other, a
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catalytic mass disposed in the compartments of
the catalyst wheel, means for forcing vaporized
hydrocarbons from a chamber of one head to a
corresponding chamber of the other head in
contact with the catalytic mass in one compart-
ment, means for simultaneously forcing a hot
oxidizing gas from a second chamber of one head
to a corresponding second chamber of the other
head in contact with the catalytic mass in
another compartment, means for simultaneously
rotating the carrier wheel relative to the heads,
an annular jacket surrounding the caxrier wheel
and fastened to the two heads and means for
introducing a hot diluent gas into said jacket.

3. In apparatus for the catalytic cracking of
hydrocarbons, the combination which comprises
a hoilow head divided around its periphery into
at least four segmental chambers, said head hav-
ing a flat bearing plate with ports therein com-
municating respectively with each of said cham-
pers, a second hollow head disposed concentric-
ally with the first head and having segmental
chambers matching those in the first head with
a flat bearing piate having ports therein cor-
responding to those in the bearing plate of the
first head, said bearing plates being disposed con-
centrically and paraliel facing each other and
spaced apart a fixed distance, a catalyst carrier
wheel disposed between the two bearing plates
with its axis coinciding with that of the two
heads and rotatable relative to the heads, said
carrier wheel being divided into-a plurality of
compartments by radial vanes extending sub-
stantially from one bearing plate to the other, 2
catalytic mass disposed in the compartments of
" the catalyst wheel, means for passing hot hydro-
carbon gases from a chamber in one head tv the
corresponding chamber in the other head, means
for passing a hot purging gas from the second
chamber in one head to the corresponding second
chamber in the other head, means for passing a
hot oxidizing gas from the third chamber in one
head in contact with the catalyst to the cor-
responding third chamber in the other head, and

means for passing & hot purging gas from the

fourth compartment of one head into the corre-
sponding fourth compartment of the other head.

4. In apparatus for the catalytic cracking of
hydrocarbons, the combination which comprises
a hollow head divided around its periphery into a
plurality of segmental chambers, said head hav-
ing a flat bearing plate with ports therein com-
municating respectively with each of said cham-
bers, a second hollow head disposed concentric-
ally with the first head and having segmental
chambers matching those in the first head with
a flat bearing plate having ports therein corre-
sponding to those in the bearing plate of the first
head, said bearing plates being-disposed ‘con-
centrically and parallel facing each other and
spaced apart a fixed distance, a catalyst carrier
wheel disposed between the two bearing plates
with its axis coinciding with that of the two
heads and rotatable relative to the heads, said
carrier wheel being divided into a plurality of
compartments by radial vanes extending sub-
stantially from .one bearing plate to the other,
wiper type seals disposed between the bearing
plates and the adjacent edge of the vanes, &
catalytic mass disposed in the compartments of
the catalyst wheel, means for forcing vaporized
hydrocarbons from a chamber of one head to a
corresponding chamber of the other head in con-
tact with the catalytic mass in one compartment,
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gas from a second chamber of one head to a
corresponding second chamber of the other head
in contact with the catalytic mass in another
compartment, and means for simultaneously
rotating the carrier wheel relative to the heads.

5. In apparatus for the catalytic cracking of
hydrocarbons, the combination which comprises
a hollow head divided around its periphery into
a plurality of segmental chambers, said head
having a flat bearing plate with ports therein
communicating respectively with each of said
chambers, a second hollow head disposed con-
centrically with the first her 1 and having seg-
mental chambers matching chose in the first
head with a flat bearing plate having ports there-
in corresponding to those in the bearing plate
of the first head, said bearing plates being dis-

"~ posed concenfrically and parallel facing each
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other and spaced apart a fixed distance, a catalyst
carrier wheel disposed between the two bearing
plates with its axis coinciding with that of the
two heads and rotatable relative to the heads,
said carrier wheel being divided into a plurality
of compartments by radial vanes extending sub-
stantially from one bearing plate to the .other, a
catalytic mass disposed in the compartments of
the catalyst wheel, means for forcing vaporized
hydrocarbons from a chamber of one head to a
corresponding chamber of the other head in con-
tact with the catalytic mass in one compartment,
means for simultaneously forcing a hot oxidizing
gas from 2 second chamber of one head to a
corresponding second chamber of the other head
in contact with the catalytic mass in another
compartment, means for simultaneously rotating
the carrier wheel relative to the heads, a drum
surrounding the catalyst carrier wheel and joined
to the two heads, and. peripheral seals adjacent
the points at which the drum joins the respective
heads to prevent gas by-passing from one head
to the other without passing through the carrier

~ wheel,
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6. In apparatus for the catalytic cracking of
hydrocarbons, the combination which comprises
a hollow annular head divided around its pe-
riphery into a plurality of segmental chambers,
said head having a flat annular bearing plate
with ports therein communicating respectively
with each of said chambers, a second hollow an-
nular head disposed concentrically with the first

- head and having segmental chambers matching
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“means for simultaneously forcing a hot oxidizing 75

those in the first head with a flat annular bear-
ing plate having ports therein corresponding to
those in the first head, said bearing plates being
disposed concentrically with, parallel to and fac-
ing each other, a rotatable shaft disposed on the
common axis of the two heads, a rotatable cata-
lyst carrier wheel rigidly mounted on the shaft
between the two bearing plates, said carrier being
divided into a plurality of segments by radial
vanes and extending substantially from one
bearing plate to the other, a catalytic mass dis-
posed in the segments of the carrier wheel, means
for forcing vaporized hydrocarbons from the
chamber of one head to the corresponding
chamber of the other head in contact with a
catalytic mass in a segment, means for simulta-
neously forcing a hot oxidizing gas from a sec-
ond chamber of one head to & corresponding sec-
ond chamber of the other head in contact with
the catalytic mass in another segment and means
for simultaneously rotating the shaft.

7. In apparatus for the catalytic cracking of
hydrocarbons, the combination which comprises
a hollow annular head divided around its pe-
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riphery into a plurality of segmental chambers
said head-having a flat annular bearing plate
with ports therein communicating respectively
with each of said chambers, a second hollow an-
nular head disposed concentrically with the first
head and having segmental chambers matching

o

concentrica]ly with the first head and having .

: segmental chambers matching those in the first

those in the first head with a flat annular bear- .

ing plate having ports therein corresponding, to
those in the first head, said bearihg plates being
disposed concentrically with, parallel to and fac-

ing each other, a hollow rotatable shaft disposed

on the common axis of the two heads, means for
forcing a cooling fluid through the hollow shaft,
a rotatable catalyst carrier wheel rigidly mounted
on the shaft between the two bearing plates,
said carrier being divided into a plurality of
segments by radial vanes and extending substan-
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head with- a flat bearing plate having radially
spaced ports therein corresponding to those in
the bearing plate of the first head, said bearing
plates. being disposed concentrxcally and par-
allel facing each other and spaced apart a fixed
distance, a catalyst carrier wheel disposed be-
tween the two bearing plates with its axis co-
inciding ‘with that of the two heads and rotatable

* relative to the Heads, said carrier wheel being

15

-tially from one bearing plate to the other; a °

catalytic mass disposed in the segments of the
carrier wheel, means for forcing vaporized hydro-
carbons from the chamber of one head to a cor-
responding chamber of the other head in con-
tact with a catalytic mass in a segment, means
for simultaneously forcing a hot oxidizing gas

" from a second chambper of one head to a corre-
sponding second chamber of the other head in
contact with the catalytic mass in another seg-
ment and means for simu]taneously rotating the
shaft.

-8. In apparatus for the catalytlc cracking of
hydrocarbons, the combination which comprises
a hollow annular head divided around its pe-
.riphery into a plurality of segmental chambers,
said head having a flat annular bearing plate
with ports therein communicating  respectively
with each of said chambers, a second hollow an-
nular head disposed concentrically with the first
head and having segmental chambers matching
.those in the first head with a flat annular bear-
ing plate having ports therein-corresponding to
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those in the first head, said bearing plates being -

disposed concentrically with, parallel to and fac-
ing each other, a rotatable shaft disposed on the
common axis of the two heads, peripheral seals
on the respective bearing plates adjacent the
shaft, a rotatable catalyst carrier wheel rigidly
mounted on the shaft between the two bearing
plates, said -carrier being divided into a plurality
of segments by radial vanes and extending sub-
stantially from one bearing plate to the other, a
catalytic mass disposed in the segments. of the

carrier wheel, means for forcing vaporized hy-

_drocarbons from. the chamber of one head to a
corresponding chamber of the other’ ‘hesd in
contact With a catalytic mass in a segment, means
for simultanenously forcing & hot oxidizing gas
from a second chamber of one head to & corre-
sponding' second chamber of the other head in
contact with the catalytic mass in another seg-

ment and means for simultaneously rotating the’

shaft.
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divided into a. plurality of compartments by
radial vanes extending substantially from one
bearing plate to the other, a catalytic mass dis-
posed in the compartments of the catalyst wheel.
means for passing hot hydrocarbon gases from
a chamber in one head to the corresponding
chamber in the other head, means for passing a .

. burging gas from the  second chamber in one

head to the corresponding second chamber in the
other head, means for passing an oxidizing gas
from the third chamber in.one head in contact
with the catalyst to the corresponding third
chamber in the other head, and means for pass-
ing a purging gas from the fourth compartment
of one head into the corresponding fourth com-
partment of the other head, the. distance be-
tween the radially spaced ports in the bearing
plates along the direction of rotation of -the
wheel being greater than the width of the com-
partments of ‘the carrier wheel in the same
direction.

10. In apparatus for the catalytic cracking of

“hydrocarbons, the combination which comprises

a hollow annular head divided around its pe-
riphery into a plurality of segmental chambers,
said head having a flat bearing plate with radially
spaced ports therein communicating respectively
with each of said chambers, a second hollow an-
nular head disposed concentrically with the first:
head and having segmental chambers matching
those in the first head with a flat bearing plate
having radially spaced ports therein correspond-
ing to those in the bearing plate of the first head,
said bearing plates being disposed concentrically .

-and parallel facing each other and spaced apart

a fixed distance, a catalyst carrier wheel disposed
between the two, bearing plates with its axis co-
inciding with that of the two heads and rotatable
relative to the heads, said carrier wheel being

. divided into a plurality of compartments by
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radial - vanes extending substantially from one
bearing plate to the other said radial vanes be-
ing radially spaced apart a distance substantially
less than the radial width of said ports, a cata-
]ytic,)mass disposed in the compartments of the
catalyst wheel, means for forcing vaporized hy-
drocarbons from a chamber of one head to a cor-

. responding chamber of the other head in con-
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9. In apparatus for the catalytic cracking of -

hydrocarbons, the combination which comprises
a hollow head divided around its periphery into
at least four segmental chambers, said head hav-
ing a flat bearing plate with radially spaced ports
therein communicating respectively with éach of
said chambers, a second hollow head disposed

tact with the catalytic mass in one compartment,
means for simultaneously forcing a hot oxidizlng
gas from 'a second chamber of one head to a
corresponding second chamber of the other head
in contact with the catalytic mass in another
compartment, and means for simultaneously ro-
tating the carrier wheel relative to the heads.
OLIVER F. CAMPBELIL,
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