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1

This invention relates to the cracking of hy-
drocarbon oils and pertains more partlcularly to
the cracking of oils in the presence of g finely-
divided cracking catalyst.

It has heretofore been the practice to crack
oils in the presence of a finely-divided cracking
catalyst which is continuously circulated through
a cracking zone and a regenerating zone and 'in
which the catalyst is maintained in a fluid state
throughout its circulation between the cracking
and regenerating zones by maintaining a small
amount of fluidizing gas in admixture with said
catalyst. It has previously beén known that the
presence of a small amount of such aerating gas
causes the finely-divided catalyst to behave in
many respects as a liquid, such as being capable
of generating a hydrostatic pressure. ' When op-
erating according to previous practices, the pres-
sure lost during circulation of the catalyst pow-
der is restored by providing one or more stand-
pipes in the circulating circuit. For example,
one standpipe may be positioned in the transfer

2

operating a crackmg process capable of more s
efficiently utilizing the cracking equipment.
Another main object of the invention is to uti-
lize more effectively the heat liberated -during
the burning of combustible deposits from the
catalyst during the regenerative treatment.
Other more detailed objects of the invention

“will be apparent from the description .herein-
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line for passing the catalyst from the cracking .-

zone to the regenerating zone and another
standpipe may be positioned in the transfer line
leading from the regenerating zone back to the
cracking zone. This type of process is gener-
ally known as the fluid cracking process.

. When operating the fluid catalyst process, and
also other types of catalytic processes, .it has
been the practice heretofore to regulate the crack-
ing conditions to convert a relatively uniform
and predetermined amount of the charging oil
into gasoline, irrespective of the :coke-forming
characteristics of the-charging oil.. This means
that there is a variation in the amount of coke
formed during the cracking operation from a
given amount of feed, depending upon the cok-
ing characteristics of the charging oil.  Because
of the variation in the amount of coke produced,
according to prior practices it was necessary
to design the regeneration chamber of sufficient

capacity to burn the maximum amount of coke

which would be produced from the various types
of charging oils ‘passed to the equipment. In
view of this, the regenerating equipment was op-

- erated at design capacity only in cases where the:

charging stock produced a relatively high per-
centage of coke. In other cases, such as when
employing a relatively clean condensate stock
which produced relatively low amounts of coke,
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the regenerating equipment was not. operated at .

maximum capacity or efficiency.
One of the important objects of the present
invention is to provide an improved method of

55

after in which reference will be made to the ac-
companying drawing which is a partly diagram-
matic and partly schematic illustration of an ap-
paratus capable of carrymg the invention into
effect, ‘

In accordance with the present invention, the
oil to be cracked is passed:upwardly through a
vertical reaction chamber into which a stream
of finely-divided . powder is continuously intro-
duced and the velocity - of the vapors' rising
through the chamber is controlled by the rate of
feed. of the charging oil to maintain a relatively
dense, turbulent layer or phase of catalyst in
the bottom portion of the cracking .chamber!
Under properly regulated conditions, this rela-
tively dense layer will be superimposed by a rela-
tively dilute phase containing oil vapors and a
small amount of entrained catalyst. The level .
of the dense, turbulent phase of catalyst in the
cracking chamber is independently controlled
by separately withdrawing a stream from the
dense phase at a controlled rate.

Further in accordance with the present inven-
tion, the level of the dense, turbulent phase
within the cracking chamber is regulated to con-
vert a substantially uniform amount of the
charging oil into coke or combustible deposits,
irrespective of the coke-forming characteristics
of the charging oil.

According to a more specific phase of the inven-
tion, the amount of coke formed is controlled so
that the heat liberated during the burning there-
of is sufficient to supply the major portion of
the heat requirements for the cracking process.
This involves supplying the heat required to pre-
heat the oil from incipient cracking temperature
or below up to the final cracking temperature and
to supply the necessary heat for the endothermic
reaction. When operating according to the pres-
ent invention, the amount of charging stock con-
verted into gasoline will vary with the coke-form-
ing characteristics of the charge, Expressed in
another way, instead of carrying out the cracking

_process to convert a uniform amount of charging

oil into gasoline, ‘according to present practices, .
the cracking conditions are controlled to convert
2 uniform and predetermined amount of the oil
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into coke, the amount of coke formed being suf-
ficient to supply the necessary fuel for the crack-
ing process. This is accomplished according to
a specific phase of the invention by regulating
the level of the dense, turbulent phase of cata-
lyst within the cracking zone.

Having set forth the general nature and ob--

jects, the invention will be best understood by -

the more detailed description hereinafter and
reference will now be made to the accompanying
drawing.

Referring to the drawing, the reference cha.r-
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acter 10 designates a charge line for introducing

the oil to be processed into the system. This
oil may comprise any higher boiling hydrocarbon
oil fraction which is desired to be converted into
gasoline or motor fuel constituents, including gas
oils and crude residuums. The oil prior to being

introduced into the system through line {0 may’

be partially preheated from room temperature
even up to incipient cracking temperature, such
as from 500° P, to 750° F. The o¢il passing through
line 10 intermingles with a stream of hot, finely-
divided cracking catalyst introduced through ver-
tical conduit 1 f having a control valve 12 for regu-
lating the amount of powder introduced into the
oil. The temperature of the catalyst powder in-
troduced into the oil is preferably materially

- above the desired cracking temperature and the
amount introduced is sufficient to preheat the

oil from the initial preheat temperature to the
final desired cracking temperature and also to
supply the necessary heat for the cracking reac-
tion. The amount of catalyst so introduced will

normally range between 5 and 50 parts of cata~- ¢

lyst per part of oil by weight. The finely-divided
catalyst may consist of any of the cracking cata-
lysts, such as activated clays and synthetic gels
of silica-alumina, silica-magnesia, boron oxide-
alumina, silica-zirconia, and the like.

The suspension of oil and catalyst formed in
the line 10 is transferred into the bottom of a
reaction chamber (3. The bottom of the reaction
chamber 13 may be in the form of an inverted
cone superimposed by a grid {4 forming a distrib-
uting zone for distributing the oil vapors and cata-
Iyst into the main body of the cracking chamber.
The size of the cracking chamber is designed to
permit the velocity of the oil vapors to be reduced
to a point which will cause the finely-divided
powder to separate into a relatively dense phase in
the bottom section of the reaction chamber, as
illustrated. This layer of catalyst will be main-
tained in a highly turbulent condition by the oil
vapors rising therethrough and-a substantially
uniform temperature may therefore be main-
tained throughout the body of catalytic material
therein.

The oil vapors pass upwardly through the layer
of catalytic material maintained in the cracking
chamber and are removed overhead into a cyclone
separator 15 wherein entrained catalyst is sep-
arated from the gaseous reaction products. The
superficial velocity of the oil vapors rising through
the reaction chamber may be of the order of
from 0.5 to 5 feet per second, depending upon
the size and density of the catalyst particles.

The reaction vapors are removed from cyclone
separator {5 through line 16 and the catalyst sep-
arated in the cyclone is returned to the cracking
chamber through conduit I17. The cracked vapors
may be passed to a conventional fractionating
column {8 in which the vapors are subjected
to fractional condensation to separate the cracked
vroducts into a plurality of fractions., The ini-
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4 , y
tial fraction formed in the bottom portion of the
fractionating tower .18 will normally contain a
relatively small amount of catalytic material.
The initial condensate, containing the powdered
material is withdrawn from the bottom of the
fractionating tower I8 through line 19 and may
be rejected from the system or it may be recycled
to the reaction chamber for further cracking,
if desired. Condensate formed in the upper sec-
tion of the fractionating tower may be separately
collected in one or more trap-out trays, such as
trap-out tray 21, and separately withdrawn as
a side stream through line 22. .

Vapors remaining: uncondensed in the ﬁac-
tionating tower 18 are removed overhead through
line 23 which leads to a condenser 24 in which
the motor fuel constituents formed during the
cracking process may be condensed. The prod-
ucts then continue from the condenser 24 into
a receiver 25 in which the liquid distillate sepa-
rates from uncondensed vapors and gases. The
vapors and gases are removed from the receiver
25 through line 26 and may be passed to suitable
recovery equipment which, for purposes of sim-
plicity, has not been illustrated in the drawing.

The raw distillate separated in the receiver 25

is withdrawn through line 27 and may be sub-
jected to any further finishing treatment required
for the production of the final market product.
Referring again to the reaction chamber (3, a
séparate conduit 28 extends upwardly through
the bottom of the reaction chamber into the main
body of the chamber and preferably terminates

_at an intermediate point therein. The conduit

28 serves for separately withdrawing a stream of
catalytic material containing absorbed reaction
products from the reaction chamber. This
stream discharges through a confrol valve 29
into a stripping zone 31 in which the powder is
subjected to thorough stripping by an inert gas -
such as combustion gas or steam to remove the
volatile hydrocarbon products therefrom. The
gas used for stripping Is introduced into the bot-
tom of the stripping zone 31 through line 32 and
the volatile hydrocarbons together with the strip-
ping gas are removed overhead through line 33
and may be introduced into the reaction cham-
ber i3 above the level of catalyst therein and
become intermingled with the main vapor product
stream.

The strlpper 31 may be prov1ded w1th sultable
baffle 34 for improving the contact between the
stripping gas and the powder. The catalyst
passes from the bottom of the stripper 31 into a
vertical conduit 35 which forms a standpipe for
restoring at least a portion of the pressure lost
on the powder during circulation- through the
reaction chamber. A fluidizing gas may be in-
troduced at one or more spaced points through
lines 36 and 37 for maintaining the powder in

. the vertical standpipe 35 in a fluid state capable
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of behaving as a liquid and thereby generating
a hydrostatic pressure at the base of the stand-
pipe. The powder discharges from the base of
the standpipe 35 through a control valve 38 at a
controlled rate into a stream of air passing
through line 39. 'The suspension of air and cata-
lyst passes from line 39 into the bottom of a re-
generator 41 below a grid plate 42. The regen-
‘eration chamber 41 is constructed similarly to
the cracking chamber 13 and the diameter of
the chamber is preferably such that the velocity
of the air rising through the regenerator is re-
duced to a point which permits the powder fo
separate into a relatively dense layer, as pre-
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viously described in connection with the reaction
chamber 13..

The catalyst is subjected to regeneratlon w1th- -

in the regenerating chamber 41 for. burning com-
bustible deposits formed on the catalyst. durmg

the .cracking operation. The spent combustion .’

gases are removed overhead from the regenerator ‘

41 ‘through a cyclone 46 which effects further

removal of catalyst powder from the. spent com-
bustion “gases. The catalyst sepa.rated in. the
cyclone 46 discharges back- into the regenerator

1o

through -conduit, 43 and the spent combustion . '

gases are removed overhead through line 44, -

These combustion gases may be passed to. addl- N

tional recovery equlpment such as Cottrell sepa-

15

rators, filter-bags, and the like for. further sepa- =
ration of the catalyst from the regeneration gas. .
As ilustrated, the .conduit: {f which discharges, ‘

the catalyst into the main feed .stream passing
through line.i0 has an extension.45 projecting

20

through the grid plate 42 and upwardly into the.

intermediate section of the regenerator 41.
conduit serves to remove hot; regenerated catalyst
directly from the regenerator and returning it
directly into the oil streams. If desired, a small

This -

25 ¢

amount of fluidizing .gas-may be introduced:at -

one or-more spaced points in: the conduit [1 to
maintain the powder in a fluid state and the con-
duit | may function as conduit 35 for generating
additional pressure to restore pressure lost.dur-

30

ing passage through the regenerating equipment. -

In accordance with the present invention, the
amount of coke 'formed from g given amount of
feed during the cracking process is maintained
substantially uniform irrespective of the coke-
forming characteristics of the charge by varying
the depth of the. catalyst layer within the re-
action chamber (3. The depth of the catalyst
layer in the reaction chamber may be regulated
by controlling the rate of withdrawal of the cata-
lyst through control valves 29 and 38. . The ex-
tent of cracking in the cracking chamber 13 will
depend upon the depth of the catalyst layer
through which the oil vapors pass, and when it
is desired to reduce the amount of cracking which
is faking place the level in the reactor is main-~
tained relatively low, whereas when it is desired
to increase the degree of cracking a greater
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depth of catalyst is maintained within the re- -

action chamber. The minimum level maintained
in the reaction chamber #3 will be fixed by the
height of the conduit 28 projecting into the re-
action chamber, and the maximum level will de-
pend upon the height of the reaction chamber.

It will therefore be evident that the amount
of catalyst maintained in the reaction chamber
through which the oil vapors pass may be con-
trolled over a relatively wide range and thus pro-
vides an excellent ineans of regulating the
amount of coke formed during the cracking op-
eration.. The amount of coke formed from a
given amount of feed is preferably sufficient to
supply the major poriion of the heat require-
ments for the cracking process, as previously set
forth. 'This may range from 2% to 9% coke, de-
pending upon the preheat temperature of the oil
-and the cracking temperature desired. When
operating at temperatures of about 950° F. in the
cracking chamber and 1100° F, in the regenerator,
the amount of coke formed should be about 6%
when an oil preheat temperature of 400° F. to
500° F. is employed.

This application forms a continuation-in-part
of our eaflier application Serlal No. 363,867,
filed November 1, 1940.
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Having set. forth the' general nature a K
jects of the invention, it will be understood\that
it embraces such other variations and modifica-
tions as come within the sp1r1t and scope thereof o

What is desired to be protected by Letters Pat‘ -
ent is: s
1, In a process for cracklng hydrocarbon oxls“ ‘
wherem the oil is cra.cked in the presence of. a‘

,catalyst whlch contmuouSly crrculates through a ‘

cracking zone and wherem oils of different cokmg )
characteristics are passed through sald crackmg 5
zone at different tlme the 1mprovement which "~
comprises controllmg the amount of ca.talyst in

. said cracking zone'to convert a substantlally uni-

form and predetermined amount ‘of ‘the. oil.into,
coke irrespective of ithe. coke formmg charac- )

.terlstlcs of said oil..

2, In a process for crackmg hydrocarbon mls‘ '

.wherein the oil is, cracked in the presence of a -

catalyst which continuously circtlates through a
cracking zone and thereafter through a regener-
ating zone it which coke deposits formed on the

‘catalyst.during -the cracking operation are re-,
‘moved by burning and wherein oils. of d1fferent i

coke-forming characteristics, are. passed through i
said cracking zone at different times, the im-
provement . which  comprises. controllmg the...
amount of catalyst in said cracklng zone to con-,
vert a substantially. uniform. and predetermmed
amount of the -oil intc coke irrespective of the
coke-forming . characteristics of said ' oil, .the
amount . of coke formed . being  sufficient when‘
burned in said regenerating zone to supply the,
major portion of the heat requirements for the .
cracking process, burning the coke formed. during
the cracking process. in said regenerating zone
to-heat the catalyst to a temperature materlally
above the temperature existing in the cracking
zone and thereafter returning the heated catalyst
directly from the regenerating zone to the crack-
ing zone, )

3. A process for crackmg hydrocarbon . 01ls ‘
which comprises passing the oils of different coke-
forming characteristizs in vapor form at different
times ‘upwardly through an enlarged vertical
cracking zone containing finely-divided cracking: .
catalyst, regulating the velocity of the vapors ris-
ing through said cracking zone to maintain a

. relatively dense, turbulent layer of catalyst in

the bottom portion of the cracking zone, with-
drawing vaporous cracked products from the
upper end of said zone, continuously introducing
a stream of hot, finely-divided catalyst into said
cracking zone, withdrawing a stream of finely-
divided catalyst from the lower portion of-said
cracking zone below the level of said dense, tur-
bulent layer of catalyst and varying the amount

- of catalyst contained in said zone to convert a

uniform amount of said oils into coke irrespective
of the coke-forming characteristics of said oils
during the cracking process.

4. A process for cracking hydrocarbon oils of
different coke-forming characteristics which
comprises preheating the oils to a temperature
below active cracking temperature, passing the
oils so heated in vapor form at different times
upwardly through an enlarged vertical cracking
zone containing finely-divided cracking catalyst,
regulating the velocity of the vapors -rising
through said cracking zone to maintain a rela-
tively dense, turbulent layer of catalyst in the
bottom portion of said zone, withdrawing vaporous
cracked products from the upper end of said zone,
separately withdrawing a stream of finely-divided
catalyst from the lower portion of said cracking
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' zone below the level of said layer, passing the

catalyst so withdrawn to & regenerating Zone,
nurning coke deposits from said cetalyst within
said regenerating zone to thereby heat said cata-
1yst, returning the heated catalyst to the crack-

. ing zone and varying the amount of catalyst
_within .said cracking zone to convert a uniform
"and predetermined amount of oils into said coke

deposits irrespective of the coke-forming char-
acteristics of said oils, the amount of coke de-
posits being sufficient to supply the remaining
heat requirements for the cracking process.

5. In the process defined by claim 4, the im-
provement which comprises varying the amount
of catalyst in said zone to convert from 3% to 9%
of sald oil into coke deposits.

6. A process for cracking hydrocarbon oils of
different coke-forming characteristics which com-
prises preheating the oils to a temperature below

-incipient cracking temperature, passing the

heated oils in vapor form at different times up-

10
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posits formed on the catalyst during the cracking

operetion are burned with the liberation of heat

and wherein the loss in pressure on the catalyst

during circulation is restored by passing the

catalyst downwardly through a vertical stand-
pipe capable of generating a hydrostatic pres-

sure; the improvement which comprises passing -
the oils in vapor form at different times upwardly
through a cracking zone containing said catalyst
at & velocity controlled to form =a relatively.dense
layer of catalyst in the bottom section of the
cracking zone, removing vaporous reaction prod-
ucts from the upper end of the cracking zone,
separately withdrawing finely-divided catalyst
containing coke deposits from the lower portion
of the cracking zone below the level of said cata-
lyst layer, passing the catalyst so withdrawn toa

. regenerating zone, passing an oxidizing gas up-

wardly through an enlarged vertical cracking zone ,

containing finely-divided cracking catalyst, regu-

' lating, the velocity of the vapors rising through

said cracking zone to maintain a relatively dense,
turbulent layer of said catalyst in the bottom
portion .of said zone, withdrawing vaporous
cracked products from the upper end of said zone,
separately withdrawing a stream of finely-
divided catalyst containing coke deposits from
the lower portion of the cracking zone, passing
the catalyst so withdrawn to a regenerating zone,
burning coke deposits from said catalyst in the
regenerating zone to thereby heat said catalyst,
returning the heated catalyst to the cracking zone
and regulating the level of the layer within said
cracking zone to convert a uniform and prede-
termined amount of said oils into coke irrespec-
tive of the coke-forming characteristics thereof,
the amount of said coke being sufficient when
burned in said regenerating zone to supply the
remaining heat requirements for the cracking
process.

7. In a fluid catalyst cracking process for
cracking oils of different coke-forming charac-
teristics wherein finely-divided cracking catalyst
maintained in a fluid state is continuously circu-
lated through a cracking zone and thereafter
through a regenerating zone in which coke de-
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. wardly through said regenerating zone at a ve-

locity controlled to maintain a relatively dense
layer of catalyst in said regenerating zone, re-
moving spent regenerating gas from the upper
portion of said regenerating zone, heating said
catalyst within said regenerating zone, with-

drawing catalyst from the lower portion of said a

regenerating zone beneath the layer of said cata-
lyst therein, returning the regenerated catalyst
while in said heated condition to said cracking
zone and varying the level of the catalyst within
said cracking zone to convert & substantially uni-
form and predetermined amount of said. oils into
coke irrespective of the coke-forming character-

istics thereof.
CHARLES E. HEMMINGER.

EDWIN J. GOHR.
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