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ware

1 . I

This invention relates to the treatment -of
organic fluids with solid contact materials. In
one specific embodiment the invention has.par-
ticular application to the catalytic treatment of
hydrocarbons wherein . a - finely divided solid
catalyst.is employed which becomes coated with
carbonaceous matter, which matter is periodi-
cally removed from the: catalyst by oxidation.
The invention has particular though mot. exclu-
sive utility ‘in the catalytic cracking of hydro-
carbon oils to form lower boiling hydrocarbons,
and will be described with specific. reference
thereto in a preferred embodiment.

The cracking of hydrocarbons in the presence
of catalysts has long been known, One of the
standard methods is to deposit the particles of
catalyst in the form of a stationary bed within a
reaction vessel and to pass the charge stock, pre-
heated to cracking temperatures, through the
bed of catalyst under conditions effecting the
desired cracking reactions. ‘When a gas oil, for
example, is being cracked to form gasoline, «cer-
tain other products are also formed including
light gases and a very heavy carbonaceous mate-
rial which is deposited on the catalyst particles
and which is frequently designated as “coke,”
although this latter material probably consists
of a mixture of free carbon with hydrocarbons
of high molecular weight having 2 low hydrogen
to carbon ratio. This deposit causes what is ap-
parently a loss in activity of the catalyst, -as evi-
denced by @ decrease in production of desired
products, and after a period of time the extent
of reaction becomes sufficiently impaired as fo
require @ stopping of the cracking. reaction for
the purpose of reactivating the catalyst.  To this
end the flow of hydrocarbon vapors is stopped,
the cataylst bed is purged with steam or other
inert gas, and an ‘oxygen-containing gas; such as
air, is then passed through the catalyst bed to
burn off the carbonaceous deposits and thus re-
activate the catalyst. This reactivation -or-re-
generation treatment must be conducted with
considerable caution in order to avoid overheat-
ing the catalyst; since most siliceous eracking
catalysts cannot withstand temperatures: above
about 1150° F. without being permanently im-
paired in activity, ‘while even ‘the most rugged
catalysts, such as bauxite, must not be allowed
to attain a temperature in -excess -of 1400 to
1500° . during reactivation. - After:part or all
of the carbon has been removed the chamber is
purged of oxygen-containing gases and the
catalyst bed is again employed “for the cracking
reaction. When using such g stationary: bed at
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least two catalyst chambers are ordinarily em-
ployed so that one is always available for on-
stream processing flow while the other is being
reactivated.

More recently there have come into common
use the so-called mobile catalyst systems in which
the catalyst is caused to flow continuously in &
cycle which includes flow through a Teaction
chamber and a reactivation chamber, ‘There are
two principal types, one being the so-called
“TCC” process in which catalyst particles of
considerable size are moved downwardly through
the reaction chamber in the form of a slowly
moving bed, and are then lifted by mechanical
means to the top -of a regenerator through which
they again flow in the form of a moving bed; the
thus reactivated catalyst is then transferred to
the top of the reactor for another cycle. The
other principal method is known as the “fluid”
cracking process, in which the catalyst is em-
ployed .in the form of a fine powder. This
powdered catalyst is maintained in the reactor
and in the regenerator as a suspension in gases,
and is moved through the system in a cycle
which includes the reactor and the regenerator
while suspended in various gaseous streams. - The
catalyst may either be suspended in the reactants
and regeneration gas and carried upwardly or
even horizontally at about the same rate of flow
as the gases, or it may be maintained in the re-
spective chambers in the form of a “fluidized”
bed, the latter being more common. In the
fluidized bed method of operating, relatively large
bodies of catalyst are maintained in the reactiva-
tion and the reaction chambers in an aerabed
condition, and catalyst is continuously being
added to and removed from each bed for passage
to the other chamber. The catalyst within each
chamber is in g turbulent condition somewhat
resembling a boiling liquid, and there thus exists
within the chamber a dense turbulent phase of
catalyst suspended in gases, above which is a
gas phase containing a much smaller amount of
catalyst which happens to be carried out of the
dense phase by the up-flowing gases. The gases
leaving the chamber are -ordinarily passed
through one or more cyclone separators or other
means for separating the residual catalyst from
suspension in the gases.

In -the fluidized bed technigue the catalyst
itself is relied on to varry the heat of regeneration
into ‘the reaction chamber to supply the endo-
thermic heat of the cracking reaction. In order
to carry sufficient heat,and also in order to mini-

5 mize over-heating in the reactivation zone, a
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relatively large quantity of catalyst is continu-
ously circulated as compared to the minimum
amount which would be required for effecting the
desired amount of cracking. Furthermore, be-
cause of the uniform mixing of just-introduced
spent catalyst particles with the entire body of
catalyst in the reactivation zone, the “reacti-

vated” catalyst withdrawn therefrom is neces--

sarily a mixture of catalyst particles.in all stages
of reactivation, and has the same carbon content

as the average of all the catalyst within the re-

activation zone. Thus, in a typical example,
catalyst having an average carbon content of 3
weight per cent will be continuously withdrawn
from the reactor and introduced into the reac-
tivation zone; the average carbon content Iis
therein lowered to 1 per cent, and it is difficult
or impractical to carry out the reactivation in
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such a way as to produce a reactivated catalyst

with a carbon content appreciably lower. Simi-
larly, the conversion is always carried out in the
presence of a mixture of catalyst particles not
only of low, but also intermediate and high car~
bon content, and necessarily the average carbon
content of the catalyst in: the converter is far
above even that of the reactivated catalyst intro-
duced thereto. There is, however, an advantage
over fixed bed operation in that the catalyst in
the reactor is always of the same average activity
and accordingly a very uniform product is ob-
tained over a long period of time. -

One of the principal drawbacks of a fixed bed
type of operation lies in the variation in catalyst
activity from the beginning of a process period
in a cycle to the end of that period. Thus, in the
beginning when the catalyst has been freshly
reactivated there may be practically no carbon
on the catalyst which will accordingly have the
greatest activity. As the reactivation proceeds
the catalyst becomes less active due to the deposi-
tion of “coke,” and it is economically necessary
to continue the conversion until the activity has
decreased quite considerably, This decrease in
activity not only results in a lowered per-pass
conversion but may also cause a marked change
in product characteristics. The resulting varia-
tions in quantity and quality of product intro-
duce operating difficulties with respect to frac-
tionation and with respect to product quality
control. '

- It has herefofore been suggested to combine
certain features of the stationary bed and fluid-
ized bed procedures and this has been accom-
plished by merely providing 4 body of powdered

catalyst in each of two chambers, together with

suitable cyclone separators and other means for
retaining the catalyst within the chambers, and
then alternating each chamber on conversion
and on reactivation, in exactly the same manner
as if a stationary bed of catalyst rather than z
fluidized bed were within each chamber. While
better heat control and other advantages are
thus obtained, a number of the disadvantages of
each method still remains, including the decrease
in catalyst activity just mentioned.

While the foregoing discussion has been di-
rected specifically toward catalytic ‘cracking of
hydrocarbon oils, it will be understood that the
problems are similar for the various other con-
versions and treatments of organic fluids which
are carried out in the presence of solid contact
materials, including catalysts, under conditions
causing laydown of carbonaceous matter on-the
contact material which must be removed by burn-
ing off or otherwise. Examples of ‘such conver-
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sions are well known to those skilled in the arf
and include catalytic reforming of gasoline-boil-
ing-range stocks to improve the octane number
thereof, catalytic desulfurization of similar ma-
terials, dehydrogenation of paraffins and/or
olefins either normally liquid or normally gase-
ous, the cyclization or aromatization of hydro-
carbon ‘materials, various alkylations including
the alkylation of aromatic hydrocarbons and of
phenolic compounds with olefins, alcohols and
alkyl halides, catalytic dehydration of oxygenated
organic materials, and dehydrohalogenation of
organic halides, as well as the simple treatment
of organic fluids with solid adsorbents to remove

‘a component therefrom either by simple adsorp-

tion or a combination of physical adsorption and

chemical reaction such as polymerization, the

latter combination effect being exemplified by
the clay treating or refining of cracked gasolines.
The Fischer-Tropsch synthesis wherein carbon
monoxide is reacted with hydrogen to .form
hydrocarbons and oxygen-containing organic
compounds in the presence of a powdered cata-
lyst such as reduced iron, may be performed in
accordance with this invention, the catalyst which
becomes deactivated by wax deposits being re-
activated not by oxidation but by treatment with
hydrogen at elevated temperatures, such as from
reaction temperature up to 800° C. The prin-
ciples of the invention are broadly applicable not
only to organic conversions wherein carbon de-
posits cause deactivation of catalyst, but like-
wise to any conversion or treatment of fluids by
solid contact materials, which term includes
among other materials any solid catalyst, under
conditions that cause fouling of the contact ma-
terial in any way resulting in decreased activity
and requiring reactivation in order to maintain
an active contact material.. For example, in the
dehydration of alcohols to form olefins in the
presence of silica gel, alumina, or active clays,
the activity of a used catalyst which has become
hydrated can be increased by merely heating at
an elevated temperature to dehydrate same.

It is an object of the present invention to pro-
vide improvements in the treatment of fluids in
the presence of a mass of subdivided solid par-
ticles which became deactivated and require re-
activation. It is another object of this invention
to improve the operation of catalytic hydrocar-
bon conversions. A further object of the inven-
tion is to effect the treatment of hydrocarbons
with a powdered catalyst. Yet another object is
to combine certain principles of the fluidized
bed technique and the fixed bed technique in the
catalytic conversion of hydrocarbons in such a
way as to obtain further advantages not gvailable
by the practice of either method alone. A still
further object of the invention is to employ inter=
mittent conversion and reactivation steps within
a single chamber while yet maintaining a sub-
stantial constant catalyst activity through the
conversion step. A further object is to minimize
the circulation of powdered catalyst through a
conversion system of the type described. Yet
another object is to obtain improved carbon re-
moval from a powdered catalyst. Further ob-
jects and advantages of the invention will be
apparent, to one skilled in the art, from the ac-
companying disclosure and discussion.

Briefly stated, one preferred embodiment of my
invention involves the use of two similar chambers
each containing a body of powdered catalyst,
each chamber being used alternately on.conver-
sion and on reactivation, together with a third
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auxiliary catalyst storage: chamber into which
reactivated catalyst.is periodically passed ang out
of which: fresh or reactivated catalyst: is: periodi-
cally: passed to.the chamber which is: on conver-
sion at the time. The conversion step is initiated
im one chamber-containing only a part of the total
catalyst which is ultimately to be used therein,
for example one-third. This catalyst is fresh
catalyst which has just been: reactivated within
the. conversion: chamber itself. The: flow: of hy~
drecarbon oil to be cracked or converted is ini-
tiatied, and either immediately or after a peried
of time, the addition to the: ¢chamber of further
amounts of catalyst is started. As the: conver-
sion proceeds.in. this: chamber, sufficient: catalyst
isadded in a continuous or substantially continu~
ous- ‘manner to maintain an adequate average
activity of the catalyst in the conversion cham-~
ber. The catalyst within the chamber is main-
tained as: a fluidized bed at all times, and the
level of that bed gradually rises due to the addi-~
tion of catalyst. 'The conversion thus continues
with the addition: of eatalyst tio the fluidized bed
until the eatalyst level has risen to. a predeter-
mined maximum. The conversion step may then
be stopped or may be continued for a period of
time until the average catalytic activity decreases
somewhat. Preferably, however, the catalytic
activity and accordingly the per-pass conversion
is. maintained within: narrow Ilimits: throughout
the conversion step: While this has: been: going
on;, catalyst in the other chiamber-has: been: umn-
dergoing reactivation as will be described below.

At: the end of the conversiom step: in: the par-

ticular chamber-under discussion, the oil charge is |

diverted to. the other chamber which: now: con-
tains = minimum level of reactivated catalyst,
where conversion is: earried out.in a manner sime-
itar to. that: just described with reference: to: the
first: chamber. The first. chamber is then: purged
of hydrocarbons: by steam or other inert gas-and
reactivation of the catalyst contained: therein is
started. The reachivation is accomplished by
passage: of air or other oxygen-containing gas
through the bed: of catalyst. which. is stifl main-
tained in a fluidized condition, The: reactivat-
ing- gases are passed through the: catalyst until
the. carbon content; thereof has: been: reduced to
any- desired value;, which preferably appreaches
zero. The gas: velocity: is: preferably nraintained,
only sufficient. to keep catalyst in suspension
within the réactor; at least during the first. por-
tion of the regeneration step. After the: regener-
ation. is complete, or after the regeneration is, sa¥;
half complete; the. flow: rate of gases is: inereased
sufficiently to carry substantial amounts: of cata-
lyst.upwardly out of the dense: fluidized phase. At
that time the efiuent reactivation gases are passed
directly from the said first chamber into the sup-
plementary catalyst storage chamber and the
catalyst thus carried i suspensionm: is separated
therein from: the reactivation gases and stored for
future:use. This separation may: be:accomplished
not: only- in: the. storage: chamber; but: also or in-
stead outside: the chamber as desired by any suit-
able means. The flow of gases: plus suspended
catalyst is continued until sufficient catalyst has
been carried out of the chamber under regctiva:
tion and: into, the: storage. chamber to: lower the
catalyst level in the first- chramber to, the: desired
minimum: for initiation of the next-conversion step
theréin. When this: catalyst-carryimeg~out: pro-~
cedure is: started before: reactivation is: complete,
the reactivation continues.concomitantly; and ad-
ditional reactivating gases may he. introduced
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into: the eonduit which. is. carrying the catalyst
from the one: chamber to: the: other in; order to.

complete .the regeneration of that portion. of

catalyst: which is being carried over. Addition-
ally: or alternatively; reactivation: may be con-
tinued within the catalyst storage:chamber itself,
either by: means of reactivation: gases in which
the catalyst is carried or by means of additional
oxygen-containing gases infroduced into. the:-bot-
tom of the storage chamber. TIn any event, this
portion of the cycleis complete when the level of
reactivated catalyst within the. first chamber
reaches a predetermined minimum. At that
time the first chamber is ready to be purged and
placed: again in conversion service. If the con-
version step has been completed -in” the second
chamber by this time; then the first chamber is:
immediately purged and the oil charge is diverted
into that chamber If: the second chamber is
still usable for conversion, the first chamber is:
mevely purged and the catalyst maintained
therein in a fluidized condition by the use of
steam or other inert gas until the time for its use
arises.” In some instances it may be desired to
cool the catalyst remaining in ‘the first chamber
from the reactivation temperatures to a temper-
ature more nearly corresponding to the desired
conversion temperatures, and such: cooling: may
be accomplished by passage of steam or-otherin-
ert gas through the body of catalyst.

When the first chamber is put-back on. con-
version, the catalyst in the second chamber is
then subjected to reactivation in the manner just
described..

It will be apparent from. the foregoing that
rather than allowing the catalyst within a given
chamber to'decrease in activity until the eon-
version. must. be stopped, the activity is main-
tained by means of added fresh catalyst which is
contmuously being 'introduced into the: chamber
along with the hydrocarbon feed. In this way
the e_ntii*e conversion step may be carried out
with a fixed catalyst activity, or with a catalyst
activity which. is. allowed to vary over only nar-
row limits. This can. be accomplished with a
minimum of catalyst circulation through the sys-
tem, as compared with the usual fluid catalyst
techmque due to the compiete reactivation which
is accomplished hy my process. In this way a

. very desirable combination of advantages of the

fixed bed operation and of the fluid catalyst op-
eration is obtained while avoiding certain dis-
advanta.ges of each.

" For the purpose of explammg the invention in
further detail, reference is made to the accom-
panying drawing which. is a diagrammatic flow
sheet of the process and eqmpment adapted to
practice the invention:'set forthr hereim. It will
be apprecmted that numerous items of equipment;,
such as pumps, blowers; valves, controls, heat ex~
changers, and the like, can readily be supplied
by one skilled in the art for any particular sit-
uation, and therefore, no attempt has been made
to show all such. items in the drawing.

Numeral { désignates a. typical charge stock
preheater and vaporizer containing-the commonly
known. radiation. and convection tube banks 2.
Numerals 3 and # designate vertically disposed
catalytic reactors. ox converters, commeonly cylin-
drical. in. form, each.of which. may be equipped
with. a conical or otherwise shaped bottom. . Each
reactor ds- thoroughly: insulated, either internally
or: externally; and may -advantageously be lined
with: a; corrosion=~ and: abrasiomsresistant mate~
vial: Imfluent fiuid distributing: means 9 and: 0
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may be of any known type or may be omitted
altogether.” The size of the reactors may vary
within wide ‘limits ‘depending upon the type of
charge stock, catalytic contact time, amount. of
catalyst used, amount of catalyst circulated, and
other known factors. For example, the diameter
may vary from 3 to 20 feet while the height may
vary from 10 to 50 feet. A preferred reactor is
10 feet in diameter by 34 feet in height with a
dished head and a frusto-conical bottom. 1In the
top of each reactor, 3 and 4, are situated-cen-
trifugally-acting. dust separators, 5, 6, T and 8,
which may be of the well-known cyclone type
and ‘whose purpose is to render substantially
catalyst-free the gaseous streams leaving the re-
actors. Numeral fl indicates a hopper for re-
generated catalyst, cylindrical in form with a
conical bottom, whose function is to serve as a
catalyst surge tank as will be hereinafter ex-
plained. A dust separator, 12, similar in type
and function to those located in the top of the
reactors is situated in the top of the catalyst
hopper 11 to separate catalyst fines from effluent
reactivation product gas. The hopper should be
adequately. insulated in order to minimize cool-
ing of the hot catalyst contained therein and
may, if necessary, be equipped with reactivation
gas distributing means 24 in its bottom to pro-
vide for efficient contact of regenerating gas or
hot spent regeneration gas with the temporarily
stored.catalyst. The furnace 15 is a steam and
reactivation gas preheater similar in design and
functlon to the oil preheater 1.

For the purposes of this description it will be
considered that reactor 3 is on process flow while
reactor 4 is on reactivation flow although it is to
be understood that the reactors 3 and 4 actually
are cyclically alternated on periods of process flow
and regeneration flow so as to permit a.continuous
processing of hydrocarbons charged to the appa-
ratus. 'The hydrocarbon charge stock, selected
from one or more of the types herein described,
is charged to the conversion step through the
line 16, pump 1T and line 18 to the vaporizing coils
2 located in oil preheater | and thence through
line 19, valve 20, line 21, line 22 and distributing
means 9 to reactor 3. Immediately after reac-
tivation reactor 3 contains from one-fourth to
three-fourths, and preferably about one-half, of
the total catalyst required for the process period
to be effected in reactor 3. Just before starting
introduction of charge stock, the hot catalyst in
reactor 3 may be and preferably is cooled some-
what below the reactivation temperature by in-
troduction of steam through line 25, preheater
{5 (which may be by-passed for this purpose if
desired), lines 26 and 21, valve 28, lines 21 and
22, and distributor 9. This also serves to purge
any oxygen from the catalyst bed. Such stream
is also used to maintain a fluidized catalyst bed
within the reactor during whatever period of time
elapses between reactivation and conversion on-
stream periods. The hydrocarbons are cracked,
or other charge stock subjected to a desired re-
action, in the fluidized catalyst bed in reactor 3.
Gaseous reaction products pass through cyclone
separator 5, line 28 (into which is introduced cool
quench liquid from valved line 30), valve 31 and
line 32 into fractionating column I3, wherein re-
cycle stock plus entrained catalyst is recovered
as a bottoms product for return to the process via
Iines 33 and 16, while gasoline and lighter prod-
ucts are taken overhead via line 34 into stabilizing
column {4. Light gases are removed through line
35 and the gasoline product is recovered through
line’ 36. Of -course, units 13 and (4 may com-
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8
prise more than single fractionators, -but. the
various means. of handling products and prepar-
ing materials for recycle are well understood in
the art and need not be discussed in further
detail,

Either 1mmedlately upon starting ﬁow of gas
oil vapors into.reactor 3, or after conversion has
been effected .therein for a time, fresh hot re-
activated catalyst (purged of residual reactiva-
tion ‘gases by steam or by other conventional
method not shown) is fed into the reactor,
either directly by means not shown, or prefer-
ably into the oil being charged, as by line 37T,
and catalyst flow rate control valve 38, into line
21 which is carrying the preheated oil into the
reactor. The. thus-introduced catalyst provides
additional preheat to bring the oil up to reactor
inlet temperature and supply the endothermic
heat of reaction. ' An alternative, though usually
less desirable, method is to pass the catalyst re-
moved from the bottom of hopper I by way of
line 371 into the ¢il in line 18 ahead of preheater
f, by means of valve 3% and line 40.

During most or-all of the time, catalyst is
being thus removed from hopper i1, additional
catalyst is; being introduced into said hopper
from the other reactor .4 which is on regenera-
tion, so that the catalyst level in hopper {!
tends to stay fairly constant for the greater part
of each cycle. The catalyst in reactor 4, which
is at a predetermined maximum level when its
reactivation is initiated, is first purged of resid-
ual hydrocarbons. by  passing ‘steam there-
through and is then contacted with air from line
41, heater 15, lines 42 and 43, valve 44, line 45
and distributor (8. Steam may. also be intro-
duced from line 26 through valve 46, line 47,
and line 45 thence through distributor 0.
Spent reactivation gases are passed through one
or more cyclone separators T which recover most
of the enftrained catalyst and return it to the
fluidized. bed, and the gases then pass through
line 48, valve 49, line 50; line 5, and line 52
into hopper 11, preferably tangentially to aid in
separating any quantities of catalyst being car-
ried in -the gases. During all - or only the latter
part, of the reactivation period the gas velocity
in reactor 4 is sufficiently high to carry part of
the catalyst out of the fluidized bed by entrain-
ment, and during such time valve 48 is closed
and valve 53 in line 54 is open so that cyclone
separator T is by-passed. Additional air can be
introduced via line 43, valve 55, line 56, valve 57,
and line 58 into line 52 for increasing gas
velocity in the latter conduit and/or effecting
further catalyst reactivation therein and in hop-
per {i. Steam can also be supplied in the same
manner by means of valve 59 and line 60. Alter-
natively or additionally, air and/or steam may be
withdrawn from line 56 by means of line 61 and
valve 62 and passed into the fluidized bed of cata-
lyst in hopper {1 by way of distributor 24 to'reac-
tivate same further and/or to maintain same . in
fluidized condition. Reactivation gases ultimately
pass through unit 12 which comprises one or
more cyclone separators and then out through
line 63, valve 64, cooler or heat exchanger 65,
line 66 and valve §7 to vent 68; a portion may
be recycled vig valve 69, line 76, blower T{ and
line 61 to the distributor 24 to aid in fluidization.

When from half to two-thirds or even more of
the catalyst has been transported out of re-
actor 4, the latter is ready to be purged and
put on stream: for: conversion. This is done as
soon as-reactor. 3. has: been filled with catalyst
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to & predetermined maximum level and that
eatalyst has been used to the -desired -extent.
The operation of the two reactors is then re-
versed, so that conversion is ‘effected in unit 4
as ‘deseribed above with respect to unit 3, while
unit 3 .is on stream for reactivation in & manner
similar to that described above with respect to
reactor 4. The use -of the various other lines
and valves and other elements of equipment, in=
cluding lines 72, 13, 74 and 15 carrying valves
16, 11, 18 ‘and 19, respectively, will be obvious
from the foregoing. )

“The following data are given as typical -of the
practice of my invention in the -catalytie ‘erack-
ing of a gas oil to ;preduce motor fuel. First
presented -are specific fisures for .a single con-
tinuous run, followed by a recitation of broader
ranges of conditions wutilizable for :such @ con-
version. However, it is to be understood that
this information is by way of example ‘only, in-
asmuch as considerable variation in flow rates,
temperatures, quantities of catalyst, times re-
quired for conversion and reactivation, and the
like, may readily be made by one skilled in the
are in adapting the principles of the invention
to given feed stocks, -conversions, catalysts, and
plant capacities.

A Mid-Continent base stock of 38° A, P. L. vir-
gin gas oil with a 750° F. ehd-point s selected
as a charging stoek for conversion to a ‘com-
mercial motor-type gasoline. The process cycle
is begun by pumping the selected sbtock to an
oil preheater at the rate of 250 barrels per hour
when it is preheated from an inlet temperature of
400° F. to-an -outlet temperature of 890° F. &t .an
outlet pressure -of about 12 pounds per square
inch age. In order to assist in heating the oil
and minimize coke formation in the preheater,
about 20 pounds of steam per barrel of 0il is
injected into the oil at a midpoint in the pre-
heater coil. 'The oil preheater is designed to ‘as-
sure almost complete vaporization with a mini-
mum residence time and, consequently, a mini-
murm of thermal eracking. (Inmany instances it
is preferred to gecomplish only partial vaperiza~
tion, with the hot ecatalyst supplying sufficient
heat to complete the vaporization.) The vapor=
ized chargé stock is transferred to the bottom of
acatalytic reactor containing about 317,500 pounds
of newly regenerated acid-treated clay cracking
catalyst of 50 microns average diameter and 200
mesh maximum size distributed. in a bed 5 feet
in depth. The transfer lines between the oil pre-
heater and the catalytic reactor are sized to give
2 20 feet per second vapor velocity under the con-
ditions set forth above. The catalytic reactor is
sized to allow a 1.3-1.5 feet per second vapor ve=
locity through the catalytic mass theréby insur-
ing a fluidized condition of the catalyst therein
with a minimum of catalyst carryover.

The hot reactivated catalyst in the catalytic
reactor is first cooled with steam to a tempera-
ture not much above the desired reaction tem-
perature, say down to 925° . The reactor is
operated at 10 pounds per square inch gage.
The converted hydrocarbon products are sepa-
rated from the catalytic mass in the lower part
of the catalytic reactor after which they pass
through & cyclone type dust remover wherein
most of the entrained catalyst is auto~centrifu-
gally separated and returned to the fuidized
catalyst mass. The hydrocarbon vapors .are
quenched to 650° F. immediately upen leaving the
cyclone separator by injecting quench water into
the transfer line. The 650° F. vapors are then
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passed to & fractionation step ‘wherein the un-
zonverted charge stock beiling above 400° . is
separated froin the lighter products, the former
peing returned with entrained catalyst as a cata-
lyst slurry recyele to the oil preheater inlet. The
lighter hydrocarbon products are separated into
butane-free 400° F. end-point gasoline and other
products.including light gases such as Ahydrogen,
methiane, ethylene and iethane, and C: and Cs
parafiins and olefins. Hot (1150° F.) reactivated
catalyst is continuously added from the catalyst
hopper to the catalytic reactor via the inlet hy-
drocarbon transfer line at the rate of 0.5 pound
of atalyst per pound of oil. - This addition main-
tains the overall aectivity of the catalyst in the
catalytic reactor at the desired level -correspond-
ing to a per pass conversion of 50 per cent and,
2t the same time, preheats the hydrecarbon feed
friom 890° F. to 925° F., thereby assuring a con=
stant and adequate, reaction temperature above
900° F. and helow 825° F. .

When the reactor has been on stream for one
hour, sufficient -catalyst (about 37,500 pounds)
has peen added from the catalyst hepper to fill
the reactor to such a level that further addition
is undesirable and, henee, the reactor is removed
from -process duty for regeneration, the hydro-
carbon charge being diverted to another catalytic
reactor for continuing the cenversion in a like
manner as above.

The 75000 pounds of “spent” catalyst in the
catalytic reactor after the one hour process pe-
riod contains 3.0 weight per cent earbon, which
is removed by oxidation. About 340,000 cubic
feet (8. T. P.) per hour of air compressed to 50
pounds per square inch gage and 85,000 pounds
per hour of steam are mixed and preheated to
760° 7. at - 50 pounds per square inch gage ina
reaetivation gas preheater. The hot reactiva-
tion gas is throttled to 30 pounds per square inch
gage and admitted to the dottom of the catalytic
reactor containing the spent catalyst, and, as ‘the
gas is passed upward through the reactor at a
vapor velocity of 1.3-1.5 feet per second, the
catalyst is maintained in a fluidized condition
enabling a thorough burn-out of the deposited
carbon at a.maximum regeneration temperature
of 1150° F. The products of combustion are sep-
arated from entrained catalyst by eyclone sep-
arators situated in the top of the reactor and in
the ‘top of the catalyst hopper after which they
are .passed in heat -exchange relationship with
the hydrocarbon charge stock -and then released
to the air. .

After about 40 to 50 minutes -of regeneration
under the conditions described above, the carbon
content of the catalyst has been reduced from 3.0
to 0.3 weight per ecent. In order te transfer
37,509 pounds of accumulated catalyst from the
reactor to the -catalyst hopper, the effluent re-
generation gas is by-passed around the cyclone
separator in the top -of the reactor directly to the
catalyst hopper and the regeneration gas rate to
the preheater is then progressively increased to
transport over to the storage hopper the desired
amount of the catalyst, i.e. 37,5600 pounds. -About
50.000 - cubic feet per hour of air and 12.500
pounds per hour-of steam, preheated as a2 mix-
ture to 700° F. are also injected into the bottom-of
the catalyst hopper and into the catalyst trans=
fer line between the reactor and the hopper to
insure ‘an adequate catalyst-carrying vapor ve-
locity therein and to complete the combustion -of
¢arbon remaining on the catalyst. This addi-
tional burning also insures the maintenance of
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the desired 1150° F'. catalyst temperature in the
catalyst hopper. The final carbon content of
the reactivated: catalyst is 0.2 weight per cent.
As this reactivation is going on, catalyst is being
fed from the reactivated catalyst hopper into
the other converter wherein the cracking reac-
tion is continuing. Such reactivated catalyst. is
purged with steam before being passed to.the
converter. When reactivation is completed, the
flow of air is cut off and the reactor, as well as
the reactivated catalyst hopper if desired,. is
purged with steam prior to reintroduction of
hydrocarbon feed thereto.

~It will be appreciated that the foregomg data
represent only one preferred set of conditions
for use in catalytic cracking of gas oil. Other
suitable cracking stocks include all heavy resid-
ual oils such as virgin and cracked gas oils or
topped crude oils; such stocks may boil within
the range of 400-to 1000° F. and higher, and will
usually have a gravity ranging from 20 to 40°
A. P. I. Cracking temperatures depend to a
certain extent on the particular charge stock
and catalyst used, and range from 850 to 1100° F
From 0.5 to 10 parts of catalyst per part (by
weight)- of oil may be used. While any of the
known cracking catalysts may be employed, the
synthetic’ and natural composites of silica with
minor amounts of alumina are preferred; bauxite
is also an effective and desirable catalyst. Cata-
lyst is used in the form of a powder, which term
includes any particle size such that the catalyst
may be kept suspended in gases in the reactor and
reactivation as described. The length of one
complete cycle may vary from one hour or less
to 10 hours or more, depending largely on the
amount of carbon laid down on the catalyst.
This latter figure will he from one to 10 per cent
by weight of the catalyst for most oils and con-
d’tions of cracking. .

‘Inasmuch as the selection of specific catalysts,
and specific conditions for reaction and for ca‘a-
lyst reactivation, is well within the skill of the art
for any parucular conversion or treatment, it is
not necessary to specify same in further detail
here. The principles of the invention are appli-
cable to any process whereln a carbonaceotis
fluid is contacted with a solid contact material
under ¢onditions causing deposition thereon of
carbonaceous matter which is removable by ‘oki-
dation. Though the invention has been described
by particular reference to preferred embodi-
ments, changes may be made by those skilled in
the art in the materials and conditions disclosed
without departing from the scope of the 1nven-
tlon as defined in the appended claims.

"I claim:

1. In the treatment of organic fluids with a
finely divided solid contact material in which
treatment carbonaceous matter is deposited’ on
said material, is removed therefrom by oxidation,
and the material is then reused in said treatment,
the improvement which comprises maintaining a
ﬁu1dlzed mass of said material within each of a
plurahty of treatment-reactivation zones, main-~
taining a fluidized mass of reactivated contact
materml w1th1n a storage zone, passing an or-
ganic fluid to be treated into one of said treat-
ment-reactivation zones containing a predeter-
mined minimum quantity of said contact mate-
rial in a fluidized state under conditions effecting
the desired treatment, introducing into said zone
additional quantity of reactivated contact mate-
rial from said storage zone ‘while passmg said
fluid therethrough thereby gradually ihicreasing
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the quantity of contact material within said Zotie
while minimizing the average carbon content of
the contact material therein, then when the
quantity of contact material within said zone has
increased to a-predetermined maximum diverting
the flow of fluid to be treated into another of said
treatment-reactivation zones containing a prede-
termined minimum quantity of contact material
therein, continuing. the treatment in said other
zone in the manner just described with introdue-
tion . of reactivated contact material thereinto
from the said storage zone, while continuing
treatment of said fluid in said another zone sub-
jecting the contact material in the first said zone
to reactivation by passing therethrough an oxi-
dizing reactivation gas under conditions effect-
ing removal of carbonaceous matter from the
contact material by oxidation, continuing said
reactivation of the catalyst remaining in said
first zone for a sufficient period of time to effect
a reduction ‘of the carbon content to a desired
extent, during said reactivation period transfer-
ring a substantial portion of the catalyst from
said first zone into said storage zone to decrease
the quantity of contact material in said first zone
to the aforesaid predetermined minimum, and
thereafter passing said fluid to be treated into
said first zone for treatment therein and repeat-
ing the cycle as described.

2. The method of claim 1 in which said con-
tact material is transferred from said first treat-
ment-reactivation zone into said storage zone by
incréasing the-rate of flow of gases upwardly
through said first zone to:carry contact mate-

5 rial In suspension therein, and recovering the

thus-suspended catalyst from the gaseous effluent
from said first zone and accumulating the thus-
recovered contact material in said storage zone.

3. The method of claim 2 in which the suspen-
sion of contact material in ‘effuent reactivation
gases is-passed into said storage zone for sepa-
ration of the contact material therein, and in
which additional quantities of oxidizing reactiva-
tion gases are introduced into said suspension at
a point between the said first zone and the said
storage:zone for effecting further oxidation of
carbonaceous matter from said suspended contact
material.

4. The method of claim 2 in which contact ma-
terial accumulated in said storage zone is sub-
jected to further reactivation by passage of oXy-~
gen-oxidizing reactivation gases through the con-
tact material maintained in a fluidized condition
in said zone.

5. The method of claim 1 in which a pair of
said treatment-reactivation zones and a single
contact material storage zone are employed, each
said - treatment-reactivation zones being alter-
nately on-stream for treatment and on-stream
for reactivation. )

6. The method of claim 1 in which g hydrocar-
bon fiuid is subjected to conversion conditions in
the presence of a solid contact .catalyst.

7. A process for cracking hydrocarbon oils
which comprises vaporizing a hydrocarbon oil
and passing -same upwardly through a first tur-
bulent mass ‘of powdered cracking catalyst at
cracking conditions of temperature, préssure and.
contact time, separating gaseous cracking prod-
ucts from said mass, continuing for a period of
time until the quantity of carbonaceous material
deposited on the catalyst in said mass attains a
predetermined maximum, during said. period. in-
troducing into said mass additional quantities of
hot reactivated' powdered cracking catalyst to’
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minimize loss of catalyst activity therein, at the
end of said period passing said vaporized oil in
contact with a second mass of powdered cracking
catalyst in the manner just described, purging
hydrocarbons from the first named mass and
then passing therethrough a hot oxygen-contain-
ing gas under conditions effecting reactivation
of the catalyst by oxidation of carbonaceous mat-
ter therefrom, during the thus-described reacti-
vation treatment increasing the velocity of re-
activation gases to effect entrainment of a sub-
stantial proportion of the catalyst mass as a sus-
pension of catalyst particles in hot gases, sepa-
rating the thus-suspended particles from the hot
gases and accumulating same in a third mass of
catalyst particles maintained in a fluidized con-
dition by upward flow of fluidizing gases there-
through, utilizing said third mass of catalyst as
the source of the aforementioned additional
quantities of hot reactivated catalyst introduced
into the masses of catalyst employed for crack-
ing said oil, purging said hydrocarbons from said
second mass of catalyst at the end of its cracking
period, again utilizing for cracking the first said
mass of catalyst which has been reactivated and
reactivating the said second mass of catalyst in
the manner described, and continuing the afore-
said process cyclically with each said first and
second masses of catalyst being employed alter-
nately for cracking and reactivation.

8. The process of claim 7 wherein hot reacti-
vated catalyst from said third mass of catalyst is
continuously supplied to the vaporized oil prior
to its introduction into a mass of catalyst for
cracking during each entire cracking period. .

9. The process of claim 7 in which each said
first and second masses of catalyst is used for
cracking for a part of the cracking period with-
out introduction thereto of any hot reactivated
catalyst from said third mass, and in which the
balance of the cracking period is carried out while
introducing said hot reactivated catalyst to said
mass.

10. The process of claim 7 in which the said
first and second masses of catalyst are cooled
from reactivation temperature to cracking tem-
perature prior to introduction of vaporized oil
thereto. ]

11, In the treatment of fluids with a finely di-
vided solid contact material in which treatment
the contact material becomes fouled resulting in
decreased activity, the fouled contact material is
reactivated, and the reactivated material is then
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reused in said treatment, the improvement which
comprises maintaining a fluidized mass of said
material within each of a plurality of treatment-
reactivation zones, maintaining a fluidized mass
of reactivated contact material within a storage
zone, passing a fluid to be treated into one of said
treatment-reactivation zones containing a pre-
determined minimum quantity of said contact
material in a fluidized state under conditions
effecting the desired treatment, introducing into
said zone additional quantity of reactivated con-
tact material from said storage zone while pass-
ing said fluid therethrough thereby gradually in-
creasing the gquantity of contact material within
said zone while minimizing the loss in activity of
the contact material therein, then when the
quantity of contact material within said zone has
increased to a predetermined maximum diverting
the flow of fluid to be treated into another of said
treatment-reactivation zones containing a prede-
termined minimum quantity of contact material
therein, continuing the treatment in said other
gone in the manner just described with introdue-
tion of reactivated contact material thereinto
from the said storage zone, while continuing
treatment of said fluid in said another zone
effecting reactivation of the contact material in
the first said zone by subjecting same to condi-
tions effecting removal of fouling material there-
from, continuing said reactivation of the contact
material remaining in said first zone for a suffi-
cient period of time to reactivate same to a de-
sired extent, during said reactivation period
transferring a substantial portion of the contact

5 material from said first zone into said storage

zone to decrease the quantity of contact material
in said first zone to the aforesaid predetermined
minimum, and thereafter passing said fluid to be
treated into said first zone for treatment therein
and repeating the cycle as described,

BURLE F. WOBKER.
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