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(57) Abstract

A catalytic cracking process and apparatus therefor are de-
scribed, wherein hot, active cracking catalyst particles are circulat-
ed from a regenerator (12) to a reactor (11) wherein they are
brought into contact with a hydrocarbon feed to convert the latter
to cracked products. The cracked products and resultingly spent
catalyst particles are separately recovered and the spent particles
are passed to a stripping zone (22) for contact with a stripping gas
to remove therefrom strippable hydrocarbon materials, which also
are recovered. The stripped catalyst particles are circulated to the
regenerator (12) for contact with an oxygen-containing gas to
reactivate and heat them before recirculation to the reactor (11).
At least some of the hot regenerated catalyst particles are passed
through an indirect heat exchanger in indirect heat exchange with
at least some of the stripped catalyst particles whereby the former
are cooled and the latter are heated. The regenerated catalyst
which contacts the feed is thus cooler than it would otherwise be,
and there is a reduction in thermal cracking. The stripped catalyst
entering the regenerator is hotter than it would otherwise be there-
by improving the efficacy of the regeneration step.
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WO 92/15652 PCT/US92/01361

CATALYTIC CRACKING PROCESS AND APPARATUS THEREFOR

The present invention relates to a catalytic
cracking process and apparatus therefor.

In conventional catalytic cracking, particles of
cracking catalyst are contacted in a reaction zone with
a hydrocarbon feed at catalyst temperatures which are
sufficiently high to cause a reasonable percentage
conversion of the feed with an acceptable amount of
by-product such as coke and normally gaseous products.
The coke is deposited on the catalyst particles and is
removed therefrom by contacting the coked catalyst
particles with an oxygen-containing gas in a regenerator
whereby coke is removed by exothermic oxidation which
heats the catalyst particles as they are thus
regenerated. The heated regenerated particles are
contacted with further amounts of hydrocarbon feed.

A factor determining the temperature of the heated
regenerated particles is the amount of coke-removal in
the regenerator. If the feed is of the type which
causes relatively large coke deposits, the oxidation of
the coke can result in heated regenerated catalyst
particles whose temperature is so high that upon contact
with the feed, coke (and light hydrocarbon gases) are
formed as by-products in amounts which are significantly
detrimental to the economics of the catalytic cracking
operation. It is accepted that coke must be removed
from used catalyst particles in order to regenerate the
catalytic properties of the particles. It will be
appreciated from the foregoing that in catalyst cracking
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operations wherein the heat produced by coke oxidation
results in excessively high regenerated catalyst
temperatures, there can be detriment to the econonics of

the catalytic cracking operation.

It is known to cool catalyst particles circulating
in a fluidized catalytic cracking unit ("FCCU"). For
example, United States’ patent documents US-A-2862798;
US-A-2970117; US-A-2492948; US-A-2506123; US~A-
2596748 and US-A-2377935 each discloses passing some hot
regenerated cracking catalyst particles from the
regenerator in indirect heat exchange with a cooling
fluid. 1In some instances, the thus-cooled regenerated
catalyst particles are returned to the regeneration zone
to moderate the temperature therein. United States’
patent document US-A-4820404 discloses cooling spent or
used catalyst from the catalyst stripper by indirect
heat exchange with a cooling fluid to moderate the

temperature in part of the regenerator.

In all the foregoing instances, the sole cooling
fluid which is specifically identified is water. The
cooling of catalyst particles by indirect heat exchange
with water results in an increase in the amount of
steam available at the oil refinery. Many, if not most,
oil refineries, have adequate (and, sometimes,
excessive) quantities of steam, and the additional steam
generated by indirect heat-transfer from catalyst
particles does not materially enhance the operating

economics of the oil refinery.
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US-A-2377935 describes a fluidized —catalytic
cracking unit (FCCU). The operation of the FCCU
produces gas oils, naphthas and 1light gases (inter
alia), as is conventional. The regenerator of the FCCU
is connected to an external cooler for control of the
temperature in the regenerator. The external cooler
comprises a vessel containing conduits for the passage
therethrough of a cooling fluid. The vessel is
connected to receive catalyst from an upper region of
the regenerator and to return catalyst to a lower
region of the regenerator after passing in contact with
the exterior surfaces of the conduits for the cooling
fluid which circulates within the tubes. The nature of
the cooling fluid is not specified, but the document
states (at page 5, right-hand column, lines 15 to 17)
that the heat abstracted from catalyst in the cooler
"may be utilized for generating steam or for any other
purpose". There is no disclosure or suggestion that
the FCCU operations might be modified to yield
different products.

European patent documents EP-A-325437, EP-A-325438
and EP-A-330304 describe FCCUs which have features in
common with each other in that a discrete fluidized bed
catalyst cooler vessel 1is connected to receive hot
catalyst from an upper region of a dense-phase fluidized
bed in the regenerator vessel. The catalyst in the
catalyst cooler is fluidized by an upwardly-passing
stream of C2-Cg alkane-containing feed, which contains
propane, but which may also contain butanes and ethane.
The alkanes are endothermically dehydrogenated to
alkenes, which are recovered from the top of the cooler.
The cooled catalyst is returned to the regenerator, and
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in some embodiments may be circulated to the reactor
and/or stripper in addition. An essential feature of
the process described in all these three documents is
that the catalyst must be a large pore crystalline
zeolite which preferably contains active dehydrogenation
promoters, such as nickel and vanadium. Large pore
crystalline zeolite materials are not conventionally
used for the dehydrogenation of alkanes, and they may
not be as efficient for this purpose as conventional
dehydrogenation catalysts comprising a chromium and/or
zinc component on an alumina and/or silica support.
Although a zeolitic cracking catalyst containing active
dehydrogenation promoters may be suitable for effecting
the alkane-dehydrogenation reactions as described in
these documents, it is well-known in the art that
dehydrogenation-promoting metals, particularly nickel
and vanadium (inter alia) are highly undesirable with
regard to the catalytic cracking reactions desired in
the reactor of an FCCU, and steps are often taken to
avoid contamination of the cracking catalyst with such
metals and/or to passivate their dehydrogenation
activity. Moreover, the use of an alkane dehydrogena-
tion reaction to cool hot regenerated catalyst by
direct heat exchange between the latter and the alkane
feed imposes constraints on the operation of the FCCU
since the rate of alkane feed to the catalyst cooler
must match the carbon supply to the FCCU regenerator in
order that the latter cooler can effectively regulate
the temperature of catalyst undergoing regeneration in

the regenerator.

It is an object of the present invention to provide
a process and an apparatus for the catalytic cracking of
a hydrocarbon feed which results in the production of
less coke and normally gaseous by-products.
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The present invention provides, in one aspect, a
catalytic cracking process comprising the steps of
contacting a hydrocarbon feed with particles of active
hydrocarbon cracking catalyst under hydrocarbon-cracking
conditions in a reaction zone, separately recovering
from the reaction zone (a) vaporous cracked hydrocarbon
products and (b) used catalyst particles, contacting the
used catalyst particles with a stripping medium in a
stripping zone to recover from the used catalyst
particles hydrocarbon material associated therewith,
passing stripped used catalyst particles from the
stripping zone to a regeneration zone wherein the
stripped used particles are contacted with an oxygen-
containing gas to remove hydrocarbonaceous material
associated therewith in a exothermic oxidation reaction
which regenerates and heats the catalyst particles, and
circulating the heated regenerated catalyst particles to
the reaction zone for contact with further amounts of
hydrocarbon feed and wherein at least some of the hot
regenerated catalyst particles from the regenerator are
passed in indirect heat exchange relationship with at
least some used catalyst particles from the stripping
zone before contacting hydrocarbon feed in the reaction
zone whereby the temperature of the regenerated catalyst
particles contacting the feed is reduced and the temper-

ature of the said used catalyst particles is ‘increased.

Preferably, the used catalyst particles from the
stripping zone which are passed to the indirect heat
exchange step are stripped used catalyst particles from
one region (e.g., a downstream region) of the stripping

zone.

At least some heated used catalyst particles from
the indirect heat exchange step may be returned to the
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stripping zone to increase the average or mean tempera-
ture of particles in the stripping zone, and any remain-
ing heated used catalyst particles may be passed to the
regeneration zone. Heated used particles from the
indirect heat exchange step may be returned to the same
or another region (e.g., an upstream region) of the
stripping zone. The temperature of the heated used
particles from the indirect heat exchange step may be in

the range of from 490 to 600°C.

The average or mean temperature of particles in the
stripping zone may be in the range of from 490 to 650°C.

The used catalyst particles and/or regenerated
catalyst particles may be maintained in a fluidized
state while in the said indirect heat transfer

relationship.

The catalyst particles may be fluidized, during the
said indirect heat exchange step, by a fluidizing gas
containing steam and/or hydrogen and/or light hydro-
carbons. The fluidizing gas may be separated and
recovered from the catalyst particles after the said

indirect heat exchange step.

The fluidizing gas may be at a temperature up to
600°C (e.g., up to 540°C) before and/or during contact
with catalyst particles in the said indirect heat

exchange step.

A benefit of employing the fluidizing gas is that
the used catalyst is further stripped of hydrocarbon

material thereby.
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In another aspect, the present invention provides a
fluid cracking unit ("FCCU") comprising a reaction zone
wherein a hydrocarbon feed is contacted with particles
of active hydrocarbon-cracking catalyst under hydro-
carbon cracking conditions, separating means for separ-
ately recovering from the reaction zone (a) vaporous
cracked hydrocarbon products, and (b) used catalyst
particles, a stripping zone arranged for receiving used
catalyst from the separating means and wherein used
catalyst is contacted with a stripping fluid, a regener-
ation zone connected for receiving stripped catalyst
particles and wherein the stripped particles are
contacted with an oxygen-containing gas to remove hydro-
carbonaceous deposits therefrom 1in an exothermic
reaction which regenerates and heats the catalyst
particles, a conduit for circulating heated regenerated
catalyst particles from the regeneration zone to the
reaction zone for contact with hydrocarbon feed, an
indirect heat exchanger cohnected to pass at least some
heated regenerated catalyst particles from the regener-
ator in indirect heat-transfer relationship with used
particles from the stripping zone whereby to cool the
former and heat the 1latter during operation, and a
conduit for circulating cobled regenerated catalyst
particles from the said heat exchanger to the reaction
zone.

The unit may comprise a conduit for circulating
used catalyst particles from one region (e.g., a
discharge or downstream region) of the stripping zone to
the heat exchanger.

The unit may comprise conduit means for circulating
used catalyst particles from the heat exchanger to the
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same or another region (e.g., an upstream region) of the
stripping zone and/or to the regenerating zone.

The said heat exchanger may be of the shell-and-tube
type and there may be provided means for introducing a
fluidizing gas comprising steam and/or hydrogen and/or
light hydrocarbons into the shell side and/or the tube

side of the heat exchanger.

The unit may comprise means for separately recover-
ing used catalyst particles and vapour-phase materials

from the shell-and-tube heat exchanger.

The invention is now further described with
reference to embodiments thereof, given by way of non-
limitative illustration, and with reference to the

accompanying diagrammatic drawings, in which :-

Figure 1 shows, schematically, the principal parts
of one type of fluidized catalytic cracking unit

("FCCU") ;

Figure 2 shows some of the parts shown in Figure 1
with adaptions in accordance with one embodiment of the

invention; and

Figure 3 shows some of the parts shown in Figure 1
with adaptions in accordance with another embodiment of

the invention.

In the drawings, like parts are given like reference

numbers.

Reference is first made to Figure 1 wherein the
FCCU, generally indicated by 10, comprises a reactor

vessel 11 and a regenerator vessel 12.
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Hot regenerated particles of cracking catalyst are
recovered from the regenerator vessel 12 in a downcomer
13 which is connected at its bottom end to the top of
one upstanding arm of a U-shaped conduit 14, the top of
the other arm of which is connected to a riser 15. The
riser 15 is a generally vertical tube which may have, as
is shown in Fiqure 1, an inclined section so that the
part of the riser 15 surmounting the inclined section
lies within the reactor 11.

The hydrocarbon feed which is to be cracked is
passed from a feed line 16 into the interior of the
bottom end of the riser 15 via one or more injectors
(not shown) so as to furnish good dispersion of the feed
with the hot regenerated catalyst particles.

The contacting of the feed with the hot regenerated
catalyst results in the generation of hydrocarbon
vapours which reduce the density of the catalyst/hydro-
carbon mixture in the riser 15 to a lower density than
the catalyst density in the downcomer 13, and as a
result of the difference in weight between the catalyst
masses in the downcomer 13 and the riser 15, a
circulation of catalyst from the downcomer 13 to the
riser 15 through the conduit 14 is promoted and
maintained. The catalyst flow may be assisted by the
injection of a fluidizing gas, usually steam, at
suitable injection points (not shown) along the length
of the conduit 14 in a manner which is well-known to
those skilled in the art.

The mixture of catalyst and cracked hydrocarbon
products discharges from the top of the riser 15, within
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the reactor vessel 11, via substantially horizontal
orifices 17 below a cap 18 at the top end of the riser 15
and used catalyst particles tend to sink within the
reactor vessel 11 and thereby separate from vapours.
Vapours pass into one or more cyclone separators 19
wherein entrained used catalyst particles are separated,
and substantially solids-free vapour-phase cracked
products are recovered via product line 20. Used
catalyst particles which are separated by the cyclone(s)
19 pass to the bottom of the reactor vessel via dipleg
21 where they add to used catalyst particles which have
already separated from vapours on discharge from the
orifices 17 at the top end of the riser 15.

The used catalyst particles which accumulate at the
bottom of the reactor vessel are associated in various
ways with hydrocarbon materials. Some of the associated
hydrocarbon materials are entrained between used
catalyst particles, and some associated hydrocarbon
material is sorbed on or in the used catalyst particles.
Since the hydrocarbon materials thus associated can
represent an appreciable proportion of the total hydro-
carbon feed input, it is common practice to subject the
used catalyst particles to a hydrocarbon-stripping
operation to remove hydrocarbon materials therefrom.

The stripping operation is performed in a stripper
22. The stripper 22 comprises a generally cylindrical
vessel having its top end open to the frusto-conical
bottom end 23 of the reactor vessel 11 so that catalyst
particles are received in the stripper 22 from the

reactor vessel.
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Within the stripper 22 are mounted baffles, in the
form of arrays of metal "sheds" 24 which resemble the
pitched roofs of houses. The purpose of the sheds 24 is
to disperse catalyst particles uniformly across the width
of the stripper 22 and to minimize internal refluxing or
"backmixing" of catalyst particles within the stripper.

A stripping fluid, wusually steam, is passed into
the bottom region of the stripper 22 from a suitable
pipe 25, and the steam passes upwardly in counterflow to
the downflowing catalyst particles, thereby separating
therefrom hydrocarbon materials which are entrained
between the particles and also desorbing some of the

sorbed hydrocarbon material.

Steam and separated hydrocarbon material pass into
the reactor vessel and cyclone separator(s) 19, and are
recovered in the product line 20.

Stripped catalyst particles are recovered from the
frusto-conical bottom of the stripper 22 in an upright
arm of a U-shaped conduit 26 which is generally similar
to the U-shaped conduit 14. The other upright arm 27 of
the conduit 26 terminates at its open upper end in a bed
28 of catalyst undergoing regeneration. The bed is
supported on a gas distributor 29 and extends upwardly
to a level 30 which is determined, at least in part, by
the level of the top of an exit weir 31 formed by the top
of a funnel 32 which is connected at its bottom to the
top of the downcomer 13.

A fluidizing gas, such as air, is passed into the
bottom region of the upright arm 27 from a gas line 33 to
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fluidize and reduce the density of catalyst in the arm 27
so that the weight of catalyst in the opposite arm of
conduit 26 causes catalyst to flow through conduit 26

into the bed 28.

Catalyst in the bed 28 is regenerated by passing air
or other oxygen-containing gas into the bottom of the bed
28 via perforations in the distributor 29. The air is

passed from air conduit 39 into the bed 28 via the

distributor 29.

Combustible hydrocarbonaceous material ("coke") on
the used, stripped catalyst particles in the bed 28 is at
least partly removed by exothermic oxidation in the bed
28 whereby the regenerated catalyst particles overflowing
the weir 31 for return to the riser 16 have a raised
temperature compared to the temperature of the wused
stripped catalyst particles entering the bed via riser 27
from the stripper. The raised temperature of the regen-
erated catalyst particles represents added heat which is
useful for the endothermic vaporisation and cracking of

the hydrocarbon feed introduced from feed line 16.

Spent regeneration gas and entrained catalyst leave
the top of the bed 28 and pass via a primary cyclone
separator 34 and a secondary cyclone separator 35 before
being recovered in flue gas 1line 36 for disposal.
Entrained catalyst particles which are separated by the
cyclones 34 and 35 are returned to the bed 28 by
respective diplegs 36 and 37.

Reference is now made to Figure 2 of the drawings.
Figure 2 might be regarded as a schematic view of the
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FCCU 10 of Figure 1 as seen when looking in the lower
part of the reactor vessel 11 in the direction of the

arrow 40 in Figure 1.

In Figure 2, there is depicted diagrammatically an
indirect heat exchanger 50. The heat exchanger 50 may be
of the shell-and-tube type.

In the heat exchanger 50, at least some of the hot
regenerated catalyst from the regenerator is passed in
indirect heat exchange with used partially or fully
stripped catalyst withdrawn from the downstream end of
the stripper 22 whereby the regenerated catalyst is
cocled and the used catalyst is heated. The cooled
regenerated catalyst is passed to the riser 15 for use
in cracking fresh hydrocarbon feed and the heated used
catalyst is returned to the upstream end of the stripper
22 wherein it mixes with and heats used catalyst in the
stripper. Hot regenerated catalyst which is passed
through the heat exchanger 50 is passed via 1line 59
directly into line 14.

The amount of regenerated catalyst passed through
the heat exchanger 50 may be up to 100% (e.g., from 10 to
25%) of the catalyst circulation rate. The amount of
used catalyst passed through the heat exchanger 50 may be
up to 40% (e.g. 10 to 20%) of the used catalyst circula-
tion rate. The actual relative proportions of regener-
ated to used catalyst passing through the heat exchanger
50 1is regulated so as to depend on the operating
conditions in the reactor and regenerator, but should be
sufficient to raise the temperature of the catalyst in
the stripper by an amount in the range of from 10 to 40°C
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(e.g. from 15 to 30°C), and to reduce the temperature of
regenerated catalyst passing to the riser 15 by an amount
which will reduce thermal cracking of the feed to an
acceptable level while maintaining catalytic cracking and
conversion 1levels economically high. For a typical
hydrocarbon feed, the reduction in temperature of the
catalyst particles as a result of their heat exchange
with used catalyst particles in the heat exchanger 50
will usually be in the range of from 10 to 30°C (e.g. 15
to 25°C, for example about 20°C). The regulation of the
relative amounts of hot regenerated catalyst passing
through the heat exchanger 50 and via the line 59 is
effected by a valve such as valve 61 in line 59. For
heavier feeds, the temperature reduction caused by heat
transfer in the heat exchanger 50 may be increased in
order to reduce the amount of carbon and light gas by-
product production. An increased amount of heat transfer
in the heat exchanger 50 from hot regenerated catalyst to
used catalyst may be effected by increasing the rate of
flow of used catalyst through the heat exchanger 50. The
rate of flow of used catalyst through the heat exchanger
50 may be controlled by regulating the rate at which a
fluidizing gas is passed into the bottom of the shell
side of the heat exchanger 50 from line 60. The fluid-
izing gas may be any gas which is compatible with the
catalyst particles. Suitable gas may be virtually any
by-product gas from refinery operations, e.g., catalytic
cracker gas and/or hydrogen-containing gas and/or steam.
A fluidizing gas may be passed into the heat exchanger 50
on the tube side thereof. The fluidizing gas may be
passed into the tube side at any convenient location or
region, e.g., at the bottom thereof, so as to fluidize
catalyst particles passing via the tubes 57 of the tube

side. Such fluidization tends to enhance the movement of
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catalyst particles through the tubes 57 and also to
enhance heat transfer from catalyst particles in the
tubes 57 to catalyst particles in the shell side of the
heat exchanger 50. Any fluidization gas may be employed
which is compatible with the regenerated catalyst and not
detrimental to its physical and chemical properties. A
suitable fluidization gas may contain hydrogen and/or
catalytic cracker gas and/or steam, and a suitable fluid-
izing gas may be formulated and/or selected by a person
skilled in the art. The various ways in which a suitable
fluidizing gas may be introduced into the tube side of
the heat exchanger 50 will be appreciated, understood,
known and implemented by a person skilled in the art, and
is therefore not shown in the drawings. The rate of
introduction of fluidizing gas into the heat exchanger is
regulated by a valve 64 in line 60, although other modes
of regulation will occur to those skilled in the art.

The increased temperature in the stripper enhances
and facilitates the stripping of entrained and sorbed
hydrocarbon material from the used catalyst passing
through the stripper. The circulation of heated used
catalyst to the stripper does not significantly increase
the number of sites at which stripped hydrocarbon
material can be sorbed, and thus does not significantly
reduce the additional amount of hydrocarbon material
stripped from catalyst passing through the stripper as a
result of the increased operating temperature in the
stripper.

The use of indirect heat exchange heating of used
catalyst also avoids the drawback of direct heat exchange
by mixing used and regenerated catalyst whereby the
amount of catalyst circulated to the regenerator (i.e.,
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used plus regenerated catalyst) is increased so that 1less
regenerated catalyst can be supplied to the riser and
reactor, thereby reducing the catalyst:feed hydrocarbon
ratio and thereby reducing the intensity of the catalytic
reactions in the riser-reactor. In FCCUs which are
operated at or near their maximum throughputs, a
reduction in conversion intensity is reflected in reduced

cracked product recovery.

Referring again to Figure 2, it will be seen that
stripped used catalyst passes from the downstream end of
the stripper 22 to the bottom of the shell side of the
heat exchanger 50 via one or more conduits 52. Heated
used catalyst passes from the top of the shell side of
the heat exchanger 50 to the upstream end of the
stripper 22 via one or more return conduits 54. Hot
regenerated catalyst enters the top of the tube side of
the heat exchanger 50 from line 56, passes downwardly
through heat exchange tubes 57 in indirect heat exchange
relationship with the wupwardly passing used catalyst,
and leaves the bottom of the tube side of the heat
exchanger 50 via line 58 at a lower temperature. The
cooled regenerated catalyst is passed, either alone or
mixed with hot regenerated catalyst direct from the
regenerator 12, into the base of the riser 15.

Although the used catalyst is depicted as being on
the shell side of the heat exchanger 50, it is within the
ambit of the present invention to have the used catalyst
passing through the tube side and the regenerated
catalyst passing through the shell side. Moreover,
although the Figure 2 embodiment involves removing used
catalyst from the downstream (lower) end of the stripper
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22 for circulation through the heat exchanger 50 and
return of heated used catalyst to an upstream (upper) end
of the stripper, modes of used catalyst circulation from
other regions of the stripper 22 fall within the ambit of
the present invention. Thus, used catalyst can be
removed from any region of the stripper 22 and, after
circulation via the heat exchanger 50, can be returned to
any region of the stripper, including the region from
which the used catalyst is removed. For example, used
catalyst may be returned from the heat exchanger 50 to a
region of the stripper which is below the region from
which it is removed for circulation to the heat

exchanger.
COMPARATIVE EXAMPLES

The following Table of data shows temﬁeratures (°C)
or average temperatures in the specified parts of an
FCCU of the type shown in Figure 1 and in the specified
parts of an FCCU in accordance with Figure 2.

TABLE

% Cat Regen- Reactor  Temp. Temp. Stripper Temp.

Circu~ erator Temp. of of Temp. of
lation  Temp. Regen. Used Used
Regen. Cat Cat Cat
Cat Contact- Enter- Enter-
Via ing ing ing
Heat Feed Regen- from
Exchan- erator Heat
FIG. ger Exchan-
No. ger
1 0 704.4 523.9 704.4 523.9 523.9 -
2 15 704.4 523.9 676.7 551.7 551.7 579.4
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Reference is now made to the embodiment of Figure 3

of the drawings.

This embodiment is similar to that of Figure 2 but
differs in that instead of heated used catalyst being
passed from the heat exchanger 50 to the stripper 22
(via line 54), the heated used catalyst is recovered
from the heat exchanger 50 in line 62 and passed to the
regenerator. The heated used catalyst is preferably
passed via a cyclone separator system (not shown), e.g.,
of known type, to separate therefrom gases and vapours.
The separated géses and vapours can be passed into the
stripper 54 by a suitable pipe (not shown) for recovery
with vaporous products in product 1line 20 (Figure 1)
and/or at least partly separately recovered in a product

-~

recovery line (not shown).

During operation of the embodiment of Figure 3, a
selected proportion of the used catalyst withdrawn via
line 52 from the stripper is passed through the heat
exchanger 50 in order to reduce the temperature of the
hot regenerated catalyst contacting the o0il feed from
line 16 in the riser 15 to a temperature which is low
enough to reduce the amount of thermal cracking of the
0il relative to the amount of catalytic cracking and
thereby reduce the production of by-product "coke" and
gas. Suitably, up to 100% of the used catalyst
circulation rate may be circulated via the heat
exchanger, but for most operations, up to 40% is usually

adequate, and for most operations, from 10 to 20%.
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CLAIMS

1. A catalytic cracking process comprising the
steps of contacting a hydrocarbon feed with particles of
active hydrocarbon cracking catalyst under hydrocarbon-
cracking conditions in a reaction zone, separately
recovering from the reaction zone (a) vaporous cracked
hydrocarbon products and (b) used catalyst particles,
contacting the used catalyst particles with a stripping
medium in a stripping zone to recover from the used
catalyst particles hydrocarbon material associated
therewith, passing stripped used catalyst particles from
the stripping zone to a regeneration zone wherein the
stripped used particles are contacted with an oxygen-
containing gas to remove hydrocarbonaceous material
associated therewith in a exothermic oxidation reaction
which regenerates and heats the catalyst particles, and
circulating the heated regenerated catalyst particles to
the reaction zone for contact with further amounts of
hydrocarbon feed and wherein at least some of the hot
regenerated catalyst particles from the regenerator are
passed in indirect heat exchange relationship with at
least some used catalyst particles from the stripping
zone before contacting hydrocarbon feed in the reaction
zone whereby the temperature of the regenerated catalyst
particles contacting the feed is reduced and the temper-
ature of the said used catalyst particles is increased.

2. The process of claim 1 wherein the used
catalyst particles from the stripping zone which are
passed to the indirect heat exchange step are stripped
used catalyst particles from one region (e.g., a
downstream region) of the stripping zone.
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3. The process of claim 1 wherein at least some
heated used catalyst particles from the indirect heat
exchange step are returned to the stripping zone to
increase the average or mean temperature of particles in
the stripping zone, and any remaining heated used
catalyst particles are passed to the regeneration zone.

4. The process of claim 1 wherein at least some
heated used particles from the indirect heat exchange
step are returned to the same or another region (e.g.,

an upstream region) of the stripping zone.

5. The process of claim 1 wherein the temperature
of the heated used particles from the indirect heat
exchange step is in the range of from 490 to 600°C.

6. The process of claim 1 wherein the average or
mean temperature of particles in the stripping zone is

in the range of from 490 to 650°C.

7. The process of claim 1 wherein the used
catalyst particles and/or regenerated catalyst particles
are maintained in a fluidized state while in the said

indirect heat transfer relationship.

8. The process of claim 7 wherein the used and/or
regenerated catalyst particles are fluidized, during the
said indirect heat exchange step, by a fluidizing gas
containing steam and/or hydrogen and/or 1light hydro-

carbons.

9. The process of claim 8 wherein the fluidizing
gas 1is separated and recovered from the catalyst
particles after the said indirect heat exchange step.
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10. The process of claim 8 wherein the fluidizing
gas is at a témperature of up to 600°C (e.g., up to
540°C) before and/or during contact with catalyst
particles in the said indirect heat exchange step.

11. A fluid cracking unit ("FCCU") comprising a
reaction zone wherein a hydrocarbon feed is contacted
with particles of active hydrocarbon-cracking catalyst
under hydrocarbon cracking conditions, separating means
for separately recovering from the reaction zone (a)
vaporous cracked hydrocarbon products, and (b) used
catalyst particles, a stripping zone arranged for
receiving used catalyst from the separating means and
wherein used catalyst is contacted with a stripping
fluid, a regeneration zone connected for receiving
stripped catalyst particles and wherein the stripped
particles are contacted with an oxygen-containing gas to
remove hydrocarbonaceous deposits therefrom in an
exothermic reaction which regenerates and heats the
catalyst particles, a conduit for circulating heated
regenerated catalyst particles from the regeneration
zone to the reaction zone for contact with hydrocarbon
feed, an indirect heat exchangef connected to pass at
least some heated regenerated catalyst particles from
the regenerator in indirect heat-transfer relationship
with used particles from the stripping zone whereby to
cool the former and heat the latter during operation,
and a conduit for circulating cooled regenerated
catalyst particles from the said heat exchanger to the
reaction zone.

12. The unit of claim 11 comprising a conduit for
circulating used catalyst particles from one region
(e.g., a discharge or downstream region) of the

stripping zone to the heat exchanger.
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13. The unit of claim 12 comprising conduit means
for circulating used catalyst particles from the heat
exchanger to the same or another region (e.g., an
upstream region) of the stripping zone and/or to the

regenerating zone.

14. The unit of claim 11 wherein the said heat
exchanger is of the shell-and-tube type and wherein
there are provided means for introducing a fluidizing
gas comprising steam and/or hydrogen and/or light
hydrocarbons into the shell side and/or the tube side of

the heat exchanger.

15. The unit of claim 14 comprising means for

separately recovering used catalyst particles and
vapour-phase materials from the shell-and-tube heat

exchanger.
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