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METHOD AND APPARATUS FCR COCLING
GRANULAR CONMTACT MATERIAL

Frank C. Fabhnestock, Mianhasset, N. Y., assignor fo So-
cony Mobil Gil Company, Inc., a corporaiien of MNew
York

Application November 4, 1952, Serial No, 318,563
20 Claims, (ClL 252—418)

This invention pertains to the cooling of gravitating
compact masses of solid hot contact material. 1t is par-
ticularly directed to an improved method and apparatus
for extracting heat from a gravitating substantially com-
pact mass of particle-form contact material in a moving
bed hydrocarbon conversion system.

Many processes, such as cracking, polymerization, re-
forming, coking and desulfurization, use gravitating col-
umns of granular contact material in an enclosed cyclic
system. For example, in cracking heavy petroleum stocks
to produce lighter hydrocarbons, preferably boiling in the
gasoline boiling range, the granular material is gravitated
as a substantially compact bed through a reaction zone
where it is contacted with hydrocarbons io effect the
cracking reactions and the converted products are with-
drawn continnously from the bed. During gravitation
through the reaction zone, the particles of contact mate-
rial acquire a deposit of carbonaceous material commonly
referred to by those familiar with the art as “coke” which
must be removed periodically. The particles are with-
drawn from the bottom of the reacticn zone and trans-
ferred to the top of a reconditioning zone. In the recon-
ditioning zone the particles are gravitated as a substan-
tially compact mass and blown with air to effect the corm-
bustion of the deposited material or ccke. Flue gases are
removed from the zonme continuously carrying with them
some of the heat released by the burning. The regen-
erated contact material is withdrawn from the bottom of
the recenditioning zone and transferred to the top of the
reaction zone.

The particles may be catalytic in nature or not. Cata-
lysts, such as natural or activated clays, bauxite, mont-
morilonite, etc., are well known in the hydrocarbon con-
version art, as are synthetic hydrogels of alumina, chromia,
etc. When the process is coking or visbreaking, where
only thermal cracking may be involved, the particles
may be formed of inert material such as fused quartz,
iron balls, coke particles or Carborundum. Cracking reac-
tions have been found to occur most readily at a tempera-
ture of about 800-1600° F. and at an advanced pressure,
for example, 5-30 p. s. i. (gauge). It is desirable, of
course, to complete the reconditioning of the material as
rapidly as possible and, therefore, high temperatures are
used in the kiln or reconditioner, in the neighborhood of
10600-1300° F. The upper limit of temperature in the
kiln is generally limited by the catalyst, because it has
been found that catalytic materials lose their activity if
they are heated much in excess of about 1300° F. When
catalytic materials are being regenerated, therefore, it is
generally necessary to extract heat during the regenera-
tion to prevent the catalyst from being heat damaged.

The prior art shows the use of heat exchange coils in
the kiln in many variant forms. It is desirable to permit
temperature adjustment during operation to keep the tem-
perature in the kiln high, permitting rapid regeneration.
This has been accomplished in the past primarily by plac-
ing more or less tubes into operation by means of valves
which prevent or permit cooling fluids to flow through

10

15

20

25

30

35

2

portions of the tubes in the vessel. When the cooling
fluid is prevented from flowing through the tubes, the tube
reaches the temperature of the solids in the vessel. The
cooling fluid is kept at a temperature substantially below
the temperature of the contact material and thus, when the
fluid is first passed through the hot tubes, the tube mate-
rial is subjected to shock chilling. This has caused stress
cracking and in some cases has led to accelerated corro-
sion and even rupture of the pipes with a release of the
fluid. Although efforts to relieve this difficulty have been
tried, none has been really successful.

It has been suggested that the trouble may be avoided
by using a catalyst circulating rate which is high enough
to permit the particles to be passed through the kiln
without cooling and by using a catalyst cooler outside the
regenerator as a means of balancing the heat transfer in
the system. For example, in catalytic cracking it is usnally
necessary to extract some heat from the solids after regen-
eration to prevent the reaction temperature from rising
to too high a level. The cooler suggested is one in which
the cooling fluid is kept in contact with the entire heat
exchange surface at all times and the degree of cooling is
varied by varying the volume of catalyst in contact with
the cooling surface at any given instant. Such a cooler is
shown and claimed in copending applications for United
States Patents Serial Number 154,130, filed April 5,
1950, now Patent Number 2,690,057, and Serial Number
148,669, filed March 9, 1950, now Patent Number
2,690,056. These coolers, while they are a substantial
improvement of the prior art, have some undesirable
features. They cannot be located within the regenerator,
especially where gas transfer is being effected, because
of the open passages through the cooler. Also, where
the metal of the cooler is not contacting hot contact
material, the temperature drops below the temperature
of the metal in contact with the contact material. This
causes undesirable temperature stresses to be set up in

. the metal, which may cause cooler failure.
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It is an object of this invention to provide a cooler and
method of cooling contact material in which the entire
area of the cooling surface is maintained in coniact with
cooling fluid at all times and is also maintained in contact
with hot contact material at all times.

it is a further object of this invention to provide an
improved cooler and method of cooling hot contact ma-
terial in which the entire area of the cooling surface is
maintained in contact with cooling fluid at all times and
the cooler can be located within a regenerating zone for
use in preventing the contact material temperature from
rising to heat-damaging levels.

It is a further object of this invention to provide an
improved regenerator and method of regenerating contact
material in which heat is extracted by a heat exchanger
section in adjustable amounts necessary to maintain the
temperature of the contact material within the desired
operating range and yet the entire surface of the heat
exchanger is maintained in contact with cooling fluid at
all times.

These and other objects of the invention will be made
more apparent in the following detailed description of the
invention, made with reference to the attached diagram-
matic sketches. .

One broad aspect of this invention involves the passage
of a substantially compact mass of hot solids through an
upright vessel which has a cooling section in which cool-
ing pipes are distributed across the vessel. The mass of
solids is divided into a multiplicity of streams beneath the
heat-exchanging section and the flow rate of solids through
some of the streams is reduced while the fow rate through
the remaining streams is increased. By this method, the
rate of volumetric flow of hot solids over some of the
cooling tubes is increased while a compensating opposite
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change is made in the volumetric flow of hot solids over
the remaining tubes. By this procedure, the temperature
of the solids is adjusted to the desired temperature with-
out entirely diverting the flow of sclids away from any
tubes and without preventing the fiow of cooling fluid
through any of the tubes. It is a feature of this inventien
that the change of flow rate of solids through some of the
passages is effected without placing any valves or restric-
tions in the passage. Valves, star wheels and the like
are undesirable for use in controlling the flow of solids
in moving bed conversion systems because they grind the
catalyst to dust, are ercded by the abrasive catalyst and
are consiantly breaking down because of the tendency of
the particles to pack in the crevices of the throttling device
and jam the moving parts.

Tigure 1 is a diagrammatic showing of 2 moving bed
conversion system.

Figure 2 is a vertical sectional view of a kiln showing
the improved cooling section incorporated therein.

Figure 3 is a vertical sectional view of the kiln of Fig-
ure 2 as seen on plane 3—3 of Figure 2.

Figure 4 is a plan view of the kiln of Figure 2 as seen
on plane 4—¢ of Figure 2.

Figure § is 2 vertical sectional view of a multi-stage kiln
incorporating the improved cocling section.

Throughout the views, similar reference characters
refer to similar parts. Referring to Figure 1, a general
system for the conversion of hydrocarbons in the presence
of a moving bed of granular contact material is shown.
A reactor 10 is shown alongside a regenerator or kiln
1i. Above the reactor is a storage hopper 12 comnected
to the top of the reactor by an elongated conduit or gravity
feed leg 13. An elevator 19 of the bucket type is located
between the vessels.  The connecting conduit 28 is con-
nected between the bottom of the reactor and the bottom
- of the elevator 19. The conduit 21 i3 connected between

~the top.of the elevator and the top of the regenerator 11.
A second elevator 22 is located between the vessels.. The
conduit 23 is connected between the bottom of the re-
. generator 11 and the bottom of the elevator 22. The con-
duit 24 is connected between the top of the elevator 22
and the hopper 12.

The kiln cross-section is shown on Figures 2, 3 and 4.
A partition 25 is located horizontally across the upper
portion of the vessel. The region located below the par-
tition 25 -is utilized for reconditioning the particles. A
multiplicity of pipes 26 are attached to the vessel at spaced
ievels to supply air for combustion from the common pipe
27. A multiplicity of pipes 28 are attached at levels in-
termediate the pipes 26 for removal of the flue gas through
the common pipe 29. Pipes 39, 31 are attached to cool-
ing sections 32, 33. The cocling sections 32, 33 are
formed by headers 40, 41 and horizontal pipes 34 passed
through the vessel 1. Referring specifically to Figure 1,
pines 35, 36 are attached to the cooling sections to effect
removal of the cocling fluids. Pipe 37 is connected be-

ween pipes 38, 31 and pipes 35, 36. A pump 38 and
cooler 39 is located in the pipe 37. Figure 3 shows a cir-
culating cooling system for cooling solids at a single level.
The connecting pipe 37 is located between headers 49 and
41 and has incorporated in it a pump 38 and cooler 3¢.
Referring particuiarly to Figures 2, 3 and 4, the gas
introduction and collecting channels 43 are iocated at
space levels along the vessel 11. " A partition plate 44 is
located ‘horizontaily ‘across the vessel at an intermediate
level. Drop pipes 45 are located uniformly across the
partition 44 and alternate pines 45 have extensions 46
about them which telescope the drop pipes, permitting
alternate pipes to be lengthened or shortened. The ex-
tension members 46 shown comprise boxes with holes in
their‘upper ends and open lower ends. The holes in each
box fit one row of drop pipes. The extension members
are raised by cranks 47, 47, mating bevel gears 48, 48,
vertical shafts 49, 49. The shafts 49, 49 are threadably

4 :
engaged with the lugs 59, 3¢ on the sides of the exten-
sion members.

In operation, the catalyst is gravitated as a continuous
column downwardly from the hopper 12, through the
elongated seal leg 13, reactor 1% and conduit 29 to the
bottom of the elevator 19. The flow of the catalyst is
controlled by the valve 51 in the conduit 28. The seal
lez 13'is made long enough to permit the solids to feed

" smoothly into the reactor against the advapnce pressure

10

15

30

35

. with more particularity.
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. tributed uniformly across the partition.

45

- about 65-75 degrees with the horizontal.

therein. The séal leg deters reactant gas from travelling
upwardly. A seal gas is introduced through the conduit
14 into the top of the reactor 1§ at a pressure stightly
higher than reactor pressure to preveut reactants from
flowing upwardly through the cclumn of catalyst. The
reactants may be charged in ligiud form, vapor form or a
nixture of both. The vapors travel downwardly through
the voids in the catalyst bed and the converted products
are withdrawn at the bottom of the bed. A stripping gas
is introduced into the bottom of the -bed of catalyst to
remove vaporizable hydrocarbons from the catalyst. The
catalyst removed from the bottom of the bed is con-
taminated with carbonacecus deposits or coke and is,
therefore, transferred by the bucket elevator to the top
of the kiln.

The contact material is gravitated as a compaci mass
through the kiln. The region above the partition 23 in
the upper portion of the kiln serves as a surge space, pro-
viding storage room for catalyst in the event of a tem-
porary unbalance of flow through the two elevator sys-
tems. = Air is blown into the bed of catalyst at various
levels through alternate channels 43 to travel upwardly
and dowanwardly through the bed to the mext adjacent
channel. The flue gas is removed {rom the bed at levels
intermediate the levels of gas introduction. -

Referring now to Figures 2, 3 and 4, which illustrate
the use of a single coeling section at an intermediate level
in the kiln, details of the invention will be pointed out
The solids are cooled by pas-
sage over cooling pipes 34. The pipes are distributed uni-
formly across the column, and, thersfore, all the catalyst
receives some cooling. The partition 44 is located just
below the cooling pipss and the drop pipes 45 are dis-
When the ex-
tension members 46 are in the upper position, the lower
ends of all the drop pipes 43 are at a.uniform level
Therefore, catalyst feeds from each pipe at about the same
rate.  The pipes draw catalyst from a region above the

plate 44 generally defined by the frustum of an inverted

cone. The side walls of the cone are disposed at an angle
with the horizontal which corresponds with the angle of
internal flow of the catalyst. This angle, for most cata-
lyst emiployed for hydrocarboss coaversion, is generally
t is seen,
therefore, that the catalyst entering any given drop pipe
will contact only those cooling pipes which pass through
this imaginary inverted cone above that drop pipe. When

_ the extension members are up, and the flow through the

60

70
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* drop pipes is uniform, all catalyst particles will be cooled

substantially the same amount.  However, if less cooling
is desired, the extension member 45 can be lowered. If
the drop pipes possessing extension members were nof
present, the catalyst flowing through the other drop pipes
would form conical piles, after discharge from the pipes.
The surface of the piles would slope at the angle of repose
of the catalyst, which for most catalytic materials used
in moving bed conversion systems is about 30 degrees
with the horizontal. The piles would spread out, there-
fore, to cover the entire cross-section of the vessel beneath
the plate 44. The extension members are made long
enough so that in the lower position, the lower. end of
the extension member is below the surface level of the
piles formed by the drop pipes which do not possess €x-
tension members. - Practically the. entire cross-section of

the vessel is covered with catalyst before the catalyst from

]
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the exfension members is introduced into the bed, and
therefore, the flow through the extension members is
materially reduced. Catalyst from the extension mem-
bers is limited to that region just below the member and
is not allowed tc expand laterally. This throttling action
materially limits the flow rate of the catalyst over those
portions of the pipes 34 above the drop pipes which pos-
sess extension members. And since the catalyst flowing
through the drop pipes which do not possess extension
members must expand laterally to cover a larger area
below the pipes than above, the flow of catalyst through
these pipes is correspondingly increased. Therefore, the
bulk of the catalyst contacts approximately half the cool-
ing area it formerly contacted and for approximately half
the time it formerly contacted the cooling pipes. The
result is that less heat is extracted from the catalyst, as
desired.

Additional air may be blown through the column at
staged levels below the cooling section as shown on the
drawings. Although only one cooling section is shown
on the drawings in Figures 2, 3 and 4, it is understood
that several sections may be used at staged levels to meet
the particular cooling requirements of any process. It is
seen that variable cooling is effected in the kiln and yet
the cooling pipes are maintained at all times in contact
with catalyst on the one side and cooling fluid on the
other. The thermal shocks involved in prior art coolers
or cooling sections of the kiln are, therefore, avoided.
It is scen also that no mechanical throttling device need
be used in the catalyst column.

Figure 5 shows an alternate embodiment of the inven-
tion in which the cooling pipes are not uniformly dis-
tributed across the kiln. The pipes are arranged in a
pattern so that there are more pipes or more cooling sur-

face area above the drop pipes which do not have exten- °

sion members. The drop pipes which possess extension
members in this embodiment are made shorter than the
other drop pipes, so that when the members are up, the
catalyst from these drop pipes forms a bed level above
the lower ends of the other drop pipes. This provides
maximum flow cf catalyst through these regions which
contain the fewest number of cooling pipss and minimum
flow of catalyst through the other regions. When the
catalyst tends to overheat, the extension members are
lowered to extend the effective length of the short drop
pipes down to about the level of the longer drop pipes,
thereby equalizing the flow of catalyst through all the
pipes. This increases the amount of catalyst passing
through the regions above the longer drop pipes which
contain the greater portion of the cooling surface area.
Additional ameunts of heat are, therefore, extracted from
the catalyst. The extension members may be constructed
so that they can be lowered below the level of the long
drop pipes, to cause the bulk of the catalyst to pass
through the region possessing the greater porticn of the
cocling surface area, thereby providing maximum cooling
of the contact material. As shown in the figure, the cool-
ing sections may be located in those burning zones of
the kiln which require cooling. For a muli-zone kiln
of eight zones, this may require cooling in only the second,
third and fourth zones.

The solids withdrawn from the bottom of the kiln are
transferred to the hopper atop the reactor for reuse. The
flow of solids through the kiln is adjusted by means of
the valve 51 so that the contact material is maintained
in the kiln in the form of a continuous column. The
temperature of the solids is adjusted by the cooling sec-
tions of the kiln, so that coupied with the heat added via
the reactants there is supplied to the reaction zone just
sufficient heat to effect the desired reactions. When the
reaction temperature rises to too high a level, an adjust-
ment must be made in the cooling section of the kiln to
bring the system back into heat balance.

. Although the invention has been described as an im-
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6
proved kiln, it is contemplated that a separate cooler may
be designed according to these principles. 1t is less desir-
able to have the cooler sepzrate from the kiln because
the catalyst circulation rate must be maintained high to
prevent heat damage in the kiln. This limits conditions
in the reaction zone to a high catalyst to oil ratio. This
invention, therefore, when applied to an improved kiln,
permits greater flexibility of operation than other pro-
posed systems of cooling the comtact material, and is
preferred in that form.

This invention is not intended to be limited to the
specific embodiments shown above, being broad in its
application and intended to cover all changes and modi-
fications which do not constitute departures from the
spirit and scope of the invention.

I claim:

1. The method of changing the temperature of a par-
ticle-form contact material which comprises: passing a
siream of the contact material downwardly through a
heat exchange zone as a compact gravitating column, into
contact with a plurality of permanently located heat ex-
change surfaces arranged at spaced intervals across the
horizontal cross-section of said column, passing a fluid
heat exchange medium along the opposite sides of said
heat exchange surfaces, so as to maintain the surfaces
at all times at a substantially different temperature than
said contact material and so as to effect a change in tem-
perature of said contact material, and effecting a change
in the volumetric flow of the contact material in some
regions of the column cross-section and an opposite
compensating change in the volumetric flow of the con-
tact material in the remaining regions across the columm
whereby a change in the amount of contact material
temperature alteration due to flow through the heat ex-
change zone is effected. '

2. The method of cooling a particle-form contact ma-
terial which comprises: passing a stream of hot contact
material downwardly through a cooling zone as a com-
pact gravitating column, into contact with a plurality of
fixed cooling surfaces arranged at spaced intervals across
the horizontal cross-section of said column, passing a fluid
cooling medium along the opposite sides of said cooling
surfaces, so as to maintain the cooling surfaces at ail times
at a substantially different temperature than said contact
material and so as to effect a change in temperature of
said contact material, maintaining some contact material
flow in contact with all of the cooling surfaces at all times,
and effecting a change in the volumetric flow of the con-
tact material in some regions of the column cross-section
and an opposite compensating change in the volumetric
flow of the contact material in the remaining regions across
the column whereby a change in the amount of cooling
of the contact material is effected.

3. Method for the regeneration of a spent catalyst which
is contaminated with a carbonaceous contaminant from a
previous conversion reaction which comprises: passing the
spent catalyst as a substantially compact column through
a confined vertical regeneration zone, passing an oxygen-
containing gas into contact with the catalyst to effect re-
moval of coke by burning, passing a cooling fluid through
a plurality of static spaced cooling conduits arranged
across said column at at least one level along its length,
so as to remove sufficient heat from the contact material
to prevent overheating of the catalyst to a heat-damaging
level, and changing the volumetric rate of catalyst flow in
at least one region of the column at the level of the cooling
conduits and changing the volumetric rate of flow a com-
pensating amount in the opposite direction in the other
regions of the column cross-section, while maintaining at
least some flow of contact material at all times in contact
with all of the cooling conduits,

4. The method of cooling a particle-form contact ma-
terial which comprises: passing a stream of hot contact
material downwardly through a cooling zone as a compact
gravitating column, into contact with a plurality of im-
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movable cooling conduits arranged uniformly across the
column cross-section at at least one level, passing a fluid
cooling medium through the conduits, so as to maintain
the cooling conduits at all times at a substantialiy different
temperature than said contact material and so as to effect

a change in temperature of said contact material, main--

taining some contact material flow by all of the cooling
conduits at all times, increasing the flow raie of the con-
tact material in regions of the cross-section at the level
of the cooling conduits and decreasing the flow rate of
the contact material in the remaining regions of the cross-
section at the level of the cooling conduits, the maximum
amount of cooling being effected when the flow of con-
tact material is substantially uniform all across the colummn
and the rate of cooling decreasing as the flow is increased
in some regions at the expense of the remaining regions.

5. Method for the regeneration of a spent catalyst
which is withdrawn from a previous reaction with hydro-
carbons contaminated with a coke deposit which com-
prises: passing the contaminated catalyst as a substantial-
ly compact column through a confined vertical regenera-
tion zone, passing an. oxygen-containing. ges into contact

with the catalyst to effect removal of coke by burning,.

passing a cooling fluid through a plurality of spaced im-
movable cooling conduits arranged uniformly across said
column at at least one level along its length, sc as 16 re~
move sufficient heat from the contact material to prevent
overheating of the catalyst to a heat-demaging level, main-
taining some contact material flow by all of the cooling
conduits at all times, increasing the flow rate of the
contact material in. regions of the cross-section at the
level of the cooling conduits and decreasing the flow rate
of the contact material in the remaining regions cf the
cross-section at the level of the cooling conduits, the maxi-
mum amount of cosling being effected when the flow of
contact material is- substantially uniform all across the
column and the rate of cocling decréasing as the flow is
increased in some regions at the expense of.the femain-
ing regiouns.

6. The method for the regeneration of a spent catalyst
which is withdrawn from a previous reaction with hydro-
carbons confaminated with a ccke depcsit which com-
prises: passing the contaminated catalystas a substantially
compact column through a confined vertical regeneration
zone, passing an oxygen-containing gas into contact with
the catalyst to effect removal of coke by burning, passing
a cooling fluid through a plurality of spaced immovable
cooling conduits arranged uniformly across said: column
at at least two levels along its length, so as to remove suf-
ficient heat from the contact material to prevent cverheat-
ing of the catalyst to a heat-damaging level, maintaining
some catalyst flow by all of the cooling conduils at all
times, increasing-the flow rate of the catalyst in regions
of the cross-section at the levels of the cooling conduits
spaced uniformly across the column cross-section and de-
creasing the flow rate of the contact material in the re-
maining regions of the cross-section at the levels of the
cocling conduits, said regions of increased and decreased
catalyst flow rate being horizontally staggered “at the
levels of cooling, so as to promote overall uniform temper-
ature along the regeneration zone, the maximum amount
of cocling being effected when the flow of contact material
is substantially uniform 2!l across the column and the rate
of cooling decreasing as the flow is increased in some
regions and decreased in the alternate regions.

7. The meathed of cooling 2 particle-form contact ma-
terial which comprises: passing a stream of hot contact
material downwardly through a cooling zone as a com-
pact gravitating column, into contact with a plurality of
static cocling conduits arranged across the column cross-
section in alternate regions of heavy and light concen-
trations of conduits at at least two levels, passing a flnid
cocling medium through the conduits, so as to maintain
the cooling conduits at 2il times at a substantially dif-
ferent temperature than said contact material and s0-as
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to effect a change in temperature of said contact material,
maintaining some contact material flow by all of the cool-
ing conduits at all times, increasing the flow rate of the

contact material in regions of the cross-section at the level-

of the cooling conduits which contain light concentra-

tions of the cooling conduits and decreasing the flow rate.

of the contact material in said alternate regions of the

cross-section at the level of the cooling conduits which

contain heavy concentrations of the cocling conduits, 5o
as to cffect a reduction in the amount of heat withdrawn
om the contact material, the regions of heavy and light
concentrations of cooling conduits at the varicus levels
being staggered horizontally across the column cross-sec-

tion, so as to provide more uniform temperature of con-

tact material across the column. )

8. The method for the regneration of 2 spent catalyst
withdrawn from a previous reaction with-hydro-
as contaminated with a coke deposit which com-
prises: passing the contaminated catalyst as a substantially
compact column through a confined veriical regenera-

tion zone, passing an oxygen-containing gas into contact: -

with the catzlyst to effect removal of coke by burning,
passing a cooling finid through a plurality of static cool-
ing conduits arranged across the column cross-section in
aliernate tegions of heavy and light concentrations of
conduits at at least two levels, so as to maintain the ccol-
ing conduits at all times at a substantiaily different tem-
perature than said catalyst and so as to effect 2 change in
temperature of the catalyst, maintaining some catalyst
fiow by all of the cocling conduits 2t all times, increasing
the flow rate of the catalyst in regions of the cross-section
at the level of the cooling conduits which contain light
concentrations of the cooling conduits and decreasing the
fiow rate of the contact material in said alternate regions
of the cross-section at the level of the cooling. conduits
which contain heavy concentrations of the cooling con-
duits, so as to effect a reduction in the amount of heat
withdrawn from the catalyst, the regions of heavy and
light concentrations of cooling conduits- at -the various
levels being staggered horizontally across the column
cross-section, so as to provide more uniform temperature
of contact material across the column.

9. The method for the regneration of a spent catalyst
which is withdrawn from a previous reaction with hydro-
carbons contaminated with a coke deposit which com-
prises: passing the contaminated catalyst as a substantiaily
compact column through a confined vertical regeneration
zone, passing a cooling fiuid through a plurality .of static
cooling condiits arranged across the columa cross-section
in alternate regions of heavy and light concentrations of
conduits at at least two levels, so as to maintain the cool-
ing conduits at all times at a substantially different tem-
perature than said catalyst and so as to effect a change in

emaperature of the catalyst, maintaining some catalyst
flow by all of the cooling conduits at all times, increasing

" the flow rate of the catalyst in regions of the cross-section

at the level of the cocling conduits which contain light
concentrations of the ccaling condnits and decreasing the
flow rate of the contact material in said alternate regions
of the cross-section at the level of the cooling conduits

which contain heavy concentrations of the cocling con--

duits, so as to effect a reduction in the amount of heat
withdrawn from the catalyst, the regions of heavy and
light concentrations of cooling conduits at the various
levels being staggered horizontally across the column cross-
section, so as to provide more uniform temperature of
contact material across the column; introducing an oxy-
gen-containing gas into. the column at staged levels along
the length of the column, at least some of said levels be-
ing located just below each level of cocling conduits, di-
recting a portion of the gas introduced below the cooling
conduits upwardly through the streams of rapidiy-moving
catalyst and then expanding the upwardly-moving gas
streams laterally to cover the entire cross-section of the
column in the region of-the cooling conduits, whereby
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eat is transferred from the catalyst to the cooling con-
duits, and withdrawing the gas at staged levels along the
length of the column after conibustion of the contaminant
coke from the catalyst.

10. The method of cooling a particle-form contact ma-
terial which comprises: passing a stream of hot contact
material downwardly through a cooling zone as a com-
pact gravitating column, into contact with a plurality of
cooling conduits arranged uniformly across the column
cross-section at at least one level, passing a fluid-cooling
medium through the conduits, so as to maintain the cool-
ing conduits at all times at a substantially different tem-
perature than said contact material and so as to effect
a change in temperature of said contact material, passing
the contact material downwardly from a portion of the
bed cf gravitating contact material just below the cooling
conduits through a plenum space from which contact ma-
terial is excluded as a plurality of horizontally spaced-
apart compact streams delivering onto a continuation of
the columa below the plenum space, changing the length
of some of said streams so that they deliver under the
surface of the column continuation, whereby the flow
through these streams is substantially reduced and the
flow over the cooling conduits directly above these streams
is substantially reduced and controlling the rate of with-
drawal from the bottom of the column substantially con-
stant, so that flow from the remaining streams which de-
liver onto the surface of the column continuation is in-
creased proportionately to the flow reduction in the other
streams, whereby the flow over the cooling conduits above
these streams is very substantially increased to the ex-
tent that it constitutes the major percentage of the total
contact material flow and the amount of temperature re-
duction of these streams is reduced substantially whereby
the overall average temperature reduction of all of the
flow is very substantially reduced, without entirely divert-
ing the flow of contact material from any of the cooling
conduits.

11, The method of cooling a particle-form contact
material which comprises: passing a stream of hot con-
tact material downwardly through a cooling zone as a
compact gravitating column, intc contact with a plurality
of ccoling conduits arranged across the column cross-
section in alternate regions of heavy and light concen-
trations of conduits at at least one level, passing a fluid
cocling medium through the conduits, so as to maintain
the cooling conduits at all times at a substantially different
temperature than said contact material and so as to effect
a change in temperature of said contact material, passing
the contact material downwardly from a portion of the
bed of gravitating contact material just below the cooling
conduits through a plenum space from which contact
material is excluded as a plurality of horizontally spaced-
apart compact streams delivering onto a continuation of
the column below the plenum space, changing the length
of a first group of said streams so that they deliver under
the surface of the column continuation, whereby the flow
through these streams is substantially reduced and the
flow over the cooling conduits directly above these streams
is substantially reduced and controiling the rate of with-
drawal from the bottom of the column substantially con-
stant, so that flow from the second group of remaining
streams which deliver onto the surface of the columa
continuation is increased proportionately to the flow re-
duction in the other streams, whereby the flow over the
cooling conduits above these streams is very substan-
tially increased to the extent that it constitutes the major
percentage of the total contact material flow, said first
and sscond groups of streams being located beneath the
regions of hieavy and light concentration of cocling con-
duits in alternating arrangement, so that flow of contact
material through said regions may be increased or de-
creased to provide temperature adjustment, whereby the
over-all average temperature can be adjusted without

10

20

30

40

45

50

60

70

i0
entirely diverting the flow of contact material from anj
of the cooling conduits.

12. A cooler for granuiar contact material which
comprises: an upright vessel, means for introducing con-
tact material into the top of the vessel, means for with-
drawing contact material from the bottom of the vessel,
a multiplicity of permanently located cooling conduits
distributed across the vessel, means for supplying coolant
continuously to the conduits and means for withdrawing
coolant continuously from the conduits, means for chang-
ing the fiow rate of the contact material in some regions
of the column cross-section and an opposite compensat-
ing change in the flow rate of the contact material in
the remaining regions across the vessel whereby a change
in the amount of contact material cooling due to flow
aver the cooling conduits is effected.

13. A regenerator for spent catalyst which comprises:
an upright shell, a gas inlet conduit located between the
top and bottom of said shell and a gas ocutlet conduit
located a spaced vertical distance apart from said inlet,
an inlet for catalyst in the top of the sheli, an outlet for
catalyst in the bottom of the shell, a plurality of spaced
cooling conduits arranged across the shell at at least
one level along its length in a permanent location, adapted
to contact the catalyst in the regenerator and prevent over-
heating, means for changing the volumetric rate of cata-
lyst fiow in at least one region of the column at the level
of the cooling conduits and means for changing the
volumetric rate of flow a compensating amount in the
opposite directicn in the other regions of the column cross-
section, which provides at least some flow of contact mate-
rial at all times in contact with all of the cooling conduits.

14. A cocler for cocling a particle-form contact mate-
rial which comprises: a vertical vessel, an inlet for con-
tact material at the top, an outlet for contact material
at the bottom, a plurality of fixed cooling conduits ar-
ranged uniformly across the vessel at at least one level;
means for increasing the fiow rate of comtact material
in regions of the cross-section of the vessel at the level
of the cooling conduits and means for decreasing the fiow
rate of the contact material in the remaining regions of
the vessel cross-section at the level of the cooling conduits,
whereby maximum cecling can be effected when the flow
of contact material is substantially nniform in all regions
of the vessel cross-section and decreased cooling can be
effected by increasing the flow of contact material in some
regions while decreasing the flow a like amount in the
remaining regions of the vessel cross-section.

15. A regenerator for spent catalyst which comprises:
a vertical vessel, an inlet at the top thereof, means for
introducing an oxygen-containing gas into the vessel at
at least one intermediate level, means for withdrawing a
flue gas from said vessel at at least one intermediate level
spaced vertically apart from the gas inlet level, a plurality
of spaced permanently located cooling conduits arranged
uniformly across said vessel at at least one level along its
length, means for increasing the flow rate of the catalyst
in regions of the cross-section at the level of the cooling
conduits and decreasing the flow rate of the contact mate-
rial in the remaining regions of the cross-section at the
level of the cooling conduits so as to maintain some
catalyst in contact with all the cooling conduits at all
times, whereby the maximum amount of cooling of ths
catalyst can be effetced by adjusting the flow controlling
means to provide uniform flow across the vessel and ths
minimum amount of cooling of the catalyst can bz effected
by adjusting the fiow controlling means to provide maxi-
mum non-uniform flow across the vessel,

16. A cooler for cooling a particle-form contact mate-
rial comprising in combination: an upright shell, an in-
let at the top of the shell and an cutlet 2f the bottom
thereof, a plurality of permanently located cooling con-
duits arranged across the shell in alternate bundles of
heavy and light concentrations of conduits at at least two
levels along the length of the shell, means for increasing
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the flow rate of contact material passing alternate bundles
of conduits and means for decreasing the flow rate of
contact material passing and remaining bundles of con-
duits, so as to effect a variation of the amount of heat
withdrawn from the contact material, the bundles of tubes
at the various levels in the shell being staggered hori-
zontally across the cross-section of the shell, sc tha
bundles of heavy cencentrations of conduits at one ievel
are located above the buadles of light concentrations of
conduits at the next lower level and the bundles of light
concentrations of conduits at the first level are located
above the bundles of heavy concentrations of conduits at
said next lower level.

17. A regenerator for spent catalyst which comprises:
a vertical vessel, an inlst at the tep thereof, an cutlet at
the bettem thereof, means for introducing an oxygen-
containing gas into the vessel at at least cne intermediate
level, means for withdrawing gas from suaid vesscl at
at least one intermediate level spaced vertically apart
from the gas inlet level, a plurality of permanently lo-
cated cooling conduits arranged across the vessel in
alternate bundies .of heavy and light concentrations of
conduits at at least two levels along the length of the
vessel, means for increasing the flow rate of catalyst pass-
ing alternate bundies of conduits and means for- de-
creasing the flow rate of catalyst passing the remaining
bundles of conduits, so as to effect a variation of the
amount of heat withdrawn from the catalyst, the bundles
of conduits at the various levels in the vessel being
staggered horizontally across the cross-section of the
vessal, so that bundles of heavy concentrations of con-
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duits at one level are located above the bundles of light .

concentrations of conduits at the next lower level.

18. A cooler for cooling a particle-form contact mate-
rial comprising in combination: an upright shell, an inlet
at the top of the shell and an outlet at the bottom there-
of, a plurality of cocling conduits arranged uniformly
across the shell at at least one level, a partition located
horizontaily across the shell just below the cocling con-
_duits, drop pipes depending from the-partition at loca-
tions uniformly distributed acress the partition, exten-
sion members about alternate drop pipes adapted for ver-
tical mevement, so that when the extension members are
in the up position, the bottom of said members is at
the same level as the bottom of all drop pipes, and
means for lowering said extension members, so that the
lower end of said members is below the intersection of
imaginary lines drawn downwardly from the lower edge
of adiacent drop pipes at an angle of about 30 degrees
with the horizontal.

19. A cooler for cooling a particle-form contact mate-
rial comprising in combination: an upright shell, an inlet
at the top of the shell, an outlet at the bottom thereof,
a plurality of cooling conduits arranged across the shell
in alternate bundles of heavy and light concentrations
of conduits. at at least one level along the length of the
sheii, a horizonial partition located acrcss the shell just
below the tube bundles, a plurality of drop pipes of al-
ternately long and short length, atiached to said parti-
ticn located uniformly across the shell, so that at least
- one condeit is located beneath each tube bundle, exten-
sion members about the short drop pipes, the short pipes
being at least a sufficient amount shorter than the long
drop pipes so that when the extension members are in
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the up position, lines drawn downwardly from the lower
end of adjacent members at about 30 degrees with the
horizontal intersect above the lower end of the long drop
pipes, said extension members being long enough so that
when they are in the down position, the lower end of said

embers is below the intersection of lines drawn dowa-
wardly from the lower ends of adjacent leng drop pipes
at an angle of about 30 degrees with the horizontal,
and means for raising and lowering the extension mem-
bers.

20. A regenerator for spent catalyst which comprises:
a vertical vessel, an inlet at the top thereof, an outlet

at the bottom thereof, means for introducing an oxygen-

containing gas into the vessel at at least two intermediate
levels and means for withdrawing gas from said vessel
at at least two intermediate levels spaced vertically apar
from the gas inlet levels, a plurality of cocling conduits
arranged across the vessel in alternate buadles of heavy
and light concentrations of conduits at at least two levels
aleng the length of the vessel, horizontal partitions acrcss
the vessel just beneath each level of cooling conduits, a
plurality of alternately long and short drop pipes at-
tached to said partitions located uniformly ‘acioss the
vessel, the short pipes being located beneath tube bundies
of one concentration and the other pipes being located
beneath bundles of the other concentration, one of said
gas introduction means being located just beneath each
partition, so as to deliver gas into the plenum zone formed
bereath the partition by the drop pipes and one. of said
gas outlet means being located a substantial distance
above each partiticn, so that some gas travels upwardly
through the drop pipes and over the cooling tubes to
reach said outlet means, extension members about the
short drop pipes, adapted to prevent the catalyst passing
through said drop pipes from spreading laterally until it
reaches the bottom of said extension members, the short
pipes being at least a sufficient amcunt shorter than the
long drop pipes so that when said members afe in the up
position, lines drawn downwardly-from the lower end of
adiacent members at about 30 degrees with the horizontal
intersect above the lower end of the long drep pipes, said
extension members being long enough so that when they
are in the down position, the lower end of said members
is below the intersection of lines drawn downwardly
from the lower ends of adjacent long drop pipes at an
angle of about 30 degrees with the horizontai, said tube
bundles being staggered horizontally acress the vessel at
the various levels, so that bundies of heavy concentration
are located above bundles of light concentration, said drop
pipes being similarly staggered, so that short drop pipes
are located above long drop pipes, and means for raising
and lowering said extension members externai of said
vessel. i
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