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17 Claims,

This invention relates to chemical reactions,
and more particularly, relates to the conversion
of hydrocarbons using powdered catalyst or cata~
lyst in subdivided form or contact material in
subdivided form,

When carrying out chemical reactions in the
presence of solid catalyst or contact particles, it
is necessary, to control the temperature of the
reaction and to control the amount of catalyst
or contact particles going to the reaction zone.
In reactions in which the catalyst or contact
particles are fouled or contaminated with
burnable or carbonaceous deposits in the
reaction zone, it is necessary to regenerate the
catalyst or contact particles in any suitable man-
ner as by burning with air or other oxygen-con-
taining gas before using the catalyst or contact
particles in another reaction step. The hot
regenerated catalyst or contact particles are then
returned to the reaction or conversion zone.

In the catalytic cracking of hydrocarbons to
form motor fuel or aviation gasoline, it is im-
portant to maintain constant operating condi-
tions in order to obtain the greatest production
of gasoline and other valuable products. The
cracking operation is endothermic and hot re-
generated catalyst or contact particles supply
some of the heat of reaction, and where liquid
oil feed is used, the hot regenerated catalyst or
contact particles supply heat of vaporization and
heat of cracking in the reaction or conversion
zone,

During the catalytic cracking of hydrocarbons,
it is important to maintain a certain ratio of
catalyst to oil in order to obtain the desired
conversion.

There are, broadly, two types of units using
powdered or finely divided contact material, one
being upflow fluid catalyst plants, that is, where
the catalyst particles and vaporous reactants or
regenerating gas flow concurrently upwardly
through the reaction zone and through the re-
generation zone. The catalyst is separated from
the reaction products and passed to a spent cata-
lyst standpipe from which the catalyst is passed
to the regeneration zone and regenerated cata-
lyst is passed to a regenerated catalyst standpipe
from which it is fed to the reaction zone. The
standpipes are' provided with slide valves for
controlling the rate of withdrawal of catalyst
particles from the bottom portion of the stand-
pipes.

The other type of unit is the downflow or bot-
tom draw-off unit where catalyst or contact
material in a dense phase or condition is with-
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drawn from the bottom portion of the reaction
zone through a spent catalyst standpipe, or from
the bottom portion of the regeneration zone
through a regenerated catalyst standpipe while
the vaporous reaction products or regeneration
gas passes overhead with only a small amount of
entrained contact particles. ‘The bottom draw-
off unit requires less separating means than the
upflow unit, and due to the design, also requires
less equipment. The standpipes for the bottom
draw-off unit are also provided with slide valves
for control.

This invention is concerned with the control of
fluid catalyst units in which the operating condi~
tions are maintained substantially constant.

In the control of upflow fluid catalyst units
use has been made of a Venturi tube to control
the amount of regenerated catalyst being fed to
the reactor. This Venturi tube has been placed
at the reactor outlet and has been subject to
changes in reading due to other causes than
catalyst feed to reactor. For instance, a change
in degree of cracking or a change in pressure or
oil feed rate will alter the reading of the venturi
which is intended to maintain a substantially
constant catalyst rate. This results in uneven
flow of regenerated catalyst to the reactor and
uneven conversion of hydrocarbons in the reac-
tor. In this particular instance this condition
is aggravated by a small increase in oil feed rate
which will actually tend to decrease the catalyst
to oil ratio, whereas an increase in catalyst to oil
ratio would be preferred. The flow of spent
catalyst to the regenerator is controlled by the
level in the spent hopper and this method has
proved satisfactory.

Another method for controlling the flow of
catalyst comprises measuring the pressure differ-
ential in the line between the spent catalyst slide
valve and the regenerator, Other things being
equal, this pressure differential is a direct meas-
urement of flow of catalyst. However, under
certain conditions this pressure differential will
be altered by variables, such as the fineness of
catalyst, the amount of carbon in the catalyst, as

well as the temperature and pressure of opera- ‘

tion. Accordingly, some undesirable variation
in catalyst rates has been observed when using
this control means.

In the downflow fluid catalyst units it was ex-
pected to use the latter type of control; that is,
the flow of regenerated catalyst was to be con-
trolled by the level in the reactor and the flow of
spent catalyst was to be controlled by the pres- -
sure differential in the line carrying the speng
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3 .
tatalyst to the regenerator. This method did not
prove satisfactory for the same reasons enumer-
ated in the paragraph above and accordingly the
unit was operated by maintaining a constant
setting on the spent catalyst slide valve con-
trolling the reactor level by the flow of regen-
erated catalyst. This method of operation, while
fairly satisfactory, would cause considerable var-
jation in conditions inasmuch as an increase in
reactor pressure, due perhaps to increase in
cracking, would tend to increase the catalyst
flow rate due to a higher pressure in the reac-
tor vessel with a fixed setting of the slide valve.
This, in turn, tended to aggravate the condition.

Another method for controlling the amount of

- cracking in the downflow units consisted in vary-

ing the level in the reactor to maintain constant
regenerator temperature. Since these units are
not provided with auxiliary cooling means, re-
generator temperature Is a function of the amount
of carbon deposited which in turn is a function

_of the degree of cracking. Accordingly, if the

regenerator temperature is too low, a rise in level
of the catalyst in the reactor will tend to com-
pensate for it. This method of control, how-
ever, is rather slow in operation since it must
await the results of a change before a resetting
of the control instrument can be obtained.

It is the purpose of this invention to provide
a satisfactory method for control of fluid cata-
lyst units. This is accomplished by controlling
the reactor inlet temperature by means of the
amount of regenerated catalyst allowed to flow
into the reactor. The level of catalyst in the
reactor in a bottom draw-off unit is controlled
by the opening or closing of the spent catalyst
slide valve. Since the first of these controls de-
pends upon heat balance which operates imme-
diately and the second on the level of catalyst
in the reactor vessel which is immediately appar-
ent, the control is rapid in operation and has
proven satisfactory. In order that the control

" operate In g satisfactory manner, it is neces-

sary to provide constant preheat for the oil en-
tering the cracking unit. However, this may
be done satisfactorily with the means readily
available,

This same type of control may bhe adapted to

the operation of the upflow units by controlling
the reactor inlet temperature by the amount of
regenerated catalyst fed to the reactor and by
controlling the spent catalyst hopper level by
the operation of the spent catalyst slide valve
located in the standpipe associated with spent
catalyst hopper.

In the drawings,

Fig. 1 represents a downﬂow fluid umt which
may be used in carrying out my invention; and

Fig. 2 represents an upfiow fiuld unit which
may be used in carrying out my invention.

Referring now to the drawing, the reference
character {0 in Fig. 1 designaies a line through
which the reactant is passed by means of pump
i2. The reactant is preferably passed through
an indirect heat exchanger {4 or other indirect
heat exchange equipment, such as a furnace or
liquid to liquid heat exchange, and-the partly
preheated reactant is then passed through line
{6 into line 18 which leads {0 g reaction zone pres-

ently to be.described. If desired, a part or all’

of the reactant may be bypassed around heat
exchanger {4 through line 19 and then passed

_ through line {6 to the line {8 to maintain a sub-

stantially constant preheat temperature of the
reactant. Use may be made of heat exchanger

2,488,728
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bypasses or furnace firing rate to maintain a ,
constant reactant preheat temperature.

Instead of using the heat exchanger {4, heat
may be supplied to the reactant by passing the
reactant through an indirect heat exchanger
where it is in indirect heat exchange with hot
oil circulated through the bottom portion of the:
fractionator or bubble tower, the oil being used
for desuperheating the reaction product vapors-
from reaction vessel 20 in the bottom portion of
the fractionator,

In line I8 the reactant is mixed with regen-
erated catalyst or contact -particles introduced -
into line 18 through line 22. The reactant may
be in heated vapor or gaseous form or it may
be partly preheated liquid in which case the heat
necessary to vaporize the liquid and carry out
the reaction is provided by the hot regenerated
catalyst from line 22, : .

In the catalytic conversion of hydroca.rbons,-
the reactant passing through line 10 may be a
hydrocarbon oil such as gas oil, light gas oil, heavy
gas oil, naphtha, reduced crude, or other suitable
hydrocarbon stock to be converted. The catalyst
is a suitable conversion catalyst. In the cata-
lytic cracking of hydrocarbons the catalyst may
be acid-treated bentonite clap or synthetic silica
aluming or silica magnesia gels, etc. When re-
forming naphthas, reforming catalysts, such as
aluming supported group VI metals, or cobalt,
nickel, iron, or compounds of group VI oxides
with nickel, cobalt or iron, may be used.’ The
catalyst is preferably in powdered or finely di-
vided form having a size ranging from a few
microns to 100 mesh but coarser catalyst may be
used if desired. If the catalytic cracking of hy-
drocarbons about one to 30 parts of catalyst to
one of oil by weight may be used.

Where the oil feed is in vapor form it may be
introduced through line 24 at about the point
where the catalyst passes from line 22.. Where
the oil feed is in liquid form or partly in liquid
and partly in vapor form, a gas, such as a hydro-
carbon gas or, in some instances, steam,; may be
introduced through line 24 to prevent the cata-
lyst or contact particles from packing below the

" point of introduction of oil or liquid reactant
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through line 6.

The mixture of catalyst or contact particles
and reactant passes into the bottom portion of
reaction vessel 20 through line 18 and inlet cone
25 and through distributor head 26, the cone 25
and head 26 being arranged in the lower portion
of a reaction vessel 20.  The distributor head 26
is provided with a plurality of holes for distribut-
ing the catalyst particles and reactant across the
area of the reaction vessel. The velocity of the
reactant vapors or gases passing through the re- :
action vessel 20 is so selected that the contact:
particles are maintained as a dry fluidized bed
32 having many of the characteristics of a liquid.
The fluidized bed 32 has a level indicated at 34
and will have a density in the range of 5-50
1bs./cu. ft. depending on the catalyst and condi-
tions of operation. The zone 36 above the fluid-
ized bed will have density between 0.001 and 0.10
1b./cu. £t. also depending on the catalyst and con-
ditions in the zone. The height of bed 32 may
be varied as desired. A superficial velocity of
about 0.2 ft. to 2.0 ft./second may be used where
the catalyst is in powdered form and comprises
acid-treated bentonite or silica aluming gel. The
temperature during the conversion of hydrocar-
bons in the reaction vessel 28 is about 700° I
to 1000° F. when higher boiling hydrocarbons are
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catalytically cracked to produce motor fuel or-

aviation gasoline.

The reaction products in vapor form leave the -
fluidized bed 32 and pass into the upper portion

36 of the reaction vessel 20, the upper portion
being referred to as dilute phase, which means
that only a small amount of catalyst or contact
particles are suspended in the vapors or reaction
products, The vaporous reaction products pass
through separating means 38 arranged in the
upper part of the reaction vessel 20. The sepa-
rating means 38 is shown in the drawing as a
Multiclone separator but may be any suitable
form of separator, such as, for example, one or
more cyclone separators. The separating means
38 functions to separate most of the entrained
catalyst or contact particles from the reaction
vapors and the separated catalyst particles are
returned to the bed of fAuidized material 32
through dip pipe 42 which extends below the level
34 of the fluidized bed,

If desired, the catalyst particles collecting in

" the separating means 38 may be fluldized by the

injection of a fluidizing gas to maintain the par-
ticles in fluidized condition. The reaction prod-
ucts leave the separating means 38 through line
44 and may be passed, if desired, through the in-
direct heat exchanger {4 for supplying some of
the heat to the reactant passing through line 10.
The reaction products are then passed to a
fractionating system or other suitable means for
separating the desired products. Any entrained
catalyst or contact particles in the vaporous re-
action products are scrubbed out by the con-
densate liquid in the bottom of the fractionating
tower.

Hot regenerated catalyst particles are supplied
through the line 22 and (8 from standpipe 52
provided with shut-off valve 54 and a control slide
valve §6. It is important to control the temper-
ature or to maintain the temperature substan-
tially constant during the catalytic cracking of
hydrocarbons, and this is done by first control-
ling the amount of hot regenerated catalyst being
passed to the reaction vessel 20. The tempera-

_ture at the reaction vessel inlet is taken by a

temperature responsive device, such as a thermo-
couple, 58 which is connected through means 62
to a conirol device 64. Control device 64 may be
any well known temperature control deviece for
actuating the slide valve 858 by a connecting
means 66 to maintain a constant temperature at
point 58. :

Preferably the thermocouple 58 is arranged in
the inlet cone 25 as shown in the drawing because
the change in temperature at g point in the inlet
cone 28 is more rapidly responsive than one in
the reaction vessel 20 due to the larger heat ca-
pacity of the catalyst mass 82 in the vessel 20.
However, the thermocouple 58 may be placed
above distribution plate 28 and improved opera-
tion obtained with this form of my invention.

If the temperature at the reaction vessel inlet
decreases, the control means 64 and 66 are ac-
tuated to increase the amount of hot regenerated
catalyst going to the reaction vessel 20 to bring
the temperature back to the desired level, If
the temperature at the reaction vessel inlet or
thermocouple 58 is too high, the control means
is actuated to cut down on the amount of hot
regenerated catalyst passing to the reaction ves-
sel 20.

When the amount of catalyst or contact parti-
cles -passing to the reaction vessel 20 is changed,
the level 34 also tends to change, and to main-
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_ . :

ta.in the level 34 mhstantially constant a level -
control device §8 is used.  This controtl. devlce s
‘may be any.suitable instrument, -such as any .=
wel known differential’ pressure controller The =~ -~

level control means 68 is ‘associated with the slide -
valve in the standpipe 72 for: wlthdrawing spent. -
catalyst from the bottom of the rea.ction vessel
20 as will be presently -deseribed.

The catalyst or contact particles are with-
drawn from the lower portion of the dense fluid-
ized bed 32 into the bottom portion or hopper of
the reaction vessel 20. Stripping gas is intro-
duced through lines 74 below the distributor
head 26 for removing volatile material from the
contaminated catalyst or contact particles.
Fluidizing gas may also be introduced through
lines 15 into the bottom portion of the reaction
vessel 20 to maintain the contaminated catalyst
or contact particles in a fluidized condition so
that they flow from the hopper into the stand-
pipe 12. Fluidizing gas is preferably introduced
through line or lines 16 for maintaining the cata-
lyst particles in fluidized condition in the stand-
pipe 12 so that the particles behave like a liquid
and produce a hydrostatic pressure at the base of
the standpipe 72.

The standpipe 12 is provided with a shut off
valve 18 and a control slide valve 82. The level

- controller 68 above referred to is connected with

a slide control valve 82 by means diagrammaiti-
cally shown at 83. As the level 34 rises, the level
controller 68 actuates the slide control valve 82
to open the slide valve to a greater extent and
permit more spent catalyst to be withdrawn from
the bottom of the vessel 20.  If the level 34 falls
down or decreases, the level control 68 moves
the control slide valve a certain amount toward
the closing position to cut down on the amount
of spent catalyst being withdrawn from the bot-
tom of the vessel 20.

The spent or contaminated catalyst particles
passing through control valve 82 are mixed with
air or other regenerating gas introduced through
line 84 and the less dense mixture is passed
through line 86 into the bottom of a regenera-
tion vessel 88 below the distribution grid 92 in the
bottom portion thereof. The distribution mem-
ber 92 functions to distribute the catalyst or con-
tact particles and the regenerating gas across the
area of the regeneration vessel.

The reaction vessel 20 in its upper portion
operates under a slight superatmospheric pres-
sure, preferably below 100 lbs./sq. in., to enable

-the reaction products to be passed through the

fractionating equipment. The dense fluidized
bed 32 of catalyst or contact particles in the re-.
action vessel 20 and the dense fluidized particles
in the standpipe 72 function similarly to a liquid
to produce hydrostatic pressure at the bottom of
the standpipe 72. 'The hydrostatic pressure so
produced plus the back pressure in the reaction .
vessel 20 is sufficient to move the less dense cata-
lyst mixture through the slide valve 82, line 86
and into the regeneration vessel 88.

The velocity of the regenerating gas is so se-
lected that the catalyst particles undergoing re-
generation are maintained as a fluidized bed as
shown at 94 having a level at 86. The fluidized
bed 94 is the relatively dense phase and the phase
above the dense phase shown at 98 is the dilute
phase in which there is only a small amount of
catalyst particles suspended in the regeneration
gases. Regenerated catalyst particles are with-
drawn from the lower portion of the dense bed
94 through funnel shaped member or hopper 102
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from which the fluidized dense mixture flows Into
the standpipe 52 above referred to. Fluidizing

. lines 104 are provided for introducing fluidizing

gas at spaced intervals in the standpipe 82 to
maintain the particles in fluidized condition so
that they exert & hydrostatic pressure at the base

of the standpipe 52. The pressure so produced

is sufficient to force the regenerated catalyst par-

' ticles through the slide valve §6 and into the re-

action vessel 20,
The regeneration gases pass upwardly through

' the regeneration vessel 88 and pass from the

dense phase or bed 94 into the upper portion or
less dense phase 98. When using powdered syn-
thetic silica alumina gel catalyst, the density of
bed 94 is about 10 lbs./cu. ft. to-40 Ibs./cu. ft.
and the density of the dilute or less dense phase
98 is about 0.001 1b./cu. ft. to 0.100 1b./cu. ft.
The regeneration gases are then passed through
separating means 08 which is shown as a Multi-
clone separator arranged in the upper part of the
regeneration vessel 88, Varied other forms of

' separating means may be used such as one or

more cyclone separators or the llke. The sepa-
rated regenerated particles are returned to the
dense bed 94 by dip pipe 112 extending from the
separating means {08 to a point below the level
96 in the regeneration vessel 88.

The hot regeneration gases leave the regenera-
tion vessei 88 through line {14. :As the regen-

... eration gases are at & high temperature, they are

preferably passed to a waste heat boiler (not
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shown) for recovering some of the heat from

the gases. The cooled regeneration gases are
then passed to an electrical precipitator (not
shown) or other dry separating equipment
wherein most of the entrained catalyst particles

" are recovered. Oil or other liquid yerubber may

be used if desired. -
Referring now to Fig. 2 of the drawing, the ref-
erence character 122 designates a reaction vessel

and the reference character 124 designates a re-

generation vessel. The apparatus shown in Fig.
2 represents an upflow unit in which all of the
catalyst and vapors or gases pass upwardly
through the reaction zone and the regeneration
zone. All of the catalyst or contact particles pass
overhead from the reaction vessel {22 with the
vaporous or gaseous reaction products and ali of
the regenerated catalyst or contact particles pass
overhead from the regeneration vessel (24 with
the regeneration gases. . .

Regenerated catalyst from standpipe 126 is
mixed with heated reactant, such as hydrocar-
bon vapors in the temperature range of 400° F,
to 1000° F. which are introduced through line
128, and the mixture passed through line 30
below distribution plate 132 in the reaction vessel
122. The reactant may comprjse -hydrocarbons
which are to be converted or cracked but other
reactants may be used and other reactions may
be carried out. The velocity of the reactant va-
pors or gases is so selected that the catalyst par-
ticles are maintained in a fluidized turbulent
condition as shown at 132 in the vessel 122, The
superficial velocity for maintaining the particles
in a fiuidized dense condition may vary between
about 0.2 ff./second and 10 ft./second. Under
some conditions a level of dense fluidized catalyst
will be maintained in the reaction vessel 22,

In the catalytic conversion of hydrocarbons,
the hydrocarbon may .comprise a hydrocarbon
oil, such as gas oil, light gas oil, heavy gas oil,
naphtha, reduced crude, or other hydrocarbon

stock to be converted. The catalyst is 8 suitable
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conversion or cracking catalyst. In the catalytic
cracking of hydrocarbons, the catalyst may be
acid-treated bentonite clays or synthetic silica
aluming or snythetic silica magnesia gels, etc.
‘When reforming naphthas, reforming catalysts
above given in connection with the description of
Fig. 1 may be used, The catalyst or contact ma-
terial is preferably in powdered formn having a
size of from a few microns to 100 standard mesh
but coarser particles may be used if desired. In
the catalytic cracking of hydrocarbons, about one
part of catalyst.to one of ofl to about 15 parts of
catalyst to one part of oil by weight may be used.
The temperature during cracking is about 700°
F. to about 1000° F., but higher or lower tempera-
tures may be used for other reactions.

. The fluidized catalyst or contact mixture in
the -vessel 122 when using powdered synthetic
silica alumina gels has an average density of
about 5 lbs./cu.ft, to about 40 lbs./cu.ft. When
using powdered acid - treated bentonite ' clays
about the same densities are obtained,

The reaction products in gaseous form leave
the reaction vessel 122 through line 134 together
with entrained catalyst or contact particles, The
reaction products are first passed to a cyclone
separator 136 in which the bulk of the catalyst
or contact particles is removed from the gaseous
reaction products. The separate. catalyst par-
ticles collect in the bottom of the separator at
138 and are passed to a spent catalyst hopper 139
by means of dip pipe 142 which dips below the

level 144 in the spent catalyst hopper i39. The.

reaction vapors leave the first cyclone separator
through line 146 and are passed to a second cy-
clone separator 148 where an additional separa-
tion.of catalyst or contact particles takes place,
The separated catalyst particles are returned to
the hopper (39 through line {52 which extends
below the level 144 in the spent catalyst hop-
per §39..

The vapors or gases then pass through line {54

to a-third cyclone separator 156 and additional”

catalyst or contact material which separates out
but is returned through line 158 to the spent cata-
lyst hopper 139 helow the level 144 therein. The
vapors or gases substantially free of catalyst par-
ticles leave the third cyclone separator {56
through line 162 and are passed {o a suitable sep~
aration equipment such as fractionating equip-
ment (not shown) to recover the desired prod-
ucts.

While cyclone separators have been shown in
the drawing, it is to be understcod that other
forms of separating means may be used. In
order to release the pressure from the spent cata-
lyst hopper {39, a balance line 164 is provided
which leads from the top of the hopper 139 to
the outlet line 146 leading from the first cyclone
separator 136.

If desired, fluidizing gas may be infroduced
into the separated catalyst or contact particles
in the cyclone separator and in the dip pipes
142, 152 and 158 for fluidizing the separated

catalyst so that it flows more readily. Fluidizing
gas is also preferably introduced into the bottom
of the spent catalyst hopper 139 through lines’

166 for purging or stripping and fluidizing the
catalyst particles therein. The catalyst or con-

tact particles flow into standpipe 168 provided .

with fluidizing lines 172 for maintaining the
particles in fluidizing condition in the standpipe
so that they develop a hydrostatic pressure at
the base of the standpipe 168. The standpipe
168 is provided with a shut-off valve {14 and a
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control slide valve 176 for controlling the rate of.

withdrawal of spent catalyst from the spent
catalyst hopper 1839.

Regenerating gas, such as alr or other oxygen-
containing gas is introduced through line 178
for admixture with the spent catalyst or contact
particles leaving the bottom of the standpipe 168

below the control valve {16 and the less dense.

mixture is passed through line 182 into the bot-
tom of the regeneration vessel 124 below the dis-~
tribution plate {84 therein. In the regeneration
vessel 124 the catalyst particles are maintained
as a relatively dense mixture by controiling the
velocity of the regenerating gas passing upwardly
through the regeneration vessel 124. The aver-
age concentration of the catalyst in the regen-
eration vessel 124, when using synthetic silica
alumina gel or aclid-treated bentonite clay, is
about 5 Ibs./cu. ft. to 40 lbs./cu ft. The rest of
the regeneration operation will be presently de-
scribed. -

Returning now to the reaction vessel 122, my
invention is concerned with controlling the oper-
ation to maintain substantially constant oper-
ating conditions.
vice is preferably located at 192 in the conical
inlet 193 to the reaction vessel {22 below dis-
tribution plate 132. However, the thermocouple
192 may be arranged above plate 132 in the dense
fluidized catalyst mixture shown at 133. This
temperature responsive device, such as a thermo-
couple 192 is connected by means 194 to a con-
trol device 196 which is connected through dia-
grammatically shown means 198 to a control
slide valve 202 at the bottom of the regenerated
catalyst standpipe 126. This control is provided
to maintain the temperature substantially con-
stant in the reaction vessel 122, The control
device 186 may be of the same type as device 64
hereinbefore described in connection with Fig. 1.

If the temperature decreases, the temperature
control device 196 actuates the control slide valve
202 and more hot regenerated catalyst or con-
tact particles are passed through line 138 and
into the reaction vessel 122, As more catalyst or
contact particles are introduced into the reaction
vessel 122 more catalyst or contact particles go
overhead through line 134 and into the spent
catalyst hopper 139,

As the level 144 increases in the hopper 139,
the level control device 204 controls the control
slide valve 176 on the spent catalyst standpipe
168 through means 206 and in this way the level
in the spent catalyst hopper (39 is maintained
substantially constant. The level control de-
vice 208 may be of a type similar to device 68
above described in connection with Fig. 1.

If the temperature rises above the desired
level in the reaction vessel 122, less catalyst or
contact particles are passed through line (30
by control valve 202 into the reaction vessel 122
and the level 144 in the spent catalyst hopper will
fall. The level responsive or control device 204
then shuts off the control slide valve 116 to a
certain extent and less catalyst or contact par-
ticles are withdrawn from the spent catalyst
hopper 139 to maintain the level substantially as
shown at 144, .

Returning now to the regeneration step, the
contaminated catalyst particles which are to be
regenerated contain burnable deposits and the
regeneration is an exothermic reaction. It is
necessary- to control the temperature during
regeneration to prevent temperatures higher than
above 1150 or 1200° F. to prevent deactivation

A temperature responsive de- .
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of the catalyst xpa,rt;icies. The control may be
effected in various ways. One way of controlling

‘the temperature is to have an indirect heat ex-

change device 208 arranged in the dense mixture
of catalyst particles undergoing regeneration in
the regeneration vessel 124. The heat exchange
coil has an inlet 209 and an outlet 210 for cir-
culating any desired heat exchange medium such
as water, fused salts, diphenyl, etc. :

The regeneration gases, together with regen-
erated catalyst or contact particles, pass over-
head from the regeneration vessel 124 through
line 212 to the Arst cyclone separator 214 where
most of the catalyst particles are removed from
the regeneration gases., The separated catalyst
or contact particles are passed into a regenerated
catalyst hopper 218 through dip pipe 218 which
extends below the level 222 of catalyst or contact
particles in the hopper 216, The regeneration
gases leave the first cyclone separator through
line 224 and are passed to a second cyclone sepa-
rator 226 provided with a dip pipe 228 which
extends below the level 222 of catalyst in the
hopper 216. The regeneration gases leave the
second cyclone separator 226 through line 232
and are passed to a third cyclone separstor 234
having a dip pipe 236 which extends below the
level 222 of catalyst or contact particles in the
hopper 216.

The regeneration gases leave the third cyclone
separator through line 238 and may be passed
through a waste heat boiler to recover heat from
the regeneration gases and the cooled regenera-
tion gases may then be passed to other suitable
separation equipment, such as an electrical pre-
cipitator, water or oil scrubber (not shown),
for separating or recovering further amounts of

 catalyst or contact particles from the regenera-
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tion gases. .

To prevent the pressure from building up in the
regenerated catalyst hopper 218, balance line 242
is provided which leads from the top of the hop-
per 216 to the outlet line 224 leading from the
first cyclone separator 214,

The hopper 216 is provided with inlet lines 244
in its lower portion for introducing fluidizing gas
to the regenerated catalyst or contact particles
in the hopper. The fluidized regenerated cata-
lyst, which may be at a temperature of about
1000° to about 1200° F,, flows into the standpipe
126 hereinbefore described. Fluldizing lines 246
are provided for introducing fluldizing gas at
spaced intervals along the standpipe 126 to main-
tain the catalyst particles in & fluidized condi-
tion whereby the particles assume some of the
characteristics of a liquid and hydrostatic pres-
sure is built up at the base of the standpipe 126
which is utilized for moving the regenerated cat-
alyst particles through the reaction vessel 122
and the rest of the equipment. Standpipe 126
is provided with a shut-off valve 248,

A specific example of catalytic cracking of hy-
drocarbons will now be given to more specifically
bring out the manner in which my invention is
used to control operation of the unit {o maintain
substantially constant operating conditions, A
gas oil having an A, P, L. gravity of about 31° and
having an initial boiling point of 450° F, and a
final boiling point of 800° F. is passed through
indirect heat exchanger 14 where its tempera-

.ture is raised to about 400° F, It is necessary

in both forms of the invention shown in the
drawings and using the control means there
shown, that the oil entering the cracking unit
be preheated to a selected constant temperature
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during the process. Hot regenerated catalyst at
a temperature of about 1075° F. and comprising
synthetic silica aluming gel is mixed with the
preheated oil in line 18. About 18 parts of cat-
alyst to one part of oil by weight are used,

The temperature at the inlet 25 to the reaction
vessel 20 at point 58 should be maintained at

about 970° . The velocity of the upflowing -

vapors is selected to maintain a level 34 at about
the level indicated in Fig. 1 of the drawing. The
time of residence of the vapors in the reaction
vessel 28 is about 26 seconds. The contact time
in other examples may vary from about 5 to 100
seconds. :

Spent catalyst is withdrawn from standpipe 12
and passed to the regeneration vessel 88 where
the temperature during regeneration is main-
tained at about 1075° F.

With the conditions as above given, the gas
ofl Is cracked to produce about 47% by volume
of gasoline having an octane number by A. S.
T. M. method of about 80. Also produced are
45% by volume of gas oil that may be sold as such
or recycled to the process. The balance will con-
sist of carbonaceous catalyst deposit and light
hydrocarbon gases, both saturated and unsatu-
rated.

If during the operation of the apparatus de-
scribed above the regenerator temperature should
drop from 1075° to 1070° F, due to some disturb-
ance in the process, an increase in catalyst rate
will occur due to the control means 64 attempting
to maintain a constant reactor temperature.
Since an Increase in catalyst rate will result in
higher catalytic activity in the reactor 20, a
greater carbon formation will occur., This, in
in turn, will add more fuel to the unit and since
the only outlet for excess heat consists of the
rejection of hotter flue gases from the regener-
ator, the temperature of the regenerator will tend
to increase, thereby restoring the unit to its for-
mer temperature level of 1075° F. and the former
catalyst to oil ratio. By this means, the oper-
ation of the unit is automatically stabilized and
uniform operating conditions are readily main-
tained.
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The method of controlling a catalytic crack~ -

ing unit according to my invention operates quick-
1y and ratisfactorily. 'The temperature respon-
sive device at point 58 immediately is affected
by chanees in temperature and the control slide
valve 56 in the regenerated catalyst standpipe
52 is immediately actvated by changes in the
temverature at the point §8." The level control-
ler 68 acts immediately when the level 34 changes
due to anv change in the addition of regener-
ated catalyst to the reaction vessel 26 and the
level control in turn immediately controls or ac-
tuates the valve 82 on the spent catalyst stand-
pipe 12. From this it will be seen that the two
parts of the control cooperate to maintain the
unit overating at the desired conditions.

From the specific example given in connection
with Fig. 1, it will be apparent that the opera-
tion of the anparatus shown in Fig. 2 is also eas-
ily and auickly controlled.

Broadly. my invention provides a method of
maintaining the reactor temperature substantial-
ly constant by varying the catalyst circulation
between the reactor and the regenerator as the
temperature in the regenerator varies. With the
oil feed being maintained substantially constant
and the temperature of the preheated oil feed
substantially constant, changing the catalyst cir-
culation rate results in different catalyst to oil

50
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ratios and this results in deposition of different
amounts of coke on the catalyst, higher catalyst
to oil ratios forming more coke than lower cata-
1yst to oil ratios.

When the regenerator temperature tends to
go up, the catalyst circulation is decreased and
this results in lower catalyst to oil ratios with
less coke formed and less heat produced in the
regenerator on burning, so that regenerator tem-
perature goes down.

When the regenerator temperature tends to
go down, the catalyst circulation is increased and
this results in higher catalyst to oil ratios with
more coke formed and more heat produced in
the regenerator on burning so that regenerator
temperature goes up.

The form of my invention shown in the draw-
ing is the preferred form. As an alternative, the
temperature of the reactor may be maintained
constant by controlling the rate of withdrawal
of spent catalyst from the reactor and the level

. of catalyst in the reactor may be maintained con-

stant by controlling the rate of withdrawal of
regenerated catalyst from the regenerator. The
temperature in the reactor is used to control a
valve in the spent catalyst withdrawal line pass-
ing to the regenerator and a level controller in
the reactor controls a valve in the regenerated
catalyst withdrawal line passing to the reactor.

With this alternative form, if the regenerator

" temperature tends to go up, the amount of spent

catalyst being withdrawn from the reactor and
passing to the regenerator is reduced. As less
spent catalyst is withdrawn from the reactor, the
level controller will function to reduce the open-
ing of the valve in the regenerated catalyst with-
drawal line and less regenerated catalyst will be
introduced into the reactor. This resultsin small-
er catalyst to oil ratio going to the reactor and
less coke is formed in the reactor. As there is
less coke on the spent catalyst introduced into
the regenerator, there will be less coke in the
regenerator and less heat produced in the re-
generator. The regenerated catalyst particles will
then be heated to a lower temperature and these
particles being introduced into the reactor re-
sult in a lower reactor temperature.

If the regenerator temperature fends to go
down, the amount of regenerated catalyst pass-
ing to the reactor is increased and this increases
catalyst to oil ratio forming more coke. As the
temperature in the reactor tends to go down, the
amount of spent catalyst withdrawn from the re-
actor and passing to the regenerator is increased.
The level of catalyst is maintained in the reactor
by controlling the amount of regenerated catalyst

. withdrawn from the regenerator.
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My invention may he used with other processes
using fluidized solids such as carbonization of

‘coal, production of water gas from coal, distilla-

tion of wood, oil shale, or coal treatment of ores,
such as reduction and roasting of various metal
ores, drying of solids, oxidation of gases by vari-
ous solid oxides, recovery of vapors from gases,
recovery of gasoline constituents from natural

" gas, casing head uas or cracked refinery gas,
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organic reactions involving oxidation, reduction,
chlorination, hydration, dehydration, and the
like, and more particularly, various hydrocarbon
reactions wherein solid catalysts or treating or
contacting agents may be employed, such as in
cracking, reforming, hydrogenation, dehydro-
genation, polymerization, alkylation, dealkyla-
tion, isomerization, aromatization, refining, de-
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© sulfurization, synthesis of hydrocarbons from

+ carbon monoxide and hydrogen, and the like.

CD While I have shown two forms of apparatus
whzch may be used with my invention, it is to
be understood that these are by way of illustra-

8 tion only and various changes and modifications

= may be made without departing from the spirit

C of my invention.

Iclaim:
1. In a catalytic conversion process wherein a

O reactant at a substantially constant rate and
at a substantially constant temperature is intro-

% duced into g conversion zone and a regenerating
gas Is introduced into a regeneration zone and

— constant operating conditions are to be main-

— tained in the conversion zone and contaminated

o catalyst particles from the conversion zone are

+— withdrawn from the bottom portion of said con-

E version zone and are passed to a spent catalyst
standpipe extending downwardly from said con-
version zone and provided with a control valve
and the particles are then regenerated in a re-
generation zone and the catalyst particles at a
temperature above conversion temperature are
rassed to a regenerated catalyst standpipe hav-
ing a control valve, the improvement which com-
prises maintaining the temperature in the con-
version zone substantially constant by controlling
the amount of hot regenerated catalyst passing
from said regenerated catalyst standpipe to said
conversion zone to compensate for undesired
changes in the temperature in said conversion
zone while maintaining a substantially constant
amount of catalyst in said conversion zone try
controlling separately the amount of spent cata-
lyst withdrawn from said spent catalyst stand-
pipe.

2. In a catalytic conversion process wherein
hydrocarbon fluid and hot regenerated catalyst
particles are introduced through a common inlet
into & conversion zone and a regenerating gas
and contaminated catalyst particles are intro-
duced into a regeneration zone and constant op-
erating conditions are to be maintained in the
conversion zone in which the catalyst particles
are maintained as a dense fluidized bed with a
dilute phase thereabove and contaminated cata-
lyst particles are withdrawn directly from the
dense bed as a dense mixture and passed to a
spent catalyst standpipe and the contaminated
catalyst particles are then passed to said regen-
eration zone wherein they are maintained as a
dense fluidized bed with a dilute phase thereabove
and the hot regenerated catalyst particles at a
temperature materially higher than conversion
temperature are withdrawn directly from the
dense bed as a dense mixture and are passed to

" a regenerated catalyst standpipe, the improve-
ment which comprises maintaining the tempera-
ture in said conversion zone substantially con-
stant by controlling the amount of hot regen-
erated catalyst passing from said regenerated
catalyst standpipe to said conversion zone in re-
sponse to the temperature in said common inlet
while maintaining the level of the dense bed in
said conversion zone substantially constant by
controlling the amount of catalyst withdrawn
from said conversion zone in the dense phase.

3. A process according to claim 2 wherein the
temperature in said conversion zone is main-
tained substantially constant by controlling the
amount of hot regenerated catalyst passing to
said conversion zone in response to the tempera-
ture of the regenerated catalyst particles and hy-
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drocarbon mixture passing to the lower portion
of sald conversion zone.

4. In a catalytic conversion process wherein a
reactant and catalyst particles are introduceq into
& conversion zone and a regenerating gas and
spent catalyst particles are introduced into a re-
generation zone and constant operation condi-
tions are to be maintained in the conversion zone
in which the particles are maintained as g dense
fluidized bed with a dilute phase thereabove and
contaminated or spent catalyst particles are
withdrawn directly from the dense bed as a dense
mixture and passed to a spent catalyst stand-
pipe and the contaminated catalyst particles are
then passed to a regeneration zone wherein they
are-maintained as a dense fluidized bed wih a
dilute phase thereabove and the hot regenerated
catalyst particles at a temperature materially
higher than conversion temperature are with-
drawn directly from the dense bed as a dense

‘mixture and are passed to a regenerated catalyst

standpipe, the steps of compensating for unde-
sirable changes in temperature in said conver-
sion zone by changing the rate of feed of hot re-~
generated catalyst passing from said regenerated
catalyst standpipe to said conversion zone and
separately changing the rate of withdrawal of
contaminated catalyst from said conversion zone
to maintain the level of the dense bed in said
conversion zone substantially constant.

5. A process according to claim 4 wherein the
reactant comprises hydrocarbon fluid and the
conversion zone comprises a cracking zone hav-
ing a common inlet for hydrocarbon fluid and
catalyst particles and the rate of feed of hot re-
generated-catalyst particles passing to said crack-
ing zone is in response to the temperature in said
common inlet.

6. In an apparatus of the character described
including a regenerator, a reactor, means includ-
ing a standpipe having a control valve for pass-
ing hot regenerated catalyst from said regener-
ator to said reactor, means including a spent cat-
alyst standpipe for passing spent catalyst from
said reactor to said regenerator, an inlet for
feeding reactant into said reactor, an outlet for
regeneration gases from said regenerator, the
improvement including control means for con-
trolling the temperature in said reactor, said
control means including a thermocouple asso-
ciated with said reactor, means connecting said
thermocouple with the control valve in said re-
generated catalyst standpipe to control the
amount of hot regenerated catalyst passing from
said regenerated catalyst standpipe to said re-
actor and a control device for maintaining the
amount of catalyst substantially constant in said
reactor.

7. In a catalytic conversion process wherein a
reactant and catalyst particles are jntroduced
into a conversion zone and a regenerating gas
and contaminated catalyst particles are intro-
duced into a regeneration zone and constant op-
erating conditions are to be maintained in the
conversion zone in which the catalyst particles
are maintained in a dense fluidized bed and con-
taminated catalyst particles are withdrawn from
said conversion zone and passed to a spent cata-
lyst collecting zone and the contaminated cata-
lyst particles are then passed to said regenera-
tion zone wherein they are maintained as a dense
fluidized bed and the hot regenerated catalyst
particles at a temperature materially higher than
conversion temperature are withdrawn from said

regeneration zone and passed to a regenerated

Bl
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catalyst collecting zone and in which process the
reactant is fed at a substantially constant rate
and at a substantially constant initial tempera-
ture, the improvement which comprises maintain-
ing the temperature in said converslon zone at a
desired substantially constant level by control-
ling the amount of hot regenerated catalyst pass-
ing from said regenerated catalyst collecting zone
into said conversion zone while maintaining a
substantially constant desired amount of catalyst
in said conversion zone so that if the conversion
temperature unintentionally decreases more hot
regenerated catalyst from sald regenerated cata-
lyst collecting zone is passed into said conversion
zone and more of the contaminated catalyst_ is
removed from said conversion zone and passed
to said spent catalyst collecting zone and then
to said regeneration zone, and if the conversion
temperature unintentionsily increases less hot
regenerated catalyst is passed from said regen-

. erated catalyst collecting zone into said con-

version zone and less of the contaminated cata-
lyst is removed from said conversion zone and
passed to said spent catalyst collecting zone and
then to said regeneration zone. .

8. A method according to claim 7 wherein said
spent catalyst collecting zone includes a stand-
pipe and said regenerated catalyst collecting zone
includes a standpipe, each standpipe extending
downwardly from its respective zone.

9. A method according to claim 7 wherein said
spent catalyst collecting zone includes a hopper
and a standpipe extending from the bottom of
said hopper and said regenerated catalyst collect-
ing zone includes a second hopper and a second
standpipe extending from the bottom of said
second hopper. : :

10. In a catalytic conversion process wherein a
reactant and catalyst particles are introduced
into a conversion zone and & regenerating gas
and contaminated catalyst particles are intro-
duced into a regeneration zone and constant op-
erating conditions are to be maintained in the
conversion zone in which the catalyst particles
are maintained in g dense fluidized bed and con-
taminated catalyst particles are withdrawn from
said conversion zone and passed to a spent cata-
lyst collecting zone and the contaminated cata-
lyst particles are then passed to said regeneration
zone wherein they are maintained as a dense
fluidized bed and the hot regenerated catalyst
particles at a temperature materially higher than
conversion temperature are withdrawn from said
regeneration zone and passed to a regenerated
catalyst collecting zone and in which process the
reactant is fed at a substantially constant rate
and at a substantially constant initial tempera-
ture, the improvement which comprises main-
taining the temperature in sald conversion zone
at a desired substantially constant level and com-
pensating for undesired changes in the tempera-~
ture in said conversion zone by controlling the
amount of hot regenerated catalyst passing from
said regenerated catalyst collecting zone into said
conversion zone in response to the temperature
in a selected low point in the dense bhed in said
conversion zone while maintaining a substan-
tially constant amount of catalyst in said con-
version zone. o

11. In an apparatus of the character described
including a regenerator having an outlet for re-
generation gases and an inlet for regenerating
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gas and catalyst, 2 reactor having an outlet for

reaction products and an inlet for reactants and
catalyst, means including a standpipe for pass-
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ing hot regenerated catalyst from sald regenera-
tor to sald reactor inlet, sald standpipe having a
control means, means including a spent catalyst
standpipe for passing spent catalyst from said
reactor to said regenerator inlet, the improvement/
including means for controlling the temperature

in said reactor, said control means including & -

thermocouple arranged in sald reactor inlet. and
responsive to the temperaure of the reactant and
regenerated catalyst passing therethrough and
connected to operate said control means in said
regenerated catalyst standpipe to control the
amount of hot regenerated catalyst passing from
said regenerated catalyst standpipe to said re-
actor inlet and means for maintaining the
amount of catalyst substantially constant in said
reactor. - :

12, In an apparatus of the character described
including a regenerator having an outlet for re-
generation gases and an inlet for regenerating
gas and catalyst and sdapted to hold & dense bed
of catalyst, a reactor having an outlet for re-
action products and an inlet for reactants and
catalyst and adapted to hold & dense bed of cata-
lyst, means including a standpipe for passing hot
regenerated catalyst from said regenerator to said
reactor inlet, said standpipe having a control
means, means including a spent catalyst stand-
pipe for passing spent catalyst from said reactor
to said regenerator inlet, the improvement in-
cluding means for controlling the temperature in
said reactor, said control means including a ther-
mocouple associated with sald reactor and re-
sponsive to the temperature of the reactant and
regenerated catalyst in sald reactor inlet and
means connecting said thermocouple and said
control means in said regenerated catalyst stand-
pipe to control the amount of hot regenerated
catalyst passing from said regenerated catalyst
standpipe to said reactor and means for main-
taining the level of catalyst substantially con-
stant in said reactor.

13. In a hydrocarbon catalytic cracking process
wherein hydrocarbon fluid and hot regenerated .
catalyst particles are introduced into a cracking
zone through a common inlet and contaminated
catalyst particles are introduced into a regenera-
tion zone and constant operating conditions are
to be maintained in said cracking zone in which
the catalyst particles are maintained as a dense
fluidized bed with a dilute phase thereabove and
contaminated catalyst particles are withdrawn
directly from the dense bed as a dense mixture
and passed to a spent catalyst standpipe and the
contaminated catalyst particles are then passed
to said regeneration zone wherein they are main-
tained as a dense fluidized bed with a dilute phase
thereabove and the hot regenerated catalyst par-
ticles at a temperature materially higher than
cracking temperature are withdrawn directly
from the dense bed as a dense mixture and are
passed to a regenerated catalyst standpipe, the
improvement which comprises controlling the
temperature in said cracking zone by controlling
the amount of hot regenerated catalyst passing
from said regenerated catalyst standpipe to said
cracking zone in response to the temperature
in said common inlet while maintaining the level
of the dense bed in said cracking zone substan- -
tially constant by controlling the amount of cata-
lyst withdrawn from said cracking zone in the
dense phase,

14, In a catalytic conversion process wherein a
reactant and catalyst particles are introduced into
a conversion zone and a regenerating gas and
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contaminated catalyst particles are introduced
Into a regeneration zone and constant operating
conditions are to be maintained in the conver-
sion zone in which the catalyst particles are main-
tained in a dense fluidized bed and contaminated
catalyst particles are withdrawn from said con-
version zone and passed to a spent catalyst col-
lection zone and the contaminated catalyst par-
ticles are then passed to said regeneration zone
wherein they are maintained as a dense fluidized
bed and the hot regenerated catalyst particles at
& temperature materially higher than conversion
temperature are withdrawn from said regenera-
tion zone and passed to a regenerated catalyst
collecting zone and in which process the react-
ant is fed at a substantially constant rate and at
a substantially constant initial temperature, the
improvement which comprises maintaining the
temperature in said conversion zone at a de-
sired substantially constant level by compensat-
ing for any undesired changes in temperature in
said conversion zone by controlling the amount

.of hot regenerated catalyst passing from said re-

generated catalyst collecting zone into said con-
version zone while maintaining a sufficient
amount of catalyst in said conversion zone to ef-
fect the desired conversion so that if the con-
version temperature decreases for any reason
more hot regenerated catalyst from said regen-
erated catalyst collecting zone is passed into said
conversion zone and more of the contaminated
catalyst is removed from said conversion zone and
passed to said spent catalyst collecting zone and
then to said regeneration zone, and if the con-
version temperature increases for any reason less
hot regenerated catalyst is passed from said re-
generated catalyst collecting zone into said con-
version zone and less of the contaminated cata-
lyst is removed from said conversion zone and
passed to said spent catalyst collecting zone and
then to said regeneration zone,

15. A method according to claim 14 wherein
said spent catalyst collecting zone includes a hop-
per and a standpipe extending from the bottom
of said hopper and said regenerated catalyst col-
lecting zone includes a second hopper and a sec-
ond standpipe extending from the bottom of said
second hopper.

16. An apparatus of the character described
including a regenerator having an outlet for re~
generation gases and inlet means for regenerat-
ing gas and catalyst, a reactor having an outlet
for reaction products and inlet means for a re-
actant and catalyst, said reactor inlet means in-
cluding a perforated distribution plate in the
lower portion of said reactor, means for passing
hot regenerated catalyst from said regenerator to
said reactor inlet means ang having control
means, means for passing spent catalyst from
said reactor to said regenerator inlet means,
means for controlling-the temperature in said
reactor, said last-mentioned control means in-
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cluding a thermocouple adjacent said perforated
plate in said reactor and responsive to the tem-
perature of the reactant and regenerated cata-
lyst and means for connecting said thermocouple
with said first mentioned control means to op-
erate said first mentioned control means to con-
trol the amount of hot regenerated catalyst pass-
ing to said reactor.

17. An apparatus of the character described
including a regenerator having an outlet for re-
generation gases and inlet means for regenerat-
ing gas and catalyst and adapted to hold a dense
bed of catalyst, a reactor having an outlet for
reaction products and a common inlet for re-
actants and catalyst and adapted to hold & dense
bed of catalyst, said reactor being provided in
its lower portion with g perforated distribution
plate adjacent said reactor inlet, means includ-
ing a standpipe for passing hot regenerated cata-
Iyst from said regenerator to said reactor inlet,
said standpipe having control means, means in-
cluding a spent catalyst standpipe for passing
spent catalyst from said reactor to said regen-
erator inlet, means for controlling the tempera-
ture in said reactor, said last-mentioned control
means including a thermocouple arranged in said
reactor common inlet and responsive to the tem-
berature of the reactant and regenerated cata-
lyst, and means connecting said thermocouple
with said standpipe control means to operate said
control means in said regenerated catalyst stand-
pipe and to control the amount of hot regener-
ated catalyst passing from said regenerated cata-
lyst standpipe to said reactor.

CHARLES W. TYSON.
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