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3,079,329
CONVYERSION OF LIQUID REACTANTS USING
FINELY DIVIDED SOLIDS
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Mobit Off Company, Inc., 2 corporation of New Yerk
Filed Sept, 14, 1959, Ser. No. $39,902
14 Claims. (Cl 208—157)

This invention deals with the conversion of liquid re-
actants to more valuable products in the presence of finely
divided solids. More particularly, it relates to the cata-
lytic conversion, especially hydroconversion, of liguid
hydrocarbons to lower boiling products in the presence
of a finely divided solid catalytic material which does not
become immediately deactivated by the catalytic reaction.

Typical of the reactions to which this invention may
be applied are the cataiytic cracking, reforming, aroma-
ization, dehydrogenation, isomerization, desulfurization
and hydrocracking of liquid hydrocarbon reactants, as
weil as the thermal conversion or cracking of liquid re-
actants in the presence of inert solids.

Many processes for the conversion of liquid reactants
employ solid materials to assist in the conversion. Where
the solids are rapidly deactivated, such as in conventional
catalytic cracking of hydrocarbons, it is usual to employ
beds of solids which are continuously moved between the
reaction zomne and a regeneration zone in which the solids
are reconditioned for re-use. However, where the solid
material remains in a useful condition for a relatively
long period of time, it is usual to maintain the solid ma-
terial in a fixed bed through which reactant flows until
the solids are deactivated. The solids may then be re-
generated in place or may be removed entirely and re-
placed with a completely new bed of fresh solids. FEx-
amples of this type of operation are found in catalytic
reforming, desulfurization and hydrocracking of hydro-
carbons.

This fixed bed operation has certain pronounced de-
ficiencies, however. First of all, the charge stock always
contacis the same solid particles at the various stages of
the reaction. Thus, the same solid particles always con-
tact the fresh reactant and the same particles are always
subjected to the exiting product. This often leads to
differing temperatures at differing levels in the reaction
bed which frequently have an undesirable effect on the
reaction. Likewise, where the reaction is catalytic, the
solid catalyst particles at different bed levels may be con-
taminated during the reaction to different extents, thereby
requiring regeneration at an earlier stage than if the con-
tamination were uniform.

The catalyst particles in fixed bed operations must be
of relatively large size in order that flow through the bed
withont excessive pressure drop can be obtained. How-
ever, some catalysts may be more active when used in
smaller particles and this additional activity must be
sacrificed in the fixed bed operation.

A further disadvantage of the fixed bed operation is
that fine particles of foreign matter and catalyst accumu-
late in the void spaces between particles in the bed,
gradually causing an increase in the pressure drop require-
ment for flow through the bed.

Recognizing the foregoing deficiencies of the fixed
bed operation, there have been suggestions in the art that
the solid material and the liquid reactant flow through
the reaction zone as a slurry. As previously suggested,
however, the slurry flow had to be controlied by valves
which quickly wore out under the abrasive action of the
fine solids. Also, pumps were required to move the slarry
about. The pumps did not stand up well under the
abrasive action of the solids.

There has now been discovered a technique for react-
ing liquids in the presence of a suspended, finely divided
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solid material in which neither control valves nor pumps
are subjected to the abrasive action of the suspended
solid material. In addition, this invention includes a
technique for separating heavy particles of foreign matter
from the flowing liquid-solids slurry and a particular tech-
nique and apparatus for controlling liquid flow where
the liquid is mixed with finely divided solids.

A major object of this invention is to provide a method
for the continuous conversion of a liquid reactant using
a finely divided solid material suspended in the liquid.

Another object of this invention is to provide a method
and apparatus for the continuous catalytic conversion of
liquid hydrocarbons to other products in the presence of
a finely divided solid catalytic material.

A specific object of this invention is to provide a proc-
ess for hydrocracking a heavy liquid petroleum charge
stock to produce lower boiling products by means of a
finely divided solid catalyst which is suspended in the
liquid charge stock during the conversion.

Another specific object of this invention is to provide
a method and apparatus for controlling the flow rate of
a liquid which is carrying suspended solids while avoiding
severe erosion of the control mechanism by the solids.

Anocther specific object is to provide, in a method for
the conversion of liquid reactants using a suspended ma-
terial which is continuously recycled to the conversion
zone, a technique for removing from the recycled solid
stream heavy solid foreign material.

In one broad aspect, this invention achieves the fore-
going objects by providing that the liquid reactant and
solid material fiow upwardly as a slurry through a con-
fined conversion zone in which the desired reaction occurs.
The liguid and solids are removed from the upper section
of the conversion zone and passed through an un-
obstructed passage into a gas separation zone maintained
above the lower end of the conversion zone. Any gaseous
material may be removed from the upper section of the
gas separation zone while liquid and solids settle to the
bottom of the zone. The level of liquid in the gas sepa-
ration zone is maintained substantially constant. Liquid
and solids are removed from the lower section of the gas
separation zone and flowed to a liquid separation zone,
also located above the lower end of the conversion zone,
Liguid is removed from the upper section of the liquid
separation zone while solids seitle to the bottom thereof.
These solids are removed through an unobstructed pas-
sage and are suspended in a stream of liquid which is to
be converted in the conversion zome. This suspension
then flows downwardly through an unobstructed passage
to join the stream of liquid reactant entering the lower
end of the conversion zone. By this means a continucus
column of liquid is maintained from the lower end of
the conversion zone to the upper liquid surface in the
gas separation zome which assists in forcing the finely
divided catalyst into the reactant stream entering the
conversion without the use of additional force, such as
that applied by pumping.

This invention will be best understood by referring to
the attached drawings, of which

FIGURE 1 is a diagrammatic flow plan of a process
employing this invention; and ‘

FIGURE 2 is an elevational view, partially in section,
of a particular apparatus for conirolling the liquid flow
rate of liquid streams containing solids, which is a part of
this invention. v

This invention will be described in connection with a
particular process, the hydrocracking of heavy residual
petroleum fractions to produce to lower boiling products.
By so limiting the description, it is not intended, of
course, to limit the scope of the invention which obviously
extends to other processes.

Turaing now to FIGURE 1, the heavy charge stock
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which, for example, might be a heavy petroleum fraction
boiling-above -650°. F., enters the system through passage
10 and is pumped by means of pump 11 through heater
12. In heater 12 the charge is heated to the reaction
temperature which might be, for example, 800° F.
Pump 11 also raises the charge stock to the reaction
pressure which might be, for example 1500 p.si. Prior
to being heated, the charge stock is merged with a stream
of hydrogen entering through passage 13 although, if de-
sired, the hydrogen may be heated separately and blended
with the charge stock downstream of heater 12.

Charge stock and hydrogen flow: from heater 12
throiigh passage 14 and are joined by a stream of cata-
lyst-suspended in liquid to be reacted, descending through
passage -15. Charge stock, hydrogen,-and catalyst form
a sturry which flows into and upwardly through reaction
zone 16, where. the desired conversion to lower boiling
producis occurs.
divided- catalyst is suspended in the upflowing liquid.
Catalyst, liquid and-any gaseous material, including hy-
drogen, flow from reactor. 16 through passage 17 into a
gas-separation zone 18 maintained at the reaction zone
pressure.
drop to the bottom, forming- a liquid body 19. The
gaseous material passes overhead through passage 20 and
through cooler 21, in- which condensible hydrocarbons
are condensed. The cooled material then passes to sep-
arator 22 where the gaseous materials, mainly. hydrogen,
are separated from the condensed liquid and pass oyer-
head through passage 23-to supply hydrogen for the re-
action to passage 13. Fresh hydrogen may also be
added to passage 13 by means of inlet 24. Liquids and
solids flow from gas separation zone 18 through unob-
structed passage 25 into liquid separation zone 26. The
term “anobstructed,” as used in connection with passage
25 and elsewhere herein, means that there exisfs. no
pump or flow throttling valve or orifice in the particular
passage referredto.

Preferably, passage 25 enters zone 26 horizontally and
along the walls thereof so that the incoming stream is
subjected. to centrifugal force which assists in separating
solids from the liquid. Of course, if vessel 26.is large
enough, simple settling will effect: this separation. 1In any
case; a majority of the solids settle downwardly while
most of the liquid passes out of the top of zone 26 through
passage 27 at a rate controlled by flow control device 28.
Some solid material will- also flow out with this lquid.
Flow control device 28 is described in greater detail here-
inbelow and acts to split the liquid into two streams which
flow-through passages 2% and 38.into fractionation zone
31. Condensed liquid material also flows from separa-
tion zonme 22 through passages 32 and 28 into fraction-
ation zone 31,

Fractionation zone 31 will normally be operated at at-
mospheric pressure and will separate, typically, by con-
ventional fractional distillation, the liquid supplied, there-
to.into the desired product, e.g., gasoline, fuel oil and
gas oil, which may be removed through passages 33, 34
and 35. In_addition, a recycle stream, normally mate-
rial boiling above 650° F., is withdrawn from the bottom
of. fractionation zone. 31 and handled in a manner de-
scribed hereinbélow. ’

Returning to liquid separation zone 26, most of the
solids will settle to the bottom  of the zoze and flow
downwardly through unobstructed passage 37 .into the
upper end of solids separation zone 38. During the cir-
culation of the. shurry through the cyclic system, it-is in-
evitable that particles of foreign matter, such as pipe scale
and carbonaceous material or coke; will be picked up by
the slurry. This foreign matter usually will be heavier
than the solid.catalyst. - . .

Solids separation zone 38 acts to: separate the heavier
foreign matter from the finely divided catalyst: This. is
accomplished by injecting liquid into zone 38.through
one or a combination of passages 39, 40, 41 and 42. The

At all times in reactor 16 the finely-

In gas separation zone 18 lignid and solids-
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upward liquid velocity in zone 38 is adjusted so that solid
catalyst will be suspended in the liquid while heavier
foreign matter will not be so suspended and will settle to
the bottom of zone 38 and info receiver 43. The velocity
control is achieved, of course, by controlling the quantity
of liquid supplied to zone 38.

The liquid used in zone 38. may be a mixture of recycle
oil and fresh charge, such as FIGURE 1 shows; or it may
be fresh charge alone or recycle oil alone. The foreign
matter which settles into vessel 43 may periodically be
removed from the cyclic system by closing valve 44 and
draining vessel 43 through passage 45.

It is preferred that a sufficient quantity of liquid be
supplied to- vessel 38 that there will be a slight liquid up-
flow through passage 37. This will prevent liquid prod-
ucts from-being returned to the conversion zone with re-
cycled catalyst, Of course, the quantity of such upflow-
ing liquid should not-be such as to substantially interfere
with the downward: flow of solids through passage 37.

The liquid- flowing through zone 38 may perform an-
other-useful function in this invention. Many reactions,
for- example hydrocracking, are exothermic. Some
means must-be employed with these reactions to prevent
a continual increase in temperature in the conversion
zone. This is accomplished in this invention by adjust-
ing the temperature of supply of liquid to zome 38 by
means of heat exchanger 46. The temperature of the
liquid entering zone 38 should be sufficiently below the
reaction temperature, considering the quantity of such
liquid; that it will absorb the heat of reaction in being
raised to the reaction temperature and thereby maintain
the temperature within reaction zone 16 substantially con-
stani.

The solid catalyst, suspended in Liguid, flows from the
upper section of zone 38 through, unobstructed passage 15
downwardly into the liquid flowing in passage 14.

It is a feature of this invention that there is a contin-
uous liquid column from the liquid surface in zone 18 to
the bottom of passage 15. This column, by its hydrostatic
head, assists in forcing solids-into the stream passage 14.
In one mode of operation, sufficient gaseous material may
be produced and be present in conversion zone 16 that
the ‘hydrostatic pressure exerted at the bottom of zone
16, at point 47, is less than the hydrostatic pressure ex-
erted at the Jower end of passage 15. When this occurs
the stream flowing in 15 will force itself into the stream
flowing in 14 and pump 11 need only supply sufficient en-
ergy to the liquid charge to raise its pressure to the re-
action zone pressure. This mode of operation comes
within the broad scope. of U.S. patent application Serial
Number 762,591, filed September 22, 1958, now U.S.
Patent No. 2,968,610.

Alternatively, as shown in FIGURE 1, an eductor.8%
may be provided at the lower end of passage 15. In this
case, the hydrostatic head at the base of 15 need not
exceed the hydrostatic head at point 47 but should be
high enough that the stream in 15 will be sucked into the
stream in 14 by use. of the eductor. The additional en-
ergy to accomplish this will be supplied by pump 11.
It is to be noted that .in neither case is it nmecessary to:
employ a pump on the slurry stream.

To accomplish the foregoing, it is necessary that the
liquid surface level in gas separation zone 18 be above
the lower end of conversion, zone 16. The higher this
surface the greater the hydrostatic head at the lower end
of the stream in 15. The surface should not be above
the outlet to passage 17, however, but preferably should
be immediately below this outlet.

It is important to control carefully the liquid surface
level in zone 18. The level may be.measured by any
conventional means, for example, by use of a conven-
tional float. This measurement may then be used to
control the valve 48 which forms a part of the flow con-
trol apparatus described hereinbelow. Since the degree
of control afforded by this means is limited, it is pre-
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ferred in this invention that the level control also act
on charge pump 11 and, by varying the operation of this
pump either alone or in conjunction with valve 48, main-
tain the liquid surface level in zone 8§ constant.

The processing techniques of the instant invention are
particularly applicable when the solid materiai is not folly
deactivated by omne passage through the reaction zone
and may therefore, at least in part, be continuously re-
cycled to the conversion zome. With catalytic sclids
some deactivation always occurs, however, which must be
dealt with in some manner eventually, Where the cata-
lyst is inexpensive it may be most economical when the
catalyst falls below a minimum activity level to shut down
ihe process and replace the catalyst completely with
fresh catalyst. The used catalyst removed may be dis-
carded or may be revivified by some suitable procedure,
such as burning impurities from the catalyst. Another
possibility is to continucusly remove a small fraction of
the catalyst, for example through passage 8%, and replace
it with fresh or revivified catalyst, for example through
passage 49, thereby maintaining the catalyst activity level
constant. Still another possibility is illustrated in FIG-
URE 1 as an optional procedure. When it is used, valves
53 and 32 might be fully opened. TFlow control device
51, of the type described hereinbeiow in connection with
FIGURE 2, might be used to conirol the amount of cata-
iyst withdrawn from passage 15, While this device does
not directly control solids flow, by controlling the quan-
tity of liguid removed from passage 13 it indirectly con-
trols the quantity of solids also removed. Solids and
liguid flow through passages 53 and 54 to revivifier 55.
Revivifier 55 may employ any desired iechnique to re-
move the carbonaceous contaminant from the catalyst.
For example, the revivification procedure might consist
of washing the catalyst free of liquid oil with a suitable
solvent such as naphtha, removing the solvent by va-
porization using superheated steam and burning off the
carbonaceous contaminants with an oxygen-containing gas.
The revivified catalyst may be returned to system, prefer-
ably being picked up by the liquid in passage 57.

Ancther feature of this invention is a technique for
recovery of finely divided solids from fractionator 31
and the return of the solids to the cyclic system. Some
solid material will almost always accompany the liquid
stream flowing in passage 27 and will find its way into
fractionator 31, These solids will accumulate in the re-
cycle oil at the bottom of the fractionator and accom-
pany the stream of recycle oil flowing through passage
36. To avoid pump 11 being subjected to these solids,
the stream flowing from 36 is passed into a setiler 58.
The settler is large enough that the solids drop to the
bottom thercof while the solids-free recycle oil is taken
off the top of the settler through passage 59. This oil
is merged with fresh oil in passage 1&. A part or all of
it may also, if desired, be used to provide the liguid used
in the solids separation zone 38 through passages 69
and 57.

Fines seitle from the bottom of settler 58 into receiver
61 and accumulate there. Periodically, however, valve
62 is closed and valves 63 and 64 opened. The opening
of 63 is controlled so that an amount of liquid flows from
passage 87 through passage 65 into receiver 61 in quan-
tity sufficient to suspend the sclids in the receiver and
carry them into separation zone 38. When receiver 61
is empty of solids, valves 63 and 64 are closed and valve
&2 reopened. It is to be noted thai this technique, which
is a part of the invention, accomplishes return of the
solids to the cyclic conversion systern without a shut-
down of any part of the continuous operation.

FIGURE 2 illustrates a flow control arrangement
which is part of this inveniion and which may be used
advantageously to comtrol the liquid flow rate of any
liquid stream carrying suspended solids without subject-
ing valves and other sensitive mechanisms to the ero-
sive action of the solids. This arrangement consisis of
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an upright cylindrical member 9. Across the lower end
of this member is an orifice plate 71 having a flow throt-
tiing orifice 72 therein. An outlet passageway 73 leads
away frem the downstream side of orifice 72. A sec-
ond outlet passageway 74 leads out of the upper end of
cylinder 70 and an inlet passageway 75 extends into the
side of cylinder 78 above orifice plate 71 but below .
the inlet end of passage 74. A cylindrical, thimblelike,
foraminous partition or screen 76 surrounds the inlet
end of passage 74 and separates it from passage 75.
Screen 7¢& has openings which are smaller than the solids
particles suspended in the liquid to be throttled. Orifice
plate 71 should be readily replaceable and should be
made of some hard material such as 18-8 stainless steel.

In operation, orifice 72 should be sufficiently small that
the flow through the orifice alone is not sufficient to give
the desired liquid flow rate. The liquid-solids slurry
enters through passage 75 and impinges on screen 76.
Liquid may pass through the screen but solids cannot.
Therefore, all of the solids, plus the liquid which does
not flow through the screen, pass downwardly through
orifice 72. The quantity of liquid which does pass through
screen 76 is controlled by valve 77. This valve, there-
fore, is used to effect actual flow control of the liquid
within a range, the lower limit of which is set by the size
of orifice 72. Solids, of course, never reach valve 77.
In this device the solids will not clog screen 76 because
the pressure drop across the screen will be low due to
most of the pressure drop being taken across valve 77. In
addition, the swirling action of the incoming slurry helps
to remeve solids from the screen. Of course, if desired,
several of the units illustrated in FIGURE 2 may be used
in paralle] with the cutlets 74 feeding a single passageway
in which control valve 77 is situated.

It will be readily apparent from the foregoing that the
basic process and apparatus of this inventicn may be used
advantageously to circulate solids slurries in a variety of
conversion systems, avoiding contact of the solids with
valves and pumps. The invention is particularily favorable
for the catalytic hydrocracking of residual petroleum.
hydrocarbons. In this process, the temperature in re-
action zone 16 might be within the range 750-950° F.,
and the pressure therein might be any pressure from a
few hundred pounds per square inch to a few hundred
atmospheres. Suitable catalysts for this process are well-
known in the art. Most favored catalysts include both
a hydrogenation component and a cracking component.
Typical materials useful as hydrogenation components in-
clude nickel, molybdenum, platinum, palladium, rutheni-
um, tungsten and cobalt and oxides and sulfides of these
materials. The cracking component might be alumina or
silica or synthetic composites of alumina and silica or
silica and magnesia and like materials. )

For use in the process and apparatus of this inven-
tion, the circulating solids should generally be of a size
within the range 5§ to 200 mesh Tyler, and preferably
within the range 10 to 100 mesh Tyler.

As indicated above, it is desirable that the liquid velocity
in zone 38 be sufficient to suspend the finely divided
solid catalyst but insufficient to suspend heavier particles
of foreign matter. The actual velocity used will, of
course, depend on the relative sizes and densities of the
catalyst particles and foreign matter particles and the
viscosity of the liquid. A suitable velocity can easily be
determined by routine calculations once the various com-
ponents are selected.

Example 1

This is an example of the operation of the settling step
in this invention. With a catalyst of 48 to 65 mesh Tyler
and having a particle density of 65 pounds per cubic foot
entrained in a heavy gas oil with particles of foreign
matter having a density of 80 pounds per cubic foot, an
upward shurry velocity of 2 feet per minute would entrain
all of the catalyst and any foreign matter of a size smallér
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than 28 mesh and carry it out through line 15. Foreign
matter larger than 28 mesh would settle out into vessel 43.

Example II

This is an example of the operation of the hydrocracking
reactor in this invention.

Charge stocke o oo Heavy gas oil boiling

above 800° F.

Catalyst SiZ€o o 48 to 65 mesh.
Catalyst density oo, 65 lbs. per cabic foot.
Reaction pressure.——wom—e—ne- 1500 p.s.ig.

Reaction temperature .- 800 to 900° F.
Reactor diametera oo eemame 7 feet.

Reactor length _— 92 feet,

Stwrtry velocity in reactor— - . 3 feet/min.
Example 111

‘In a suitable flow control mechanism design according
10. FIGURE 2, cylinder-79: might have an inside diameter
of 12 inches and screen 76 an inside diameter of 10 inches.
Cylinder 70 might be 3 feet high. Where the solids, in
entering slurry, are -about 65 mesh Tyler, the openings
in-screen 76 might be 80 mesh Tyler, Where the liquid
flow-is to be controlled-at about 62.5 pounds per second
and the pressure drop across the entire flow control de-
vice.is to be 20 pounds per square inch gauge, orifice 72
might be 2.2 inches in diameter.

It is intended to cover herein all changes and modifica-
tions of the examples of the invention chosen for purposes
of disclosure which do not constitute departures from the
spirit and:scope of the invention.

1 claim:

1. A process for the.continuous conversion of liquid
reactant with finely divided -solids-io produce valuable
products in which- solids- may, at-least in part, be con-
tinuously recycled through the conversion zone without
reactivation, which comprises: ‘flowing a confined stream
of liquid reactant into the lower- section of a confined
conversion zone; passing finely divided solids into said
stream prior to its entry into the conversion zone to form
a slurry of reactant and solids; flowing said slurry up-
wardly through said conversion zone and effecting con-
version of at -least a part of said liquid reactant to more
valuable - products;  flowing liquid and solids from -the
upper section of said conversion zone into a gas separation
zone maintained above the lower end of said conversion
zone; -withdrawing any gaseous material, accompanying
said liquid and solids, from the upper section of said gas
separation. zone while -liquid and solids settle to the bot-
tom of said gas separation zone; flowing liquid and solids
from the lower section of the gas separation zone through
.an unobstructed confined passage into a liguid separation
zone maintained above the lower end of said conversion
zone and: withdrawing liquid from the upper:section of
.said liquid separation zone while solids settle to the lower
-section thereof; withdrawing solids from the lower section
of said liquid separation zone through an unobstructed
-passage and suspending the solids so- withdrawn in liquid
-material which is to be converted in the conversion zone;
flowing the suspension so formed downwardly through
-an unobstructed passage into said stream of liquid re-
-actant to provide the aforementioned solids for mixing
with said reactant to form a slurry therewith; controlling
.the level of liquid in said gas separation zone substantially
constant whereby there is a continuous liguid column
from said surface to said stream of liquid reactant which,
by hydrostatic pressure, assists in forcing the solids into
the stream of fresh reactant.

2. The process of claim 1 further limited to the liguid
.reactant being a high boiling liquid hydrocarbon and to
the conversion reaction being the catalytic conversion of
said hydrocarbon to lower boiling products and said solid
being a solid catalyst. ’

" 3. The process -of claim 2 further limited to the con-
version reaction being hydrocracking and to hydrogen

10

15

3

20

25

40

45

60

70

75

8
being continuously added to the conversion zone for use
in the hydrocracking reaction.

4. The process of claim 3 further limited to the liquid
surface level being maintained substantially constant by
controlling the rate at which liquid hydrocarbon reactant
is supplied to the lower end of the conversion zone.

5. The process of claim 1 further limited to sufficient
liquid material being converted to gasecus material in the
conversion zone that the hydrostatic head at the lower
end of the conversion zone is less than the hydrostatic
head at the lower end of the confined passage containing
the suspension of solids flowing from the liquid separa-
tion zone whereby said suspension will flow into said
stream of liquid reactant and into said.conversion zone
without the application of additional force.

6. The process of claim 3 wherein the temperature of
the liquid in which the catalytic solids leaving the liquid
separation zone is suspended is sufficiently below.the con-
version temperature maintained in the conversion zone to
absorb the exothermic heat of the hydrocracking reaction
while being heated to the reaction temperature within the
conversion zone, thereby maintaining the temperature in
the conversion zone relatively constant.

7. The process . of claim 2 further limited to a part
of the catalytic solids removed from the liquid separa-
tion zone being passed to a revivification zone wherein
carbonaceous contaminant .deposited thereon in the con-
version zone is removed and returning the revivified cata-
lytic solids to the reaction zone.

8. A process for the continuous catalytic conversion
of liquid hydrocarbons in the presence of a finely divided
solid catalyst to produce more valuable hydrocarbon
products wherein at least a part of the catalytic solid
used to effect the conversion may be continously recycled
to the conversion zone without revivification, which com-
prises: flowing a slurry of liquid hydrocarbon reactant
and finely divided solid catalytic material upwardly
through a confined conversion zone; removing liquid,
solids and any gaseous material from the upper section
of the conversion zone info a gas separation zone; main-
taining a liquid body in the lower section of said gas
separation zone and removing.gas from the upper section
of said gas separation zone while liquid and solids pass
to said liquid body; controlling the surface level of said
liquid body substantially constant; flowing liquid and
solids from the lower section of said liquid body into a
liquid separation zone; removing liquid from the upper
section of said liquid separation zone and removing solids
from the lower section of said liquid separation zone;
passing solids from said liquid separation zone into an
clongated solids separation zone; flowing liquid to be
converted upwardly through said solids separation zone
at a velocity sufficient to suspend said finely divided solid
catalytic material but insufficient to suspend heavier par-
ticles of foreign matter picked up in the cyclic system,
which heavier particles settle to the bottom of said solids
separation zone; passing the suspension of finely divided
catalytic material in liquid to be converted from the
upper section of said solids separation zone into the lower
section of the conversion zone.

9. The process of claim 8 further limited to the catalytic
reaction being hydrocracking in the presence of hydrogen
to produce lower boiling products.

10. The process of claim 8 further limited fo solids
passing from said liquid separation zone into said solids
separation zone through a narrow elongated passage and

‘liquid flowing upwardly from the solids separation zone

through said passage to prevent liquid from flowing from
said liquid separation zone to said solids separation zore.

11. A process for the hydrocracking of heavy high boil-
ing liquid hydrocarbons to produce lower boiling hydro-
carbomns, which comprises: flowing a stream of liguid hy-
drocarbon to be reacted and hydrogen into the lower sec-
tion of a confined conversion zone; adding to said stream
prior to its entry into the conversion zone a finely divided
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solid hydrocracking catalyst and forming a slurry with
said catalyst and said liquid and hydrogen; flowing said
slurry upwardly through said conversion zone to effect
the desired conversion; removing liquid, gas and solids
from the upper section of said conversion zone into a
confined gas separation zone, in the lower section of
which a body of liquid is maintained, said gas separation
zone being maintained above said conversion zone; with-
drawing gas from the upper section of the gas separation
zone; maintaining the surface level of said liquid body
substantially constant; flowing liquid and solids as a con-
fined unrestricted stream from the lower section of said
gas separation zone into a liquid separation zone main-
tained above the lower end of said conversion zone; re-
moving liquid at a controlled rate from the upper section
of said liquid separation zone; flowing solids as a con-
fined, unrestricted stream from the lower section of the
liquid separation zone into the upper section of a confined
elongated solids separation zone; flowing liquid hydrocar-
bon to be reacted upwardly through the solids separation
zone at a velocity sufficient to suspend at least the major
portion of the finely divided catalyst but insufficient to
support heavier particles of foreign matter which then
settle to the bottom of the solids separation zone; remov-
ing foreign material from the lower section of said solids
separation zone; removing finely divided catalyst sus-
pended in liquid hydrocarbon toc be reacted from the
upper section of said solids separation zone and passing
said suspension downwardly through an unrestricted pas-
sage, whereby there is a continuous, unrestricted liquid
column from the lower end of said passage to the liguid
surface in said gas separation zone; merging said suspen-
sion of liquid and catalytic solids with a second stream
of liquid to be reacted to form the aforementioned slurry
which is supplied to and flows through the reaction zone.

12. The process of claim 11 further limited to the
liquid to be reacted which is passed upwardly through the
solids separation zone being at a temperature sufficiently
below the reaction temperature that the heat required to
bring it up to reaction temperature will be about equal to
the heat produced by the exothermic hydrocracking reac-
tion and the temperature in the conversion zone will be
maintained substantially constant.

‘13. The process of claim 11 further limited to the liquid
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hydrocarbon withdrawn from the upper section of the
liquid separation zone having suspended therein some
finely divided solids; dividing said stream into two sub-
strearmns, the first containing a major portion of the liquid
and substantially all of the finely divided solids and the
second containing a minor portion of the liquid substan-
tially free of solids; interposing a fixed opening throttle in
said first substream and controiling the rate at which
liquid is removed from said liquid separation zone by
variably throttling the flow in said second subsiream.

14, The process of claim 11 further limited to the
liquid withdrawn from the upper section of the liquid
separation zone containing some finely divided solids;
passing said liquid and solids to a fractionation zone in
which the liquid is separated into various products, includ-
ing a heavy recycle oil boiling above 650° F.; passing said
recycle oil into a settling zone in which the solids settle
out of the recycle oil; removing recycle oil substantially
free of solids from the upper section of said settling zone
and passing said recycle cil to said conversion zone to be
converted to lower boiling producis; periodically closing
cff communication between said fractionation zone and
sald settling zone and injecting liquid hydrocarbon to be
converted into the lower section of said settling zone and
flowing said lignid hydrocarbon upwardly therethrough
at a sufficient velocity to suspend the solids accumulated
therein in the liquid hydrocarbon and passing the suspen-
sion so formed into the solids separation zone.
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