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SEPARATION OF CONTAMINATED CATA-
LYST PARTICLES IN A HYDROCARBON
CONVERSION PROCESS

Albert B. Welty, Jr., Deer Path, Mountainside,
N. J., assignor to Standard Oil Development
Company, a corporation of Delaware

Original application June 28, 1946, Serial No.
679,885. Divided and this application June 30,
1950, Serial No. 171,427

(ClL. 196—52)

4 Claims.

1

The present invention relates to the separation
of solids. More specifically, the invention is con-
cerned with the separation of finely divided sol-
ids of different gravity, particularly when pres-
ent in the form of so-called “fluidized” gas-sol-
ids suspensions. This application is a division of
my application Serial No. 679,885, filed June 28,
1946, and since abandoned.

The application of the so-called “Auid solids
technique” to various chemical processes and
physical treating methods is well known in the
art. This technique normally comprises contact-
ing vapors or gases with a bed of finely divided
solids agitated by a stream of gas to form a dense
turbulent ebullient mass resembling a liquid with
respect to hydrodynamic and hydrostatic prop-
erties as well as with respect to heat transfer and
distribution characteristics. The superiority of
the fluid solids technigue over fixed bed opera-
tion with respect to heat and materials econo-
mies, process control, ease of solids handling, ete.
is a matter of record. These advantages have
been utilized in numerous processes such as var-
ious catalytic hydrocarbon conversion, catalytic
synthesis of hydrocarbons from carbon monox-
ide and hydrogen, retorting and gasification of
carbonaceous solids, dehydrating and gas purifi-
cation processes, and othets.

In many of these processes mixtures of differ-
ent solids serving different purposes are con-
tacted with the gases and are affected by the gas
contact in different ways so as to require differ-
ent treatments to restore their usefulness in the
original gas contacting process. In other proc-
esses solids of uniform composition and particle
size used in the early stages of the process be-
come irregular in particle size and/or composi-
tion as a result of erosion, irregular chemical
changes, or physical contamination, irregular de-
posits of non-volatile reaction products, ete., so
as to form mixtures of particles of relatively high
and relatively low utility for the gas contacting
process, which require different treatments for
reactivation or other purposes.

Examples of such processes are various cata-
lytic gas phase reactions such as catalytic erack-
ing hydrogenation, dehydrogenation, hydrocar-
bon synthesis, etc. wherein fluidized catalyst is
subjected to erosion and becomes contaminated
by carbon deposits and/or metallic iron picked
up from the reactor walls, conduits, valves, ete.
Catalyst fines of undesirably small particle size
have to be discarded or worked up again to the
proper size. Iron containing particles  must be
removed. Particles carrying excessive amounts
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of carbon must be regenerated by burning off the
carbon. Unchanged constituents may be reused
without further treatment. In the production of
water gas by the simultaneous oxidation and re~
formation of methane with fluidized mixtures of
metal oxides and reformer catalysts, the metal
oxide must be regenerated by reoxidation while
the reformer catalyst should remain in the re-
duced state. Other examples will occur to those
skilled in the art.

In order to subject the different constituents
of fluidized solids mixtures of the above-men-
tioned types to specific individual treatments, it
is necessary to effect at least a crude separation
of these constituents. It has been found that in

~ all eases in which the different constituents of
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such fluidized solids mixtures differ substantially
in density a separation according to density may
be accomplished by simple means. The present
invention refers to such means.

It is, therefore, the principal object of my in-
vention to provide means for separating fluidized
solids mixtures into constituents of different
density.

A more specific object of my invention is to
provide means for separating fluidized solids
mixtures used in catalytic gas phase reactions
into constituents of different density.

A still more specific object of my invention is
to provide means for separating fluidized solids
mixtures used in catalytic gas phase reactions
into constituents of different density, subjecting
the separated constituents to different treat-
ments and reusing one or all of the constituents
in the catalytic gas phase reaction.

Further and more specific objects and numer-
ous advantages of the invention will appear from
the following description thereof read with ref-
erence to the accompanying drawing which shows
semi-diagrammatic views of apparatus adapted
to carry out preferred embodiments of the in-
vention.

In accordance with the present invention a
fluidized solids mixture to be separated into con-
stituents of different density is passed through
a confined path and subjected therein to a sud-
den change of direction of flow at a flow velocity
sufficiently high to develop an appreciable cen-
trifugal force at the point of directional change,
which causes a concentration of relatively heavy
constituents in the approximate direction of said
centrifugal force and of relatively light constit-
uents in a direction approximately opposite to
said centrifugal force. As a result, the fuidized
solids leave the point of directional change and
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continue, roughly classified in accordance with
density, for a certain distance on their path in
the changed direction, from which they may be
separately removed by suitable means. By sub-
jecting the separated crude fractions to repeated
separations of the same type a practically quan-
titative separation by density may be accom-
plished, )

Having set forth its objects and general nature
the invention will be best understood from the
more detailed description hereinafter, in which
reference will be made to the accompanying
drawing wherein

Figure 1 is a diagrammatic view of means
adapted to carry out a preferred embadiment of
the invention; and

Figure 2 illustrates a different embodiment of
the invention in a similar manner.

The system illustrated in Figure 1 will be de~
seribed in detail with specific reference to the
selective separation of iron particles or catalyst
particles high in iron content from the circulat-
ing catalyst stream in a fluid catalyst cracking
unit. Only those elements of the cracking unit
are shown which are essential for a proper under-
standing of the invention and it will be appreci-
ated that a similar system may be used in con-
nection with other fluid operations involving
generally analogous fluidized-solids conditions.

Referring now in detail fo Figure 1 the ref-
erence symbol {8 denotes a chamber containing
a. dense turbulent mass of finely divided cracking
catalyst such as a natural or synthetic silicious
or alumina gel fluidized by a gas admitied
through bipe 5 and distribution grid {2. Cham-
ber 19 may be the cracking or the regeneration
zone or a fluidized feed hopper or similar element
of the cracking unit. For the purposes of this
example chamber {Q will be assumed to be the
cracking zone.

A suspension of fresh and/or regenerated
cracking catalyst such as a finely divided syn-
thetic silica-alumina gel in hydrocarbon vapors
is imtroduced through line § into chamber 0

which is maintained at eracking conditions of °

temperature and pressure. The catalyst forms
a dense highly turbulent fiuidized phase {4 hav~
ing an upper level i6. Cracked vapors contain-
ing a small amount of entrained catalyst fines
leave overhead through line i8 and may be sub-
jected to any desired treatment for product re-
covery by means of conventional equipment (not
shown) which may include a gas-solids sepa-

ration zone fo refurn catalyst fines to chamber ,

10 in & manner known per se.

Catalyst phase {4 contains a major propor-
tion say about 95-98% hy volume of relatively
pure gel particles which may have a size of about
50—400 mesh, preferably about 100-325 mesh on
the average, and a density in compact form of
ahout 0.75-1, a minor proportion, say about 1-4%,
of gel particles of similar size hut substantially
higher density of about 1.0-3.0 resulting from cen-~
tamination by iron picked up in the course of
the catalyst circulation through the system, and
a still smaller proportion say about 0.5-2% of
particles of smaller size but highest density of
normally greater than 3.0 consisting substan-
tially of iron eroded from equipment walls. After
a contact time of a few seconds the activity of the
catalyst drops as a result of carbon deposits
which must be burned off to regenerate the cata-
lyst. At the same time it is desirable to remove
the iron from the catalyst in order to prevent
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excessive accumulation of iron which may re-
sult in detrimental side reactions and a decrease
of catalytic activity.

In order thus to recondition the catalyst a
fluidized mixture of solids is withdrawn down-
wardly from chamber §8 at a point above grid
£2 and passed by gravity through a vertical stand-
pipe. 28 which may be aerated with a fluidizing
gas, such as sfeam. admitted through one or more
taps 22, to facilitate the downward flow of the
solids. Standpipe 20 is provided in its lower
portion with a siide valve 24 and, subseguent
thereto on the path of the solids, with a gas ad-
mission line 2§ through which a gas such as

- steamy: or gir is injected in a downward direction

to mccelerate the flow of the suspension in the
immediately following section of standpipe 28
to a speed of about 30 to 100 £t. per second.

At this speed, the solids enter the curved sec~
tion 28 of standpipe 20 where they are subjected
to the action of the centrifugal force resulting
from the directional change of flow through ap-
proximately a right angle. This centrifugal
force causes the heavier particles to concentrate
toward the outside 23 and the lighter particles
towards the inside 32 of curve 28, This classi-
fication may be further encouraged by bleeding
small amounts of a gas such as steam or air
through line 34 and taps 36 into curved section 28,
which may have a radius of curvafture within
the approximate range of 5-30 ft.

The solids leave curve 28 and enter the hori-
zontal section 38 crudely classified according to
density, the bottom layer being enriched in rela-
tively heavy iron. and iron-containing particles
and the top layer in relatively light iron-free gel
eatalyst. Depending on the velocity of the solids
this separation may amount to 70-80% of perfect

. Separation, a separation of 20-30% of perfect

being usually adequate in the case of cracking
catalysts of the gel type. Pipe section 38 is
provided with an adjustable hottom orifice 48
which opens infto a substantially horizontal with-
drawal pipe 42 through which any desired pro-
portions of the lower salids layers or strata in
pipe section 38 may be removed. The flow of
solids through orifice 49 and pipe 42 may he
encouraged by injecting a suitable gas such as
steam, air, or the like through line 44 into pipe 42
to produce a jet-type action. The iron and iron-
containing solids thus removed may be dis-
earded or treated in any suitable manner for the

- recovery of cracking catalyst.
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Solids having a lesser specific gravity than
those withdrawn through pipe 42 and consisting
substantially of coke-deactivated iron-free crack-
ing catalyst pass on through pipe 38 and may be
conveyed fo a conventional regeneration zone
{not shown) and from there back to eracking
chamber 8 in any suitable manner known per se.

The embodiment of my invention illustrated
by Figure 1 permits of various modifications.
The cross-section of. the curved pipe section 28
may have a size different from that of the straight
pipe section in order to increase or decrease the
flow speed of the solids and thus the separation
efficiency of the process. The outside wall 30 of
curved section 28 may be flattened down to a
point close to orifice 40 in order to spread out
the lowest and heaviest solids layer or stratum
on as wide & surface as possible whereby the sepa~
rating efficiency of the process may be further
enhanced. If desired the solids withdrawn
through pipe 42 and/or the solids passed on
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through pipe 38 may be subjected to a further
separation treatment of the type described above
or may be recycled in a suitable manner in order
to accomplish more gquantitative separation.
Other moedifications within the scope of my in-
vention will appear to those skilled in the art.

In Figure 2, I have shown a system suitable for
removing relatively light material from a fluid-
ized mixture of relatively heavy and relatively
light finely divided solids and its operation will
be explained with reference to the separation of
3 fluidized mixture of metal oxide and reformer
catalyst used in the production of water gas from
methane as disclosed and claimed in greater de-
tail in my copending application Serial No.
679,886, filed June 28, 1946, now U. S. Patent
2,650,742, issued on May 1, 1951, for improve-
ments in “Conversion of Hydrocarbon Gases.”
In the present case I have concentrated on a de-
seription of the features and elements essential
for the separation treatment as such and I wish
it to be understood that my novel separation
means as illustrated in Figure 2 are applicable to
any process, other than methane conversion, in-
volving fluidized solids mixtures having an ade-
quate gravity differential, and the desirability of
their separation by gravity.

Referring now in detail to Figure 2, a reaction
vessel 210, such as a methane converter which
may be provided with a distribution grid 212 con-
tains a mixture of finely divided metal oxide and
reformer catalyst. Iron oxides, copper oxides,
vanadium pentoxide, stannic oxide and other
metal oxides which are reducible to metal or low-

er states of oxidation by methane are useful 3

metal oxides while the reformer catalyst prefer-
ably comprises metallic nickel supported on such
specifically light carriers as alumina, magnesia,
kaoline, ete. Methane is supplied through line
205 and enters converter 210 at an upward
velocity adequate to form above grid 212 a fluid-
ized dense turbulent mass of solids 214 having a
well defined upper level 216, Suitable conditions
of temperature, pressure and gas flow are main-
tained in converter 210 to convert the methane
into water gas by oxidation and simultaneous
reformation with CO:z and/or water formed in
the process. Product gas is withdrawn overhead
through line 218 and passed to storage or further
use.

In the course of the reaction the metal oxide is
reduced so as to become useless as an oxidizing
agent and to require oxidation with an oxidizing
gas such as air. If the entire solids mixture is
subjected to oxidation the reformer catalyst is
likewise oxidized and loses its reformation ac-
tivity. Substantial separation of the reduced
metal oxide which usually has a specific gravity
varying between about 3.0 and 5.0 from the re-
former catalyst whose specific gravity is usually
in the neighborhood of 1 or below 1, is therefore
desirable prior to reoxidation of the metal oxide.

For this purpose, a fluidized mixture of reduced
metal oxide and reformer catalyst is withdrawn
downwardly from converter 210 through the sub~
stantially vertical standpipe 220 provided with
slide valve 224 and aerated through one or more
taps 222 with a fluidizing gas such as steam, flue
gas or the like. The lower portion of standpipe
220 is curved at 228 and leads into a substantially
horizontal pipe 238. The fluidized solids mixture
flows down through standpipe 220 at a velocity of
about % to 10 ft. per second which may be in-
creased by steam added through line 226 to about
30 to 100 ft. per second. When the solids mix-
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ture enters, at the indicated velocities, the
curved section 228, which may have a radius of
curvature of about 5 to 30 ft., it is subjected to an
appreciable centrifugal force which causes the
heavier particles to concentrate toward the out-
side of the curve and the lighter particles fo-
ward the inside of the curve.

The mass leaves curve 228 crudely classified
according. to density, the bottom layer of the
contents of pipe 238 being enriched in relatively
heavy reduced metal oxide and the top layer in
relatively light reformer catalyst. Depending on
the velocity of the solids this separation may be
such as to increase the concentration of reform-
er catalyst in the uppermost stream from, say
30% to '75-80%, a concentration of 50% being
normally adequate to extend the life of the re-
former catalyst to the desired degree.

At least a substantial portion of the top layer
is removed from pipe 238 by means of a pick-
up device 240 and returned through standpipe
242 provided with slide valve 246 to gas feed line
205 and from there to converter 2i8. Pick-up
device 240 which is adjustable in height, and
may penetrate pipe 238 to any desired level is
provided with a preferably elongated horizon-
tal orifice 248 whose length may be about %-%
and whose height about #-% of the diameter of
pipe 238. By raising or lowering pick-up device
240 it is possible to remove from 238 fractions or
layers or strata of any desired ratio of relative-
1y heavy reduced metal oxide to relatively light
reformer catalyst within the limifs determined
by the concentration gradient across the height
of pipe 238.

Solids by-passing pick-up device 240 flow
through pipe 238 to enter a reoxidizer (not
shown) and to be returned from there through
lines 258 and 285 to converter 210.

In the above examples, I have shown g vertical
fiow of the solids mixture through pipes 29 and
228 and curved sections 28 and 228 and this is
the preferred manner of carrying out the inven-
tion because the gravitational force may be uti-
lized to increase the flow velocity and the sepa~
rating effect of the directional change. However,
similar effects may be accomplished with a hori-
zontal or inclined direction of flow, provided suf-
ficiently high flow velocities and sharp direc-
tiona] changes are chosen. More than one sepa~-
ration system of the type shown in Figure 2 or a
suitable recycle system may be used in g manner
obvious to one skilled in the art, if a more com-

_ blete separation is desired.
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It should also be understood that my invention
is not limited to the separation of heavy constitu~
ents from cracking catalyst or of reformer cat-
alyst from its mixtures with metal oxides but
may be applied to all cases in which it is desired
to separate relatively light from relatively heavy
solid particles contained in a fluidized mass of
finely divided solids. For example, in all cases
in which non-fluidizable fines are to be removed
from fluidized solids of fluidizable particle size
my invention may be used to greatest advantage.
Another example, is the catalytic synthesis of
hydrocarbons wherein large amounts of carbon
are deposited on the catalyst to decrease the true
specific gravity of the particles. Such high-car-
bon particles may be separated from specifically
heavier low-carbon particles in accordance with
my invention substantially as explained above.
Further examples will occur to those skilled in
the art.

While the foregoing description and exemplary
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eperafions. have served: to Mlustrate specific ap-~

plications and: results of the. invention, other
modifications. obvious: to those skilled in the art
are within the scope of the invention. Only: such
limitations, should be imposed on the invention
as.are indicated in the appended claims.

What is claimed:

L. In a hydrocarkon comversion process where-
in: hydrogarhon vapors: are contacted with a sus-
pension: of finely divided conversion catalyst.con-
sisting essentially of solid particles smaller than
about 5% mesh and wherein the catalyst is cir-
culated from. the conversion zone to a regenera-
tion. zone and thenge back to the conversion zone,
the improvement which cemprises withdrawing a
relatively dense cohwmn of the finely divided cat-
alyst pariicles downwardly from one.of the afore-
said zones, injecting & gas into the withdrawn cat-
alyst voluvm to acecelerate the flow of the re-
sulting- catalyst suspension to a velocity between
about: 50 to 180 fest per second, rassing the cat-
alyst suspension at this velocity through a con-
fined, elongatec path comprising a curved sec-
tion of about 5 to 30 feet radius of curvature,
thereby xrppqrt_mg an abrupt change in direction
of catalyst flow and ersating a centrifugal force
at the point of directional change adeguate to
conecentrate particles characterized by a rela-
tivety large individual particle weight in an out-
side stratum of the curved section of the catalyst
path and to. concentrate particies characterized
by a relatively small individual particle weight
in an inside stratum of the curved section of the
eatalyst path, injecting a small amount of ex-
traneocus gas into the outside stratum of solids
in. the curved section of the catalyst path ap-
proximately transversely to the direction of cat-
alyst flow to strip out particles of relatively low
specific gravity from the outside stratum into the
inside stratum, selectively removing the outside
stratum rich in contaminated catalyst particles
of relatively high specific gravity, and recircu-
lating the remainder of the catalyst to the con-
version and regenerasicn Zones.

2. In a process of catalytically cracking hy-
drocarbon oils. wherein hydrocarbon vapors are
contacted in a conversion zone with a dense tur-
bulent fluidized bed of finely divided solid crack-
ing catalyst ranging in size between about 100
and 490 mesh and wherein catalyst is with-
drawn from said dense turbulent fiuidized bed of
the conversion zone and circulated to a regen-
eration zone and thence back to the conversion
zonhe, the improvement which comprises with-
drawing a relatively dense column of the finely
divided sotid catalyst particles downwardly from
the conversion zone, injecting steam into a lower
paxrt of the withdrawn catalyst column to accel-
erate the flow of the resulting catalyst suspen-
sion to a velocity between about 30 to 100 feet
per second, passing the catalyst suspension at
this velocity downward through a confined elon-
gated path comprising a section of about 5 to 30
feet radius of eurvature and curved approxi-
mately through a right angle, thereby impart-
ing an abrupt change in direction of flow of the
catalyst suspension and creating a centrifugal
force at the point of directional change ade-
quate to cencentrate solids characterized by a
relatively large individual particle weight in an
outside stratum of the curved section of the
catalyst path and to concentrate solids char-
agterized by a relatively smal] individual particle
weight in an inside stratum of the curved section
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of the;catalyst path,, m;ectmg a small amount, of
gas lnto the. outside stratum of solids in the
curved sectlon of the catalyst path approxnnately
transversely to the direction of catalyst flow to
strip out particles qf relatively low specific grav-
ity from the outside stratum into the inside stra-
tum, selectively removing the outside stratum
rich in contaminated catalyst particles of rela-
tively high specific gravity, and recirculating the
remainder of the catalyst to the conversion and
regener atlon zones,

3. A process according to claim 2 wherein the
oubside stratum of catalyst paztlcles is relatively
rich in iron contaminants.

4. In a process of catalytically eracking hydro-
carbon oils wherein hydrocarbon vapors are ¢con-
tacted with a dense turbulent fluidized bed of
finely divided cracking catalyst ranging in size
from about 50 to 400 mesh in a conversion zone
and wherein catalyst is withdrawn direetly from
said dense turbulent fluidized bed in the conver-
sion zone and circulated to a regeneration zone
and thence bhack into the conversion zone, the
improvement. which comprises withdrawing a
stream of catalyst as a dense downward column
from the dense turbulent fluidized bed in said
conversion zone, injecting steam in a downward
direction into a lower part of the withdrawn cat-
alyst column to accelerate the flow of the result-
ing ecatalyst suspension to a velocity between
about 30 to 100 ft./sec., passing the accelerated
catalyst suspension through a confined elongated
path comprising a section of about 5 to 30 feet
radius of curvature and curved through approxi~
mately a right angle, thereby imparting an abruph
change in direction of flow of the catalyst sus-
pension and creating a centrifugal force at the
point of directional change adequate to concen-
trate solids characterized by a relatively large
individual particle weight in an outside stratum
of the curved section. of the catalyst path and to
concentrate solids characterized by a relatively
small individuyal particle weight in an inside
stratum of the catalyst path, injecting a small
amount of gas into the outside stratum of solids
in the curved section of the catalyst path ap-
proximately transversely to the direction of cat-
alyst flow to strip out particles of relatively low
specific gravity from the outside stratum into the
inside stratum, at a point subsequent to the
curved section selectively removing from the cat-
alyst path the ocutside stratum as a substantlally
horizontal side stream rich in iron contaminated
catalyst partlcles of relatively hlgh specific grav-
ity, injecting a gas mto said side stream near its
point of removal to produce a Jet action whereby
flow of pa._rtgcles in the side stream is encouraged,
and passing the remainder of the catalyst to the
regeneration zone for regeneration and recircu-
lation to the conversion zone.

ALBERT B. WELTY, Jz.
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