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(571 ABSTRACT
An upflow fluid-solid contacting process in which the

overall flow of solid particles is in ‘a downward direc-
tion while the overall flow of fluids contacting the
solids is in an upflow direction. The process specifi-
cally is defined as a two-stage fluid-solid contacting
process in which fresh solids are added to a contacting
zone at a top portion of the zone with spent solid par-
ticles removed from a lower section of the contacting -
zone. In the lower section of the contacting zone there
is introduced a first fluid stream which passes in a
countercurrent manner and in an upflow direction
through the lower section. The effluent from that zone
meets with a second feed fluid and passes into an
upper section of the contacting zone. The processing
flow in the upper section of the contacting zone is in
an essentially lateral direction normal to the overall
fluid flow in the lower section. More specifically, the
fluid flow in the upper section is into a radial flow
contacting zone where upon the fluids contact de-
scending solids by passing in a horizontal manner to
an outer shell and out of the upper section.

The process flow is applicable to general fluid-solid
contacting processes and fluid-solid conversion
processes such as hydrocracking or naphtha cracking
to substitute natural gas products.

2 Claims, 1 Drawing Figure
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TWO-STAGE COUNTERCURRENT FLUID-SOLID
CONTACTING PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The field of art to which my invention pertains is
countercurrent fluid-solid contacting processing. More
specifically, my process relates to a fluid-solid contact-
ing or conversion process in which an overall counter-
current flow is maintained in the lower section of the
contacting process with lateral fluid-solid contacting
operations taking place in an upper section in the con-
tacting process in which fluid flowing in a horizontal
direction contacts downfalling solid particles.

2. Description of the Prior Art

The most relevant prior art is U.S. Pat. No. 3,647,680
having as its inventors A. R. Greenwood and K. D.
Vesely which issued on Mar. 7, 1972, and is found in
U.S. classification 208-65.

That patent claims and discloses a continuous
reforming-regeneration process utilizing radial flow
configurations for a cocurrent passage of catalyst and
reactant mixtures through stacked reaction zones. That
patent does not, however, recognize the use of a coun-
tercurrent flow moving bed fluid-solid contacting pro-
cess and does not recognize the problems associated
with countercurrent flow moving bed processes which
my invention now Overcomes. .

The basic problem in countercurrent processing, es-
pecially in processing which relatively small solid parti-
cles are used is that the linear velocity of the reactant
or effluent gases passing in upflow direction may ap-
proach the incipient fluidization velocity of the parti-
cles in the fluid-solid contacting zone. At this point, a
host of problems may occur. One of the problems is the
forces acting on the particles cause them to move in an
upward direction thereby preventing the downward
passage of particles into the contacting zone. Another
problem associated with the fluidization of particles is
that they may be unduly reduced in size by excessive
contact with each other or equipment. Another prob-
lem occurs in countercurrent flow processes such as
substitute natural gas production, hydrocracking or any
other type process such as styrene production from ar-
omatics, where quench streams are desired to be
placed along the reaction zone to temper the reaction
taking place in the reaction zone. By having an input
stream located at the lower portion of the reaction
zone, an overall effluent at the top portion of this zone
with an intermediate quench or secondary feed stream
pasing into the zone at a point somewhere between the
feed input and effluent output streams with catalyst
flowing in a downward direction, the additional injec-
tion of the quench or secondary feed streams into the
process increases the linear velocity of they hydrocar-
bons or fluid materials passing in an upward direction.
This causes an even more likely chance that fluidiza-
tion of the particles will occur since the mass velocity
of the gases in the upper portion of the fluid-solid con-
tacting zone has been increased over the mass velocity
of the feeds passed into the lower portion by the addi-
tional secondary quench or feed stream injection. In
order to overcome this problem in many instances it is
desired to design the upper section of the fluid-solid
contacting zone with a relatively larger diameter as
compared to the lower section to reduce the linear ve-
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locity of upflowing fluids to thereby bring the velocity
of those materials to a velocity below the incipient flu-
idization velocity of the solid particles in the upper por-
tion of the fluid-solid or reaction zone. Also in some in-
stances it is desired to design a reaction zone having ta-
pered walls, that is walls having larger diameter at the
top portion of the fluid-solid contacting zones with a
relatively smaller cross-sectional area as one proceeds
in a downward direction. All of the above present de-
sign difficulties in addition to hindering the passage of
solid particles in a downward direction. In such designs,
substantial portions of the downflowing bed of solids
may not be in the main flow of upflowing fluids because
of the diameter increase. In instances in which a large
diameter is desired to be at the top of the fluid-solid

" contacting zone with a smaller diameter located on the

lower portion and in instances in which the vessel is
swedged or abruptly reduced, it is possible that in areas
above the reduction in cross-sectional diameter that
catalyst particles can get hung up or trapped thereby
preventing their removal from the system.

My invention substantially prevents the problems as-
sociated with the approaching of incipient fluidization
velocities in a contacting zone. My invention over-
comes this problem by utilizing an essentially two-
section fluid-solid contacting zone. The lower portion
of my invention is a normal cylindrically shaped solid
bed which flows in a downward direction. The fluids
flowing into this zone to contact the particles therein
and flow in an upward direction thereby rendering a
true countercurrent flow. A secondary feed introduc-
tion or quench stream can be introduced above this bed
and flow into an upper fluid-solid contacting zone in
which the fluid flowing into this zone contact the down-
flowing catalyst with the fluids flowing in a sidewards
direction or in a direction normal to the normal fluid
direction in the lower section. Typically and preferably
the upper portion of my process invention utilizes a ra-
dial flow or cross-flow reaction zone so that the fluids
flowing through the upper section flow in a direction
normal to the flow of fluid in the lower section. And
being in a sideways direction, it is difficult for fluidiza-
tion to occur. Even if fluid flow in the upper section is
above the incipient fluidization velocity of the catalyst
particles, the fluid flow is in a sideways direction and
it cannot carry catalyst particles in an upward direc-
tion. It can only carry them against the retaining walls
of the upper lateral contacting zone.

BRIEF SUMMARY OF THE INVENTION

My invention comprises a fluid-solid contacting pro-
cess having a two-section fluid-solid contacting zone.
The lower section of the contacting zone allows true
countercurrent flow of descending solid particles with
upflowing vapors. The upper lateral fluid-solid contact-
ing zone allows the effluent from the bottom zone to-
gether with an additional feed fluid to contact down-
flowing solid particles in this section in a lateral direc-
tion thereby preventing the fluidization of particles
within the upper portion of the fluid-solid contacting
zone.

A broad embodiment of my invention resides in a
fluid-solid contacting process in which solid particles
are added to and withdrawn from a contacting zone,
wherein the solid particles flow in a downward direc-
tion, which process comprises: (a) passing a first fluid
into a lower section of said contacting zone at counter-
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current contacting conditions including the upflow of
said first fluid and the downflow of solids through a cy-
lindrical bed of solids; (b) passing a second fluid to-
gether with fluid recovered from said lower section into
an upper section of said contacting zone at lateral con-
tacting conditions including the downflow of solids and
the sideflow of fluids through a bed of solids; (c) recov-
ering effluent fluid from said upper section of said con-
tacting zone.

BRIEF DESCRIPTION OF THE DRAWING

The attached drawing shows a preferred embodiment
of the process of my invention.

A contacting zone labeled 1 is shown as cylindrically
shaped vessel 1. The contacting zone comprises the
upper and lower sections of catalyst or solid particle
beds. The lower section of contacting zone is described
by solid particles located within dense bed 2. The es-
sential configuration of the lower section of the con-
tacting zone is a cylindrically shaped moving bed of
solid particles. The moving bed has the solid particles
flowing in a downward direction from the upper por-
tion of it which is defined as screen 15 from the catalyst
transfer conduits 9 into the top portion of the dense
bed 2 and out of the lower section of the contacting
zone via outlet conduits 5. The outlet conduits 5 can
carry solid particles to a waste removal system or to a
regeneration system where a portion or all of the solid
particles may be regenerated and passed back into the
upper section of the contacting zone via particle inlet
conduits 8.

The essential flow in the lower section of the contact-
ing zone in bed 2 is essentially countercurrent flow with
the solid particles flowing in a substantially parallel and
downward direction with a first fluid feed stream pass-
ing in an upward direction through the bed 2. The first
fluid feed stream passes into the lower section of the
contacting zone via inlet conduit 4 which can carry a
fluid material (either a liquid or a gas material ) into the
lower section of the downflowing lower bed 2. Fluid
distribution devices such as spargers or multiple inlet
streams may be located in the lower section to evenly
disperse the first fluid throughout the cross-sectional
area of the downflowing catalyst bed 2. The first fluid
which is recovered as a first effluent fluid from the
downward flowing dense bed 2 passes through screen
15 and is recovered in void volume 18 located between
the upper and lower sections. Void volume 18 allows
a first effluent, or the effluent from the lower section
which passes out of it through the screen 15, to be col-
lected and passed through inlet 13 or conduit 6 which
carries a second fluid. The second fluid is commingled
with the first effluent from the lower section and even-
tually passes into volume 12 in the upper section of the
contacting zone.

In the drawing, the upper section of the contacting
zone is shown as a preferred embodiment as an annular
bed of catalyst particles 3. The annular bed is formed
by inner walls 19 and outer walls 10 which can com-
prise screens or other porous materials which can allow
fluid to flow via volume 12 laterally across the dense
beds 3 located in the annular particle bed, out of the
bed via screens 10 and into collection volume 11 which
eventually allows the total effluent from the process to
be removed via effluent conduit 7. In the upper section
of the contacting zone the preferred annular bed of
solid particles 3 moves in a downward direction having
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fresh solid particles passing via particle inlet lines 8 past
plate 17 which acts as the upper most boundary of this
section and into the particle bed 3. Since the particles
in this section flow in a downward direction, they can
be removed from the upper section by particle transfer
conduits 9 which can carry solid particles from the
upper section into the lower section. It is preferred that
the upper and lower sections be substantially sealed off
by plate 16 which prevents the passage of effluent from
the lower section into the upper section without by-
passing the center volume 12 of the upper section.

As can be seen in observing the drawing, the gas ve-
locity can be substantially increased in the process by
the addition of a second fluid stream through conduit
6. However, the substantial increase in linear velocity
of the fluids passing through volume 12 is in a horizon-
tal direction because of use of cross-flow type of lateral
contacting section in the upper section of my process.
By having the fluids passing into the upper section
eventually contacting solids in that section in a horizon-
tal or sideways direction (a direction which is substan-
tially normal for the fluid direction in the lower sec-
tion) it is very difficult to have fluidization occurring
since the forces acting upon the catalyst comprise the
hydraulic forces which are horizontal and gravitational
forces which are downward-vertical.

DETAILED DESCRIPTION OF THE INVENTION

The process of my invention is essentially a two-stage
fluid-solid contacting process in which it is required
that fluids and solid contact one another in a counter-
current flow fashion. It is preferable that the catalyst or
solid particles which are passed into my process pass in
an overall downward direction through the contacting
zone of my invention. The overall flow of fluid materi-
als into the process is in an upward direction when ob-
serving the process from the outside. As can be seen,
when looking at the drawing, the lower section of the
contacting zone contains a dense bed which has cata-
lyst particles flowing in a downward direction. In this
section of the contacting zone the upflowing fluid ma-
terials should be below the incipient fluidization veloc-
ity of the solid particles moving in a downward direc-
tion. As these particles flow downward with the fluids
flowing upward they can contact the secondary fluid
input stream or quench stream and pass into an upper
section of my process. In the upper section the in-
creased mass velocity caused by the addition of the sec-
ond fluid feed stream passing into the contacting zone
if the contacting zone were constructed similarly to a
lower section would cause, in many instances, the ve-
locity of the upflowing fluids to approach incipient flu-
idization velocity of the solid particles flowing down-
ward, thereby causing fluidization of the downflowing
solid particles. Since my invention allows a sideways
flow of fluid in an upper contacting section in my con-
tacting zone, the problems associated with the pro-
cesses in which quench or secondary feed streams are
passed into the midpoint of the reaction zone are elimi-
nated.

The fluid-solid contacting process of my invention
can include normal fluid-solid contacting processes in
which heat exchange is desired to take place between
two or more fluid feed streams and solid particles. It is
even more preferable to utilize my fluid-solid contact-
ing process as a fluid-solid contacting conversion pro-
cess and even more particularly as a hydrocarbon con-
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version process. The process of my invention is specifi-
cally applicable to refinery processes in which quench
streams or secondary feed streams are desired to pass
into a reaction zone. Specific processes include hydro-
cracking reactions in which there is countercurrent
flow of downflowing catalyst and upflowing vaporous
feed stocks with a quench stream passing into a point
somewhere between the feed input and effluent output
in the conversion process. Additionally, my process is
specifically applicable to more recent moving bed pro-
cesses for producing substitute natural gas. These pro-
cesses utilize vaporized naphtha together with steam to
contact a suitable catalyst to cause the cracking of
naphtha to methane with the coproduction of hydrogen
and carbon monoxide. Additional reactions taking
place in these type of processes include the water-gas
shift reactions in which carbon monoxide and water are
allowed to form carbon dioxide and hydrogen. Addi-
tionally, the highly exothermic methanation reaction in
which carbon monoxide and hydrogen produced are
eventually converted to water and methane. In these
processes it is typically preferred to pass a secondary
feed stream into a gasification reactor somewhere in
the midpoint between the feed introduction and the ef-
fluent output streams. The secondary feed stream gen-
erally comprises steam and additional naphtha feed
stock and is utilized to control the process for better
product distribution and to maintain reasonable cata-
lyst activities and lives with lower overall utilities.

In the processes for converting naphtha to substitute
natural gas, relatively large superficial gas velocities
occur in the reaction zones. The upper section of the
contacting zone of my invention in which substantially
high velocities of gaseous materials would be reached
is designed to allow these materials to flow in a side-
ways direction so that they contact a descending cata-
tyst stream in the direction normal to the fluid direction
in the lower section of my contacting process thereby
preventing, if not totally eliminating, the possibility of
fluidization or hang up of downflowing catalyst parti-
cles by high velocity fluid materials. )

The size of the catalyst or solid particles which can
be utilized in my process can vary anywhere from 1/16
inch or smaller pills or spheres to pills or spheres having
overall average diameters up to 1/8 inch or higher.
Preferably, 1/16 inch or 1/8 inch solid particles are pre-
ferred.

It is preferred that the overall catalyst flow be in the
downward direction although in some instances'the av-
erage flow of catalyst particles may deviate slightly
from a downward direction. As long as fresh catalyst or
solid particles are passed into an upper section of a
contacting zone and removed from a lower section of

the contacting zone we shall assume that the overall,

flow of catalyst or solid particles shall be in a downward
direction. The first and second fluid streams which are
passed into the lower section and upper sections of my
contacting zone respectively should generally comprise
materials which when passed into the contacting zone
are essentially vaporous. Because of the nature of the
overall process flow, that is upflow of fluids and down-
flow of catalyst, vapors are preferred because the pres-
ence of liquids would hinder flow and distribution un-
less the fluid velocity in the lower section was suffi-
ciently high to carry liquids in an upward manner. The
feed streams which may be utilized in the process of my
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or gaseous materials which are desired to be contacted
with a solid particle or catalyst particle. Preferred fluids
include steam when contacting or heating downwardly
flowing solid particles or hydrocarbons such as light or
heavy naphthas especially when utilizing these materi-
als for production of synthetic or substitute natural
gases. It is comtemplated that when hydrocarbon feed
stocks are utilized they be substantially able to be va-
porized when passed into the process, therefore, pre-
heat of these streams is generally necessary when the
materials originally being used are liquids. It is also
contemplated that hydrocarbons may be mixed with
steam or other materials which may be inert or reactant
gases in order to effectuate a given process.

Countercurrent contacting conditions typically in-
clude a true net downflow of solid particles or catalyst
with an overall upflow of fluids. In some instances cer-
tain portions of the solid particle bed which are main-
tained in a zone in which countercurrent contacting
conditions occur may not pass in a downward direc-
tion, however, the substantial portion of the solid or
catalyst particles in this type of contacting conditions
will be in a downward direction.

Lateral contacting conditions shall include condi-
tions in which the overall catalyst or solid particle flow
is in a downward direction but the average or overall
fluid vapor flow contacting the descending catalyst or
solid particles is preferably in a horizontal direction.
Even more preferably lateral contacting conditions
shall include descending catalyst or solid particle flow
with the flow of fluid vapors in a direction essentially
normal to the direction of the upflowing liquids or va-
pors in the lower section of my contacting zone.

Lateral contacting conditions shall generally be im-
plemented by the use of radial flow arrangement of cat-
alyst or solid particles in the upper section of my con-
tacting process. A radial flow design typically has the
placement of two concentrically located screens in
forming cylinders which are axially aligned and verti-
cally placed. The upper and lower ends of the inner
screen and the outer screen are sealed off so that the
catalyst or solid particles which is present between
these two screens forms a true annular bed of solid par-
ticles. In some instances it is preferred to pass effluent
materials from the lower section plus a second fluid
stream into the void portion within the annular bed
causing the fluids to pass radially outward through the
catalyst bed essentially in a horizontal direction
through the outer screen to be collected in an outer
ring reception volume. This outer volume can be con-
nected to a product conduit which can pass the mate-
rial recovered from the radial flow contacting zone into
recovery facilities for separation or further processing.
In other instances the flow of fluids through the pre-
ferred radial flow contacting zone may be in a direction
opposite to that mentioned above. In these instances,
the effluent from the lower section together with the
second fluid feed stream will pass into an outer volume
surrounding the annular bed through the annular bed
towards the inner screen to be collected in the void
space located at the center of the annular bed volume.
The center portion of the annular bed volume is con-
nected to an effluent conduit which effluent conduit
can be utilized to remove the products from the con-
tacting zone. When utilizing an annular flow contacting
zone in the upper section the catalyst flow as shown in
the drawing is substantially in a downward direction
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- with catalyst input conduits connected to the upper
portion of the annular bed allowing the same quantity
of catalyst to flow into the upper section of the annular
bed as the quantity of material being withdrawn from
the lower portion of the annular bed when desired.

Other physical placements of the solid particles in the
upper section may be used to implement the lateral
contacting conditions. Included and contemplated in
the upper section of my contacting zone are catalyst
bed configurations which allow downflow of catalyst
and side or lateral flow of fluids. Particularty, the up-
per-section can be constructed with two essentially par-
allel and flat screens sealed off from the remaining por-
tion of the chamber. The fluid can flow through cone
screen into the dense bed of catalyst which flows in a
downward direction out of the other screen to be re-
covered by an effluent conduit. In these instances the
overall flow of fluid is in a lateral or horizontal direc-
tion.

In a preferred embodiment the fluid-solid contacting
process of my invention can be utilized particularly in
a town gas production process in which a light naphtha
feed stock together with steam pass into a gasification
reactor. The gasification reaction zone can be utilized
as a fluid-solid contacting conversion zone of my pro-
cess. In particular in the town gas production conver-
sion reaction zone a feed naptha containing hydrogen
and steam is passed into the first stage of the gasifica-
tion reaction zone wherein substantial portions if not
all of the naphtha are converted to methane, carbon
monoxide, carbon dioxide and water with some hydro-
gen production. The second stage of the gasification
reaction zone can be the upper section of my fluid-solid
contacting zone and can receive substantially all or a
part of the effluent from the lower section or the first
gasification reaction zone together with a second feed
stock which typically also contains hydrogen and steam
along with light naphtha. The second feed together
with the effluent from the lower section reaction zone
all pass into the upper section or the second stage gas-
ification reaction zone to produce a town gas which
contains materials such as water vapor, carbon monox-
ide, carbon dioxide, hydrogen and methane.

Since the typical town gas production process re-
quires such large reaction zone diameters and large
quantities of catalyst, along with the quite large volu-
metric rates which pass through the reaction zone it is
very possible that the incipient fluidization velocity of
catalyst particles will be reached easily in the gasifica-
tion process. Therefore, the two-stage flow of my pro-
cess is specifically applicable to these type of processes.
To those versed in the art U.S. Pat. No. 3,429,680 is-
sued on Feb. 25, 1969, can be utilized as reference to
the operating conditions catalyst and flow schemes uti-
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lized for the production of town gases by steam or re-
forming of hydrocarbons. In particular, light naphtha
hydrocarbons can be utilized as feed stocks. It is pre-
ferred, however, that C, and C; materials be utilized as
feed stock fluids. Typically, the catalyst which can be
used in the process is a kieselguhr or alumina material.
The catalytically active components generally utilized
include nickel as much as 60 percent by weight, magne-
sium oxide 8-10 percent by weight and copper, chro-
mium, and manganese whose total quantity may vary
from a few per cent up to 10 per cent with molecular
ratios of 1:1.

The overall process operations can be anywhere from
a few to many hundred pounds per square inch. Other
conditions include hydrogen to carbon mole ratio from
zero to about 0.5:1 and a steam to carbon atomic ratio
of about 1:1 to about 2.0:1. The operating tempera-
tures will be greater than about 700° and less than
about 1,100° F.

I claim as my invention:

1. A fluid conversion process in which first and sec-
ond fluid streams are passed into a conversion zone,
which zone has an upper section containing an annular
shaped bed of solid catalyst particles and a lower sec-
tion containing a cylindrical bed of solid catalyst parti-
cles, which upper and lower sections are connected
forming a continuous zone of catalyst which process
comprises:

a. passing fresh catalyst particles into said upper sec-

tion annular shaped bed of particles;

b. removing spent solids from said lower section cy-
lindrical bed of particles;

c. passing a first feed stream comprising naphtha and
steam into said lower section at countercurrent
fluid-solid contacting conversion conditions in-
cluding the upflow of fluid and the downflow of
catalyst to effect the conversion of said first feed
into a first effluent,

d. passing said first effluent together with a second
feed stream comprising naphtha and steam into
said upper section at lateral contacting conversion
conditions including the downflow of solids and the
substantially horizontal flow of feed through said
annular shaped bed from an inner portion radially
to an outer portion of said annular bed at condi-
tions to effect the conversion of said second feed
and first effluent to a second effluent;

e. recovering said second effluent from said upper
section of said conversion zone.

2. Claim 1 in that said first and second effluents com-

prise hydrogen, methane, water, carbon monoxide and

carbon dioxide.
* % * * *



