April 3, 1951 E. V. BERGSTROM 2,547,900

F‘LUIDIZED'CATALYTIC CRACKING SYSTIEM
y WITH ROTATING DISK SLIDE VALVE
Filed March 3, 1948 3 Sheets-Sheet 1

.. Fig.1

Z7t /7
ey
\ |
]/
2,
7
/-5,/‘ 5
/
- || 2 !
:2}
/9 P
2,
/70—
/7
| 2
v
\
\ )
/9
\ 20,
\ bl
/o1 79,
//g
—
/15
L |
[F /& \
2/
B INVENTOR.

o X BY Eric Berysfram

AGENT/OR ATTORNEY




April 3, 1951 E. V. BERGSTROM 2,547,900
FLUIDIZED CATALYTIC CRACKING SYSTEM
WITH ROTATING DISK SLIDE VALVE
Filed March 3, 1948 3 Sheets-Sheet 2

(N

T7

INVENTOR.

BY Eric K 52/‘952‘/—0/77

—
4

A ) @
< §

;/ GE OR AT TORNEY




April 3, 1951 _ E. V. BERGSTROM 2,547,900
FLUIDIZED CATALYTIC CRAGKING SYSTEM

WITH ROTATING DISK SLIDE VALVE

Filed March 3, 1948 3 Sheets-Sheet 3

=z

INVENTOR.

Eric Y Bergsf/-om

AG. 7 OR A7TTORNEY




Patented Apr. 3, 1951

5

2,547,969

UNITED STATES PATENT OFFICE

2,547,900

FLUIDIZED CATALYTIC CRACKING SYSTEM
WITH ROTATING PISK SLIDE VALVE

Eric V. Bergstrom, Short Hills, N. J., assignor to
Socony-Vacuum OQil Company, Incorporated,
a corporation of New York

Application March 3, 1948, Seriai No. 12,802
(CL 23--288)
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This invention is concerned with the handling
of a moving bed of particle-form material. * It
is particularly concerned with the handling of
solid catalyst in a continuous hydrocarbon con-
version process, -

The development and universal acceptance of
the high speed internal combustion enging as a
source of power in such popular forms of trans-
portation as the automobile, truck, bus and air-
craft has placed unprecedented and ever-increas-
ing demands upon the petroleum industry for
high quality fuel, boiling in the gasoline range.
It was recognized, at an early date, that in order
to keep supply on 2 par with demand for gaso-
line fractions, the yield of gasoline hydrocarbons
from each barrel of crude petroleum must be in-
creased. This need was met by the develop-
ment of the hydrocarbon cracking art. For the
most part, petroleum fractions, heavier than the
gasoline stocks, were subjected to appropriate
treatment, whereby a substantial portion of the
material was converted to fuel boiling in the
gasoline range. The art has continually advanced
through the years to the present complicated Sys-

tems of continuous, catalytic cracking. A con- :

stantly-increasing percentage of the fuel used
in internal combustion engines is obtained from
‘the various systems of catalytic cracking.

In cne favored system, named the thermofor
catalytic eracking system, the particle-form cata-
Iytic material is passed downwardly, at a uni-
-form rate, under the influence of gravity, through
the reactor and regenerator. The How rate of
catalyst from both the reactor and regenerator
is controlled to produce a solid column of par-
ticle-form material extending up through hoth
vessels. The catalyst™ particles are conducted
from the bottom of the reactor through a conduit
to the base of an ascending elevator, by which
they are transferred to the top of the regenera-
tor. The catalyst particles leaving the bottom of
the regenerator, likewise, are conducted through

~a conduit to the base of a second ascending
elevator, by which they are transferred to the
storage bin or hopper, located atop. the reactor
and communicating therewith. Selected, pre-
heated hydrocarbons are admitted to the hottom
of the reactor, and are passed upwardly through
the reactor, They are maintained in intimate
contact with the descending, hot catalyst par-
ticles, and as a result, are converted, in ap-
preciable quantity, to lighter hydrocarbons, boil-
ing in the gasoline volatility range. The cracked
mafterials are removed from the top of the re-
actor for further purification and fractionation.
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The catalyst particles become less effective as
they descend through the reactor because of the
deposition of carbonaceous material on the sur-
face of the particles. The spent catalyst is reac-
tivated in the regenerator by being passed
through zones of combustion supporting gas,
whereby the deposits are burned from the sur-
face of the material. This process also provides
the heat required to raise the temperature of
the catalyst to the high temperature required for
use in the reactor, i '

Various emergencies: infrequently arise in the

-operation of such continuous, catalytic cracking

processes that require the sealing of the outlet
of the reactor or regenerator to prevent the flow
of catalyst from either or both of these units. It
is desirable, furthermore. that the closure be
capable of making a reasonably tight vapor seal.

The object of this invention is to provide g
method of sealing the outlet of g vessel contain-
ing particle-form material. A further object of
this invention is to provide a method of sealing
the outiet of g continuous, catalytic cracking
reactor or regenerator.

This invention will be described with reference
to the attached drawings, in which;

Figure 1 is a diagrammatic sketeh of g con-
tinuous catalytic cracking apparatus incorporat-
ing the instant invention, a portion of which is
sectioned; and

Figure 2 is a dizgrammatic sketch of a portion
of a continuous, catalytic cracking apparatus
showing. in section the location of the rotating
disc slide valve; and

Figure 3 is a fragmentary view, shown in per-

-spective, of a portion of the reactor and the valve

actuating mechanism.

Referring to Figure 1, a reacting vessel and
regenerating vessel, in conjunction with eleva-
tors for raising the catalyst, and the necessary
catalyst connecting conduits to complete the sys-
tem are shown. The vessels may be of any desired
shape such as rectangular or circular cross-sec-
tion, with converging entrance at top and bot-
tom respectively,

Preheated hydrocarbon distillates are admitted
to the reactor {0 through pipe i{, from a source
not shown. . Hot catalyst particles, stored in the
storage hopper 12 atop the reactor {9 descend
through connecting conduit 13 into the reactor
10. The rising hydrocarbons and descending
catalyst are maintained in intimate contact in
the reactor 18, resulting in substantial conver-
sion of the hydrocarbon distillates into lighter
products boiling in the gasoline range. The
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¢racked products are removed from the reactor
{2 through pipe 9 and conducted to other re-
finery apparatus not shown, for further purifi-
cation and fractionation. The spent catalyst is
removed from the bottom of the reactor 10 and
conducted through conduit {4 to the bottom of
ascending elevator 13. Valve 16 in conduit 14 is
used to control the flow rate of the catalyst. The
elevator 15 transmits the catalyst to the top of
the regenerator {6 through the. conduit 17. As
the catalyst is lowered through the regenerator
{6, the deposits are burned from the surface of
the catalyst by air admitted to the regenerator
through header 18 and conduits 19 from a source
not shown. The flue gases are removed ifrom
the regenerator through conduits 26 and header
21 and are conducted to other refinery apparatus,

ot shown. The revivified catalyst, removed
from the bottom of the regenerator 16, is con-
ducted through conduit 21 to the bottom of an-
other ascending elevator 22, to be raised thereby
and deposited in the hopper 12 through connect-
ing conduit 28, Such catalytic cracking systems
are completely described in the various patents
on catalytic cracking of hydrocarbons of, for ex-
ample, Payne, Simpson and Crowley such as No.
2,326,041, and need not be described in detail
here,

The control or “chopper” valve 30, shown in
Figure 2, a diagrammatic sketch of a portion of
a continuous, catalytic cracking apparatus, is
used to regulate the catalyst flow rate. In nor-
mal operation, the catalyst is piled up in back of
the valve 30 in the form of a solid column, ex-
tending through the conduit 31, the rotary valve
chamber 32 as shown, through the reactor 383,
and on into the storage hopper atop the reactor;
a solid column of particle size material approxi-
mately sixty feet high. The catalyst particles
~usually have an average diameter of 2-4 m. m.
and are cylindrical, granular, or spherical in
shape. In many respects, the catalyst follows
the laws governing the flow of liquids, but unlike
liquids, the particles do not fiow to fill a vessel,
such as the rotary valve chamber 32 in Figure 2,
flowing only until the angle of repose of the
solid is reached.

The catalyst in the region of the reactor outlet
is seen, therefore, to be under considerable pres-
sure. A valve for shutoff purposes at that loca-
tion must possess unusual properties enabling it
to push through the column and effect a closure.
A valve operating in grooves or recesses will not
function under these conditions, Such a valve
would rapidly be clogged and jammed by the
catalyst. Small catalyst particles and fines, be-
ing somewhat abrasive, would soon erode the

mating metal parts, making a tight seal im- -

possible. Furthermore, the atirition of catalyst
particles would be excessive.

In this invention a rotary-operated slide valve,
located in a chamber below the reactor, is de-
signed to push aside a segment of the catalyst
column when moved to the closed position.

Referring again to Figure 2, catalyst descends
through the reactor 33, into the chamber. 32, fill-
ing the chamber 32 in the manner indicated.
The valve plate 34, is mounted on the horizontal
arm 35. The vertical axle 36, to which the hori-
zontal arm 35 is attached, is mounted in bearings
45 and 46. One end of the axle 36, which is
projected threugh the wall of the valve chamber
32 is adapted to receive a torque to move the
valve plate 84. As the valve plate 34 is shifted
to the closed position, a portion of the catalyst
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is pushed aside, falling in the clearance space of
the valve chamber 32. A counterweight 42 is
mounted on the opposite end of the arm 35 from
the valve plate 34 to balance the valve and per-
mit smooth operation. A clearance 38 is pro-
vided between the bottom of the reactor and the
top of the valve plate 34 to prevent heavy cata-
lyst attrition when the valve is being moved.
The means of operating the valve is shown in
perspective on Figure 3. The handle 3T may
conveniently be manually operated or power
operated, as desired, to rotate the vertical axle
35, thereby opening or closing the valve in the
valve chamber 32. As the closed position of the
valve is reached, the wedge 41, cut on the inner
end of the handle 37, makes contact with and
rides up on the inclined plane 32, cut on the
surface of a lug 49, which is welded to the re-
actor 33, as shown on Figure 3. The wedging
action, caused by the relative motion of the
mating, inclined planes, causes the valve axle 36
and the valve plate 34, as shown on Figure 2, to
1ift sufficiently to effectively seal the reactor out-
let. This provides a substantially vapor-tight
seal of the reactor outlet. The hole in the cham-
ber 32 through which the shaft 36 protrudes is
sealed by a seal 43 to prevent the escape of gases
from the chamber 32. The clearance 38 between
the valve plate 34 and the bottom of the reactor
33 can be adjusted by a set screw 44, which is
adapted to raise or lower the entire valve mecha-
nism.

This invention presents the advantage of com-
plete elimination of grooves or recesses, which
cause jamming. The absence of guides, further-
more, reduces friction tc a minimum, and pre-
vents the catalyst particles from being crushed.
The slight raising of the valve at the end of its
movement toward the closed position, produced
by the mating plane surfaces, lifts the cafalyst
in the reactor slightly, making a reasonably tight
vapor seal.

I claim:

1. In a continuous, catalytic cracking system
in which catalyst is passed through a reactor and
regenerator and connective means, the flow of
catalyst being continuous and in a downward di-
rection threugh bhoth the reactor and the regen-
erator, the improvement which comprises valve
means for closing the outlet of at least one of
said vessels and operative means for closing said
valve imeans, said means comprising a chamber
inserted in the system to form a part of the con-
nective means and located below said vessel such
that the catalyst outlet of said vessel projects
into said chamber and terminates near the top,
an axle mounted in said chamber with one end
projected through said chamber capable of
rotary motion about its longitudinal axis, a
cross-member attached to said axle, a valve plate
attached to one end of said cross-member dis-
posed immediately helow the catalyst outlet of
said vessel, a counterweight attached to the op-
posite end of said cross-member, a handle con-
nected to the external end of said axle capable of
being moved to rotate said axle, a first lug shaped
in the form of an inclined plane attached to said
vessel, a second lug shaped in the form of a mat-
ing plane attached to said handle adapted to
make contact with said first-named lug as the
valve is closed causing the valve to lift suffi-
ciently to prevent the flow of catalyst and gases
from said vessel, and means defining an outlet
from said chamber connected to said connective
means and conducting therewith.
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2. In a system in which a particle-form mate-
rial is discharged from a vessel,“an outlet con-
duit from said vessel, a rotatable axle located
adjacent said outlet conduit, a valve plate adapted
to be rotated to a position of alishment with the
open end of said outlet conduit, the valve plate
being ‘located to provide a small clearance be-
tween the edge of the outlet conduit and the sur-
face of the plate when the valve is not substan-
tially closed, means connecting said valve plate
to said axle, means for rotating said axle, and
means for lifting said valve plate toward said
outlet conduit as the valve is closed to bring the
plate into contact with the edge of the outlet
conduit. e

3. In a continuous catalytic cracking system
for the conversion of hydroearbons in which a
particle-form solid contact material is passed
downwardly through a resction vessel wherein it

is contacted with hydrocarbons at reaction con- ¢

ditions and downwardly through a regeneration
vessel wherein it is contacted with combustion
supporting gas for removing carbonaceous mate-
rial formed on said contact material during the
conversion and through connective means, the
improvement which comprises valve means for
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_closing the outlet of at least one of said vessels,

said means comprising a chamber inserted in the
system to form a part of the connective means
and located below said vessel such that the con-
tact material outlet of said vessel projects into
said chamber and terminates near the top, an
axle located at least partially within said cham-~
ber and adjacent the contact material outlet, a
valve plate disposed immediately below. ' and
spaced from the contact material outlet of said
vessel, means connecting said valve plate to said
axle, means for rotating said axle, means for lift-
ing said valve plate as the valve is closed, caus-
ing the valve to lift sufficiently to prevent the flow
of contact material and gases from said vessel,
and means defining an outlet from said chamber.
ERIC V. BERGSTROM.
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