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CATALYST CONTROL AND WITHDRAWAL VALVE WITH TIGHT SHUTOFF

CAPABILITY

PRIORITY CLAIM

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Application Serial No. 63/012,571, filed April 20, 2020, which is expressly incorporated herein

by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates to valves, and particularly to slide gate valves.

More particularly, the present disclosure relates to slide gate valves used in services for catalyst

control and for catalyst withdrawal valves for controlling the flow of gas and catalyst material

in a fluid catalytic cracking process.

[0003] Fluid catalytic cracking is a process used in petroleum refineries for converting

high boiling, high-molecular weight hydrocarbon fractions of petroleum crude oils into more

valuable gasoline, olefinic gases and other products. The feedstock to a fluid catalytic cracking

process is usually that portion of the crude oil that has initial boiling point of 644 degrees

Fahrenheit (°F) or higher at atmospheric pressure and an average molecular weight ranging

from about 200 to 600 or higher. The feedstock is heated to a high temperature and moderate

pressure, and brought into contact with a hot powdered catalyst.

[0004] The catalyst breaks the long-chain molecules of the high-boiling hydrocarbon

liquids into much shorter molecules, which are collected as vapor. Heated feedstock is injected

into a catalyst riser where it is vaporized and cracked into smaller molecules of vapor by contact

and mixing with the very hot powdered catalyst provided from a catalyst regenerator. Catalyst

flows into a reactor having a vessel in which the cracked product vapors are separated from

spent catalyst and the spent catalyst is returned to the catalyst regenerator vessel via the spent

catalyst flow line. The flow of regenerated catalyst to the reactor is regulated by the

regenerated catalyst flow line and a riser section. Three slide valves primarily control this flow

of catalyst between the regenerator and reactor vessels - typically named the Rx Catalyst, the

Spent Catalyst and Regenerated Catalyst valves. There are two other valves that are used for

control of catalyst from the regenerator in a flow scheme that flows back to the regenerator

which are named Recirculation and Cooled Catalyst valves. These applications are found with

various names in Fluid Cokers, Flexicokers, FCCU, RFCCU, DCCU, DCU and other similar

-1-



WO 2021/216552 PCT/US2021/028160

type refinery processes that utilize refractory lined slide valves for the control of particulate

flowing applications at high temperature.

[0005] There is a continuous loss of reactivity of the catalyst through time and through

deterioration of the catalyst particle. This loss of reactivity needs to be remedied in the fluid

catalytic cracking process over time by unloading catalyst from the regenerator and by loading

new catalyst into the regenerator. Both of these processes require the use of special slide gate

valves that do not wear when the catalyst impinges on the internal surfaces during operation.

[0006] The catalyst comprises fine powders or particles having a particle size

distribution ranging from approximately 5 microns to approximately 40 microns in size. The

catalyst may include crystalline zeolite, a matrix, a binder, and filler components. The matrix

component may comprise an alumina matrix component. The binder may be silica sol, and the

filler may be a clay such as kaolin.

[0007] Slide gate valves that are used in the service of regenerated, spent, R,

recirculation, cooled catalyst or for the service of catalyst withdrawal valves encounter

problems in function and operation due to several factors. Slide gate valves for catalyst control

and withdrawal applications need to operate in a very wide range of temperature conditions,

from ambient temperature conditions which could be as low a temperature as approximately

thirty degrees Fahrenheit below zero (-30°F) to an operating temperature of approximately

1350°F or higher the instant the valve is opened or even partially opened or used for controlling

the flow of catalyst. The flow of hot catalyst through the valve provides a temperature shock

to the valve and causes failures to wear resistant surfaces and components of the valve.

[0008] The flow of hot catalyst through the valve is also extremely hard on the valve

body, guides, orifice plate, actuating stem and disc of the valve. All components of the slide

valve are subjected to tremendous stresses due to temperature fluctuations between

instantaneous heating, when flow of catalyst has started, to cooling down of the valve after the

flow of catalyst has stopped. Premature failures of the slide valve occur as a result of this

extreme set of temperature related operating conditions.

[0009] The flow of catalyst through the slide valve is also highly erosive and causes

wear to the slide valve and its component parts. Even though the catalyst particles are small in

size, flowing catalyst "sand blasts" any surface the catalyst comes into contact with, but at a

much higher rate than a regular cube type silica sand particle. The flow of catalyst through the

valve is driven by the pressure differential between the pressure on the upstream side of the

valve and the pressure that is found downstream of the valve. This can be in the spent,

regenerated, Rx, Catalyst Cooler, and recirculation services of up to as much as 20 pounds per
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square inch (psig).  For the catalyst withdrawal valve service, the valve is connected to the 

bottom of the regenerator, which pressure can be as high as 45 pounds per square inch gage 

(psig) or more, and the pressure on a downstream side of the valve where there is a partial or 

full vacuum.  The pressure drop across the catalyst withdrawal valve is very high for this type 

of valve to survive.  Normal operation of a slide valve is usually kept at less than 12 pounds 

per square inch differential pressure or less during flow operation, and very seldom does 

operation occur with the valve at a 15 to 20 pounds per square inch pressure differential.  A 

slide valve used as a catalyst withdrawal valve may see as much as 40 or 45 pounds per square 

inch pressure drop across the valve.  

[0010] An additional problem that may be encountered by a catalyst withdrawal valve 

occurs when there is a two-way flow through the valve.  In such an operation, catalyst is first 

loaded into the regenerator at the startup of the process through the catalyst withdrawal valve, 

such that the flow of catalyst occurs in the opposite direction of what is considered normal 

flow.  In such an operation the internal components of the valve need to be designed for flow 

of catalyst in both directions with respect to the valve, and with erosion or wear protection 

provided to the components of the valve for both directions of flow.   

[0011] A further problem encountered with prior slide valves is that the valve actuating 

stem, which moves the valve disc between open and closed positions, tended to bend when a 

force was applied by the actuating stem to the valve disc to move the valve disc into the closed 

position. The bending of the actuating stem caused premature failure of the packings in the 

actuating stem stuffing box, and was not controllable at the end of stroke position. In addition, 

the disc would sometimes hit a mechanical stop at the end of the closing stroke of the valve 

disc before the valve disc reached its fully closed position due to interference with catalyst 

buildup inside the valve.   

SUMMARY 

[0011a] According to a first aspect of the present invention, there is provided a slide 

gate valve for controlling the flow of gas, liquid and catalyst material in a fluid catalytic 

cracking process comprising: 

 a valve body having an internal chamber and formed to include an inlet, and 

an outlet; 

 an orifice plate positioned within the chamber, the orifice plate formed to 

include an orifice;
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 first and second disc guides that are located on opposite sides of the orifice, 

the disc guides each include a guide channel and a wedge having a wedge surface; 

 a valve disc positioned between the first and second disc guides and configured 

to slide along the disc guides from a fully opened position in which gases, liquids and catalyst 

materials can pass through the orifice to a fully closed position in which the orifice is blocked, 

preventing the flow of gases, liquids or catalyst materials through the orifice, the valve disc 

including a pair of wedges each having a wedge surface;  

 wherein movement of the valve disc from the fully opened position toward the 

fully closed position causes the valve disc to slide linearly along the first and second disc guides 

until a point in the travel of the valve disc where the wedges of the valve disc engage the wedges 

of the first and second disc guides to cause translational movement of the valve disc toward the 

orifice plate to seal the valve disc against the orifice plate to block flow through the orifice. 

[0011b] According to a second aspect of the present invention, there is provided a slide 

gate valve for controlling the flow of gas, liquid and catalyst material in a fluid catalytic 

cracking process comprising: 

 a valve body having an internal chamber and formed to include an inlet, and 

an outlet; 

 an orifice plate positioned within the chamber, the orifice plate formed to 

include an orifice; 

 first and second disc guides that are located on opposite sides of the orifice, 

the disc guides each include a guide channel and a wedge having a wedge surface; 

 a valve disc positioned between the first and second disc guides and configured 

to slide along the disc guides from a fully opened position in which gases, liquids and catalyst 

materials can pass through the orifice to a fully closed position in which the orifice is blocked, 

preventing the flow of gases, liquids or catalyst materials through the orifice, the valve disc 

including a pair of wedges each having a wedge surface;  

 an actuator stem having a first end coupled to the valve disc; 

 an actuator coupled to a second end of the actuator stem, wherein the actuator 

and the actuator stem are adapted to move the valve disc from the fully opened position to the 

fully closed position; 

 wherein movement of the valve disc from the fully opened position toward the 

fully closed position causes the valve disc to slide linearly along the first and second disc guides 

until a point in the travel of the valve disc where the wedges of the valve disc engage the wedges 
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of the first and second disc guides to cause translational movement of the valve disc toward the 

orifice plate to seal the valve disc against the orifice plate to block flow through the orifice. 

[0011c] According to a third aspect of the present invention, there is provided a slide 

gate valve for controlling the flow of gas, liquid and catalyst material in a fluid catalytic 

cracking process comprising: 

 a valve body having an internal chamber and formed to include an inlet, and 

an outlet; 

 an orifice plate positioned within the chamber, the orifice plate formed to 

include an orifice; 

 a disc guide positioned proximate the orifice and having a guide channel; 

 a valve disc configured to slide along the guide channel of the disc guide from 

a fully opened position in which gases, liquids and catalyst materials can pass through the 

orifice to a fully closed position in which the orifice is blocked, preventing the flow of gases, 

liquids or catalyst materials through the orifice; 

 a cam located in the internal chamber of the valve body;  

 wherein movement of the valve disc from the fully opened position toward the 

fully closed position causes the valve disc to slide linearly along the guide channel of disc guide 

until a point in the travel of the valve disc where the cam causes translational movement of the 

valve disc toward the orifice plate to seal the valve disc against the orifice plate to block flow 

through the orifice. 

[0012] According to the present disclosure, a slide valve includes a valve disc and a 

disc receptacle.  The disc receptacle includes disc guides and an orifice plate including an 

orifice, the disc valve being selectively slidable within the disc guides between a fully-retracted 

fully-open position that allows gas and particle flow through the orifice and a fully-extended 

fully-closed tight shutoff position that seals the orifice and prevents gas and particle flow 

through the orifice. 

[0013] In illustrative embodiments, the valve disc and the disc receptacle include 

respective inclined wedges that engage each other to wedgingly press the valve disc into sealing 
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engagement with the orifice plate when the valve disc is in the full-extended fully-closed tight

shutoff position. The valve disc being selectively modulated between the fully-extended fully-

closed tight shutoff position and a partially-retracted non-tight shutoff position wherein a small

air gap is formed between the valve disc and the orifice plate that allows gas to flow out of the

orifice and through the air gap between the valve disc and the orifice plate, while preventing

particles from flowing out of the orifice and through the air gap.

[0014] In illustrative embodiments, an actuating stem is coupled at a first end to a

hydraulic cylinder (actuator) or an electric operated drive assembly (actuator) and is coupled

at a second end to the valve disc. The actuator is adapted to selectively linearly slide the

actuator stem and valve disc between the fully-retracted fully-open position, the fully-extended

fully-closed tight shutoff position, and the partially-retracted non-tight shutoff position. The

second end of the actuating stem is flexibly coupled to the valve disc such that the valve disc

is movable with respect to the second end of the actuating stem whereby the disc valve will not

impart bending forces to the actuating stem as the valve disc is moved by the actuator.

[0015] Additional features of the present disclosure will become apparent to those

skilled in the art upon consideration of illustrative embodiments exemplifying the best mode

of carrying out the disclosure as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The detailed description particularly refers the accompanying figures in which:

[0017] Fig. 1 is a front perspective view, in accordance with the present disclosure,

showing a slide valve and illustrating the direction of flow of catalyst into the valve and the

flow of catalyst out of the valve during normal flow operation when used in a catalyst

withdrawal process;

[0018] Fig. 2 is a partially exploded front view of the slide valve of Fig. 1;

[0019] Fig. 3 is a partially exploded rear view of the slide valve of Fig. 1;

[0020] Fig. 4 is a front perspective view of the gate assembly of the slide valve showing

the disc receptacle and the actuating stem that selectively slides the valve disc with respect to

the disc receptacle between a fully-retracted fully-open position and a fully-extended fully-

closed tight shutoff position;

[0021] Fig. 5 is a front exploded view of the gate assembly of Fig. 4 additionally

showing the valve disc moveably coupled to a distal end of the actuating stem;

[0022] Fig. 6 is a rear perspective view of the gate assembly;

[0023] Fig. 7 is a rear exploded view of the gate assembly;
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160 are located closer to the second end 140 than the first end 138 and the wedges are unitary

with the first and second disc guides 136A-B. The first and second disc guides each include a

guide channel 146 and a planar interior wall 142, wherein the wedge 160 extend outward from

the interior wall 142. The valve disc 166 includes a top surface having a center region having

a refractory material 195 and a seat ring member 193 positioned radially outwardly from the

center region, the seat ring member 193 adapted to seal against the sealing surface 126 of the

orifice plate 92 when the valve disc 166 is in the fully closed position. The valve disc 166

includes a nose 197 and refractory material 191 that wraps around the nose 197 of the valve

disc 166. The wedges 184A-B of the valve disc 166 are unitary with the valve disc 166. The

valve disc 166 is formed to include a slot 192 configured to accept an end 200 of an actuator

stem 196 that is moved by an actuator 20 along axis 180, wherein the connection of the actuator

stem 196 to the valve disc 166 permits movement of the valve disc 166 with respect to the

actuator stem 196 when the valve disc 166 is moved from the fully opened position to the fully

closed position. The actuator 120 is configured to periodically partially retract the actuating

stem 196 and the valve disc 166 along linear axis 180 to a partially-retracted non-tight position

so that the valve disc 166 is not in sealing engagement with the orifice plate 92 and is spaced

apart a short distance from orifice plate 91 creating an air gap and then moves the valve disc

166 back to the fully closed position.

[0079] Various features of the invention have been particularly shown and described in

connection with the illustrative embodiment of the invention, however, it must be understood

that these particular arrangements may merely illustrate, and that the invention is to be given

its fullest interpretation within the terms of the appended claims.
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What is claimed is:

1. A slide gate valve for controlling the flow of gas, liquid and catalyst material in a

fluid catalytic cracking process comprising:

a valve body having an internal chamber and formed to include an inlet, and an outlet;

an orifice plate positioned within the chamber, the orifice plate formed to include an

orifice;

first and second disc guides that are located on opposite sides of the orifice, the disc

guides each include a guide channel and awedge having a wedge surface;

a valve disc positioned between the first and second disc guides and configured to

slide along the disc guides from a fully opened position in which gases, liquids and catalyst

materials can pass through the orifice to a fully closed position in which the orifice is

blocked, preventing the flow of gases, liquids or catalyst materials through the orifice, the

valve disc including a pair of wedges each having a wedge surface;

wherein movement of the valve disc from the fully opened position toward the fully

closed position causes the valve disc to slide linearly along the first and second disc guides

until a point in the travel of the valve disc where the wedges of the valve disc engage the

wedges of the first and second disc guides to cause translational movement of the valve disc

toward the orifice plate to seal the valve disc against the orifice plate to block flow through

the orifice.

2. The slide gate valve of claim 1, wherein the orifice plate includes refractory material

positioned radially outward from the orifice.

3. The slide gate valve of claim 2, wherein the orifice plate includes a sealing surface

positioned radially outward from the refractory material.

4. The slide gate valve of claim 3, wherein the sealing surface includes a layer of a

stellite alloy.

5. The slide gate valve of claim 1, wherein the first and second disc guides each include

a first end and a second end and the wedges are located closer to the second end than the first

end.

6. The slide gate valve of claim 5, wherein the wedges are unitary with the first and

second disc guides.

7. The slide gate valve of claim 5, wherein the first and second disc guides each include

a guide channel and a planar interior wall, wherein the wedge extend outward from the

interior wall.
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8. The slide gate valve of claim 3, wherein the valve disc includes a top surface having a

center region having a refractory material.

9. The slide gate valve of claim 8, wherein the valve disc includes a seat ring member

positioned radially outwardly from the center region, the seat ring member adapted to seal

against the sealing surface of the orifice plate when the valve disc is in the fully closed

position.

10. The slide gate valve of claim 9, wherein the valve disc includes a nose and refractory

material that wraps around the nose of the valve disc.

11. The slide gate valve of claim 1, wherein the wedges of the valve disc are unitary with

the valve disc.

12. The slide gate valve of claim 1, wherein the valve disc is formed to include a slot

configured to accept an end of an actuator stem, wherein the connection of the actuator stem

to the valve disc permits movement of the valve disc with respect to the actuator stem when

the valve disc is moved from the fully opened position to the fully closed position.

13. A slide gate valve for controlling the flow of gas, liquid and catalyst material in a

fluid catalytic cracking process comprising:

orifice;

a valve body having an internal chamber and formed to include an inlet, and an outlet;

an orifice plate positioned within the chamber, the orifice plate formed to include an

first and second disc guides that are located on opposite sides of the orifice, the disc

guides each include a guide channel and a wedge having a wedge surface;

a valve disc positioned between the first and second disc guides and configured to

slide along the disc guides from a fully opened position in which gases, liquids and catalyst

materials can pass through the orifice to a fully closed position in which the orifice is

blocked, preventing the flow of gases, liquids or catalyst materials through the orifice, the

valve disc including a pair of wedges each having a wedge surface;

an actuator stem having a first end coupled to the valve disc;

an actuator coupled to a second end of the actuator stem, wherein the actuator and the

actuator stem are adapted to move the valve disc from the fully opened position to the fully

closed position;

wherein movement of the valve disc from the fully opened position toward the fully

closed position causes the valve disc to slide linearly along the first and second disc guides

until a point in the travel of the valve disc where the wedges of the valve disc engage the

wedges of the first and second disc guides to cause translational movement of the valve disc

-21-



WO 2021/216552 PCT/US2021/028160

toward the orifice plate to seal the valve disc against the orifice plate to block flow through

the orifice.

14. The slide gate valve of claim 13, wherein the actuator periodically partially retracts

the actuating stem and the valve disc along a linear axis to a partially-retracted non-tight

position so that the valve disc is not in sealing engagement with the orifice plate and is

spaced apart a short distance from orifice plate creating an air gap and then moves the valve

dise back to the fully closed position.

15. The slide gate valve of claim 13, wherein the valve disc is formed to include a slot

configured to accept an end of the actuator stem, wherein the connection of the actuator stem

to the valve disc permits movement of the valve disc with respect to the actuator stem when

the valve disc is moved from the fully opened position to the fully closed position.

16. The slide gate valve of claim 13, wherein the orifice plate includes refractory material

positioned radially outward from the orifice.

17. The slide gate valve of claim 16, wherein the orifice plate includes a sealing surface

positioned radially outward from the refractory material.

18. The slide gate valve of claim 13, wherein the valve disc includes a top surface having

a center region having a refractory material.

19. The slide gate valve of claim 18, wherein the valve disc includes a seat ring member

positioned radially outwardly from the center region, the seat ring member adapted to seal

against the sealing surface of the orifice plate when the valve disc is in the fully closed

position.

20. A slide gate valve for controlling the flow of gas, liquid and catalyst material in a

fluid catalytic cracking process comprising:

orifice;

a valve body having an internal chamber and formed to include an inlet, and an outlet;

an orifice plate positioned within the chamber, the orifice plate formed to include an

a disc guide positioned proximate the orifice and having a guide channel;

a valve disc configured to slide along the guide channel of the disc guide from a fully

opened position in which gases, liquids and catalyst materials can pass through the orifice to

a fully closed position in which the orifice is blocked, preventing the flow of gases, liquids or

catalyst materials through the orifice;

a cam located in the internal chamber of the valve body;

wherein movement of the valve disc from the fully opened position toward the fully

closed position causes the valve disc to slide linearly along the guide channel of disc guide
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until a point in the travel of the valve disc where the cam causes translational movement of

the valve disc toward the orifice plate to seal the valve disc against the orifice plate to block

flow through the orifice.
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