wo 2016/209649 A1 I} 1A/ 000 0O RO 0 N0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

(10) International Publication Number

WO 2016/209649 A1l

29 December 2016 (29.12.2016) WIPO | PCT

(51) International Patent Classification:
B65G 53/04 (2006.01) B01J 8/00 (2006.01)
B65G 53/40 (2006.01)

(21) International Application Number:
PCT/US2016/037151

(22) International Filing Date:
13 June 2016 (13.06.2016)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/183,943 24 June 2015 (24.06.2015) Us

(71) Applicant: UOP LLC [US/US]; 25 East Algonquin Road,
P. O. Box 5017, Des Plaines, IL 60017-5017 (US).

(72) Inventors: GAICKI, Richard; UOP LLC, 25 East Algon-
quin Road, P. O. Box 5017, Des Plaines, IL 60017-5017
(US). GATTUPALLI, Rajeswar; UOP LLC, 25 East Al-
gonquin Road, P. O. Box 5017, Des Plaines, IL 60017-
5017 (US). BRABSON, Charles; UOP LLC, 25 East Al-
gonquin Road, P. O. Box 5017, Des Plaines, IL 60017-
5017 (US). AUSTIN, Kyle, P.; UOP LLC, 25 East Algon-
quin Road, P. O. Box 5017, Des Plaines, IL 60017-5017
(US). NAUNHEIMER, Christopher; UOP LLC, 25 East

(74

(8D

(84)

Algonquin Road, P. O. Box 5017, Des Plaines, IL 60017-
5017 (US). VETTER, Michael, J.; UOP LLC, 25 East Al-
gonquin Road, P. O. Box 5017, Des Plaines, IL 60017-
5017 (US).

Agent: ROMANQO, Ashley, E.; UOP LLC, 25 East Algon-
quin Road, P. O. Box 5017, Des Plaines, IL 60017-5017

(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[Continued on next page]

(54) Title: ULTRA LOW PRESSURE CONTINUOUS CATALYST TRANSFER WITHOUT LOCK HOPPER

90
60
84 102
34
46 I~ 106
42
40 10;‘
10 12 30 — \ ﬁj 80 —
~ 50
52—/
/|
24 \ 22 44
e 72 76
20 32 36 —H

FIG. 1

(57) Abstract: An apparatus is presented for the transferring
of catalyst from an upstream vessel to a downstream vessel.
The apparatus includes a non-mechanical valve and a trans-
fer line, wherein a lift gas provides for carrying catalyst
through the transfer line. The non-mechanical valve has a
catalyst inlet and a lift gas inlet to provide for a consistent
flow to limit or reduce pipe erosion and catalyst attrition, as
well as to provide catalyst and lift gas to the transfer lines.



WO 2016/209649 A1 |00V AT 00RO AR o

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



10

15

20

25

WO 2016/209649 PCT/US2016/037151

ULTRA LOW PRESSURE CONTINUOUS CATALYST TRANSFER WITHOUT
LOCK HOPPER

STATEMENT OF PRIORITY

[0001] This application claims priority to U.S. Provisional Application No. 62/183943
which was filed June 24, 2015, the contents of which are hereby incorporated by reference in

its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to solids transfer equipment. In particular, the
invention is directed to the low pressure transfer of catalyst particles between reactors, or a

reactor and a regenerator.
BACKGROUND

[0003] Many modern chemical processes utilize catalysts for the conversion of a
feedstock to a more valuable product stream. Catalysts have a limited life of operation before
a need for the regeneration of the catalyst. In many chemical operations, the process involves
passing a catalyst between a reactor to a regenerator and back again to provide for a long
continuous operation.

[0004] However, a continuous catalyst regeneration technology in use today does not
provide for a continuous constant rate of catalyst circulation. The process today involves the
use of lock hoppers and lift engagers to circulate catalyst in small batches to provide for a
semi-continuous process. This batch-wise catalyst transfer process can lead to catalyst
bridging and the plugging of catalyst transfer lines.

[0005] There is a need to improve the process and equipment for the transfer of catalyst

in a continuous catalyst regeneration system.

SUMMARY

[0006] The present invention serves to reduce catalyst attrition and reduce catalyst

plugging in the paraffin dehydrogenation process in a process that has a very low source and

- 1-
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destination pressure. This is unique and different than what is done in all current
technologies.

[0007] A first embodiment of the invention is an apparatus for the transfer of catalyst
comprising a first vessel from a terminal reactor having an inlet and an outlet; a non-
mechanical valve having a catalyst inlet in fluid communication with the first vessel outlet, a
lift gas inlet, and an outlet; a transfer line having an inlet in fluid communication with the
non-mechanical valve outlet, and an outlet; a first downstream vessel having an inlet in fluid
communication with the transfer line, and a gas outlet and a catalyst outlet, wherein first
downstream vessel includes an internal pipe and a restriction orifice; and a second
downstream having an inlet in fluid communication with the first downstream vessel outlet,
and an outlet. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising an impactless
elbow disposed in the transfer line and at a position in the transfer line at an elevated position
relative to the catalyst disengaging drum. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the transfer line further includes a second inlet for admitting a second lift gas stream.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the second inlet is in a position in the
transfer line disposed below the inlet form the non-mechanical valve outlet. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising a second non-mechanical valve having an
inlet in fluid communication with the first downstream vessel outlet, a lift gas inlet and an
outlet. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising a second
transfer line having an inlet in fluid communication with the second non-mechanical valve
outlet, and an outlet. An embodiment of the invention is one, any or all of prior embodiments
in this paragraph up through the first embodiment in this paragraph further comprising a
second impactless elbow disposed in the second transfer line and at a position in the transfer
line at an elevated position relative to a third downstream vessel. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the second transfer line further includes a second inlet

for admitting a second lift gas stream. An embodiment of the invention is one, any or all of
-0 -
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prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the second inlet is in a position in the second transfer line disposed below the inlet
from the second non-mechanical valve outlet. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the non-mechanical valve comprises a horizontal length of pipe having a first inlet
for admitting catalyst particles, a second inlet for admitting a lift gas, and an outlet.

[0008] A second embodiment of the invention is an apparatus for the transfer of catalyst
from a reactor to a regenerator, comprising a first vessel from a terminal reactor having an
inlet and an outlet; a first non-mechanical valve having a catalyst inlet in fluid
communication with the first vessel outlet, a lift gas inlet, and an outlet; a first transfer line
having an inlet in fluid communication with the first non-mechanical valve outlet, and an
outlet; a first downstream vessel having an inlet in fluid communication with the transfer
line, and a gas outlet and a catalyst outlet, wherein the first downstream vessel includes an
internal standpipe and a restriction orifice; a second non-mechanical valve having an inlet in
fluid communication with the first downstream vessel outlet, a lift gas inlet and an outlet; and
a second transfer line having an inlet in fluid communication with the second non-mechanical
valve outlet and an outlet in fluid communication with a third downstream vessel. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph wherein the first transfer line further
includes a second inlet for admitting a second lift gas. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the second embodiment in
this paragraph wherein the second inlet is in a position in the first transfer line disposed
below the inlet from the first non-mechanical valve outlet. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the second embodiment in
this paragraph wherein the non-mechanical valve comprises a horizontal length of pipe
having a first inlet for admitting catalyst particles, a second inlet for admitting a lift gas, and
an outlet. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the second embodiment in this paragraph wherein the second transfer
line further includes a second inlet for admitting a second lift gas. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph wherein the second inlet is in a position in the second transfer

line disposed below the inlet from the second non-mechanical valve outlet.
-3 -
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[0009] A third embodiment of the invention is a process for transferring catalyst from
a reactor to another reactor, comprising passing catalyst from a first vessel to a non-
mechanical valve; passing a lift gas to the non-mechanical valve to carry the catalyst to a
transfer line; passing a lift gas to the transfer line to lift the catalyst up the transfer line; and
passing the lifted catalyst to a first downstream vessel; wherein the pressure at the inlet to
the non-mechanical valve is at least 10 kPa (gauge). An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the third embodiment in this
paragraph wherein the pressure at the inlet to the non-mechanical valve is at least 7 kPa
(gauge). An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the third embodiment in this paragraph wherein the pressure at the inlet
to the non-mechanical valve is at least 4 kPa (gauge). An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the third embodiment in this
paragraph wherein the lift gas comprises nitrogen.

[0010] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0011] Figure 1is a schematic of the apparatus of the present invention.

DETAILED DESCRIPTION

[0012] In a current olefin conversion process, a continuous catalyst regeneration (CCR)
technology is used the utilizes a batch-wise transfer system, wherein small amounts of
catalyst are collected and then transferred. This utilizes equipment, such as lock hoppers and
lift engagers and complex valving for the transfer of catalyst from a reactor to a regenerator.
The transfer of catalyst through this equipment is subject to catalyst plugging of transfer lines
and valves, and the attrition of the catalyst as the catalyst is eroded in the transfer process.
[0013] The present invention allows for a reduced catalyst plugging and reduced catalyst
attrition. The apparatus also provides for a continuous flow to a catalyst regenerator for
consistent flow of catalyst to the regenerator. In particular, in the current Oleflex ™
technology, catalyst flows from the annular space between the Oleflex reactor screens
through a series of catalyst transfer pipes into an external catalyst collector. From the catalyst

-4 -
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collector, the catalyst then flows into a lift engager, where the catalyst batch is lifted into the
top of the next reactor. In the final Oleflex reactor, a lock hopper is located between the
catalyst collector and a lift engager; the lock hopper is used to change catalyst atmospheres
from hydrogen/hydrocarbon environment to a nitrogen environment so that the catalyst can
be safely regenerated. Similarly, in the catalyst lift from the CCR regenerator to the first
Oleflex reactor, a lock hopper is used upstream of the lift engager to change from a nitrogen
atmosphere to a hydrogen atmosphere before the catalyst enters the first reactor.

[0014] The batch lifting of catalyst through the system necessitates the use of higher
catalyst velocities that would be required for constant-rate catalyst circulation. In addition,
the complex valving required for the lock hoppers and lift engagers coupled with the higher
catalyst velocity result in increased catalyst attrition rates.

[0015] The present invention is an apparatus for the transfer of catalyst. The apparatus, as
shown in Figure 1, includes a first vessel 10 from a terminal reactor having an inlet and an
outlet 12. The apparatus includes a non-mechanical valve 20 having a catalyst inlet 22 in
fluid communication with the first vessel outlet 12, a lift gas inlet 24 and an outlet 26 for the
exit of a gas-catalyst mixture. The apparatus further includes a transfer line 30 having an
inlet 32 in fluid communication with the non-mechanical valve outlet 26 and an outlet 34.
The apparatus further includes a first downstream vessel 40 having an inlet 42 in fluid
communication with the transfer line outlet 34 and an outlet 44. The first downstream vessel
40 includes a gas outlet 46, and an internal pipe 50 with a restriction orifice 52. The internal
pipe 50 has a diameter that is large enough for the free flow of catalyst, and narrower than the
first downstream vessel diameter. A preferred pipe diameter is less than one third of the
diameter of the downstream vessel. The restriction orifice is for controlling the flow of
catalyst in the pipe, and has an opening that is less than or equal to the pipe diameter. In one
embodiment, the pipe can act as the restriction orifice with an appropriately sized pipe.
[0016] The apparatus can further include an impactless elbow 60 disposed at the transfer
line outlet 34 and in fluid communication with the transfer line outlet 34 and the first
downstream vessel inlet 42. An impactless elbow is a device for receiving a flowing fluid
carrying solid particles, and has an expanded diameter to allow the fluid to slow and have the
particles slow down or even settle out without having to impact the walls of the device. An

impactless elbow can be a pipe with an enlarged diameter and curved to redirect the flow
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without having the catalyst particles impinging on the walls of the elbow. This reduces
attrition of the catalyst.

[0017] The transfer line 30 can include a second inlet 36 for admitting additional lift gas.
The transfer line has a vertical orientation with the outlet 34 at an elevation above the inlet
32. The second inlet 36 is disposed at an elevation below the inlet 32.

[0018] In one embodiment, the apparatus can include a second non-mechanical valve 70
having an inlet 72 in fluid communication with the first downstream vessel outlet 44. The
second non-mechanical valve includes a lift gas inlet 74 and an outlet 76 for carrying the lift
gas and catalyst. This embodiment includes a second transfer line 80 having an inlet 82 in
fluid communication with the second non-mechanical valve outlet 76 and a transfer line
outlet 84. The second transfer line can include a second inlet 86 for admitting additional lift
gas, wherein the second inlet 86 is disposed at a lower elevation than the inlet 82 to the
transfer line. This embodiment also includes a second impactless elbow 90 having an inlet 92
in fluid communication with the second transfer line outlet 84, and disposed in an elevated
position above the second transfer line 80.

[0019] In one embodiment, a second downstream vessel 100 can have an inlet 102 in
fluid communication with the second transfer line outlet 84 and an outlet 104 that is in fluid
communication with a catalyst regenerator (not shown). The apparatus can further includes a
second impactless elbow 90 disposed at the second transfer line outlet 84 and in fluid
communication with the transfer line outlet 84 and the second downstream vessel inlet 102.
The second downstream vessel is a disengaging hopper for more consistently feeding catalyst
to the catalyst regenerator.

[0020] The non-mechanical valve 20, 70 is a system for transferring a flowing solid with
a fluid. The valve comprises a horizontal length of conduit, or piping, having an inlet for the
solid particles to be carried in, and a second inlet for a fluid to carry the particles. The fluid
can be a lifting gas. The conduit includes an outlet for the flowing fluid with the particles.
The outlet to the non-mechanical valve carries the flowing fluid with the particles to a
transfer line 30, 80, wherein the particles are transferred to an elevated position and allowed
to flow by gravity to a receiving vessel.

[0021] A lift gas will be a non-oxidizing gas, and a preferred lift gas is nitrogen.

[0022] The process involves withdrawing catalyst from the terminal reactor in a series of

reactors. The catalyst is withdrawn at a pressure of 4 kPa (gauge). The catalyst is passed to
-6 -
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the disengaging hopper of the CCR regenerator which is at 5 kPa (gauge). The catalyst flows
down from a catalyst collector to the L-valve, or non-mechanical valve, which is a pressure
control point at a pressure of at least 20 kPa higher than the catalyst collector. This pressure
difference is to ensure there is a high lift gas bubble to prevent hydrocarbons from leaking
into the L-valve and into the regenerator tower. The catalyst will be lifted to an intermediate
disengaging hopper. Based upon operation the lift line difference in pressure can range from
21 kPa (gauge) during circulation of catalyst lifting to 7 kPa (gauge) during catalyst non-
lifting. This will cause the pressure in the disengaging hopper to range from 3.5 kPa (gauge)
to 18 kPa (gauge). The difference of pressure will be taken over the internal standpipe and
restriction orifice within the disengaging vessel.

[0023] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An apparatus for the transfer of catalyst comprising:

a non-mechanical valve having a catalyst inlet, a lift gas inlet, and an outlet;

a transfer line having an inlet in fluid communication with the non-mechanical valve
outlet, and an outlet;

a first downstream vessel having an inlet in fluid communication with the transfer
line, and a gas outlet and a catalyst outlet, wherein first downstream vessel includes an

internal pipe and a restriction orifice.

2. The apparatus of claim 1 further comprising an impactless elbow disposed in the
transfer line and at a position in the transfer line at an elevated position relative to the catalyst

disengaging drum.

3. The apparatus of claim 1 wherein the transfer line further includes a second inlet for

admitting a second lift gas.

4. The apparatus of claim 3 wherein the second inlet is in a position in the transfer line

disposed below the inlet from the non-mechanical valve outlet.

5. The apparatus of claim 1 further comprising a second non-mechanical valve having
an inlet in fluid communication with the first downstream vessel outlet, a lift gas inlet and an

outlet.

6. The apparatus of claim 5 further comprising a second transfer line having an inlet in

fluid communication with the second non-mechanical valve outlet, and an outlet.

7. The apparatus of claim 6 further comprising a second impactless elbow disposed in
the second transfer line and at a position in the transfer line at an elevated position relative to
a third downstream vessel.

8. The apparatus of claim 5 wherein the second transfer line further includes a second

inlet for admitting a second lift gas.
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0. The apparatus of claim 1 wherein the non-mechanical valve comprises:
a horizontal length of pipe having a first inlet for admitting catalyst particles, a second

inlet for admitting a lift gas, and an outlet.

10.  The apparatus of claim 1 further comprising a first vessel from a terminal reactor
having an inlet in fluid communication with a terminal reactor outlet and an outlet in fluid

communication with the non-mechanical valve catalyst inlet.
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