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(57) Abregé/Abstract:

A discharge system for removing a solid/gas mixture from a fluidized bed pressure vessel is provided. The discharge system
Includes a fluidized bed pressure vessel, a settling vessel, a transfer vessel, discharge line, primary discharge valve, and primary exit
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(57) Abrege(suite)/Abstract(continued):
valve. Also In Included Is a method to operate the discharge system. The method includes transferring a solid/gas mixture from a
fluidized bed pressure vessel to a settling vessel, transferring the solids to a transfer vessel, and then emptying the transfer vessel.
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(57) Abstract: A discharge system for removing a solid/gas mixture from

a fluidized bed pressure vessel is provided. The discharge system includes

a fluidized bed pressure vessel, a settling vessel, a transfer vessel, discharge
line, primary discharge valve, and primary exit valve. Also in included is a

method to operate the discharge system. The method includes transferring

a solid/gas mixture from a fluidized bed pressure vessel to a settling vessel,
transferring the solids to a transfer vessel, and then emptying the transfer
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DISCHARGE SYSTEMS AND METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Provisional Application Nos.
60/850,552, filed October 10, 2006, and 60/965,916, filed August 23, 2007,

the disclosures of which are incorporated by reference in its entireties.

FIELD OF THE INVENTION

0002} This disclosure relates generally to a discharge system and method
for removing matter such as, for example, a solid/gas mixture, from a pressure
vessel with minimum .gas loss. More specifically, this disclosure relates to a
system and method for removing primarily solids from a fluidized bed

pressure vessel with minimum gas removal.

BACKGROUND

- [0003] - There are many systems and methods for discharging solids from a
fluidized bed pressure vessel, gas phase fluidized bed pressure vessel, or gas
phase fluidized bed polymerization vessel. However, the use of existing
discharge systems and methods can result in higher loss of reactants from the
discharge system than is desirable. Specifically, a significant amount of the
gas or gas/liquid mixture may be lost because the void space within and
around the particles is filled with a high-pressure gas mixture. The lost gas
must then be either replaced, consuming additional raw materials, or recycled_
back into the system via compression, condensation with pumping, or a

combination of these. In either scenario, raw materials are wasted and energy

consumed.

[0004] One process that involves the discharge of a gas/solids mixture
from a pressure vessel is the process for the manufacture of polyolefin resins,

thereby involving the polymerization of olefin monomers in a fluidized bed
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re.actor. An example of a process for the manufacture of polyolefin resins 1s
disclosed in, for example, U.S. Patent No. 4,003,712 (“the *712 patent”). As
therein defined, a product is discharged from the reaction zone through a gés
lock zone and the unreacted monomer that accompanies 'the resin 1s vented and
recycled back to the reaction zone by cofnpression. The product i1s then

transferred to downstream equipment via a conventional dilute phase

conveying system.

[0005] An alternative discharge system is described in, for example, U.S.
Patent No. 4,621,952 (*the ‘952 patent”). The '952 patent describes a gas lock
zone system involving multiplé settling vessels operating in series. The 952
patent describes. that the gas mixture lost from the process could be
significantly reduced by using the gas displacing ability of solids using two or
more vessels with pressure equalization between each. As described, a valve
between a nozzle on the fluidized bed pressure vessel and settling vessel 1s
opened, and solids along with pressurized gas enter settling vessel. A second
‘connection between the top of the settling vessel to a slightly lower pressure
section of the reactor provides a flow path for the gas while solids settle out to
essentially fill settling vessel. Both valves are then closed, leaving the settling
vessel full of the solid particles, but with interstitial spaces between the

particles filled with the gas mixture, and the settling vessel at full reactor

pressure. The settling vessels of the discharge systems described in the ‘952
patent typically comprise a hemispherical top head, a straight section and a
conical bottom section. The second connection is typically in this

hemispherical head.

[0006] After the settling tank is isolated from the fluidized bed pressure
vessel, a valve is then opened and solids are transferred to a transfer tank. As
the solids flow into the transfer tank, pressufe equalization also occurs
between transfer tank and settling vessel. Upon complétibn, the pressure in
transfer tank and settling vessel are at a moderate level. However, the transfer
tank still contains a substantial amount of gas 1n the interstitial spaces between

particles. Some practitioners then open a crosstie valve to allow the moderate
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pressure gas to transfer to an empty transfer tank in another series of tanks.
Once the pressure in the transfer tank is relatively low, the product is
transferred to other vessels for additional processing with only a modest
pressurized gas transfer therein. The gas retained in the settling vessel is

transferred back into the fluidized bed pressure vessel during the next fill

cycle.

[0007] Additionally, U.S. Patent Nos. 6,255,411 (“the ‘411 patent™) and
6,498,220 describe the crosstie concept mentioned above in detail and describe

various improvements. The ‘411 patent also offers a faster cycle time.

[0008] Other background references include U.S. Patent No. 6,472,483,
EP 0 250 169A2, and WO 2006/079774.

[0009] Accordingly, there exists a need for an improved method to remove
matter, such as, primarily solids, from a fluidized bed pressure vessel with
maximum volumetric fill of the settling tank, which results in greater
efficiency in the processing of the matter, while addressing safety concerns of

dealing with a pressurized reactor system.

SUMMARY

[0010] The invention described herein provides a method and system for
removing solids from a fluidized bed pressure vessel. In‘ one class of
embodiments, the discharge system comprises: a settling vessel comprising a
conical top head; a discharge line fluidly connecting a fluidized bed pressure
vessel to the settling vessel; a primary discharge valve that controls a
discharge flow of a fluid mixture from the fluidized pressure vessel through
the discharge line to the settling vessel; a transfer vessel in fluid
communication with the settling vessel; a transfer valve between the settling
vessel and the transfer vessel that controls a transfer flow from the settling
vessel to the transfer vessel; and a primary exit valve that controls an exit flow

of the fluid mixture from the transfer vessel.
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[0011) -In any of the embodiments described herein, the transfer vessel

may comprise a conical top head.

[0012] In other embodiments, the invention may comprise a secondary
. dischai'ge valve in series with the primary discharge valve, wherein the
primary discharge valve and the secondary discharge valve are located
between the fluidized bed pressure vessel and the settling vessel, and wherein

bofh the primary discharge valve and the secondary discharge valve control

the discharge flow to the settling vessel.

[0013] In still other embodiments, the invention may comprise at least two
secondary discharge valves and at least two settling vessels, wherein each
secondai'y discharge valve controls the flow to one settling vessel, and wherein
one primary discharge valve is in fluid communication with the. at least two
secondary discharge valves and the at least two setthing vessels, such that the
one primary discharge valve, in combination with the at least two secondary

discharge valves, controls the discharge flow to each of the at least two

settling vessels.

[0014] In yet other embodiments, the invention may comprise a vent line
fluidly connecting an upper portion of the fluidized bed pressure vessel and

the settling vessel and a primary vent valve that controls a vent flow through

the vent line.

(0015} In still other .embodiments, the invention may comprise a
secondary vent valve in series with the primary vent valve that controls a vent

flow through the vent line in addition to the primary vent valve.

[0016] Other embodiments may comprise at least two secondary vent
valves and at least two settling vessels, wherein each secondary vent valve
controls the vent flow between the upper portion of the fluidized bed pressure
vessel and one settling vessel, and wherein one primary vent valve is in fluid
communication with the at least two secondary vent valves and the at least two

settling vessels, such that the one primary vent valve, in combination with the

~ at least two secondary vent valves, controls the vent flow between the upper
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portion of the fluidized bed pressure vessel and each of the at least two settling

vessels.

[0017] Any of the embodiments described herein may comprise a
secondary exit valve, wherein both the primary exit valve and the secondary

exit valve control the exit flow from the transfer vessel.

[0018] Any of the embodiments described herein may comprise a means
to detect an abnormal condition in the discharge system, and a means to close

the secondary exit valve upon detection of the abnormal condition.

10019} In some embodiments, the means to detect an abnormal condition
may comprise an automated control system and a means to detect pressure,

flow, temperature, vessel stress, valve position, or actuator position.

[0020] In some embodiments, the means to close the secondary exit valve

may comprise the automated control system and a signal to close the

secondary exit valve.

[0021] In other embodiments, the secondary exit valve may be normally
open. |
[0022] In still other embodiments, the secondary exit valve may close

within about 5 seconds, or within about 2.5 seconds of detection of the

abnormal condition.

[0023] Any of the embodiments described herein, may comprise a solids

monitoring device that detects when a settling vessel is full.

[0024] Any of the embodiments described herein, may comprise a dry-gas

purge fed to the settling vessel.

[0025] Any of the embodiments described herein, may comprise a dry-gas

purge fed to the transfer vessel.

[0026] Any of the embodiments described herein, may comprise a clean-

gas purge fed to the discharge line.
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[0027] Any of the embodiments described herein, may comprise a clean-
gas purge fed to the vent line.

[0028] Another class of embodiments described herein relate to a method
for removing solids from a fluidized bed pressure vessel. The method
includes the steps of: providing a discharge system comprising a plurality of
settling vessels and a plurality of transfer vessels, wherein at least one of the a
plurality of settling vessels comprises a conical top head; filling a first settling
vessel of the plurality of settling vessels with a mixture from a fluidized bed
pressure vessel, wherein the mixture comprises a solid and a pressurized gas;
equalizing the first settling vessel, wherein a first portion of pressurized gas is
transferred from the first settling vessel to at least one of the plurality of
settling vessels that is not the first settling vessel; transferring the solid and a
second portion of pressurized gas from the first settling vessel to a first
transfer vessel:; re-equalizing the first settling vessel, wherein a return
pressurized gas 1s transferred from at least one of the plurality of éettling
vessels that is not the first settling vessel to the first settling vessel; equalizing
the first transfer vessel with a second transfer vessel, wherein a third portion of
the pressurized gas is transferred from the first transfer vessel to at least one of
the plurality of transfer vessels that is not the first transfer vessel; emptying
the first transfer vessel; and re-equalizing the first transfer vessel, wherein a
return transfer gas is transferred from at least one of the plurality of transfer

vessels that 1s not the first transfer vessel to the first transfer vessel.

[0029)] In any of the embodiments, at least one of the plurality of transfer

vessels provided may comprise a conical top head.

[0030] Any of the embodiments described herein the method may provide
a primary exit valve and a secondary exit valve, wherein the secondary exit

valve may be closed automatically when an abnormal condition is detected.

[0031] Other embodiments of the method may comprise the steps of clean-
gas purging a discharge line, clean-gas purgihg a vent line, dry-gas purging a

settling vessel, or dry-gas purging a transfer vessel.
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[0032] In other embodiments, the method may provide that a volume of
discharged sohid particles 1s at least about 100% of the actual volume of the

settling vessel.

[0033] In yet other embodiments, the method may provide that a volume
of discharged solid particles is about 90% or greater, or, in the alternative,

about 95% or greater, of a valved-in volume of the first settling vessel.

[0034] In another class of embodiments, the invention provides a
discharge system, the discharge system comprises: at least three settling
vessels arranged 1n parallel; a discharge line fluidly connecting a fluidized bed
pressure vessel to at least one of the at least three settling vessels; a primary
discharge valve that controls a discharge flow of a fluid mixture from the
fluidized pressure vessel through the dischafge lIine to at least one of the at
least three settling vessels; a vent line fluidly connecting an upper portion of
the fluidized bed pressure vessel and at least one of the at least three settling
vessels; a primary vent valve that controls a vent flow through the vent line; at
least three crosstie lines fluidly connecting the at least three settling vessels; a
crosstie valve that controls a crosstie flow through the at least three crosstie
lines, wherein the crosstie valve 1s a multi-port valve; at least three transfer
vessels in fluid communication with the at least three settling vessels; at least
three transfer valves between the at least three settling vessels and the at least
three transfer vessels that control a plurality of trans\‘fer flows from the at least
three settling vessels to the at least three transfer vessels; a lower crosstie line
fluidly connecting at least two of the at least three vessels; a lower crosstie
valve that controls a lower crosstie flow through the lower crosstie line; and at

least three primary exit valves that control a plurality of exit flows of the fluid

mixture from the at least three transfer vessels.

[0035] In any of the embodiments, the multi-port crosstie valve may be a

flow-controlling type valve. In any of the embodiments the multi-port crosstie
valve may have a variable flow area depending on the degree of rotation of a

stem of the crosstie valve.
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[0036] In any of the embodiments, the multi-port crosstie valve may be a

v-ball valve.

[0037] In some of the embodiments, the crosstie line may be absent a flow

restricting device other than the crosstie valve.

[0038] In some embodiments, the discharge system may comprise at least
three lower crosstie lines, and the lower crosstie valve 1s a multi-port valve

that controls the lower crosstie flow through the at least three lower crosstie

lines..

[0039] In any of the embodiments, the lower crosstie multi-port valve may
be a flow-controlling type valve. In some embodiments, the lower crosstie
multi-port valve may have a variable flow area depending on the degree of

rotation of a stem of the crosstie valve.

[0040] In some embodiments, the lower crosstie multi-port valve may be a

v-ball valve.

[0041) In some embodiments, the lower crosstie line may be absent a flow

‘restricting device other than the lower crosstie valve.

[0042] Another class of embodiments described herein provides a
discharge system comprising: a plurality of settling vessels arranged in
parallel; a discharge line fluidly cbnnecting a fluidized bed pressure vessel and
at least two of the plurality of setﬂing vessels; a primary discharge valve that
controls a discharge flow of a fluid mixture from the fluidized pressure vessel
through the discharge line to at least two of the plurality of settling vessels; a
plurality of secondary discharge valves, wherein each of the plurality of
secondary discharge valves controls thé discharge flow to at least one of the
plurality of settling vessels; - a- plurality of transfer vessels in fluid
communication with the plurality of settling vessels; a plurality of transfer
valves between the plurality of settling vessels and the plurality of transfer
vessels that control plurality of transfer flows from the plﬁra]ity of settling

vessels to the plurality of transfer vessels; and a plurality of primary exit
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valves that control a plurality of exit flows of. the fluid mixture from the

plurality of transfer vessels.

[0043] In any embodiment described herein, the discharge system may
further comprise a vent line fluidly connecting an upper portion of the
fluidized bed pressure vessel and the settling vessel, and a primary vent valve

that controls a vent flow through the vent line.

[0044] Some embodiments may comprise a secondary vent valve in series

with the primary vent valve that controls the vent flow through the vent line in

addition to the primary vent valve.

[0045] Other embodiments may comprise at least two secondary vent
valves and at least two settling vessels, wherein each secondary vent valve
controls the vent flow between the upper portion of the fluidized bed pressure
vessel and one settling vessel, and wherein one primary vent valve is in fluid
communication with the at least two secondary vent valves and the at least two
settling vessels, such that the one primary vent valve, in combination with the
at least two secondary vent valves, controls the vent flow between the upper
portion of the fluidized bed pressure vessel and each of the at least two settling

vessels.

[0046]

system comprises: a settling vessel; a discharge line fluidly connecting a

In another class of embodiments described herein, a discharge

fluidized bed pressure vessel and the settling vessel; a discharge valve that
controls a discharge flow of a fluid mixture from the fluidized pressure vessel
through the discharge line to the settling vessel; a transfer vessel that receives
solid particles from the settling vessel; a transfer valve between the settling
vessel and the transfer vessel that controls a transfer flow from the settling
vessel to the transfer vessel; a primary exit valve that controls an exit flow of
the fluid mixture from the transfer vessel; a secondary exit valve that controls
the exit flow of the fluid mixture from the transfer vessel in addition to the

primary exit valve; a means to detect an abnormal condition in the discharge
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system; and a means to close the secondary exit valve upon detection of the

abnormal condition.

[0047] In one embodiment, the means to detect an abnormal condition
may comprise an automated control system and a means to detect pressure,

flow, temperature, vessel stress, valve position, or actuator position.

[0048] In other embodiments, the means to close the secondary exit valve

may comprise the automated control system and an -automatic actuator

connected to the secondary exit valve.

[0049] In still another embodiment, the secondary exit valve is normally
| open.
[0050] In other embodiments wherein the secondary exit valve is normally

open, the secondary exit valve may close within about 5 seconds, or within

about 2.5 seconds, of detection of the abnormal condition.

[0051] " In yet another aspect of the invention, embodiments herein relate to
"a method for removing a solid from a fluidized bed pressure vessel comprising
the steps of: providing a discharge system comprising a discharge line, settling
vessel, discharge valve, transfer vessel, transfer valve, primary exit valve, and
secondary exit valve; ﬁlling the settIing vessel with a mixture from a fluidized
bed pressure vessel, wherein the mixture comprises a solid and a pressurized
gas; transferring the solid and a portion ot pressurized gas from the settling
vessel to the transfer vessel; emptying the transfer vessel to a receiving vessel;
monitoring the discharge system for an abnormal condition with an automated
control system; and closing the secondary exit valve automatically when the

abnonnal condition is detected.

[0052] " In some embodiments, the filling step and the emptying step may

occur at least partially concurrently.

[0053] In other embodiments, there may only be a single valve closed
between the fluidized bed pressure vessel and the receiving vessel duriﬁg

some steps of the method.
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[0054] In still other embodiments, the abnormal condition is detected and
the secondary exit valve is closed within about 10 seconds, or within about 5

seconds, of the occurrence of the abnormal condition.

[0055] In some embodiments, the abnormal condition may be a high

pressure, high flow, or incorrect valve position in the discharge system.

[0056] In another class of embodiments described herein, a discharge
system comprises: a plurality of settling vessels arranged in parallel; a
discharge line fluidly connecting a fluidized bed pressure vessel to at least one
of the plurality of settling vessels; a primary discharge valve that controls a
discharge flow of a fluid mixture from the fluidized pressure vessel through
the discharge line to at least one of the plurality of settling vessels; a crosstie
line fluidly connecting at least two of the plurality of settling vessels; a
crosstie valve that controls a crosstie flow through the crosstie line, wherein
the crosstie valve is a flow-controlling type valve; a plurality of transfer
vessels in fluid communication with the plurality of settling vessels; a plurality
of transfer valves between the plurality of settling vessels and the plurality of
transfer vessels that control a transfer flow from the plurality of settling
vessels to the plurality of transfer vessels; a lower crosstie line fluidly
connecting at least two of the plurality of transfer vessels; a lower crosstie
valve that controls a lower crosstie flow through the lower crosstie line; and a

plurality of primary exit valves that control a plurality of exit flows of the fluid

mixture from the plurality of transfer vessels.

[0057] In some of the embodiments described herein, the crosstie valve
may have a variable flow area depending on the degree of rotation of a stem of

the crosstie valve.

[0058] In some of the embodiments described herein, the crosstie valve

may be an eccentric plug rotary valve, v-ball valve, or butterfly valve.

[0059] In some embodiments, the crosstic line may be absent a flow

restricting device other than the crosstie valve.
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[0060] In some of the embodiments described herein, the lower crosstie

valve may be a flow-controlling type valve.

[0061] In some of the embodiments described herein, the lower crosstie

valve may have a variable flow area depending on the degree of rotation of a

stem of the crosstie valve.

[0062] In some of the embodiments described herein, the lower crosstie

valve may be an eccentric plug rotary valve, v-ball valve, or butterfly valve.

[0063] In yet other embodiments, the lower crosstie line may be absent a

flow restricting device other than the lower crosstie valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] Figure 1 is a schematic drawing of a single train discharge system.

[0065] Figure 2 is a schematic drawing of settling vessels with elliptical

and conical top heads.

[0066] Figure 3 contains two pages, labeled Fig. 3A and Fig. 3B, and is a

schematic drawing of a multi-train discharge system.

[0067] Figure 4 contains two pages, labeled Fig. 4A and Fig. 4B, and is a

schematic drawing of an alternative version of a multi-train discharge system.

[0068] - Figure 5 is a block diagram of the steps of a method of removing a

solid from a fluidized bed pressurize vessel.

- DETAILED DESCRIPTION

[0069] Generally, - embodiments disclosed herein relate to discharge
systems for removing a solid/gas- mixture from a pressurized vessel. More
specifically, embodiments disclosed herein relate to discharge systems for

removing flowable solid particles from a pressurized and fluidized vessel.
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[0070] Referring initially to Figure 1, a schematic view of a fluidized bed
pressure vessel and a discharge system in accordance with any of the
embodiments of the present disclosure is shown. Generally, a granular solid is
fluidized in the fluidized bed pressure vessel 102 by a flow of gas or gas/liquid
mixture from an inlet 103, through a gas distributor 104, and exiting the
fluidized bed pressure vessel 102 through outlet 105 for recycling. The
fluidized bed pfessure vessel 102 may be a reactor, a polymerization reactor, a
vessel capable of holding a fluidized solid, or any pressure vessel from which

a granular, powder, or particulate solid product may be removed.

[0071] Still referring to Figure 1 (see also Figures 3 and 4), in any
embodiments of the invention described herein, a discharge system comprises
a discharge line 106, 306a-d, 406ab,cd, a settling vessel 107, 307a-d, 407a-d,
a primary discharge valve 108, 308a-d, 408ab,cd, a transfer vessel 114, 314a-
d, 414a-d, a transfer valve 118, 318a-d, 418a-d, and a primary exit valve 110,
310a-d, 410a-d. Although this disclosure only discusses components
necessary for functionality within the present disclosure, the discharge system,
one of ordinary skill in the art will recognize that additional components not
discussed herein including, for example, pressure monitoring equipment,
additional release valves, fill sensors, safety regulators, or any other

- component beneficial in the removal of a solid from a fluidized bed pressure
vessel may be optionally included. In addition, any embodiment herein may
also comprise a vent line 109, 309a-d, 409a-d, and a primary vent valve 111,
311a-d, 411ab,cd, and/or a lower vent line 123, 323a-d, 423a-d, and a lower
vent valve 130, 330a-d, 430a-d.

[0072] To remove solids from the fluidized bed pressure vessel 102, 302,
402, a discharge line 106, 306a-d, 406ab,cd fluidly connects the fluidized bed
pressure vessel 102, 302, 402 to the settling vessel 107, 307a-d, 407a-d. It
may be desirable to minimize the length of the discharge line 106, 306a-d,
406ab,cd. In any embodiments, the discharge line 106, 306a-d, 406ab,cd
may be self-draining. In other embodiments, the discharge line 106, 306a-d,
406ab,cd may be swept clean with a clean-gas purge 117, 317a-d, 417ab,cd.
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The clean-gas purge 117, 317a-d, 417ab,cd may be from a fresh monomer
feed, inert feed, or may be recycle gas flow from the discharge of a recycle
compressor (not shown), bottom head, or other higher pressure source. Some

embodiments may also comprise a clean gas purge valve 122, 322a-d,
422ab,cd.

[(0073] The settling vessel 107, 307a-d, 407a-d is filled with a discharge
flow of a discharge fluid, preferably comprising a mixture of solids and gas.
To control the discharge flow from the fluidized bed pressure vessel 102, 302,

403 to the settling vessel 107, 307a-d, 407a-d, a primary discharge valve 108,

308a-d, 408ab,cd i1s located along the discharge line 106, 306a-d, 406ab,cd.

As the pnimary discharge valve 108, 308a-d, 408ab,cd 1s opened, the solid/gas

mixture initially flows under pressure from fluidized bed pressure vessel 102,
302, 402 to the seﬁling vessel 107, 307a-d, 407a-d. As used herein, "control”
of a flow refers to the ability to start and stop the flow or regulate the subject
flow. A device may be the only device controlling a flow, or there may be a
number of devices that "control” a subject flow. For example, where a
primary and a secondary valve "control” a subject ﬂéw, either the primary or

secondary valve may close, thus stopping the flow.

[0074] Still referring to Figure 1 (see also Figures 3), in any embodiment
herein, a vent line 109, 309a-d, 409a-d may fluidly connect the settling vessel
107, 307a-d, 407a-d to a lower pressure region, for example an upper portion

of the fluidized bed pressure vessel 102, 302, 402. This vent line 109, 309a-d,

409a-d allows a flow to continue througoh’_the discharge valve after the
pressure equalizes. The gases that enter the settling vessel 107, 307a-d, 407a-
d travel up the vent line 109, 309a-d, 409a-d to the upper portion of the
fluidized bed pressure vessel 102, 302, 402 while the solids settle in the
settling vessel 107, 307a-d, 407a-d. This method maximizes the volume of
solids that fill the settling vessel 107, 307a-d, 407a-d and thus minimizes the
amount of gas escaping the discharge system. A primary vent valve 111,
311a-d, 411ab,cd may be located along vent line 109, 309a4d, 409a-d to

control a vent flow of gas in the vent line 109, 309a-d, 409a-d between the
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settling vessel 107, 307a-d, 407a-d and the fluidized bed pressure vessel 102,
302. The primary vent valve 111, 311a-d, 411ab,cd may be located in the
vertical piping section so that it is self-draining. In some embodiments, the
primary vent valve 111, 311a-d, 411ab,cd is located close to the settling
vessel 107, 307a-d, 407a-d to reduce the valved-in volume of the settling
' vessel/piping combination. If the primary vent valve 1s located close to the
settling vessel 107, 307a-d, 407a-d a vent purge (not shown) of clean gas may
be used to prevent material settling in the vertical section of the vent line 109,
309a-d, 409a-d from the primary vent valve 111, 311a-d, 411ab,cd to the
fluidized bed pressure vessel 102, 302, 402 when the primary vent valve 111,
311a-d, 411ab,cd is closed. In some embodiments, the primary vent valve
111, 311a-d, 411ab,cd may be located at the fluidized pressure vessel 102,
302, 402. In other embodiments, the primary vent valve 111, 31la-d,
411ab,cd may be located close to the fluidized pressure vessel 102, 302, 402
and a secondary vent valve 427a-d (not shown in Figures 1 and 3) may be
located in the vent line 109, 309a-d, 409a-d close to the settling vessel 107,
307a-d, 407a-d. In any of these embodiments, a vent line purge and vent line
purge valve as described above may be desirable. This arrangement can

decrease the valved-in volume, and may or may not require purging of the

vent line 109, 309a-d, 409a-d.

[0075] Still referring to Figure 1 (see also Figures 3-4), when the primary
discharge valve 108, 308a-d, 408ab,cd is open, a solid gas mixture flows from
the fluidized bed pressure vessel 102, 302, 402 to the settling vessel 107,
307a-d, 407a-d. Optionally, the primary vent valve 111, 311a-d, 411ab,cd is
opened, allowing the gas or a gas/liquid mixture to flow back to a lower
pressure region, for example, in the upper portion of the fluidized bed pressure
vessel 102, 302, 402. In a fluidized bed system, the pressure differential
between the bottom and top of the fluidized bed results in a flow path between
a lower porti'on of the fluidized bed pressure vessel 102, 302, 402 to the
settling vessel 107, 307a-d, 407a-d, and then up to the upper portion of the

fluidized bed pressure vessel 102, 302, 402, where the pressure is lower.
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When the settling vessel 107, 307a-d, 407a-d is full, the primary discharge
valve 108, 308a-d, 408ab,cd .and primary vent valve lli, 311a-d, 411ab,cd
may be closed. The settling vessel 107, 307a-d, 407a-d may be deemed filled
as determined by any number of variables including, for example, a preset

time, level measurement, pressure condition, change in solids concentration 1n

the vent line 109, 309a-d, 409a-d, or any other means provided.

[0076] After the settling vessel 107, 307a-d, 407a-d fills, the solids and a
portion of the gas are transferred to a transfer vessel 114, 314a-d, 414a-d
located below fhe settling vessel 107, 307a-d, 407a-d by opening the transfer

~ valve 118, 318a-d, 418a-d. The solid flows initially by pressure, .then by
gravity from the settling vessel 107, 307a-d, 407a-d to the transfer vessel 114,
314a-d, 414a-d. The transfer vessel 114, 314a-d, 414a-d may be the same
and slightly..larger volume than the settling vessel to make sure there is room
for all of the solids in the settling vessel 107, 307a-d, 407a-d. Because solids
rhay agglomerate, it is preferred that no solids remain in the settling vessel
107, 307a-d, 407a-d or in the transfer valve 118, 318a-d, 418a-d. To assist
with efficient transfer of solids, in any embodiment, a lower vent 'line 123,
323a-d, 423a-d may be provided that fluidly connects the upper portion of the
transfer vessel 114, 314a-d, 414a-d to the settling vessel 107, 307a-d, 407a-d.
This line allows gasses in the transfer vessel 114, 314a-d, 414a-d to flow back
up into the settling vessel 107, 307a-d, 407a-d while the solids flow down
through the transfer valve 118, 318a-d, 418a-d. | |

[0077) After the solids are transferred into the transfé‘r vessel 114, 314a-d,
414a-d, they can be transferred to downstream vessels for processing. Thus,
any embodiment described herein may comprise a primary exit valve 110,
310a-d, 410a-d that controls the flow of solid and gas exiting the transfer
vessel 114, 314a-d, 414a-d. The primary exit valve 110, 310a-d, 410a-d may

be located, for example, directly on the outlet of the transfer vessel 114, 314a-
d, 414a-d.

[0078] In any of the embodiments disclosed herein, the valves referenced

- are automatically actuated valves. The valves may be full port, quick acting
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valves such as ball, cylinder, cam, or gate valve designed for reliable, high-
cycle operation. The valves may be metal seated, and/or trunnion supported
ball valves. In some embodiments, the primary discharge valve 108, 308a-d,
408ab,cd and /or the primary vent valve 111, 311a-d, 411ab,cd are designed
to minimize the space between the sealing element and the interior of the
fluidized bed pressurized vessel 102, 302, 402. The automatically actuated

valves are typically controlled by an automated control system, such as a

sequence logic control system or similar system.

[0079] In any embodiment described herein, the discharge system may be
absent a filter element to filter fluids exiting the settling vessel 107, 307a-d,
407a-d via significant process streams. Significant process streams are
process streams exiting the settling vessel 107, 307a-d, 407a-d, for example,
through the vent line 109, 309a-d, 409a-d, or crosstie lines (discussed below).
Filter elements, as used herein, refers to filter elements located in the
substantial process streams designed to preclude the carryover of most of the
solid particles out of the settling vessel 107, 307a-d, 407a-d when the gas
exits the vessel. Filter elements, as used herein, does not refer to elements
used to exclude particles from non-significant streams, for example, pressure
taps or analyzer taps fluidly connecting an instrument to a vessel. Filter
elements, for example sintered metal filters, are typically used in some prior

art systems, such as those described in U.S. Patent No. 4,003,712.

[0080] Still referring to Figure 1, in any embodiment described herein, a
blow-off line (not shown), for example, connected vent line 109, 309a-d,
409a-d, may be provided to a flare or other system to maintain éressure
stability in the discharge system. This blow-off line may be beneficial to
bleed-off some of the pressure from the discharge system before the primary
exit valve 110, 310a-d, 410a-d is opened. In certain embodiments, gas may
be transferred from the settling vessel 107, 307a-d, 407a-d to, for example, a
gas recovery system (not shown), such that the pressure of discharge system is

maintained according to the requirements of a given operation.
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[(0081] One class of embodiments provides a discharge system for
removing solids from a fluidized bed pressure vessel comprising: a settling
vessel 107, 307a-d, 407a-d comprising a conical top head; a discharge line
106, 306a-d, 406ab,cd ﬂuidfy connecting a fluidized bed pressure vessel 102, -
302, 402 to the settling vessel 107, 307a-d, 407a-d; a primary discharge valve
108, 308a-d, 408ab,cd that controls a discharge flow of a fluid mixture from
the fluidized pressure vessel 102, 302, 402 through the discharge line 106,
306a-d, 406ab,cd to the settling vessel 107, 307a-d, 407a-d; a transfer vessel
114, 314a-d, 414a-d in fluid communication with the settling vessel 107,
307a-d, 407a-d; a transfer valve 118, 318a-d, 418a-d between the settling
vessel 107, 307a-d, 407a-d and the transfer vessel 114, 314a-d, 414a-d that
controls a transfer flow from the settling vessel 107, 307a-d, 407a-d to the
transfer vessel 114, 314a-d, 414a-d; and a ‘primary exit valve 110, 310a-d,
410a-d that controls an exit flow of the fluid mixture from the transfer vessel
114, 314a-d, 414a-d.

[0082] Referring now to Figure 2, a cross-section drawing of a settling
vessel with an elliptical top head 201 and a settling vessel with a conical top
head 202 is shown. Specifically, a settling vessel with an elliptical top head
201 1s shown being filled from a discharge line 206 through a discharge line
valve 208. As a solid product fills the settling vessel, theoretically, areas of
unfilled space 209 are created by the angle of repose of the material in the
elliptical head. During vessel filling, the unfilled space 209 results in a greater
volume of residuai gas In the vessel, resulting in greater gas loss when the
vessel 1s emptied. Without being bound to theory, it is believed that the
volume of the unfilled space 209 in the elliptical head 1s less than that
represented by the angle of repose of the material due to the presence of a
significant amount of turbulence during filling. However, it is theorized that
some portions of this theoretical void space do not fill with solids during the
filling process. To reduce the unfilled volume inside the settling vessel, a
conical top head may be used in accordance with any of the embodiments

described herein. As illustrated, during vessel filling, the settling vessel with
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the conical top head 202 reduces the volume of residual gas or gas/liquid
mixture in the settling vessel because the contours of the conical top head may
more closely approximate the fill pattern of the solid product. Less gas
volume in the settling vessel means less gas may be lost during vessel
emptying. Thus, in any of the embodiments described herein, it may be
beneficial to provide a settling vessel 202 conical top head to decrease the

storage of residual gas and gas/liquid.

[0083] In any other embodiments described herein, the transfer vessel 214

may comprise a conical top head as described above for the settling vessel

201. The same rational described above for the settling vessel 201 applies to
the transfer vessel 214. ‘

[0084] Still referring to Figure 2, in any embodiment described herein, the
discharge system may further comprise a solids monitoring device 203a,b.
The solids monitoring device 203a,b, may be any device known to one of
ordinary skill in the art that detects the presence of a solid in a pressurized
vessel. For example, the solids monitoring device 203a,b, may be a nuclear
level detection device, tuning fork device, static probe, pressure monitor,
acoustic emissions device, or entrainment device. The solids monitoring
device 203a,b may be an upper solids monitoring device 203a located near the
top of the settling vessel 201, 202, in the vent line 2085, or any other suitable
location to measure when the tank is full. Alternately, the solids measuring
device may be a lower solids monitoring device 203b located near the bottom
of the settling vessel 201, 202, or any other suitable location that allows the
lower solids monitoring device 203b to detect when the settling vessel 201,
202 empties -completely. Addition of a solids monitoring device 203a,b may
allow the discharge system to detect the fill rate in a settling vessel, and
adjusting the time of filling, depressurizing, repressurizing, or transferring
solids out of the settling vessel such that the efficiency of the process is
increased. One of ordinary skill in the art will realize that any number of fill

devices may be used in a gi\}en discharge system, and may be placed in

multiple locations.
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[0085] Furthermore, the current invention may further comprise a solids
monitoring device 210a,b as described above connected to a transfer vessel
214. The solids monitoring device may be an upper transfer tank solids
monitoring device 210a located near the top of the transfer vessel or any other
suitable location to measure when the tank 1s full. Alternately, the solids
measuring device may be a lower transfer tank solids monitoring device 210b
located near the bottom of the transfer vessel, in the conveying line 204, or

any other suitable location that allows the solids monitoring device to detect

when the transfer vessel empties completely.

[0086] . Referring now to Figure 3 (see also Figure 4), multiple trains of
discharge vessels may be utilized to practice the current invention. For
example, Figure 3 shows four settling vessels 307a-d, 407a-d, and four
transfer vessels 314a-d, 414a-d. However, 1t should be realized that other
discharge systems may include only one or any other number of settling
vessels 307a-d, 407a-d and transfer vessels 314a-d, 414a-d capable of
configuration in accordance with the present disclosure. In some
embodimenfs, the addition of more settling vessels 307a-d, 407a-d and
transfer vessels 314a-d, 414a-d.may increase the capacity or efficiency of gas
retention. When providing a plurality of settling vessels 307a-d, 407a-d and
transfer vessels 314a-d, 414a-d, the settling vessels 307a-d, 407a-d may be
arranged i1n parallel, thus solid material flows from the fluidized bed pressure
vessel 302, 402 to any one of the settling vessels 307a-d, 407a-d and then to
the respective transfer vessel 314a-d, 414a-d. As used herein, arranged in
parallel refers to an arrangement of settling vessels such that each settling
vessel takes a mixture containing a solid material from the fluidized bed
pressure vessel and passes the solid rna.terial on to downstream equipment
withoqt a substantial amount of the solid material received by one settling
vessel having to flow through other settling vessels. In one preferred
embodiment, each settling vessel/transfer vessel set may be operated

independently of the other settling vessel/tranéfer vessel set.
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[0087] Still referring to Figure 3 (see also Figure 4), in any embodiment
described herein, the discharge system may comprise a secondary discharge
valve 316a-d, 416a-d in series with the primary discharge valve 308a-d,
408ab,cd, wherein the primary discharge valve 308a-d, 408ab,cd and the
secondary discharge val<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>