wo 2018/044375 A1 | 0000 O 00RO

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
08 March 2018 (08.03.2018)

(10) International Publication Number

WO 2018/044375 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

ao

an

74

62y

International Patent Classification:

B01D 53/00 (2006.01) BO1D 53/26 (2006.01)
International Application Number:
PCT/US2017/036109

International Filing Date:

06 June 2017 (06.06.2017)
Filing Language: English
Publication Language: English
Priority Data:
62/381,880 31 August 2016 (31.08.2016) Us

Applicant: EXXONMOBIL UPSTREAM RESEARCH
COMPANY [US/US]; Corp-EMHC-E2.4A.296, 22777
Springwoods Village Parkway, Spring, TX 77389 (US).

Inventors; and

Applicants (for US only): PHILBROOK, Sean, T.
[US/US]; 1057 W. 24th Street, Houston, TX 77008 (US).
STANLEY, Kevin, N. [US/US]; 25335 Budde Road, Apt.
133, Spring, TX 77380 (US).

Agent: JENSEN, Nathan, O. et al; Exxonmobil
Upstream Research Company, Corp-EMHC-E2.4A.296,
22777 Springwoods Village Parkway, Spring, TX 77389
(US).

Designated States (unless 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, DJ, DK, DM, DO,

(84)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,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 (unless 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, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant'’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

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

(54) Title: PROCESS TO DECOUPLE REGENERATION GAS COMPRESSOR FROM REGENERATION GAS TREATING

220
A
f,
240
242 226
224
FiGz. 2

¥ 200

244
L.

_ | Flare/Vapor

Recovery

(57) Abstract: A method for continuously treating a regeneration gas stream used to regenerate a molecular sieve adsorption vessel is
disclosed. The regeneration gas stream is cooled in a cooler to a temperature suitable to condense liquids therein. A separator removes
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PROCESS TO DECOUPLE REGENERATION GAS COMPRESSOR FROM
REGENERATION GAS TREATING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States Patent Application
62/381,880 filed August 31, 2016 entitled PROCESS TO DECOUPLE REGENERATION
GAS COMPRESSOR FROM REGENERATION GAS TREATING, the entirety of which is

incorporated by reference herein.
BACKGROUND

Field of Disclosure

[0002] The disclosure relates generally to hydrocarbon processing, and more particularly,

to regeneration of molecular sieve systems.

Description of Related Art

[0003] This section is intended to introduce various aspects of the art, which may be
associated with the present disclosure. This discussion is intended to provide a framework to
facilitate a better understanding of particular aspects of the present disclosure. Accordingly, it
should be understood that this section should be read in this light, and not necessarily as an

admission of prior art.

[0004] Molecular sieve systems are commonly used to treat natural gas streams by
removing contaminants such as water, mercury, mercaptans or heavy hydrocarbons. Molecular
sieves accumulate contaminants over time via adsorption and must be regenerated periodically
in continuous service. Regeneration is accomplished by flowing heated gas, typically treated
product gas, over the molecular sieve bed to remove the contaminants adsorbed during the
regeneration gas bed’s adsorption cycle. Molecular sieve regeneration gas systems may
contain processing equipment to remove these contaminants from the regeneration gas stream.
Additionally, regeneration gas may be recycled upstream of the molecular sieve unit using a

recycle compressor to recover the regeneration gas stream.

[0005] Figure 1 shows a regeneration gas system 100 used to support operation of a
molecular sieve adsorbent vessel(s) 102 as is known in the art. A feed gas stream 104 enters
the molecular sieve adsorbent vessel(s) 102 and contaminants in the feed gas stream 104 are

removed thereby. A product gas stream 106 exits molecular sieve adsorbent vessel(s) 102.
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Contaminants accumulated in the molecular sieve adsorbent vessel(s) 102 are removed by
flushing the molecular sieve with a regeneration gas stream 108, which in this configuration
comprises part of the product gas stream 106. The regeneration gas stream 108 is first heated
by a regeneration gas heater 109 and is directed to the molecular sieve adsorbent vessel to
remove accumulated contaminants. Isolation valves 110, 112 are opened so the regeneration
gas stream 108 may flow through the regeneration gas system 100. System 100 includes a
compressor 114 that compresses the regeneration gas stream so that it may be recycled to the
feed gas stream 104 upstream of the molecular sieve adsorbent vessel(s) 102. A cooler 118
and liquids separation drum 122 are sized to remove the heat from the regeneration gas stream,
condense contaminants (such as water) or product liquids (such as heavy hydrocarbons) and
separate such contaminants or liquids 124 from the regeneration gas stream 108. Cooler 118
may also serve to eliminate the heat of compression when compressor 114 is being operated in
the recycle mode. The regeneration gas stream 108 may then be compressed in compressor
114. Gas processing components, such as a process vessel 126 and filters 130, may be included
to further treat the regeneration gas stream 108, such as for the removal of mercury. Such gas
processing components typically are located between the isolation valves 110, 112 and
downstream of cooler 118 and liquids separation drum 122. An anti-surge valve 134 may re-
direct the regeneration gas stream 108 between the isolation valves 110, 112 to protect the
compressor 114 from surges due to low flow conditions. If for some reason the compressor is
not operational, the regeneration gas stream may be directed through an opened bypass valve
138 to be flared or treated in an alternate vapor recovery system (not shown). If the compressor
is not operational and only a single cooler and liquids separation drum is provided between
isolation valves 110, 112 (i.e., within the regeneration gas system 100), then processing the
regeneration gas stream to remove contaminants or recover liquids prior to flaring or disposal
may not be possible. If the regeneration gas stream is flared, contaminants may be
unnecessarily released to the environment and/or revenue may be lost. If the regeneration gas
stream is recycled back to the molecular sieve adsorbent vessel via the vapor recovery system,
contaminants may accumulate and become concentrated in the main natural gas stream. What
is needed is a means to remove contaminants from a regeneration gas stream that is usable

when a related compressor is not operating.
SUMMARY

[0006] The present disclosure provides a method for continuously treating a regeneration

gas stream used to regenerate a molecular sieve adsorption vessel. The regeneration gas stream
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is cooled in a cooler to a temperature suitable to condense liquids in the regeneration gas
stream. A separator removes liquids condensed in the regeneration gas stream. The
regeneration gas stream is compressed in a compressor. The regeneration gas is flowed through
the cooler, the separator, and a compressor when the compressor is operational. The
regeneration gas is flowed through the cooler and the separator but not the compressor when
the compressor is not operational. Continuous treatment of the regeneration gas stream is

thereby enabled.

[0007] The present disclosure also provides a contaminant removal system for
continuously treating a regeneration gas stream of a molecular sieve adsorbent vessel. A cooler
is configured to cool the regeneration gas stream. A separator is configured to remove liquids
in the regeneration gas stream condensed by the cooler. First and second isolation valves are
located before and after the compressor and are configured to selectively permit the
regeneration gas stream to pass therethrough. The cooler and the separator are not located
between the first and second isolation valves. A controller controls the isolation valves to open
when the compressor is operational and to close when the compressor is not operational. The
regeneration gas stream flows through the cooler and the separator regardless of whether the
isolation valves are open or closed, thereby enabling continuous treatment of the regeneration

gas stream.

[0008] The present disclosure also provides a method for continuously treating a
regeneration gas stream used to regenerate a molecular sieve adsorption vessel. The
regeneration gas stream is cooled in a first cooler to a temperature suitable to condense liquids
in the regeneration gas stream. A first separator removes the liquids condensed in the
regeneration gas stream. The regeneration gas stream is cooled in a second cooler to perform
at least one of (a) removing any remaining heat in the regeneration gas stream to bring the
regeneration gas stream down to a desired process temperature, and (b) to remove heat of
compression added to the regeneration gas stream by a compressor when the compressor is
operating in a recycle mode, wherein the second cooler is sized to accommodate the larger of
a heat duty required for (a) or a heat duty required for (b). A second separator removes liquids
condensed in the second cooler. The regeneration gas stream is compressed in a compressor.
The second cooler, the second separator, and the compressor are arranged between first and
second isolation valves. The first and second isolation valves are opened when the compressor
is operational, to permit the regeneration gas stream to flow to the second cooler, the second

separator, and the compressor. The first and second isolation valves are closed when the
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compressor is not operational, to prevent the regeneration gas stream to flow to the second
cooler, the second separator, and the compressor. A bypass valve is opened to permit the
regeneration gas stream to be flared or flowed to a vapor recovery system when the first and
second isolation valves are closed, thereby enabling continuous treatment of the regeneration

gas stream.

[0009] The foregoing has broadly outlined the features of the present disclosure so that the
detailed description that follows may be better understood. Additional features will also be

described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features, aspects and advantages of the disclosure will become
apparent from the following description, appending claims and the accompanying drawings,

which are briefly described below.
[0011] Figure 1 is a schematic diagram of a prior art regeneration gas treatment system.

[0012] Figure 2 is a schematic diagram of a regeneration gas treatment system according

to the disclosed aspects.

[0013] Figure 3 is a schematic diagram of a regeneration gas treatment system according

to the disclosed aspects.

[0014] Figure 4 is a schematic diagram of a regeneration gas treatment system according

to the disclosed aspects.

[0015] Figure 5 is a schematic diagram of a valve control system according to disclosed

aspects.
[0016] Figure 6 is a method according to aspects of the present disclosure.
[0017] Figure 7 is a method according to aspects of the present disclosure.

[0018] It should be noted that the figures are merely examples and no limitations on the

scope of the present disclosure are intended thereby.
DETAILED DESCRIPTION

[0019] To promote an understanding of the principles of the disclosure, reference will now
be made to the features illustrated in the drawings and specific language will be used to describe
the same. It will nevertheless be understood that no limitation of the scope of the disclosure is

thereby intended. Any alterations and further modifications, and any further applications of
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the principles of the disclosure as described herein are contemplated as would normally occur
to one skilled in the art to which the disclosure relates. For the sake of clarity, some features

not relevant to the present disclosure may not be shown in the drawings.

[0020] At the outset, for ease of reference, certain terms used in this application and their
meanings as used in this context are set forth. To the extent a term used herein is not defined
below, it should be given the broadest definition persons in the pertinent art have given that
term as reflected in at least one printed publication or issued patent. Further, the present
techniques are not limited by the usage of the terms shown below, as all equivalents, synonyms,
new developments, and terms or techniques that serve the same or a similar purpose are

considered to be within the scope of the present claims.

[0021] As one of ordinary skill would appreciate, different persons may refer to the same
feature or component by different names. This document does not intend to distinguish
between components or features that differ in name only. The figures are not necessarily to
scale, but are drafted for purposes of convenience and clarity in illustrating various aspects of

the disclosure.

[0022] Certain features and components herein may be shown exaggerated in scale or in
schematic form and some details of conventional elements may not be shown in the interest of
clarity and conciseness. When referring to the figures described herein, the same reference
numerals may be referenced in multiple figures for the sake of simplicity. In the following
description and in the claims, the terms “including” and "comprising" are used in an open-

ended fashion, and thus, should be interpreted to mean "including, but not limited to.”

[0023] The articles “the,” “a” and “an” are not necessarily limited to mean only one, but

rather are inclusive and open ended so as to include, optionally, multiple such elements.

% < % <

[0024] As used herein, the terms “approximately,” “about,” “substantially,” and similar
terms are intended to have a broad meaning in harmony with the common and accepted usage
by those of ordinary skill in the art to which the subject matter of this disclosure pertains. It
should be understood by those of skill in the art who review this disclosure that these terms are
intended to allow a description of certain features described and claimed without restricting the
scope of these features to the precise numeral ranges provided. Accordingly, these terms
should be interpreted as indicating that insubstantial or inconsequential modifications or
alterations of the subject matter described and are considered to be within the scope of the

disclosure.
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[0025] As use herein, “heavy hydrocarbons™ means hydrocarbons with a molecular

structure containing three or more carbon atoms.

[0026] Aspects described herein allow a regeneration process used to regenerate a spent
molecular sieve adsorbent material, including contaminant removal from the regeneration gas
or recovery of liquids, to continue when the associated regeneration gas compressor is out of
operation. The disclosed aspects include installing additional cooling and separation
equipment to cool the regeneration gas and separate condensed liquids while the regeneration
gas compressor is not operable or starting-up in full recycle. The disclosed aspects enable
complete processing of the regeneration gas stream, thereby preventing undesirable emission
of contaminants and allowing recovery of liquid products while the regeneration gas

compressor is out of service.

[0027] Figure 2 depicts a regeneration gas system 200 used to regenerate a molecular sieve
adsorbent vessel according to aspects of the disclosure. The molecular sieve adsorbent vessel,
and the connections between the molecular sieve adsorbent vessel and the regeneration gas
system 200, may be as shown in Figure 1. For the purposes of clarity and brevity the molecular
sieve adsorbent vessel 102 will not be shown in Figures 2-4; it is understood, however, that
such vessel 102 and associated gas streams (e.g., 104, 106) are incorporated by reference into
the remaining Figures. It is further understood that the particular molecular sieve adsorbent
vessel and its configuration in Figure 1 is a non-limiting example of a molecular sieve
adsorbent vessel that may be used with the regeneration gas systems disclosed herein, and that
any other suitable vessel and/or configuration may be used with the aspects of the present
disclosure. A regeneration gas stream 208, which includes contaminants removed from the
molecular sieve adsorbent vessel, is first processed by gas processing components 220 which
are disposed outside of isolation valves 210, 212. The gas processing components 220 may
include a first cooler 240, a first liquids separation drum 242, one or more process vessels 226,
and one or more filters 230. First cooler 240 is sized to cool the regeneration gas stream 208
to a temperature suitable for use in the process vessel 226, or to a temperature suitable for
liquids knockout and recovery using, for example, the first liquids separation drum 242. First
cooler 240 may be an air cooler, a water cooler, or a refrigerant-based chiller such as a propane-
based chiller. Additional coolers may be used as needed. The first liquids separation drum 242
may be used to remove condensed liquids (via first liquids stream 224) from the regeneration
gas stream at the process conditions. Process vessel 226 may be used for further treatment of

the regeneration gas stream, such as for the removal of contaminants. Filters 230 may be
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required depending on the nature of the process vessel 226. An additional filter/coalescer

element may be installed if required by the process vessel 226.

[0028] Additional equipment is disposed between the isolation valves 210, 212. This
additional equipment may include a second cooler 218, a second liquids separation drum 222,
and a compressor. Second cooler 218 may be sized to reduce the temperature of the
regeneration gas stream during normal operation to the required operating temperature, or to
remove heat generated during full recycle operation of compressor 214, whichever duty is
largest. Second liquids separation drum 222 may be used to remove condensed liquids (via
second liquids stream 223) from the regeneration gas stream at the process conditions.
Compressor 214 may be used during normal regeneration processes to recycle the processed

regeneration gas stream 208a upstream of the molecular sieve adsorbent vessel (not shown).

[0029] When the compressor is operational, i.e., when the compressor is operating
normally and it is desired for the compressor to do so, the isolation valves 210, 212 are open.
Regeneration gas stream 208 flows through the gas processing components 220, second cooler
218, second liquids separation drum 222, and compressor 214, and is thereby cleaned and
compressed sufficiently enough to be recycled upstream of the molecular sieve adsorbent
vessel. When compressor 214 is not operational, i.e., when the compressor is not able to
compress the regeneration gas or when it is not desired for the compressor to do so, isolation
valves 210, 212 are closed; regeneration gas stream 208 flows through the gas processing
components 220 (which in Figure 2 include first cooler 240, first liquids separation drum 242,
process vessel 226, and filter 230) and through a regeneration gas control valve 238 to a flare
system or to an alternate vapor recovery system 244. This allows the gas processing
components 220 of the regeneration gas system 200 to operate while compressor 214 is not in
operation. Additionally, compressor 214 may be operated in a full recycle mode using an anti-
surge valve 234, which connects part of the output of the compressor to an input of the second
cooler. Using the anti-surge valve in this manner, the compressor may be re-started without
interrupting flow of the regeneration gas stream 208. Such an operation permits continued
process treatment of regeneration gas and/or liquids recovery from the regeneration gas stream,
in contrast to existing technology that would send contaminants and/or hydrocarbon liquids to

flare, creating undesirable emissions.

[0030] Figure 3 depicts a regeneration gas system 300 for water and mercury removal from
a regeneration gas stream according to aspects of the disclosure. System 300 is similar to

system 200, and similar components are identified by similar reference numbers herein. A
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regeneration gas stream 308, which includes contaminants removed from a molecular sieve
adsorbent vessel (not shown), is first processed by gas processing components 320, which in
the aspect shown in Figure 3 include a first cooler 340, a first liquids separation drum 342, and
a mercury removal unit 326. First cooler 340 is sized to cool the regeneration gas stream 308
to a temperature suitable for use in first liquids separation drum 342 and mercury removal unit
326. First cooler 340 may be an air cooler, a water cooler, or a refrigerant-based chiller such
as a propane-based chiller. Additional coolers may be used as needed. First liquids separation
drum 342 removes condensed liquids (via first liquids stream 324) from the regeneration gas
stream after being cooled in the first cooler. In an aspect, first liquids stream may principally
comprise water. Filters 330 may be required to prevent dust from mercury removal unit 326
traveling into equipment or valves downstream of the mercury removal unit. An additional

filter/coalescer may be added upstream of mercury removal unit 326 if required.

[0031] A second cooler 318, a second liquids separation drum 322, and a compressor 314
are disposed between isolation valves 310, 312. Second cooler 318 may be sized to reduce the
temperature of the regeneration gas stream during normal operation to the required operating
temperature, or to remove heat generated during full recycle operation of compressor 314,
whichever duty is largest. Second liquids separation drum 322 may be used to remove
condensed liquids (via liquids stream 323) from the regeneration gas stream at the process
conditions. Compressor 314 may be used during normal regeneration processes to recycle the
processed regeneration gas stream 308a upstream of the molecular sieve adsorbent vessel (not

shown).

[0032] When the compressor is operational, the isolation valves 310, 312 are open.
Regeneration gas stream 308 flows through the gas processing components 320, second cooler
318, second liquids separation drum 322, and compressor 314, and is thereby cleaned and
compressed sufficiently enough to recycled upstream of the molecular sieve adsorbent vessel.
When compressor 314 is not operational, isolation valves 310, 312 are closed; regeneration gas
stream 308 flows through the gas processing components 320 (which in Figure 3 include first
cooler 340, first liquids separation drum 342, mercury removal unit 326, and filter 330) and
through a regeneration gas control valve 338 to a flare system or to an alternate vapor recovery
system 344. This allows the gas processing components 320 of the regeneration gas system
300 to operate while compressor 314 is not in operation. Additionally, compressor 314 may
be operated in a full recycle mode using an anti-surge valve 334, which connects part of the

output of the compressor to an input of the second cooler. Using the anti-surge valve in this
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manner, the compressor may be re-started without interrupting flow of the regeneration gas
stream 308. Such an operation permits continued mercury removal and/or liquids recovery
from the regeneration gas stream, in contrast to existing technology that would send mercury

to the flare, creating undesirable emissions.

[0033] Figure 4 shows a regeneration gas system 400 for heavy hydrocarbon liquids
recovery according to aspects of the disclosure. System 400 is similar to systems 200 and 300,
and similar components are identified by similar reference numbers herein. A regeneration gas
stream 408, which contains contaminants such as heavy hydrocarbons removed from a
molecular sieve adsorbent vessel (not shown), is first processed by gas processing components
420, which in Figure 4 include a first cooler 440 and a hydrocarbon liquids separation drum
442, The first cooler 440, which like cooler 240 may comprise one or more air coolers, water
cooler, or refrigerant-based chillers, may be sized to cool the regeneration gas stream 408 to a
temperature suitable for heavy hydrocarbon liquids knockout and recovery. The hydrocarbon
liquids separation drum 442 removes condensed hydrocarbon product (via first hydrocarbon
liquids stream 424) from the regeneration gas stream at the process conditions. In an aspect,
first cooler 440 provide sufficient duty to condense all liquids in regeneration gas stream 408,
and hydrocarbon liquids separation drum 442 then separates all such liquids as previously

described, including any water present in the regeneration gas stream.

[0034] A second cooler 418, a liquids separation drum 422, and a compressor 414 are
disposed between isolation valves 410, 412. Second cooler 418 may be sized to reduce the
temperature of the regeneration gas stream 408 during normal operation to the required
operating temperature, or to remove heat during full recycle operation of the compressor,
whichever duty is largest. If the first cooler 440 is a refrigerant based chiller, then during
normal operation the second cooler may chill the regeneration gas stream 408 to its lowest
temperature, and second cooler 418 is only needed during full recycle operation of compressor
414. Liquids separation drum 422 is used to remove condensed liquids (via liquids stream 423)
from the regeneration gas stream at the process conditions. Compressor 414 may be used
during normal operation to recycle the processed regeneration gas stream 408a upstream of the

molecular sieve adsorption vessel (not shown).

[0035] When the compressor is operational, isolation valves 410, 412 are open.
Regeneration gas stream 408 flows through the gas processing components 420, second cooler
418, liquids separation drum 422, and compressor 414, and is thereby cleaned and compressed

sufficiently to be recycled upstream of the molecular sieve adsorbent vessel as previously



10

15

20

25

30

WO 2018/044375 PCT/US2017/036109

described. When the compressor 414 is not operational, the isolation valves 410, 412 are
closed. Regeneration gas stream 408 flows through first cooler 440 and hydrocarbon liquids
separation drum 442, and then through the regeneration gas control valve 438 to a flare system
or to an alternate vapor recovery system 444. This allows the gas processing components 420
of the regeneration gas system to operate while the compressor 414 is not in operation.
Additionally, compressor 414 may be operated in a full recycle mode using the anti-surge valve
434, which connects part of the output of the compressor to an input of the second cooler.
Using the anti-surge valve in this manner, the compressor may be re-started without
interrupting flow of the regeneration gas stream. Such an operation permits continued recovery
of liquid heavy hydrocarbon from the regeneration gas that may otherwise be destroyed in the

flare or be unrecoverable in an alternate vapor recovery system.

[0036] If first cooler 440 provides sufficient cooling duty — for example, if first cooler is a
propane-based chiller — then most if not all of the liquids in the regeneration gas stream will be
separated by hydrocarbon liquids separation drum 442. In that case it may be possible to
significantly reduce the size of second cooler 418, as the purpose of the second cooler would
be reduced to removing heat from the regeneration gas stream added by compressor 414. In
an additional aspect, liquids separation drum 422 could be eliminated from the regeneration
gas system 400, instead relying on first cooler 440 and hydrocarbon liquids separation drum
442 to remove heat and separate condensed liquids from the regeneration gas stream.
Furthermore, the first liquids separation drum 242, 342 may be eliminated from the
regeneration gas systems 200, 300 shown in Figures 2 and 3, by combining unit operations in
a single process vessel 226, (or mercury removal unit 326) to remove contaminants and

condensed liquids from the regeneration gas stream.

[0037] Figure 5 is a schematic depiction of a valve control system 500 according to aspects
of the disclosure, which may be used to actuate the valves in any of the disclosed aspects as
shown in Figures 2-4. Valve control system 500 includes a valve controller 502 that is
operationally connected to the isolation valves 210, 212, the anti-surge valve 234, and bypass
valve 238. Valve controller 502 may be manually operated by an operator to selectively open
and close these valves in response to process conditions and the disclosed methods of operation.
Alternatively, the valve controller may selectively open and close these valves in response to
signals from a computer, processor, and/or other automated equipment that uses pre-
determined logic or algorithms to maintain and change operating states of the components of a

gas processing facility in response to such process conditions and the disclosed methods of

10
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operation.

[0038] Figure 6 is a flowchart of a method 600 for continuously treating a regeneration gas
stream used to regenerate a molecular sieve adsorption vessel according to disclosed aspects.
At block 602 the regeneration gas stream is cooled in a cooler to a temperature suitable to
condense liquids in the regeneration gas stream. At block 604 a separator removes liquids
condensed in the regeneration gas stream. At block 606 the regeneration gas stream is
compressed in a compressor. At block 608 the regeneration gas stream is flowed through the
cooler, the separator, and the compressor when the compressor is operational. At block 610
the regeneration gas stream is flowed through the second cooler and the second separator but

not the compressor when the compressor is not operational.

[0039] Figure 7 is a flowchart of a method 700 for treating a regeneration gas stream used
to regenerate a molecular sieve adsorption vessel according to disclosed aspects. At block 702
the regeneration gas stream is cooled in a first cooler to a temperature suitable to condense
liquids in the regeneration gas stream. At block 704 a separator removes liquids condensed in
the regeneration gas stream. At block 706 the regeneration gas stream is cooled in a second
cooler to perform at least one of (a) removing any remaining heat in the regeneration gas stream
to bring the regeneration gas stream down to a desired process temperature, and (b) removing
heat of compression added to the regeneration gas stream by a compressor when the compressor
is operating in a recycle mode, wherein the second cooler is sized to accommodate the larger
of a heat duty required for (a) or a heat duty required for (b). At block 708 a second separator
removes liquids condensed in the second cooler. At block 710 the regeneration gas stream is
compressed in the compressor. At block 712 the compressor, the second cooler, and the second
separator are arranged between first and second isolation valves. At block 714 the first and
second isolation valves are opened when the compressor is operational, to permit the
regeneration gas stream to flow to the second cooler, the second separator, and the compressor.
At block 716 the first and second isolation valves are closed when the compressor is not
operational, to prevent the regeneration gas stream to flow to the second cooler, the second
separator, and the compressor. At block 718 a bypass valve is opened, to permit the
regeneration gas stream to be flared or flowed to a vapor recovery system when the first and

second 1solation valves are closed.

[0040] Disclosed aspects may include any combinations of the methods and systems shown
in the following numbered paragraphs. This is not to be considered a complete listing of all

possible aspects, as any number of variations can be envisioned from the description above.

11
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1. A method for continuously treating a regeneration gas stream used to regenerate

a molecular sieve adsorption vessel, comprising:

cooling the regeneration gas stream in a cooler to a temperature suitable to condense

liquids in the regeneration gas stream;
in a separator, removing liquids condensed in the regeneration gas stream;
compressing the regeneration gas stream in a compressor;

flowing the regeneration gas stream through the cooler, the separator, and the

compressor when the compressor is operational; and

flowing the regeneration gas stream through the cooler and the separator but not the
compressor when the compressor is not operational, thereby enabling continuous treatment of

the regeneration gas stream.

2. The method of paragraph 1, wherein the cooler is a first cooler and the separator

is a second separator, and further comprising:

cooling the regeneration gas stream in a second cooler to remove at least part of the
heat added to the regeneration gas stream when the regeneration gas stream is compressed by

the compressor;
in a second separator, removing liquids condensed in the second cooler;

arranging the second cooler, the second separator, and the compressor between first and

second isolation valves;

opening the first and second isolation valves when the compressor is operational, to
permit the regeneration gas stream to flow to the second cooler, the second separator, and the

compressor; and

closing the first and second isolation valves when the compressor is not operational, to
prevent the regeneration gas stream to flow to the second cooler, the second separator, and the

COMpressor.
3. The method of paragraph 1, further comprising:

permitting the regeneration gas stream to bypass the second cooler, the second
separator, and the compressor after passing through the first cooler and the first separator,

thereby enabling continuous treatment of the regeneration gas stream.

4. The method of paragraph 2 or paragraph 3, further comprising:
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flaring the regeneration gas stream when the regeneration gas stream is permitted to

bypass the second cooler, the second separator, and the compressor.
5. The method of paragraph 2 or paragraph 3, further comprising:

recovering vapor from the regeneration gas stream when the regeneration gas stream is
permitted to bypass the second cooler, the second separator, and the compressor, thereby

enabling continuous treatment of the regeneration gas stream.
6. The method of paragraph 1, further comprising:

removing contaminants from the regeneration gas stream in a process vessel that is
located so that the regeneration gas stream flows therethrough when the compressor is

operational and when the compressor is not operational.

7. The method of paragraph 6, wherein the process vessel removes mercury from

the regeneration gas stream.
8. The method of paragraph 2, further comprising:

separating heavy hydrocarbons liquids from the regeneration gas stream in the first

separator.
9. The method of paragraph 8, further comprising:

cooling the regeneration gas stream in the first cooler to a temperature at which heavy

hydrocarbons condense.

10. A contaminant removal system for continuously treating a regeneration gas

stream of a molecular sieve adsorbent vessel, comprising:
a cooler configured to cool the regeneration gas stream;

a separator configured to remove liquids in the regeneration gas stream condensed by

the cooler;

a compressor that compresses the regeneration gas stream after liquids have been

removed therefrom by the separator;

first and second isolation valves located before and after the compressor and configured
to selectively permit the regeneration gas stream to pass therethrough, wherein the cooler and

the separator are not located between the first and second isolation valves; and

a controller that controls the isolation valves to open when the compressor is operational

and to close when the compressor is not operational;
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wherein the regeneration gas stream flows through the cooler and the separator
regardless of whether the isolation valves are open or closed, thereby enabling continuous

treatment of the regeneration gas stream.

11. The containment removal system of paragraph 10, wherein the cooler is a first

cooler and the separator is a first separator, and further comprising:
a second cooler configured to cool the regeneration gas stream;

a second separator configured to remove liquids condensed by the second cooler;
wherein the second cooler and second separator are disposed between the first and second
isolation valves such that the regeneration gas stream flows through the first cooler, the first
separator, the first isolation valve, the second cooler, the second separator, the compressor, and

the second isolation valve when the first and second isolation valves are open.

12. The contaminant removal system of paragraph 10, further comprising a bypass
valve configured to permit the regeneration gas stream to bypass the second cooler, the second
separator, and the compressor after passing through the first cooler and the first separator, when
the first and second isolation valves are closed, thereby enabling continuous treatment of the

regeneration gas stream.

13.  The contaminant removal system of paragraph 12, further comprising a flare

system configured to flare the regeneration gas stream flowing through the bypass valve.

14. The contaminant removal system of paragraph 12, further comprising a vapor
recovery system configured to recover vapor from the regeneration gas stream flowing through

the bypass valve.

15. The contaminant removal system of paragraph 10, further comprising a process
vessel configured to remove contaminants from the regeneration gas stream, wherein the
process vessel is located so that the regeneration gas stream flows therethrough when the

compressor is operational and when the compressor is not operational.

16. The contaminant removal system of paragraph 15, wherein the process vessel

comprises a mercury removal vessel.

17. The contaminant removal system of paragraph 10, wherein the separator
comprises a knockout drum configured to separate heavy hydrocarbons liquids from the

regeneration gas stream.

18. The contaminant removal system of paragraph 17, wherein the cooler is
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configured to cool the regeneration gas stream to a temperature at which heavy hydrocarbons

condense.

19. A method for continuously treating a regeneration gas stream used to regenerate

a molecular sieve adsorption vessel, comprising:

cooling the regeneration gas stream in a first cooler to a temperature suitable to

condense liquids in the regeneration gas stream;
in a separator, removing liquids condensed in the regeneration gas stream;
cooling the regeneration gas stream in a second cooler to perform at least one of;,

(a) removing any remaining heat in the regeneration gas stream to bring the

regeneration gas stream down to a desired process temperature, and

(b) removing heat of compression added to the regeneration gas stream by a

compressor when the compressor is operating in a recycle mode,

wherein the second cooler is sized to accommodate the larger of a heat duty

required for (a) or a heat duty required for (b);
in a second separator, removing liquids condensed in the second cooler;
compressing the regeneration gas stream in the compressor;

arranging the second cooler, the second separator, and the compressor between first and

second isolation valves;

opening the first and second isolation valves when the compressor is operational, to
permit the regeneration gas stream to flow to the second cooler, the second separator, and the

COmMpressor,

closing the first and second isolation valves when the compressor is not operational, to
prevent the regeneration gas stream to flow to the second cooler, the second separator, and the

compressor; and

opening a bypass valve to permit the regeneration gas stream to be flared or flowed to
avapor recovery system when the first and second isolation valves are closed, thereby enabling

continuous treatment of the regeneration gas stream.
20. The method of paragraph 19, further comprising:

removing contaminants from the regeneration gas stream in a process vessel that is

located so that the regeneration gas stream flows therethrough when the compressor is
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operational and when the compressor is not operational.

[0041] It should be understood that the numerous changes, modifications, and alternatives
to the preceding disclosure can be made without departing from the scope of the disclosure.
The preceding description, therefore, is not meant to limit the scope of the disclosure. Rather,
the scope of the disclosure is to be determined only by the appended claims and their
equivalents. It is also contemplated that structures and features in the present examples can be

altered, rearranged, substituted, deleted, duplicated, combined, or added to each other.
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CLAIMS
What is claimed is:

1. A method for continuously treating a regeneration gas stream used to regenerate a

molecular sieve adsorption vessel, comprising;

cooling the regeneration gas stream in a cooler to a temperature suitable to condense

liquids in the regeneration gas stream;
in a separator, removing liquids condensed in the regeneration gas stream;
compressing the regeneration gas stream in a compressor;

flowing the regeneration gas stream through the cooler, the separator, and the

compressor when the compressor is operational; and

flowing the regeneration gas stream through the cooler and the separator but not the
compressor when the compressor is not operational, thereby enabling continuous treatment of

the regeneration gas stream.

2. The method of claim 1, wherein the cooler is a first cooler and the separator is a second

separator, and further comprising:

cooling the regeneration gas stream in a second cooler to remove at least part of the
heat added to the regeneration gas stream when the regeneration gas stream is compressed by

the compressor;
in a second separator, removing liquids condensed in the second cooler;

arranging the second cooler, the second separator, and the compressor between first and

second isolation valves;

opening the first and second isolation valves when the compressor is operational, to
permit the regeneration gas stream to flow to the second cooler, the second separator, and the

compressor; and

closing the first and second isolation valves when the compressor is not operational, to
prevent the regeneration gas stream to flow to the second cooler, the second separator, and the

COmpressor.
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3. The method of claim 2, further comprising:

permitting the regeneration gas stream to bypass the second cooler, the second
separator, and the compressor after passing through the first cooler and the first separator,

thereby enabling continuous treatment of the regeneration gas stream.

4, The method of claim 2 or claim 3, further comprising:

flaring the regeneration gas stream when the regeneration gas stream is permitted to

bypass the second cooler, the second separator, and the compressor.

5. The method of claim 2 or claim 3, further comprising:

recovering vapor from the regeneration gas stream when the regeneration gas stream is
permitted to bypass the second cooler, the second separator, and the compressor, thereby

enabling continuous treatment of the regeneration gas stream.

6. The method of claim 1, further comprising:

removing contaminants from the regeneration gas stream in a process vessel that is
located so that the regeneration gas stream flows therethrough when the compressor is

operational and when the compressor is not operational.

7. The method of claim 6, wherein the process vessel removes mercury from the

regeneration gas stream.

8. The method of claim 2, further comprising:

separating heavy hydrocarbons liquids from the regeneration gas stream in the first

separator.

9. The method of claim 8, further comprising:

cooling the regeneration gas stream in the first cooler to a temperature at which heavy

hydrocarbons condense.

10. A contaminant removal system for continuously treating a regeneration gas stream of a

molecular sieve adsorbent vessel, comprising:
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a cooler configured to cool the regeneration gas stream;

a separator configured to remove liquids in the regeneration gas stream condensed by

the cooler;

a compressor that compresses the regeneration gas stream after liquids have been

removed therefrom by the separator;

first and second isolation valves located before and after the compressor and configured
to selectively permit the regeneration gas stream to pass therethrough, wherein the cooler and

the separator are not located between the first and second isolation valves; and

a controller that controls the isolation valves to open when the compressor is operational

and to close when the compressor is not operational;

wherein the regeneration gas stream flows through the cooler and the separator
regardless of whether the isolation valves are open or closed, thereby enabling continuous

treatment of the regeneration gas stream.

11.  The containment removal system of claim 10, wherein the cooler is a first cooler and

the separator is a first separator, and further comprising:
a second cooler configured to cool the regeneration gas stream;

a second separator configured to remove liquids condensed by the second cooler;
wherein the second cooler and second separator are disposed between the first and second
isolation valves such that the regeneration gas stream flows through the first cooler, the first
separator, the first isolation valve, the second cooler, the second separator, the compressor, and

the second isolation valve when the first and second isolation valves are open.

12. The contaminant removal system of claim 10, further comprising a bypass valve
configured to permit the regeneration gas stream to bypass the second cooler, the second
separator, and the compressor after passing through the first cooler and the first separator, when
the first and second isolation valves are closed, thereby enabling continuous treatment of the

regeneration gas stream.

13. The contaminant removal system of claim 12, further comprising a flare system

configured to flare the regeneration gas stream flowing through the bypass valve.
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14. The contaminant removal system of claim 12, further comprising a vapor recovery
system configured to recover vapor from the regeneration gas stream flowing through the

bypass valve.

15. The contaminant removal system of claim 10, further comprising a process vessel
configured to remove contaminants from the regeneration gas stream, wherein the process
vessel is located so that the regeneration gas stream flows therethrough when the compressor

is operational and when the compressor is not operational.

16. The contaminant removal system of claim 15, wherein the process vessel comprises a

mercury removal vessel.

17. The contaminant removal system of claim 10, wherein the separator comprises a
knockout drum configured to separate heavy hydrocarbons liquids from the regeneration gas

stream.

18.  The contaminant removal system of claim 17, wherein the cooler is configured to cool

the regeneration gas stream to a temperature at which heavy hydrocarbons condense.

19. A method for continuously treating a regeneration gas stream used to regenerate a

molecular sieve adsorption vessel, comprising:

cooling the regeneration gas stream in a first cooler to a temperature suitable to

condense liquids in the regeneration gas stream;
in a separator, removing liquids condensed in the regeneration gas stream;
cooling the regeneration gas stream in a second cooler to perform at least one of

(a) removing any remaining heat in the regeneration gas stream to bring the

regeneration gas stream down to a desired process temperature, and

(b) removing heat of compression added to the regeneration gas stream by a

compressor when the compressor is operating in a recycle mode,

wherein the second cooler is sized to accommodate the larger of a heat duty

required for (a) or a heat duty required for (b);
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in a second separator, removing liquids condensed in the second cooler;
compressing the regeneration gas stream in the compressor;

arranging the second cooler, the second separator, and the compressor between first and

second isolation valves;

5 opening the first and second isolation valves when the compressor is operational, to
permit the regeneration gas stream to flow to the second cooler, the second separator, and the

COmMpressor,

closing the first and second isolation valves when the compressor is not operational, to
prevent the regeneration gas stream to flow to the second cooler, the second separator, and the

10 compressor; and

opening a bypass valve to permit the regeneration gas stream to be flared or flowed to
avapor recovery system when the first and second isolation valves are closed, thereby enabling

continuous treatment of the regeneration gas stream.

15 20. The method of claim 19, further comprising:

removing contaminants from the regeneration gas stream in a process vessel that is
located so that the regeneration gas stream flows therethrough when the compressor is

operational and when the compressor is not operational.
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