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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
16 November 2017 (16.11.2017)

(10) International Publication Number

WO 2017/196620 A1l

WIPO I PCT

(51) International Patent Classification:

ZHOU, Lubo; UOP LLC, 25 East Algonquin Road, P. O.

C10K 1/16 (2006.01) BO1D 53/14 (2006.01) Box 5017, Des Plaines, IL 60017-5017 (US).
CI0L 3/10 (2006.01) (74) Agent: ROMANO, Ashley, E. et al; UOP LLC, 25
(21) International Application Number: East Algonquin Road, P. O. Box 5017, Des Plaines, IL
PCT/US2017/030955 60017-5017 (US).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
04 May 2017 (04.05.2017) kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English 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,
(26) Publication Language: English 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,
(30) Priority Data: KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD, ME, MG,
62/334,958 11 May 2016 (11.05.2016) UsS MK, MN, MW, MX, MY, MZ, NA, NG, NI NO, NZ, OM.
(71) Applicant: UOP LLC [US/US]; 25 East Algonquin Road, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
P. O. Box 5017, Des Plaines, IL 60017-5017 (US). SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: TANNA, Nikunj; UOP LLC, 25 East Algo-
nquin Road, P. O. Box 5017, Des Plaines, IL 60017-5017 (84) Designated States (unless otherwise indicated, for every

(US). WEN, Xiaoming; UOP LLC, 25 East Algonquin
Road, P. O. Box 5017, Des Plaines, IL 60017-5017 (US).

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,

(54) Title: METHODS AND APPARATUSES FOR GAS SEPARATION BY SOLVENT OR ABSORBENT

1100

152

150

FIG. 1

wo 2017/196620 A1 | 0K 00 00O

(57) Abstract: Solvent absorption processes for separating components of an impure feed gas are disclosed. The processes involve two
stages of gas purification. The acid gases including hydrogen sulfide, carbon dioxide and other sulfur compounds are simultaneously
removed from the feed gas by contact with a physical solvent in two stages. The subject matter disclosed provide improved processes
and apparatus to reduce the operating costs of the system.

[Continued on next page]



WO 20177196620 A1 {1000 0O A

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

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



10

15

20

25

30

WO 2017/196620 PCT/US2017/030955

METHODS AND APPARATUSES FOR GAS SEPARATION
BY SOLVENT OR ABSORBENT

STATEMENT OF PRIORITY

[0001] This application claims priority to U. S. Application No. 62/334,958 which was
filed May 11, 2016, the contents of which are hereby incorporated by reference in its entirety.

FIELD

[0002] The present invention relates to gas separation methods, for example the
separation of contaminants such as carbon dioxide (CO;), hydrogen sulfide (H,S) and other
sulfur compounds from gas streams containing such contaminants using a solvent absorption
process. The present invention specifically relates to a two-stage absorption operation of the

solvent absorption process with reduced operating expenses and utility consumption.

BACKGROUND

[0003] The removal of carbon dioxide, hydrogen sulfide and other sulfur compounds
from impure gas streams such as natural gas or synthesis gas is desirable, for among other
reasons, to prevent damage to equipment, to improve the heating value of the purified gas
product and to make the gas product to be suitable as feedstock for downstream processes.
Differences in a number of properties between the impurities like hydrogen sulfide, carbon
dioxide and the desired gas product can serve as potential bases for gas separations. These
differences include solubility, acidity in aqueous solution, and molecular size and structure.
Possible separations can therefore rely on physical or chemical absorption into liquid
solvents, pressure swing or temperature swing adsorption with solid adsorbents, and
membrane systems.

[0004] Liquid solvent based absorption (i.e., “wet”) systems, for example, are commonly
used for natural gas and synthesis gas purification to remove hydrogen sulfide, carbon
dioxide and other impurities These contaminants can be preferentially absorbed in physical

solvents such as dimethylethers of polyethylene glycol or chemical solvents such as
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alkanolamines or alkali metal salts. The resulting hydrogen sulfide and CO,-rich (i.e.,
“loaded”) solvent is subsequently regenerated by heating to recover the contaminants such as
hydrogen sulfide, carbon dioxide and produce a regenerated solvent that can be recycled for
further re-use in the absorption process. Solvent regeneration is also normally conducted at a
reduced pressure relative to the upstream absorption pressure to promote vaporization of
absorbed carbon dioxide from the solvent. The carbon dioxide and hydrogen sulfide may be
recovered in more than one stream, including vapor fractions of flash separators and
regenerator column vapor effluents.

[0005] Chemical solvents, and particularly amines and other basic compounds, react with
acidic contaminants such as hydrogen sulfide and carbon dioxide, to form a contaminant-
solvent chemical bond. Considerable energy release is associated with this bond formation
during the thermodynamically-favored acid-base reaction. Consequently, substantial heat
input is required to break the bonds of the chemical reaction products and therefore to
regenerate chemical solvents. Physical solvents, on the other hand, do not react chemically
with gas contaminants, but instead promote physical absorption based on a higher
contaminant equilibrium solubility at its partial pressure in the impure gas (i.e., a higher
Henry’s law constant).

[0006] Physical solvents that remain chemically non-reactive with the contaminant
components find wide applications in absorption systems for gas separation. The Selexol
process, which is licensed by Honeywell UOP, Des Plaines, IL, is a process known for
removal of carbon dioxide, hydrogen sulfide and other sulfur compounds such as carbonyl
sulfide (COS) and mercaptans from feed streams such as syngas produced by gasification of
coal, coke or heavy hydrocarbon oils by using a particular physical solvent. Such processes
can also be used for removal of ammonia, hydrogen cyanide, and metal carbonyls. The
solvent circulation in a Selexol process is usually high compared to a chemical solvent such
as an amine. The high solvent circulation could require high regeneration heat input in such
cases and may lead to increases in operating cost.

[0007] There is a need for an improved process and apparatus for the removal of acid
gases from feed streams using a solvent. Further, to address the problems of high utility
consumption and increased operating costs, there is a need for a new process and apparatus to
efficiently operate the processing unit with reduced solvent circulation rates and reduced

utility consumption.
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SUMMARY

[0008] An embodiment of the subject matter is a process for a two-stage gas purification
comprising contacting an impure feed gas stream comprising hydrogen sulfide (H,S), carbon
dioxide (CO,) and other sulfur compounds and a solvent stream in a counter-current absorber
to provide a first overhead gas stream and a first solvent effluent bottom stream comprising
absorbed hydrogen sulfide, absorbed carbon dioxide and absorbed sulfur compounds. The
first solvent effluent bottom stream is contacted with an inert gas stream in a counter-current
stripper to provide a second overhead gas stream and a second solvent effluent bottom
stream. A first portion of the second solvent effluent bottom stream is recycled to a top of a
first stage of the counter-current absorber. A second portion of the second solvent eftfluent
bottom stream is passed to a regenerator to provide a third overhead gas stream and a third
solvent effluent bottom stream. The third solvent effluent stream is recycled to a top of a
second stage of the counter-current absorber. A purified product gas stream is recovered at
the overhead of the counter-current absorber.

[0009] Another embodiment of the subject matter is a process for a two-stage gas
purification process comprising contacting an impure feed gas stream comprising hydrogen
sulfide, carbon dioxide and other sulfur compounds and a solvent stream in a counter-current
absorber to provide a first overhead gas stream and a first solvent effluent bottom stream
comprising absorbed hydrogen sulfide and absorbed carbon dioxide. The first solvent effluent
bottom stream is passed to a low pressure flash drum to provide a second overhead gas
stream and a second solvent effluent bottom stream. A first portion of the second solvent
effluent stream is recycled to a top of a first stage of the counter-current absorber. A second
portion of the second solvent effluent bottom stream is passed to a regenerator to provide a
third overhead gas stream and a third solvent effluent bottom stream. The third solvent
effluent bottom stream is recycled to a top of a second stage of the counter-current absorber.
A purified product gas stream is recovered at an overhead of the counter-current absorber.
[0010] It is an advantage of the subject matter to provide a novel process and apparatus to
remove the acid gases from hydrocarbons with reduced amount of solvent. The present
subject matter seeks to provide improved processes and apparatuses to address the problems

of high utility consumption and increased operating costs.
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[0011] Additional objects, advantages and novel features of the examples will be set forth
in part in the description which follows, and in part will become apparent to those skilled in
the art upon examination of the following description or may be learned by production or
operation of the examples. The objects and advantages of the concepts may be realized and
attained by means of the methodologies, instrumentalities and combinations particularly

pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a flow scheme for the process and apparatus of the present disclosure.
[0013] FIG. 2 is an alternative embodiment for the process and apparatus of the present
disclosure. Corresponding reference characters indicate corresponding components
throughout the drawings. Skilled artisans will appreciate that elements in the Figures are
illustrated for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the Figures may be exaggerated relative
to other elements to help to improve understanding of various embodiments of the present
disclosure. Also, common but well-understood elements that are useful or necessary in a
commercially feasible embodiment are often not depicted in order to facilitate a less

obstructed view of these various embodiments of the present disclosure.

DETAILED DESCRIPTION

[0014] The following description is not to be taken in a limiting sense, but is made
merely for the purpose of describing the general principles of exemplary aspects. The scope
of the present disclosure should be determined with reference to the claims.

[0015] A general understanding of the process for a two-stage gas purification in which a
contaminant, present as a component of an impure feed gas, is selectively absorbed into a
solvent can be obtained by reference to FIG. 1. The process advantageously recovers
significant portions of the desired components in the impure feed gas components, as a
purified product gas stream. FIG. 1 has been simplified by the deletion of a large number of
apparatuses customarily employed in a process of this nature, such as vessel internals, feed

gas knockout drum, product gas wash and knockout drum, solvent filtration system,
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temperature and pressure controls systems, flow control valves, recycle pumps, etc. which are
not specifically required to illustrate the performance of the subject matter. Furthermore, the
illustration of the process of this subject matter in the embodiment of a specific drawing is
not intended to limit the subject matter to specific embodiments set out herein.

[0016] The present subject matter, as shown in FIG 1, includes an absorption system 100
for a process of a two-stage gas purification involving selective absorption of the
contaminants to a solvent. Many configurations of the present invention are possible, but
specific embodiments are presented herein by way of example. A feed in line 102 is passed to
the absorption system 100. Representative impure gas streams include those comprising light
hydrocarbons (e.g., C;-C; hydrocarbons) or hydrogen, or hydrogen and carbon monoxide
(CO), with contaminants such as carbon dioxide (CO;) and hydrogen sulfide (H,S). Examples
of such gas streams comprising acid gas contaminants include natural gas, synthesis gas,
refinery flue gas and biogas. The acid gas concentration of the feed stream may be as high as
70%. The process is directed to purification of impure gas feed stream in which a
contaminants preferentially absorbed into a liquid solvent, and particularly a physical solvent.
[0017] The absorption system 100 comprises a counter-current absorber 110, a rich flash
drum 120, a counter-current stripper 130 and a regenerator 140. The feed stream comprising
acid gases in line 102 is passed to the counter-current absorber 110 of the absorption system.
A gas purification method according to an exemplary embodiment therefore comprises
contacting the impure feed gas comprising hydrogen sulfide, carbon dioxide and other sulfur
compounds with a solvent, and particularly a physical solvent that selectively (or
preferentially) absorbs the acid gases. The impure feed gas stream in line 102 is subjected to
contact with a solvent stream in the counter-current absorber 110 to provide a first overhead
gas stream in line 116 and a first solvent effluent bottom stream comprising absorbed
hydrogen sulfide, absorbed carbon dioxide and absorbed other sulfur compounds in line 118.
The operating conditions for the counter-current absorber will include an operating
temperature as low as 4 °C and a pressure in the range of 2700 kPa to 10000 kPa.
Representative physical solvents include alcohols, glycol ethers, lactams, sulfolane, N-
alkylated pyrrolidones, N-alkylated piperidines, cyclotetramethylenesulfone, N-
alkyformamides, N-alkylacetamides, ether-ketones, propylene carbonate, N-methyl-2-
pyrrolidone, N-formyl morpholine, and alkyl phosphates. Others include alkyl- and alkanol-
substituted heterocyclic hydrocarbons such as alkanolpyridines (e.g., 3-(pyridin-4-yl)-propan-
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1-ol) and alkylpyrrolidones (e.g., n-methyl pyrrolidone), as well as dialkylethers of
polyethylene glycol, with dimethyl ethers of polyethylene glycol being a preferred physical
solvent.

[0018] The first solvent effluent bottoms stream in line 118 may be passed to the rich
flash drum 120. The gas taken at the overhead of the rich flash drum in line 122 may be
compressed and recycled to the counter-current absorber 110 to improve the recovery of the
desired components contained in the feed gas stream and the purity of the acid gas in line
152. The effluent bottom stream in line 124 from the rich flash drum 120 is passed to the
counter-current stripper 130. The counter-current stripper 130 is in downstream
communication with the counter-current absorber 110 and the rich flash drum 120. The
operating conditions for the counter-current stripper is maintained at a temperature as low as
4 °C and a pressure of less than 4100 kPa. The effluent bottom stream in line 124 from the
rich flash drum is contacted with an inert gas stream in line 126 in the counter-current
stripper 130 to provide a second overhead gas stream in line 132 and a second solvent
effluent bottoms stream in line 134. The second overhead gas stream in line 132 comprises
mainly carbon dioxide and the inert gas. The inert gas stream in line 126 may be nitrogen.
The range of molar ratio of the solvent effluent bottom stream in line 124 to the inert gas
stream in line 126 may be 0.5 to 10 and preferably in a range of 0.9 to 6.

[0019] The second solvent effluent bottoms stream in line 134 from the counter-current
stripper 130 is split into two portions, a first portion of the second solvent effluent in line 136
and a second portion of the second solvent effluent in line 138. The second solvent effluent
bottom stream in line 134 is a semi-lean solvent. The range of molar ratio of the first portion
of the second solvent bottoms effluent stream in line 136 to the second portion of the second
solvent bottom effluent stream in line 138 may be 0.1:1 to 10:1 and preferably in the range of
0.2:1to5:1.

[0020] The first portion of the second solvent effluent bottoms stream in line 136 is
recycled to a top of a first stage 114 of the counter-current absorber 110. The first portion of
the second solvent effluent bottom stream in line 136 may be chilled and recycled to the first
stage of the counter-current absorber. The first stage of the counter-current absorber is a bulk
acid gas removal section. The second portion of the second solvent effluent bottoms stream in
line 138 is passed to the regenerator 140 to provide a third overhead gas stream in line 142

and a third solvent effluent bottoms stream in line 144. The regenerator is in downstream
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communication with the counter-current stripper 130. The third solvent effluent stream in line
144 is a lean solvent. The operating condition for the regenerator is maintained at a pressure
in the range from 30 kPa to 500 kPa, preferably between 80 to 150 kPa. The regenerator 140
is operated at higher temperature than the counter-current absorber 110.

[0021] The second overhead gas in line 132 from the counter-current stripper 130 may be
contacted counter currently with a portion of the third solvent effluent stream in line 144 or a
portion of the first portion of the second solvent effluent in line 136 in a counter-current re-
absorber downstream of the counter-current stripper to reduce the sulfur content of the
stripped gas. The second overhead gas in line 132 may also be mixed with the acid gas in line
152. The third solvent effluent stream in line 144 is recycled to a top of a second stage 112 of
the counter-current absorber 110. A heat exchanger may be used to heat the semi lean solvent
in line 138 up by cooling the lean solvent in line 144 down. A chiller may be used to further
cool the temperature of the lean solvent in line 144 if lower temperature operation is required
and this reduces the solvent circulation rate. According to the present invention, by the use of
the two stage absorption and the semi-lean solvent 136, the reboiler duty of the regenerator
may be reduced in the range from 50% to 80%.

[0022] The second stage 112 of the counter-current absorber is downstream from the first
stage 114 of the counter-current absorber in the path of the gas stream being purified. The
position of the first portion of the second solvent effluent bottom stream in line 136 going
into the counter-current absorber 110 may be determined based on the acid gas concentration
profile inside the absorber. The third overhead gas stream in line 142 from the regenerator
may be passed to a reflux drum 150. The acid gas contaminants are recovered at the overhead
of the reflux drum 150 in line 152. The total carbon dioxide (CO,) removed from the feed gas
stream as acid gas in line 152 and as stripped gas in line 132 may be from 0% to 99.9% and
the total amount of hydrogen sulfide (H,S) removed as acid gas in line 152 and as stripped
gas in line 132 may be more than 99.9%. The total amount of carbonyl sulfide (COS)
removed as acid gas in line 152 and as stripped gas in line 132 may be more than 99%. A
purified product gas stream is recovered at the overhead of the counter-current absorber 110
in line 116. The amount of carbon dioxide in the purified product gas stream in line 116 may
be less than 50 ppm-v or higher as required and the amount of the total sulfur content in the

purified product gas stream in line 116 may be less than 0.1 ppm-v or higher as required.
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[0023] Turning now to FIG. 2, alternative embodiment of the process of the present
subject matter shown in FIG. 1 for a two-stage gas purification in which a contaminant,
present as a component of an impure feed gas, is selectively absorbed into a solvent. The
embodiment of FIG. 2 differs from the embodiment of FIG. 1 in passing the liquid effluent
from a high pressure flash drum to a lower pressure flash drum. The similar components in
FIG. 2 that were described above for FIG. 1 will not be described again for FIG. 2. Many of
the elements in FIG. 2 have the same configuration as in FIG. 1 and bear the same reference
number. Elements in FIG. 2 that correspond to elements in FIG. 1 but have a different
configuration bear the same reference numeral as in FIG. 1 but are marked with a prime
symbol ().

[0024] The present subject matter, as shown in FIG 2, includes an absorption system 100’
for a process of a two-stage gas purification involving selective absorption of the
contaminants to a solvent. Many configurations of the present invention are possible, but
specific embodiments are presented herein by way of example. A feed in line 102’ is passed
to the absorption system 100°. Representative impure gas streams include those comprising
light hydrocarbons (e.g., C,-C; hydrocarbons), or hydrogen, or hydrogen and carbon
monoxide (CO), with contaminants, such as carbon dioxide (CO;) and hydrogen sulfide (H-
»S). The examples of such gas streams comprising acid gas contaminants include natural gas,
synthesis gas, refinery flue gas or biogas. The acid gas concentration of the feed stream may
be as high as 70%. The process is directed to purification of impure gas feed stream in which
a contaminant is preferentially absorbed into a liquid solvent, and particularly a physical
solvent.

[0025] Representative embodiments of the invention are therefore directed to gas
purification methods involving two contacting stages. The absorption system 100” comprises
a counter-current absorber 110°, a high pressure flash drum 120°, a low pressure flash drum
160 and a regenerator 140°. The feed stream comprising acid gases in line 102’ is passed to
the counter-current absorber 110° of the absorption system. A gas purification method
according to an exemplary embodiment therefore comprises contacting the impure feed gas
comprising hydrogen sulfide (H,S), carbon dioxide (CO,) and other sulfur compounds with a
solvent, and particularly a physical solvent that selectively (or preferentially) absorbs the acid
gases. The impure feed gas stream in line 102 is contacted with a solvent stream in the

counter-current absorber 110’ to provide a first overhead gas stream in line 116’ and a first
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solvent effluent bottom stream comprising absorbed hydrogen sulfide , absorbed carbon
dioxide and absorbed other sulfur compounds in line 118’°. The operating conditions for the
counter-current absorber will include an operating temperature as low as 4 °C and a pressure
in the range of 2700 kPa to 10000 kPa. Representative physical solvents include alcohols,
glycol ethers, lactams, sulfolane, N-alkylated pyrrolidones, N-alkylated piperidines,
cyclotetramethylenesulfone, N-alkyformamides, N-alkylacetamides, ether-ketones, propylene
carbonate, N-methyl-2-pyrrolidone, N-formyl morpholine, and alkyl phosphates. Others
include alkyl- and alkanol-substituted heterocyclic hydrocarbons such as alkanolpyridines
(e.g., 3-(pyridin-4-yl)-propan-1-ol) and alkylpyrrolidones (e.g., n-methyl pyrrolidone), as
well as dialkylethers of polyethylene glycol, with dimethyl ethers of polyethylene glycol
being a preferred physical solvent.

[0026] The first solvent effluent bottom stream in line 118’ from the counter-current
absorber 110’ is passed to the low pressure flash drum 160. The low pressure flash drum 160
is in downstream communication with the counter-current absorber 110°. The first solvent
effluent bottom stream in line 118’ is partially regenerated in the low pressure flash drum
160. An overhead gas stream is taken in line 162 and a second solvent effluent bottom stream
in line 164. The second overhead gas stream in line 162 comprises mainly carbon dioxide.
The first solvent effluent bottom stream in line 118’ may be passed to the high pressure flash
drum 120’ upstream of the low pressure flash drum 160. The first solvent effluent bottom
stream in line 118 may be passed to one or more high pressure flash drums upstream of the
low pressure flash drum. The gas taken at the overhead of the high pressure flash drum in line
122’ may be compressed and recycled to the counter-current absorber 110’ to improve
recovery of the desired components contained in the feed gas stream and the purity of the
acid gas in line 152°. The operating conditions for the low pressure flash drum is maintained
at a pressure in the range from 30 kPa to 3000 kPa, depending on the acid gas concentration
in and the pressure of the feed stream. The second solvent effluent bottoms stream in line 164
from the low pressure flash drum is split into two portions, a first portion of the second
solvent effluent in line 136’ and a second portion of the second solvent effluent in line 138’.
The second solvent effluent bottoms stream in line 164 is a semi-lean solvent. The range of
molar ratio of the first portion of the second solvent bottoms effluent stream in line 136’ to
the second portion of the second solvent bottoms effluent stream in line 138" may be 0.1:1 to

10:1 and preferably in the range of 0.2:1 to 5:1.
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[0027] The first portion of the second solvent effluent bottoms stream in line 136’ is
recycled to a top of a first stage 114” of the counter-current absorber 110°. The first portion of
the second solvent effluent bottoms stream in line 136’ may be chilled and then recycled to
the first stage of the counter-current absorber. The first stage of the counter-current absorber
is a bulk acid gas removal section. The second portion of the second solvent effluent bottoms
stream in line 138’ is passed to the regenerator 140’ to provide a third overhead gas stream in
line 142 and a third solvent effluent bottoms stream in line 144’. The regenerator is in
downstream communication with the low pressure flash drum 160. The third solvent effluent
stream in line 144’ is a lean solvent. The operating condition for the regenerator is maintained
at a pressure in the range from 30 kPa to 500 kPa. The regenerator 140’ is operated at higher
temperature than the counter-current absorber 110°.

[0028] The third solvent effluent stream in line 144’ is recycled to a top of a second stage
112’ of the counter-current absorber 110°. A heat exchanger may be used to heat the semi-
lean solvent in line 138’ up by cooling the lean solvent in line 144” down. A chiller may be
used to further cool the temperature of the lean solvent in line 144’ if lower temperature
operation is required and this reduces the solvent circulation rate. According to the present
invention, by the use of the two stage absorption and the semi-lean solvent 136’, the reboiler
duty of the regenerator may be reduced in the range from 30% to 80%.

[0029] The second stage 112’ of the counter-current absorber is downstream from the
first stage 114’ of the counter-current absorber in the path of the gas stream being purified.
The position of the first portion of the second solvent effluent bottoms stream in line 136’
going into the counter-current absorber 110’ may be determined based on the acid gas
concentration profile inside the absorber. The third overhead gas stream in line 142’ from the
regenerator may be passed to a reflux drum 150°. The acid gas contaminants are recovered at
the overhead of the reflux drum 150’ in line 152°. The total CO, removed from the feed gas
stream in line 152’ may be from 0% to 99.9% and the total amount of H,S removed in line
152 may be more than 99.9%. The total amount of carbonyl sulfide removed in line 152’
may be more than 99%. A purified product gas stream is recovered at the overhead of the
counter-current absorber 110’ in line 116°. The amount of carbon dioxide in the purified
product gas stream in line 116’ may be less than 50 ppm-v or more as required and the
amount of the total sulfur content in the purified product gas stream in line 116’ may be less

than 0.1 ppm-v or more as required.
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[0030] Overall, aspects of the invention are associated with processes for purifying
impure feed gas streams which advantageously allow the recovery of the desired components
from these feed gas streams at high purity. The processes comprise contacting the impure
feed gas with a semi-lean solvent and lean solvent in a two-stage absorber. An exemplary
impure feed gas stream is predominantly a gas stream comprising hydrogen sulfide (H,S),
carbon dioxide and other sulfur compounds as impurities or contaminants. Those having skill
in the art will recognize the applicability of the methods disclosed herein to any of a number
of gas purification processes, and particularly those utilizing a physical solvent that
preferentially absorbs the contaminants.

[0031] While the subject matter has been described with what are presently considered
the preferred embodiments, it is to be understood that the subject matter is not limited to the
disclosed embodiments, but it is intended to cover various modifications and equivalent

arrangements included within the scope of the appended claims.

SPECIFIC EMBODIMENTS

[0032] While the following is described in conjunction with specific embodiments, it will
be understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

[0033] A first embodiment of the subject matter is a process for a two-stage gas
purification comprising contacting an impure feed gas stream comprising hydrogen sulfide
(H,S), carbon dioxide (CO,) and other sulfur compounds and a solvent stream in a counter-
current absorber to provide a first overhead gas stream and a first solvent effluent bottoms
stream comprising absorbed hydrogen sulfide , absorbed carbon dioxide and absorbed sulfur
compounds; contacting the first solvent effluent bottoms stream with an inert gas stream in a
counter-current stripper to provide a second overhead gas stream and a second solvent
effluent bottoms stream; recycling a first portion of the second solvent effluent bottoms
stream to a top of a first stage of the counter current absorber; passing a second portion of the
second solvent effluent bottoms stream to a regenerator to provide a third overhead gas
stream and a third solvent effluent bottoms stream; recycling the third solvent effluent stream
to a top of a second stage of the counter-current absorber; and recovering a purified product

gas stream at the overhead of the counter-current absorber. An embodiment of the invention
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is one, any or all of prior embodiments in this paragraph up through the first embodiment in
this paragraph wherein the second overhead gas stream comprises carbon dioxide. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the second stage of the counter-
current absorber is downstream from the first stage of the counter-current absorber in the path
of the gas stream being purified. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph wherein the
molar ratio of the first solvent effluent bottoms stream that is sent to the counter-current
stripper to the inert gas stream is 0.5 to 10. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the inert gas stream is nitrogen. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the solvent is selected from group consisting of alcohols, glycol ethers, lactams,
sulfolane, N-alkylated pyrrolidones, N-alkylated piperidines, cyclotetramethylenesulfone, N-
alkyformamides, N-alkylacetamides, ether-ketones, propylene carbonate, N-methyl-2-
pyrrolidone, N-formyl morpholine, and alkyl phosphates. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph further comprising contacting the second overhead gas from the counter-current
stripper with the third solvent effluent stream or the first portion of the second solvent
effluent in a counter-current re-absorber downstream of the counter-current stripper. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the range of molar ratio of the first
portion of the second solvent bottoms effluent stream to the second portion of the second
solvent bottoms effluent stream is 0.1:1 to 10:1. An embodiment of the invention is one, any
or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the amount of carbon dioxide in the purified product stream is less than 50
ppm-v and the amount of the total sulfur content in the purified product stream is less than
0.1 ppm-v. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising passing the
first solvent effluent bottoms stream to a rich flash drum upstream of the counter-current
stripper. An embodiment of the invention is one, any or all of prior embodiments in this

paragraph up through the first embodiment in this paragraph wherein the counter-current

12



10

15

20

25

30

WO 2017/196620 PCT/US2017/030955

absorber is maintained at a pressure from 2700 kPa to 10000 kPa. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the counter-current stripper is maintained at a pressure
less than 4100 kPa. An embodiment of the invention is one, any or all of prior embodiments
in this paragraph up through the first embodiment in this paragraph wherein the regenerator is
maintained at a pressure from 30 kPa to 500 kPa.

[0034] A second embodiment of the invention is process for a two-stage gas purification
process comprising contacting an impure feed gas stream comprising hydrogen sulfide,
carbon dioxide and other sulfur compounds and a solvent stream in a counter-current
absorber to provide a first overhead gas stream and a first solvent effluent bottoms stream
comprising absorbed hydrogen sulfide and absorbed carbon dioxide; passing the first solvent
effluent bottoms stream to a low pressure flash drum to provide a second overhead gas stream
and a second solvent effluent bottoms stream; recycling a first portion of the second solvent
effluent stream to a top of a first stage of the counter-current absorber; passing a second
portion of the second solvent effluent bottoms stream to a regenerator to provide a third
overhead gas stream and a third solvent effluent bottoms stream; recycling the third solvent
effluent bottoms stream to a top of a second stage of the counter-current absorber; and
recovering a purified product gas stream at an overhead of the counter-current absorber. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph wherein the pressure of the low pressure
flash drum is in the range from 30 kPa to 3000 kPa. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the second embodiment in this
paragraph wherein the range of molar ratio of the first portion of the second solvent effluent
bottoms stream to the second portion of the second solvent effluent bottoms stream i1s 0.1:1 to
10:1. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the second embodiment in this paragraph wherein the amount of carbon
dioxide in the purified product stream is less than 50 ppm-v. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up through the second embodiment
in this paragraph wherein the amount of total sulfur content in the purified product stream is
less than 0.1 ppm-v. An embodiment of the invention is one, any or all of prior embodiments
in this paragraph up through the second embodiment in this paragraph wherein the solvent is

selected from group consisting of alcohols, glycol ethers, lactams, sulfolane, N-alkylated
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pyrrolidones, N-alkylated piperidines, cyclotetramethylenesulfone, N-alkyformamides, N-
alkylacetamides, ether-ketones, propylene carbonate, N-methyl-2-pyrrolidone, N-formyl
morpholine or alkyl phosphates. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph further
comprising passing the first solvent effluent bottoms stream to one or more higher pressure
flash drum upstream of the low pressure flash drum.

[0035] Without further elaboration, it is believed that using the preceding description that
one skilled in the art can utilize the present subject matter to its fullest extent and easily
ascertain the essential characteristics of this subject matter, without departing from the spirit
and scope thereof, to make various changes and modifications of the subject matter and to
adapt it to various usages and conditions. The preceding preferred specific embodiments are,
therefore, to be construed as merely illustrative, and not limiting the remainder of the
disclosure in any way whatsoever, and that it is intended to cover various modifications and

equivalent arrangements included within the scope of the appended claims.
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CLAIMS

1. A two-stage gas purification process comprising:

contacting an impure feed gas stream comprising hydrogen sulfide, carbon dioxide
and sulfur compounds and a solvent stream in a counter-current absorber to
provide a first overhead gas stream and a first solvent effluent bottoms stream
comprising absorbed hydrogen sulfide, absorbed carbon dioxide and absorbed
other sulfur compounds;

contacting the first solvent effluent bottoms stream with an inert gas stream in a

counter-current stripper to provide a second overhead gas stream and a second
solvent effluent bottoms stream,;

recycling a first portion of the second solvent effluent bottoms stream to a top of a

first stage of the counter current absorber;

passing a second portion of the second solvent effluent bottoms stream to a

regenerator to provide a third overhead gas stream and a third solvent effluent
bottoms stream;

recycling the third solvent effluent stream to a top of a second stage of the counter-

current absorber; and

recovering a purified product gas stream at the overhead of the counter-current

absorber.

2. The two-stage gas purification process of claim 1, wherein the second overhead
gas stream comprises carbon dioxide.

3. The two-stage gas purification process of claim 1, wherein the second stage of the
counter-current absorber is downstream from the first stage of the counter-current absorber in
the path of the gas stream being purified.

4. The two-stage gas purification process of claim 1, wherein the molar ratio of the
first solvent effluent bottoms stream that is sent to the counter-current stripper to the inert gas
stream is 0.5 to 10.

5. The two-stage gas purification process of claim 1, wherein the solvent is selected
from group consisting of alcohols, glycol ethers, lactams, sulfolane, N-alkylated

pyrrolidones, N-alkylated piperidines, cyclotetramethylenesulfone, N-alkyformamides, N-
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alkylacetamides, ether-ketones, propylene carbonate, N-methyl-2-pyrrolidone, N-formyl
morpholine, and alkyl phosphates.

6. The two-stage gas purification process of claim 1, further comprising contacting
the second overhead gas from the counter-current stripper with the third solvent effluent
stream or the first portion of the second solvent effluent in a counter-current re-absorber
downstream of the counter-current stripper.

7. The two-stage gas purification process of claim 1, wherein the range of molar
ratio of the first portion of the second solvent bottoms effluent stream to the second portion of
the second solvent bottoms effluent stream is 0.1:1 to 10:1.

8. The two-stage gas purification process of claim 1, wherein the amount of carbon
dioxide in the purified product stream is less than 50 ppm-v and the amount of the total sulfur
content in the purified product stream is less than 0.1 ppm-v.

9. The two-stage gas purification process of claim 1, further comprising passing the
first solvent effluent bottoms stream to a rich flash drum upstream of the counter-current
stripper.

10. The two-stage gas purification process of claim 1, wherein the counter-current
absorber is maintained at a pressure from 2700 kPa to 10000 kPa, the counter-current stripper
is maintained at a pressure less than 4100 kPa and the regenerator is maintained at a pressure

from 30 kPa to 500 kPa.
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