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(57) Abstract: Embodiments of the disclosure include systems and processes for the recovery of sulfur dioxide (SO») from tail gas of
sulfur recovery plant or from flue gas of a power plant, such as flue gas originating from an H,S-containing fuel gas for a gas turbine.
SO,-containing gas is dissolved in chilled water and produce SO;-containing chilled water. The SO,-containing chilled is contacted
with H,S-containmg gas to aqueously react H,S and SO, and form elemental sulfur. A water stream, with the entrained sulfur is routed
to a solid-liquid separate, and separated sulfur may be processed or disposed of. The water is recycled and chilled for use in the reaction.
Embodiments also include the generation of sulfur dioxide (SO,) from produced sulfur instead, of using tail gas or flue gas.
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METHOD AND APPARATUS FOR TREATING A SULFUR DIOXIDE
CONTAINING STREAM BY HYDROGEN SULFIDE IN AQUEOUS CONDITIONS

BACKGROUND

Field of the Disclosure

{0061} The present disclosure generally relates to the treatment of sulfur-containing
compounds in industnal processes. More specifically, embodiments of the disclosure relate to
the treatment of a suelfur dioxide (S0} containing stream using chilled water and hydrogen

sulfide (FaS).

Bescription of the Related Art

{8602} Hydrogen sulfide (H5} and carbon dioxide (C0On) are compounds present in some
naturally occurring hydrocarbon deposits. For example, hydrogen sulfide gas occurs naturally
in natural gas or mayv be formed as a by-product in some gas processing systems. The
processing of hyvdrogen sulfide and other sulfur containing compounds s important in reducing
emissions to meet increasingly stringent fuel and environmental. However, elemental sulfur is
the ultimate state of recovery from sulfur containing compounds such as HoS. Achieving

mcreased sulfur recovery rates using existing sulfur recovery processes may be challenging,

SUMMARY

[0003]  Sulfur recovery rates of at least 99.9% may be requured in certain countries due to
mcereasingly stringent environmental regulations. A Claus unit is the primary processing
system for recovering sulfur in a form of elemental subfur from an acid gas stream containing
hyvdrogen sulfide (HoS). Hyvdrogen sulfide gas occurs naturally in natural gas oris formed as a
by-product in some gas processing systems, Hydrogen sulfide is highly toxic and requires
removal and treatment from the gas stream. Thus, the need to efficiently process hydrogen
sulfide and other sulfur contaming compounds is important in reducing cmissions o meet

mereasingly stringent fael regulations and growing environmental concerns.

{8604} In a Claus unit, an acid gas feed stream confaining hydrogen sulfide (FbS) and a
soarce of oxygen, such as air, are fed to a furnace. Acid gas feed streams have a wide range of
compositions. Many acid gas feed streams originate from solvent absorption processes, such
as amine absorption. The greatest recovery rate obtained by treating tail gas at a sulfur recovery

plant with two catalytic convertors and a Saperclaus™ process is 99.1%.
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86057 A commonly used tail gas treatment in a sulfur recovery unit is referred to as the
Shell Claus Off-gas Treating (SCOT) process. In the SCOT process, sulfur compounds are
reduced to hydrogen sulfide (H:S) and the resulting tail gas stream is sent to a scrubber where
an anmune preferentially recovers HaS over carbon dioxide (COz). The absorbed HaS and co-
adsorbed CO: are sent back to a reaction furnace from the stnpper overhead. An altemative
process also developed by Shell uses a sulfur dioxide (802) scrubbing system. The 8Os is
absorbed with a proprictary designed aming that is stable in oxadative conditions. However, the

alternative process s expensive due to the use of the proprietary amine and a stripping step.

[B686] Embodiments of the disclosure mclude systems and processes that enable the
efficient and cost effective recovery of sulfur dioxide {80z} from either tail gas of a sulfur
recovery plant or flue gas orginating from an hydrogen sulfide (Ha8)-contaning fuel gas {for

example some turbings may operate with fucl gas having at least 1,000 ppm H2S),

{6607}  In onc embodiment, a svsicm is provided that includes a splitter operable to receive
a sour acid gas stream and split the sour acid gas stream mio a first gas fraction and a second
gas fraction such that the sour acid gas stream that inchudes hydrogen sulfide and carbon
dioxide. The system also includes a liquud-gas contactor reactor operable to receive a tail gas
stream that includes sulfur dioxide, absorb sulfur dioxide in a chilled first water stream baving
atemperature n the range of 5°C to 40°C to produce chilled water that mcludes sulfur dioxide,
contact the second gas fraction with the chilled water that includes sulfur dioxide to react, n
an aqueous phase, sulfur dioxide and hydrogen sulfide to produce sulfur, and output a second
water stream that includes sulfur. The svstem also mcludes a filtration unit operable to remove
sulfur from the second water stream and output a third water stream, such that the second water

stream 18 recycled to produce the chilled first water stream.

{8608}  In some embodiments, the first gas fraction 1s provided fo a reaction furnace of a
sulfur recovery unit (SRU}. In some embodiments, the system includes a settling tank located
upstream of the filiration unit and operable to receive the second water stream from the liquid-
gas confactor reactor, such that the setthing tank 1s operable to vent sulfur dioxide to a reaction
furnace of a sulfur recovery unit (SRU). In some embodiments, the system includes a chiller
operable to receive the third water stream from the filtration unit and chill the third water stream
to a temperature in the range of 3°C to 40°C. In some embodiments, the system includes a
storage tank located downstream of the chiller and operable to receive the chilled third water

stream and output the chilled first water stream. In some embodiments, the chilled first water

o
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stream has a temperature in the range of 10°C to 20°C. In some embodiments, the liguid-gas
contactor reactor is further operable to vent a gas stream having carbon dioxide, nitrogen, and
bydrogen sulfide, such that the gas stream bas less than 30 paris-per-miliion (ppm} hydrogen
sulfide. In some embodiments, the tail gas is received from a quench tower downstream from
a first thermal oxidizer, such that the gas stream 1s vented to a second thermal oxidizer. In some
embodiments, the sour acid gas stream is received from an amine stnpper. In some

embodiments, the splitter includes a hydrogen sulfide-selective membrane.

[0609]  In another embodiment, a method is provided that includes receiving a sour acid gas
stream at a splitier, the sour acid gas stream mcluding hydrogen sulfide and carbon dioxide and
operating the sphitter to split the sour acid gas stream info a first gas fraction and a second gas
fraction. The method also includes operating a hiquid-gas contactor reactor to receive a tail gas
stream that mcludes sulfur dioxide, absorb sulfur dioxide in a chilled first water stream to
produce chilled water that mcludes sulfur dioade, the chilled first water stream having a
temperature 10 the range of 5°C to 40°C, contact the second gas fraction with the chilled water
that includes sulfur dioxade to react, m an aqueous phase, sulfur dioxide and hydrogen sulfide
to produce sulfur, and output a sccond watcer stream that includes sulfur. The method also
mclades operating a filtration unit to remove the sulfur from the second water stream and outpat
a third water stream and recycling the third water stream to produce the chilled first water

streaim.

{6616}  In some embodiments, the method includes providing the first gas fraction 1o a
reaction furnace of a sulfur recovery unit (SRU). In some embodiments, the method includes
operating a chiller to receive the third water stream from the filtration unit and chill the third
water stream o a temperature in the range of 3°C to 40°C. In some embodiments, the method
mclhudes storing chilled water in a storage tank located downstream of the chiller and operable
to receive the chilled third water stream and output the chilled first water stream. In some
embodiments, the chilled first water stream has a temperature in the range of 10°C 10 20°C. In
some embodiments, the method includes operating the hiquid-gas contactor reactor to vent a
gas stream that includes carbon dioxide, mitrogen, and hydrogen sulfide, such that the gas
stream has less than 30 parts-per-million {(ppm) hvdrogen sulfide. In some embodiments, the
method includes adjusting a mass flow rate of the second gas fraction to maintain an amount
of 30 ppm hvdrogen sulfide in the gas stream. fo some cmbodiments, the sour acid gas stream

is received from an amine stnpper.
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{8611} In another embodiment, a svstem is provided that includes a splitter operable to
receive a sour acid gas stream and split the sour acid gas siream into a first gas fraction and &
second gas fraction, the sour acid gas stream including hyvdrogen sulfide and carbon dioxide.
The system also mcludes a hguid-gas contactor operable 1o receive a tail gas stream that
mclodes sulfur dioxide and absorb sulfur dioxide in a chilled first water stream to produce a
chilled second water stream that includes sulfur dioxade, the chilled first water stream having
a temperature 1 the range of 3°C to 40°C and a lhiquid-gas reactor operable fo contact the
second gas fraction with the chilled second water that inclades sulfor dioxide to react, in an
aqueous phase, sulfur dioxide and hydrogen sulfide to produce sulfur and output a third water
stream that includes sulfur. The system alse includes a filtration unit operable to remove sulfur
from the third water stream and output a fourth water stream, such that the fourth water stream

ts recycled to produce the chilled first water stream.

{8612} In some embodiments, the first gas fraction 1s provided to a reaction fumace of a
sulfur recovery unit (SRU}. In some embodiments, the system inchudes a settling tank located
upstream of the filtration unit and operable to receive the third water stream from the hiquid-
gas reactor, such that the settiing tank 1s operable to vent sulfur dioxide to a reaction furnace
of a sulfur recovery unit (SRU). In some embodiments, the system mchudes a chiller operable
to receive the fourth water stream from the filtration unit and chill the fourth water stream to a
temperature in the range of 53°C to 40°C. In embodiments, the system includes a storage tank
located downstream of the chiller and operable to receive the chilled fourth water stream and
output the chilled first water stream. In some embodiments, the chilled first water stream has a
temperature 0 the range of 10°C to 20°C. In some embodiments, the hquid-gas reactor is
further operable to vent a gas stream that includes carbon dioxide, nitrogen, and hydrogen
sulfide, such that the gas stream has less than 30 parts-per-million (ppm) hydrogen sulfide. In
some embodiments, the taif gas 1s received from a quench tower downstream from the thermal
oxidizer, such that the gas stream 1s vented to a thermal oxidizer. fn some embodiments, the
liguid-gas contactor is operable to vent a gas stream that includes nitrogen, carbon dioxide, and
sulfur dioxade. In some embodiments, the sour acid gas stream 1s received from an amine

stripper. In some embodiments, the splitter includes a hydrogen sulfide-selective membrane.

10613} Inanother embodiment, a method is provided that includes receiving a sour acid gas
stream at a splitier, the sour acid gas stream including hyvdrogen sulfide and carbon dioxide,

and operating the splitter to split the sour acid gas stream into a first gas fraction and a second
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gas fraction. The method also includes operating a hiquid-gas contactor o receive a tail gas
stream that includes suifur dioxide and absorb sulfur dioxide 1o a chilied first water stream to
produce a chilled sccond water stream that includes sulfur dioxide, the chilled first water stream
having a temperature in the range of 5°C to 40°C, and operating a liquid-gas reactor to contact
the second gas fraction with the chifled second water that inclades sulfur dioxide to react, in an
aqueous phase, sulfur dioxide and hydrogen sulfide to produce solfur and output a third water
stream that includes sulfur. The method also inchides operating a filtration unit to remove the
sulfur from the third water stream and output a fourth water stream and recveling the fourth
water stream to produce the chilled first water stream. In some embodiments, the method
mcludes providing the first gas fraction to a reaction furnace of a sulfur recovery unit (SRU}.
In some embodiments, the method includes operating a chiller to receive the third water stream
from the filtration unit and chill the third water stream fo a temperature in the range of 5°Cto
40°C. In some embodiments, the method includes storing chilled water in a storage tank located
downstream ot the chiller and operable to receive the chitled third water stream and output the
chilled first water stream. In some embodiments, the chilled first water stream has a
temperature in the range of 10°Cto 20°C. In some embodiments, the method includes operating
the liquid-gas contactor to vent a gas stream that includes carbon dioxide, nitrogen, and
hydrogen sulfide, such that the gas stream has less than 30 parts-per-muilion {ppm) hydrogen
sulfide. In some embodiments, the method includes adjusting a mass flow rate of the second
gas fraction to maintain an amount of 30 parts-per-million {ppm} hvdrogen sulfide in the gas

stream. In some embodiments, the sour acid gas stream is received from an amine stripper.

{8614} In another embodiment, a system is provided that includes a splitter operable to
receive a fuel gas stream and split the fuel gas stream 1nto a first gas fraction and a second gas
fraction, the fuel gas stream includimg hydrogen sulfide and a iquid-gas contactor operable to
receive a flue gas sircam that mncludes sulfur dioxide and absorb sulfur dioxide in a chilled first
water stream to produce a chilled second water stream that includes sulfur dioxade, the chilled
first water stream having a temperature in the range of 3°C 1o 40°C. The svstem also includes
a liquid-gas reactor operable to contact the second gas fraction with the chilled second water
that mchudes sulfur dioxade to react, in an agqueous phase, sulfur dioxide and hydrogen sulfide
to produce sulfur, output a third water stream that includes sultur, and ouiput a gas stream to a
gas turbine, the gas stream having less than 10 ppm hydrogen sulfide. The system also includes
a filtration unit operable to remove sulfur from the third water stream and output a fourth water

stream, such that the fourth water stream 1s recyeled to produce the chilled first water stream.
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8615} In some embodiments, the first gas fraction is provided to the gas turbine. In some
embodiments, the system includes a settling tank located upstream of the filtration onit and
operable to receive the third water stream from the hiquid-gas contactor, such that the setthing
tank is operable to vent sulfur dioxide to a reaction fumace of a sultur recovery unit (SRU). In
some embodiments, the system inclades a chiller operable to receive the fourth water stream
from the filtration unit and chill the fourth water stream €0 a temperature in the range of 5°Cto
40°C. In somc embodiments, the svstem includes a storage tank located downstream of the
chiller and operable to receive the chilled foarth water stream and cutput the chilled first water
stream. in some cmbodiments, the chilled first water stream has a temperature in the range of
10°C 10 20°C. In some embodiments, the liquid-gas contactor is operable to vent a gas stream
that mcludes nitrogen, carbon dioxide, and sulfur dioxide, the sulfur dioxade having less than

5 parts-per-million {(ppm}. In some cmbodiments, the splitter includes a hydrogen sulfide-

w

clective membrane. In some embodiments, the first gas fraction has 1/3 by mole of hydrogen
sulfide of the fuel gas stream and the second gas fraction has 2/3 by mole of hydrogen sulfide

of the fuel gas stream.

[B816]  In another embodiment, a method s provided that includes receiving a fuel gas
stream at a splitter, the fuel gas stream including hydrogen sulfide and operating the splitter to
split the sour acid gas stream into a first gas fraction and a second gas fraction. The method
also includes operating a liquid-gas contactor to receive a tail gas stream that includes sulfur
dioxide and absorb suifur dioxide i a chilled first water stream to produce a chilled second
water stream that inclades sulfur dioxide, the chilled first water stream having a temperatare in
the range of 3°C 1o 40°C. The method further mcludes operating a liquid-gas reactor to contact
the second gas fraction with the chilled second water that includes sulfur dioxide to react, inan
aqueous phase, sulfur dioxide and hydrogen solfide to produce sulfur, output a third water
stream that mchides sulfur, and output a gas stream to a gas turbine, the gas stream having less
than 10 ppm hydrogen sultide. The method also includes operating a filtration unit fo remove
the sulfur from the third water stream and output a fourth water stream and recycling the fourth

water stream to produce the chilled first water stream.

08177 In some embodiments, the method includes providing the first gas fraction to the gas
turbine. In some embodiments, the method includes operating a chiller to receive the fourth
water stream from the filtration unit and chill the fourth water strcam to a temperature in the

range of 3°C 1o 40°C. In some embodiments, the method ncludes storing chilled water in a

G-
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storage tank located downstream of the chilier and operable o receive the chilled fourth water
stream and output the chilled first water stream. In some embodiments, the chilled first water
stream has a temperature in the range of 10°C to 20°C. In some embodiments, the method
meludes adjusting a mass flow rate of the second gas fraction to mamtain an amount of 10 ppm

hydrogen sulfide in the gas stream.

{8618}  In another embodiment, a svstem is provided that includes a splitter operable to
receive a sour acid gas stream and split the sour acid gas siream into a first gas fraction and &
second gas fraction. The sour acid gas stream includes hydrogen sulfide and carbon dioxide.
The system further includes a sulfur furnace operable to produce a gas stream by the
combustion of sulfur such that the gas stream inclades sulfur dioxide. The system further
mcludes a liquid-gas contactor reactor operable to receive the gas stream that includes sulfur
dioxide from the sulfur furnace, absorb sulfur dioxide in a chilled first water stream 1o produce
chilled water that includes sulfur dioxide, the chilled first water stream having a temperature
in the range of 5°C to 40°C, contact the second gas fraction with the chilled water that inchudes
sultur dioxide to react, in an aqueous phase, sulfur dioxide and hydrogen sulfide to produce
sulfur, and ouiput a second water stream that includes sulfur. The system also mcludes a
filtration onit operable to remove sulfur from the second water stream and output sulfurand a
third water stream, such that the third water stream is recveled to produce the chilled first water

streaim.

{6619}  In some embodiments, the first gas fraction s provided to a reaction furnace of a
sulfur recovery unit (SR}, In some embodiments, the svstem ncludes a settling tank located
downstream of the filtration unit and operable to receive the sulfur from the filiration unit,
wherein the suifur is provided from the setiling tank to the sulfer furmnace. In some
embodiments, the system includes a chiller operable to reccive the third water stream from the
filtration unit and chill the third water stream 1o a temperature in the range of 3°C to 40°C. In
some embodiments, the syvstem includes a storage tank located downstream of the chiller and
operable to receive the chilled third water stream and output the chilled first water stream. In
some embodiments, the chilled first water stream has a temperature in the range of 10°C to
20°C. In some embodiments, the sour acid gas stream is received from an amine stripper. In

some embodiments, the splitter includes a hydrogen solfide-selective membrane.

8628}  In another embodiment, a method is provided that includes receiving a sour acid gas

stream at a splitter, the sour acid gas stream including hydrogen sulfide and carbon dioxide,

.-
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operating the splitter to sphit the sour acid gas stream into a first gas fraction and a second gas
fraction, and operating a sulfur furnace to combust sulfur and produce a gas stream that inchudes
sultur dioxide. The method also includes operating a liquid-gas contactor reactor to receive the
gas stream that includes sulfur dioxide from the sulfur furnace, absorb sulthur dioxide in a
chilled first water stream to produce chilled water that includes sulfur dioxide, the chilled first
water stream having a temperature in the range of 5°C to 40°C, contact the second gas fraction
with the chilled water that tncludes sulfur dioxide to react, in an agueous phase, sulfur dioxide
and hvdrogen sulfide to produce sulfur, and output a second water stream that includes sulfur,
The method further includes operating a filtration unit to remove the sulfur from the second
water stream and output sulfur and a third water stream and recycling the third water stream to
produce the chilled first water stream. In some embodiments, the method mcludes providing
the first gas fraction to a reaction fumace of a sulfir recovery umt {(SRU}. In some
embodiments, the method inchudes operating a chiller to receive the third water stream from
the filtration unit and chill the third water stream to a temperature in the range of 3°C 10 40°C.
In some embodiments, the method includes storing chilled water in a storage tank located
downstream of the chiller and operable to receive the chilled third water stream and output the
chilled first water stream. In some embodiments, the chilled first water strcam has a
temperature m the range of 10°C 1o 20°C. In some embodiments, the sour acid gas stream 1s

received from an amine stripper.

{8621} In another embodiment, a svstem is provided that includes a splitter operable to
receive a sour acid gas stream and split the sour acid gas stream into a first gas fraction and a
second gas fraction. The sour acid gas stream includes hvdrogen sulfide and carbon dioxade.
The svstem also includes a sulfur furnace operable to produce a gas stream by the combustion
of sulfur, such that the gas stream includes sulfur dioxide, and a liqund-gas contactor operable
to receive the gas stream that includes sulfur dioxide from the sulfur furnace and absorb the
sulfur dioxide in a chilled first water stream to produce a chilled second water stream that
meludes sulfur dioxide, the chilled first water stream having a temperature mn the range of 3°C
to 40°C. The system further includes a higquid-gas reactor operable o contact the second gas
fraction with the chilled second water stream that includes sulfur dioxide to react, in an aqueous
phase, sulfur dioxide and hydrogen suifide to produce sulfur and output a third water stream
that mncludes sulfur, and a filtration unit operable to remove sulfur from the third water stream
and output sulfur and a fourth water stream, wherein the fourth water stream is recycled to

produce the chilled first water stream.
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18622} In some embodiments, the first gas fraction 1s provided fo a reaction furnace of a
sulfur recovery unit (SRU}. In some embodiments, the system includes a settling tank located
dowustream of the filtration unit and operable to reccive the sultur from the filtration unit,
wherein the sulfur is provided from the setthng tank to the sultfur fumace. In some
embodiments, the system includes a chiller operable to receive the fourth water stream from
the filtration unit and chill the fourth water stream to a temaperature in the range of 5°C to 40°C.
In some emboduments, the system mcludes a storage tank located downstream of the chiller
and operable to receive the chilled fourth water stream and output the chilled first water stream.
In some embodiments, the chilled first water strean: hag a temperature in the range of 16°Cto
20°C. In some embodiments, the sour acid gas stream is received from an amine stripper. In

some embodiments, the splitter includimg a hydrogen sulfide-selective membrane.

{6623}  In another embodiments, a method is provided that includes receiving a sour acid
gas stream at a splitier, the sour acid gas stream including hvdrogen sulfide and carbon dioxade,
and operating the splitter to split the sour acid gas stream nte a first gas fraction and a second
gas traction. The method also includes operating a sulfur furnace to combust sulfur and produce
a gas stream that mcludes sulfur dioxide and operating a liquid-gas contactor to receive the gas
stream that includes sulfur dioxade from the sulfur famace and absorb sulfur dioxide i a chilled
first water stream to produce a chilled second water stream that includes sulfur dioxide, the
chilled first water stream having a temperature in the range of 5°C 10 40°C. The method further
meludes operating a liguid-gas reactor to contact the second gas fraction with the chilled second
water stream that imcludes sulfur dioxdde to react, in an agueous phase, sulfur dioxide and
hydrogen sulfide to produce sulfur and output a third water stream that includes sulfur.
Additionally, the method mcludes operating a filtration unit to remove the sulfur from the third
water stream and output sulfur and a fourth water stream and recveling the fourth water stream

to produce the chilled firgt water stream.

8624} In some embodiments, the method includes providing the first gas fraction to a
reaction furnace of a sulfur recovery vuit (SRU). In some embodiments, the method includes
operating a chiller to receive the third water stream from the filtration unit and chill the third
water stream to a temperature in the range of 5°C to 40°C. In some embodiments, the method
mcludes storing chilled water in a storage tank located downstream of the chiller and operable

to receive the chilled third water stream and output the chilled first water stream. In some

0.
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embodiments, the chilled first water stream has a temperature in the range of 10°C 10 20°C. In

some embodiments, the sour actd gas stream is received from an amine stripper.

{8825}  In another embodiment, a system s provided that includes a sulfur furnace operable
to produce a gas stream by the combustion of sulfur, the gas stream including sulfur dioxide,
and a liguid-gas contactor operable to receive the gas stream that includes sulfur dioxide from
the sulfor fumace and absorb sulfur dioxide in a chilled first water stream fo produce a chilled
second water stream that includes sulfur dioxade, the chilled first water stream having a
temperature in the range of 3°C to 40°C. The system also includes a liguid-gas reactor operable
to contact a fuel gas stream that includes hydrogen suifide with the chilled second water that
mcludes sulfur dioxide to react, in an aquecus phase, sulfur dioxide and hydrogen sulfide to
produce sulfur, output a third water stream that includes suifur, and output a gas stream to a
gas turbine, the gas stream having less than 10 ppm hydrogen sulfide. The system also includes
a filtration unit operable to remove sulfur from the third water stream and output sulfur and a
fourth water stream, wherein the fourth water stream 1s recveled to produce the chilled first

watcr strean.

10626]  Insome embodiments, the system inclodes a settling tank located downstream of the
filtration unit and operable to receive the sulfur from the filtration unit, wherein the sulfur s
provided from the settling tank to the sulfur furnace. In some embodiments, the svstem includes
a chiller operable to receive the fourth water stream from the filtration unit and chilf the fourth
water stream to a temperature in the range of 5°C to 40°C. In some embodiments, the system
meludes a storage tank located downstream of the chiller and operable to receive the chille

fourth water stream and output the chilled first water stream. In some embodiments, the chilled

first water stream has a temperatare in the range of 10°C to 20°C.

18627}  In another embodiment, a method iz provided that includes receiving a fuel gas
stream that includes hydrogen sulfide and operating a sulfur furnace to combust sulfur and
produce a gas stream that includes sulfur dioxide. The method also includes operating a iquid-
gas contactor to receive the gas stream that includes sulfur dioxade from the sulfur fismace and
absorb sulfur dioxide in a3 chilled first water stream to produce a chilled second water stream
that mcludes sultur dioxide, the chilled first water stream having a temperature in the range of
5°C 10 40°C. The method further includes operating a hiquid-gas reactor to contact the fucl gas
with the chilled second water that includes sulfur dioxide to react, in an agqueous phase, sulfur

dioxide and hydrogen suifide to produce sulfur, cutput a third water stream that inchudes sulfur,

10~
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and output a gas stream to a gas turbine, the gas stream having less than 10 ppm hydrogen
sulfide. The method also includes operating a filtration unit to remove the salfur from the third
water stream and output sulfur and a fourth water stream and recveling the fourth water stream

to produce the chilled first water stream.

{0028]  In some embodiments, the method includes operating a chiller to receive the fourth
water stream from the filtration unit and chill the fourth water stream to a temperature in the
range of 5°C to 40°C. In some embodiments, the method includes storing chilled water in a
storage tank located downstream of the chiller and operable to receive the chilled fourth water
stream and output the chilled first water stream. In some embodiments, the chilled first water

stream has a temperature in the range of 10°Cto 26°C.

BRIEF DESCRIPTION OF THE BRAWINGS

{8029}  FiG. 1 15 a schematic diagram of a system for the recovery of sulfur dioxide {502}

from tail gas of a sulfur recovery plant m accordance with an embodiment of the disclosure;

{0630}  FIG. 2 s a block diagram of a process for the recovery of sulfur dioxade {(80O3) from

tail gas of a sulfur recovery plant in accordance with an embodiment of the disclosure;

{3031} FIG. 3 is a schematic diagram of a system for the recovery of sulfur dioxide (502)

from tail gas of a sulfur recovery plant i accordance with an embodiment of the disclosure;

{8632} FIG. 4 is a block diagram of a process for the recovery of sulfur dioxide (502) from

tail gas of a sulfur recovery plant in accordance with an embodiment of the disclosure;

{8833}  FIG. 5 15 a schematic diagram of a system for the recovery of salfur dioxide (5Cz)

from flue gas in accordance with an embodiment of the disclosuie;

{8634} FIG. 6 15 a schematic diagram of a system for the recovery of sulfur dioxide (800}

from flue gas in accordance with an embodiment of the disclosure;

10635} FIG. 7 s a block diagram of a process for the recovery of soalfur dioade (802) from

flue gas in accordance with an embodiment of the disclosure;

{8636} FIG. 8 is a schematic diagram of a system for the reduction of hydrogen sulfide
{H25) m sour gas and the generation of sulfur dioxide (SO2) from produced sulfur in accordance

with an embodiment of the disclosure;

-11-
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186377 FIG. 9 1s a block diagram of a process for the reduction of hvdrogen selfide (HzS)
i sour gas and the generation of sulfur dioxide (803} from produced sulfur using the system

depicted m FIG. 8 in accordance with an embodiment of the disclosure;
)

10638}  FIG. 10 is a schematic diagram of a system for the reduction of hydrogen sulfide
{H28) m sour gas and the generation of sulfur dioxide (SO2) from produced sulfur in accordance

with an embodiment of the disclosure;

{8839}  FIG. 11 s a block diagram of a process for the reduction of hvdrogen sulfide (H28)
in sour gas and the generation of sulfur digxade (802} from prodoced sulfur using the system

depicted 1o FIG. 10 in accordance with an embodiment of the disclosure;

864887  FIG. 12 18 a schematic diagram of a system for the reduction of hydrogen sulfide
{(H25) in fuel gas and the generation of sulfur dioxade (50:) from produced sulfur in accordance

with an embodiment of the disclosure; and

{0641}  FIG. 13 15 a block diagram of a process for the reduction of hydrogen sulfide (HzS)
i fuel gas and the generation of sulfur dioxide (502} from produced sulfur using the system

depicted in FIG. 12 in accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

{0642} The present disclosure will be described more fully with reference 1o the
accompanying drawings, which illustrate embodiments of the disclosure. This disclosure may,
however, be embodied in many different forms and should not be construed as himited to the
illustrated embodiments. Rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the disclosure to those skilled in

the art.

{6643} Embodiments of the disclosure include systems and processes for the recovery of
sulfur dioxide (5802}, In some embodiments, the sulfur dioxade (80:) may be recovered from
tail gas of a sulfur recovery plant. In some embodiments, sulfur dioxide {502) may be recovered
from flue gas from a power plant, such as a gas turbine power plant. The systems and processes
that enables the efficient and cost effective recovery of sulfur dioxide (SO2) without the use of
amine-based scrubbers for removing S0 and without the use of bacteria-based hydrogen
sulfide (H2S) removal, as well as other technigues that have relatively large energy

consumptions and costs.



WO 2020/215001 PCT/US2020/028836

{8644} FIG. 1 depicts a system 100 for the recovery of sulfur dioxide (502} from tail gas of
a sulfur recovery plant in accordance with an embodiment of the disclosure. The gystem
mcludes a sphitter 102, a liquid-gas contactor reactor 104, a settling tank 106, a solid-liquid
separation unit 108, a chiller 110, and a chilled water storage unit 112. As explamed below, the
system 100 may comnected to two thermal oxidizers of a sulfor recovery umit (SRU}: a first
thermal oxidizer to process gas vented from the liguid-gas contactor reactor 104, and a second
thermal oxidizer to process tail gas of the sulfur recovery unit (SRU) and provide an SOr-rich
stream {(that 18, a stream in which most of the §0» of the process is located) to the liguid-gas

contactor reactor 104.

[8845]  As shown in FIG. 1, the splitter 102 may receive a sour acid gas stream 114 that
mncludes hydrogen sulfide (H:S) and carbon dioxide {(CO2). The sour acid gas stream 114 may
be provided by the stripping of a loaded amine, such as from an amine regencration unit. The
sour acid gas stream 114 1s split via the splitter 102 mto a first gas fraction 116 having HaS and
€02 and a second gas fraction 118 having HaS and C(h. The first gas fraction 116 may be
greater than 50% by mass of the sour acid gas stream 114, and the second gas fraction 118 may
be less than 50% by mass of the sour acid gas stream 114 (in some embodiments, the second
gas fraction may be referred to as a “slip” stream or flow}. The first gas fraction 116 s sent to
a sulfur recovery unit (SRU} for recovery of sulfur from H:S at the recovery rate provided by
the sulfur recovery unit, such as via a reaction furnace (RF) of the sulfur recovery unit as is

known o the art.

[B046] In some embodiments, the sphiter 102 may mclude HoS and CO» selective
membranes to assist in reducing the first gas fraction 116 and also aid in debottlenecking the
system 100. In some embodiments, the HaS and CO: selective membranes may include those
desenbed in U.S. Patent No. 9,593,015, a copy of which is hereby incorporated by reference
for purposes of United States Patent Practice. In such embodiments, the HaS selective
membrane may be selected from the group consisting of polyphosphazene type polymer
membranes, polvether-polyamide copolvmer membranes, ionic Haguid membranes, ionic liguid
membrane contactors, and combmnations thereof. In some embodiments, a carbon dioxade
selective membrang may be selected from the group consisting of an amorphous fluoroplastic
membrane, an amorphous perfluoropolymer membrane. a random fluorocopolymer membrane,

a perfluorinated copolvmer membrane, and combinations thereof,
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18647}  The second gas fraction 118 is sent to the liguad-gas contactor reactor 104 for contact
with a chilled water stream 120 received by the higuid-gas contactor reactor 104, In some
cmbodiments, the chilled water stream 120 has a temperature in the range of about 5°C to about
40°C. In some embodiments, the chilled water stream 120 has a temperature in the range of
about 10°C to about 20°C. In some embodiments, the flow rate (for example, mass flow rate)
of the second gas fraction 118 may be monitored and adjusted to maintain an HoS emission at
or less than 30 ppm from the sysiem 100, In such embodiments, an HoS emission at or less than

10 ppm may provide for a sulfur recovery or at least 99.95% from the system 100.

[3048]  The hquid-gas contactor reactor 104 also receives an SOz-rich stream 122 (that is, a
stream in which most of the SO» of the process s located), such as from a quench tower (T}
downstream of a thermal oxidizer of a sulfur recovery unit (SRU}. As known the in the art, a
quench tower may receive SOz-rich streams from a thermal oxidizer that processes tail gas in
a sulfur recovery unit (SRU3. The thermal oxadizer may convert sulfur containing compounds
i the tail gas to 502, The SOu-rich stream output from the thermal oxidizer may be provided
to a quench tower for cooling to produce SO2-rich stream 122 received by the hiquid-gas

contactor reactor 104,

{0049]  The hquid-gas contactor reactor 104 reacts the Ha2S in the second gas fraction 118
with the SOz in the chilled water stream 120 to produce elemental sulfur. The vanous feeds to
the higuid-gas contactor reactor 104 may be imjected at different levels to facilitate an agqueous
reaction of the HoS in the second gas fraction 118 with the $0O; in the chilled water. The second
gas fraction 118 having HaS may be injected at or near (for example, in the bottom 1/3 of the
reactor 104} the bottom of the hiquid-gas contactor reactor 104, In some embodiments, the SOz-
containing tail gas stream 122 may be injected in the middle of the liguid-gas contactor reactor
104 to ensure maximum dissolution of the SOz mn the chilled water strcam 120, The chilled
water stream 120 may be mjected at or near (for example, in the top 1/3 of the reactor 104) the
top of the liguid-gas contactor reactor 104 and may circulate in a closed loop. Thus, as will be
appreciated, HoS and SOb are introduced separately to the chilled water stream 120 (that 1s, the
HzS and SO» are not ntroduced to the chilled water stream 120 simultancously). The separate
mtroduction minimizes or prevents competition between HoS and $O: for absorption by the

chifled water stream 120.

{86587 A gas stream 124 may be vented from the liguid-gas contactor reactor 104 to a

second thermal oxidizer and then a stack for processing and venting. As nitrogen (N2} and
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carbon dioxide (C(:2) are only partially soloble in the chilled water i the liguid-gas contactor
reactor 104, the gas stream 124 may include COn, No, and small amounts of HoS (for example,

less than 30 ppm).

106517 As will be appreciated, the dissolution of the SO in the chilled water may be
mmproved by the low water temperature of the chilled water. 502 1s approximately 40 times
more soluble i water at 0 °C than at 90 °C. The dissolution of the 802 may be expressed by

the following formula:
AHas S0ug 2 S020g.= -26.9+0.3 ki/mol (1

{8652}  The dissolved 802 1n the chilied water reacts with the HzS to form elemental sultur
dispersed in water (that is, colloidal sulfur) in the bottom portion of the higuid-gas contactor

reactor 104,

{00531 The sulfur formed in the hiquid-gas contactor reactor 104 is entrained to the setthing
tank 106, as shown by sulfur stream 126 1o FIG. 1. In certain embodiments, the settling tank
106 aids to stabilize the flow of the entrained sulfur. In some embodiments, excess gas 128

may be vented from the settling tank 106 to a reaction fumace of a subfur recovery unit (SRU}.

[6054] The sulfur stream 130 cutput from the setthing tank 106 s provided to a solid-liguid
separation unit 108 that removes colloidal sulfur from the water in the sulfur stream 130. The
solid-liquid separation unit 108 may be a filtration unit, a centrifuge unit, or may include both
filtration and centrifugal separation processes as known in the art. The sulfur 132 from the
sulfur-water separation unit 108 may be mixed with molten sulfur for further processing or

disposed of, such as in a landfill or other disposal areas.

10655)  The filtered water stream 134 from the solid-hquid separation unit 108 is cooled via
the chiller 110 to a temperature suitable for the reaction in the iquid-gas contactor reactor 104
(that 1s, a temperature to provide the desired SOn solubility n water). The chiller 110 may
remove heat from the filtered water stream 134 using techmques known in the art, such as a
vapor-compression or absorption refrigeration cvele. In other embodiments, a cooling tower
may be used to cool the filtered water stream 134, In some embodiments, the chiller 110 may
cool the filtered water stream 134 to a temperature in the range of about 5°C to about 40°C. In

some embodiments, the chiller 110 may cool the filtered water stream 134 to 3 tomperature in
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the range of about 10°C to about 26°C. The chilled water {stream 136} from the chiller 110 15

provided to a chilled water storage unit 112.

{0086]  The chilled water storage unit 112 provides the chilled water stream 120 to the
hiquid-gas contactor reactor 104, such as via a pamp 138, The chilled water storage unit 112
may be an insulated vessel that maintains the chilled water in a temperature range. The storage
of chilied water by the chilled water storage unit 112 may accommodate a variety of mlet flow
conditions and imlet 502 concentration that may occcur during startup, shutdown, and
malfunction {SSM). In some embodiments, excess gas 140 may be vented from the chilled
water storage unit 112 to a reaction furnace of a sulfur recovery unit. However, as will be
appreciated, the temperature of the chilled water in the chilled water storage unit 112 may result

m negligible or zero amounts of released 50:.

8657}  In some embodiments, the water used in the system 100 1s freshwater and does not
mclude brackish water or scawater. In some embodiments, the water used in the system 100
may be sourced or made-up from a sour water stripper. In such embodiments, excess water
produced in the system 100 (for example, produced by the liqund-gas contactor reactor 104)
may be provided to a water stripper. The water stripper may receive a concentrated sulfur
stream (for example, the stream 132 from the solid-liquid separation unit 108) and melt the
sulfur and strip the water. The stripped gas from the excess water may be nich in 502 and may

be routed to an absorber or a sulfur recovery unit (SRU)Y.

[8838]  FIG. 2 depicts a process for recovering sulfur using the svstem 100 depicted in FIG.
1 in accordance with an embodiment of the disclosure. lnitially, a sour acid gas feed stream
that includes HaS and CO2 may be received (block 202), such as from an amine regeneration
unit. The sour acid gas feed stream may be separated into a first gas fraction and second gas

fraction via a splitter {block 204}

[0639]  The first gas fraction may be routed to a reaction furnace of a sulfur recovery unit
{(SRUj) {block 206}, A 50:-rich gas from a first thermal oxidizer may be received at a liquid-
gas contactor reactor and dissolved in chilled water in the biquid-gas contactor reactor {block
208). In some embodiments, the chilled water has a temperature in the range of about 5°C to
about 40°C. In some embodiments, the chilled water has a temperature 1n the range of about
10°C 1o about 20°C. The second gas fraction may be contacted with the SOs-containing chilled

water n the liquid-gas contactor reactor, and HoS in the second gas fraction may be agueously
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reacted with the dissolved S0hn the chilled water (block 210}. Gas may be vented from the

liquid-gas contactor reactor to a second thermal oxidizer (block 212).

[0860]  Next, entramed sulfur produced by the reaction of the Ho8 and SO» dissolved in the
chilled water mav coliected in a settling tank (block 214} for stabilization of flow of the
entrained sulfur. The sulfur and water may then be separated m a hquid-solid separation unit
{block 216} via a filtration process, centrifugal separation process, or both. The sulfur may be
routed for further processing or disposal {block 218}, The water separated from the sulfor may
be cooled via a chiller to produce chilled water, and the chilled water may be stored in a chilled
water storage tank {(block 220). The chilled water from the chilled water storage tank may be
provided to the liguid-gas contractor reactor (block 222} at a temperature in the range of aboot
5°C to about 40°C o1, in some embodiments, at a toemperature in the range of about 10°C 1o

about 20°C.

{8661}  FiG. 3 depicts a svstem 300 for the recovery of sulfur dioxide (S0O2) from tail gas of
a sulfur recovery plant in accordance with another embodiment ot the disclosure. In contrast to
the system 100 depicted in FIG. 1, the system 300 10 FIG. 3 includes separate vessels for the
absorption and reaction used to recover SOz from tail gas. The system 300 includes a splitter
302, a liquid-gas contactor reactor 304, a liquid-gas contactor 306, a settling tank 308, a solid-
hiquid separation unit 310, a chiller 312, and a chilled water storage wmt 314, In contrast to the
system 100 described above and depicted in FIG. 1, the system 300 may be include or be
connected o a single thermal oxidizer of a sultur recovery unit {SRU). The single thermal
oxidizer may process gas vented from the hguid-gas contactor reactor 304 and also process tail
gas of the sulfur recovery unit (SRU} to provide an SO2-rich stream to the higoid-gas contactor

306.

180621  As shown i FIG. 3, the splitter 302 may operate similarly to the splitter 102
described above and may receive a sour acid gas strean 316 that inchides hydrogen sulfide
{H:z8) and carbon dioxade (CO2). The sour acid gas stream 3 16 may be provided by the stripping
of a loaded amine, such as from an amine regeneration umit, The sour acid gas stream 316 1s
split via the splitter 302 into a first gas fraction 318 having HoS and €0z and 2 second gas
fraction 320 having HoS and COn. The first gas fraction 318 is scut 1o a sulfur recovery unit
{SRU) for recovery of sutfur from HaS at the recovery rate provided by the sulfur recovery unit
{SRU), such as via a reaction furnace (RF) of the sulfur recovery unit (SRUJ) as 1s known in the

art.
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8663} In some embodiments, the splitter 302 may mclude HoS and Cih selective
membranes to assist in reducing the first gas fraction 318 and alsc aid in debottlenecking the
systern 300. In some cmbodiments, the HaS and COz selective membranes may include those
described in U.S. Patent No. 9,593,015, a copy of which 1s hereby incorporated by reference
for purposes of United States Patent Practice. In such embodiments, the HoS sclective
membrane the may be selected from the group consisting of polyphosphazene type polymer
membranes, polyether-polyamide copolymer membranes, ionic liquid maembranes, ionic liguid
membrane contactors, and combinations thercof. In some embodiments, a carbon dioxide
selective membrane may be selected from the group consisting of an amorphous flucroplastic
membrane, an amorphous perfluoropolymer membrane, a randor fluorocopolvimer membrane,

a perfluorinated copolymer membrane, and combinations thereot.

{0064]  The second gas fraction 320 is sent to the liquid-gas contactor reactor 304, The
higuid-gas contactor reactor 304 receives an SOx-containing chilled water stream 322 from the
hguoid-gas contactor 306, such as via pomp 324. A gas stream 326 may be vented from the
hiquid-gas conmtactor reactor 304 to a thermal oxidizer and stack for processing and venting. The
gas stream 326 may wnclude C0O2, N2, and small amounis of HoS (for example, less than 30

ppm).

{8665}  As mentioned above, the 50:~contaimng chilled water stream 322 15 received from
the higuid-gas contactor 306. The liquid-gas contactor 306 receives a chilled water stream 328
and an SOsz-containing tail gas stream 330, such as from a quench tower {QT) of a sulfur
recovery unif. In some embodiments, the chilled water stream 328 has a temperature in the
range of about 5°C to about 40°C. In some embodiments, the chilled water stream 328 has a
temperature in the range of about 10°C €0 about 20°C. The SO in the tail gas stream 330
dissolves in the chilled water stream 328 to produce the SOz-containing chilled water stream
322. Asnoted n the disclosure, the dissolution of the 50; in the chilled water may be improved
by the low water temperature of the chilled water. A gas stream 332 may be vented from the
hquid-gas contactor 306 to a stack for venting. The gas stream 332 may include CO2, N2, and

small amounts of SG:.

{0066]  The hquid-gas contactor reactor 304 reacts the H2S in the second gas fraction 320
with the 502 in the chulled water stream 322 to produce elemental sulfur. The second gas
fraction 320 having HzS may be injected at or near (for example, in the bottom 1/3) the bottom

of the liguid-gas contactor reactor 304. The chilled water stream 322 may be mjected at or near
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{for example, in the top 1/3) the top of the Hquid-gas contactor reactor 304, The dissolved 50»
in the chilled water reacts with the HzS to form clemental sulfur dispersed in water (that is,

colloidal sulfur) in the botiom portion of the hiquid-gas contactor reactor 304,

10667F  Thus, the liguid-gas contactor reactor 304 provides for reaction of the HeS with
dissolved 5O, while the hiquid-gas contactor 306 provides for absorption of SO2 by the chilled
water. Therefore, as will be appreciated, HnS and §G) are introduced separately to chilled water
streams 322 and 328 (that is, the HaS and 502 are not introduced to the chilled water streams
simultancously). The separate introduction mintmizes or provents competition between HaS
and SOz for absorption by the chilled water streams. The separate mtroduction may also
minintize or prevent reaction in pipes carrving the streams which would lead to the deposition

of sulfur in the pipes.

{8668}  The sulfur formed m the liguid-gas contactor reactor 304 is entrained to the settling
tank 308, as shown by sulfur stream 334 in FIG. 3. In certain embodiments, the setthing tank
308 aids to stabilize the tlow of the entrained sulfur. In some embodiments, excess gas 336

may be vented from the settling tank 308 to a reaction furnace of a sulfur recovery unit (SRU).

{8069] The sultor stream 338 output from the settling tank 308 is provided to a solid-liguid
separation unit 310 that mayv operate similar to the sohid-higuid separation unit 108 described
above. The solid-liquid separation unit 310 removes subfur from water in the sulfur stream 33¥
via filtration, centrifugal separation, or both. The sulfur 340 from the solid-hquid separation
wnit 310 may be mixed with molten sulfur for further processing or disposed of, such as via in

a landfill or other disposal areas.

{8678}  The filtered water stream 342 from the solid-liguid separation unit is cooled via the
chiller 312 for cooling to a temperature suitable for the liguid-gas contactor 306. The chiller
312 may remove heat from the filtered water stream 342 using techmigues known m the art,
such as a vapor-compression or absorption refrigeration cycle. In other embodiments, a cooling
tower may be used to cocl the filtered water stream 342 In some embodiments, the chiller 312
may cool the filtered water stream 342 to a temperature in the range of about 5°C to about
40°C. In some embodiments, the chiller 312 may cool the filtered water stream 342 to a

temperatare 1n the range of about 10°C to about 20°C.

{8871}  The chilled water (stream 344) from the chilier 312 18 provided to a chilled water

storage unit 314. The chilled water storage unit 314 may provide the chilled water stream 328
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to the iquid-gas contactor 306, such as via a pump 346. The chilled water storage unit 314 may
be an insuiated vessel that maintains the chilled water in a temperature range. The storage of
chilied water by the chilled water storage unit 314 may accommodate a variety of inlet flow
conditions and mlet SOz concentration that may occur during startup, shutdown, and
malfunction (SSM). In some embodiments, excess gas 315 may be vented from the chalied
water storage unit 314 to a reaction fumace of a subfur recovery unit (SRUY. However, as will
be appreciated, the temperature of the chilled water in the chilled water storage unit 314 may

result in neglisible or zero amounts of released SO;.

oD

{8672}  In some embodiments, the water used in the system 300 is freshwater and does not
mclude brackish water or seawater. In some embodiments, the water ased in the system 300
may be sourced or made-up from a sour water stripper. In such cmbodiments, excess water
produced in the svstem 300 (for example, produced by the hquid-gas contactor reactor 304}
may be provided to a water stripper. The walter stripper may receive a concentrated sulfur
stream (for example, the stream 340 from the solid-liquid separation unit 310} and melt the
sulfur and strip the water. The stripped gas from the excess water may be rich in SOz and may

be routed to an absorber or a sulfur recovery unit (SRU).

{0673}  FIG. 4 depicts a process for recovering sulfur using the system 300 depicted in FIG.
3 i accordance with an embodiment of the disclosure. As compared to the process 200 depicted
im Fi(z. 2, the process 400 in FIG. 4 uses separate vessels for the absorption and reaction used
to recover SO from tail gas. Additionally, the process 200 may recerve tatl gas from and vent
gas to a single thermal oxidizer (as opposed to two thermal oxidizers). Initially, a sour acid gas
feed stream that nclodes HeS and CO» may be recetved (block 402), such as from an amine
regencration urit. The sour acid gas feed stream may be separated into a first gas fraction and

second gas fraction via a splitter (block 404).

{8674}  The first gas fraction may be routed to a reaction furnace of a sulfur recovery unit
{SRU) (block 406). A 80z-nch gas from a thermal oxidizer may be received at a ligmd-gas
contactor (block 408}, The S{h-rich gas may be contacted with chilled water in the hquid-gas
contactor to produce SOz-contaiming chilled water (block 410). In some embodiments, the
chilled water has a temperature in the range of about 3°C to about 40°C. In some embodiments,

the chilled water has a temperature in the range of about 10°C {o about 20°C.
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8673}  The second gas fraction may be contacted with the SCa-containing chilled water in
a Hguoid-gas contactor reactor to aqueously react HzS in the second gas fraction with the
dissolved 502 in a liquid-gas contactor reactor {block 412} Gas may be vented from the liquid-

gas contactor reactor to the thermal oxadizer (block 414).

[0076]  Next, the sulfur produced by the reaction of the HzS and 502 dissolved in the chilled
water may collected in a setthing tank (block 416}, The sulfur and water may then be separated
m a liquid-solid separation unit (block 418} via a filtration process, centrifugal separation
process, or both. The sulfur may be routed for further processing or disposal (block 420). The
separated water may be cooled via a chiller to produce chilled water, and the chilled water may
be stored in a chilled water storage tank (block 422} The chilled water from the chilled water
storage tank may be provided to the liquid-gas contractor {block 424} at a temperature in the
range of about 3°C to about 40°C or, m some embodiments, at a temperature in the range of

about 10°C to about 20°C.

{88777 FIG. S depicts a system 500 for the recovery of sulfur dioxide (802} from flue gas,
and reduction of hydrogen sulfide (H:8) in fuel gas, in accordance with an embodiment of the
disclosure. The system 500 includes a splitter 502, a hquid-gas contactor reactor 504, a liguid-
gas contactor 506, a scttling tank 508, a solid-liquid scparation unit 510, a chiller 512, and a
chilled water storage unit 512, The svstem 500 may be connected to a gas turbine power plant

for routing of the fuel gas and receiving the flue gas as described in the system 500,

{0078]  The splitter 502 may receive a fuel gas 316 that includes hydrogen sulfide (HaS).
The fuel gas 316 may be received from a gas turbine power plant. The fuel gas 516 15 split via
the splitter 502 ito a first gas fraction 318 having HoS and a second gas fraction 520 having
H>S. The first gas fraction 518 may be sent to a gas turbine where the HaS may be oxidized by
combustion into 582. In other embodiments, the first gas fraction 518 may be routed to aboiler.
in some embodiments, clean gas may be mixed with the first gas fraction 518 before the first

gas fraction 518 is provided to a gas turbine or boiler.

{6679}  The second gas fraction 520 is sent to the hiquid-gas contactor reactor 504. The
higuid-gas contactor reactor 304 receives an SOx-containing chilled water stream 522 from the
hguoid-gas contactor 506, such as via pomp 524. A gas stream 526 may be vented from the
Liquid-gas contactor reactor 504 and provided to a gas turbine. The gas stream 526 may include

small amounts of HaS (for example, less than 10 ppm).
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{86887  In some embodiments, the first gas fraction 518 may meclude 1/3 by mole of the Ha&
in the fuel gas stream 516 (to send to a gas turbineg) and the second gas fraction 520 may inchide
2/3 by mole of the HoS in fuel gas stream 516 (for sending to the liquid-gas contactor reactor
5043). In some embodiments, the flow rate of the second gas stream 520 may be adjusted to
maintain an FoS concentration of 30 ppm or lower to optimal 50 consomption in the hiquid-

gas contactor reactor 504.

{0681}  As meuationed above, the SOz-contaiming chilled water stream 522 is received from
the hquid-gas contactor 506. The liquid-gas contactor 506 recetves a chilled water stream 528
and an 50z-containing flue gas stream 530, such as from a gas turbine power plant. In some
embodiments, the chilled water stream 528 has a temperature in the range of about 5°C to about
40°C. In some embodiments, the chilled water stream 528 has a temperatore in the range of
about 10°C to about 20°C. The fluc gas stream 530 may also include Nz and CO:. In some
embodiments, the flue gas stream 530 may be received from a quench tower (QT). In such
embodiments, the flue gas stream 530 may be cooled to a temperature of 100°F (about 38°C)
or less by the quench tower. The $O21n the fluc gas stream 330 dissolves i the chilled water
stream 528 to produce the SOz-containing chilled water stream 322, As noted in the disclosure,
the dissclution of the SC: in the chilled water may be tmproved by the low water temperature
of the chilled water. A gas stream 332 may be vented from the liquid-gas contactor 506 10 a

stack tor venting. The gas stream 532 may include COo, No, and trace amounts of S0,

{0082]  The liquid-gas contactor reactor 504 reacts the HzS in the sccond gas fraction 520
with the SO» in the chilled water stream 322 to produce elemental sultur. The second gas
fraction 520 having H:S may be injected at or near (for example, m the bottom 1/3} the bottom
of the liquid-gas contactor reactor 504, The chulled water stream 322 may be injected at or near
{(for exaraple, m the top 1/3) the top of the ligquid-gas contactor reactor 504. The dissolved SO:
i the chulled water reacts with the HzS to form elemental sulfur dispersed m water (that 1s,

colloidal sulfur} in the bottom portion of the hiquad-gas contactor reactor 504,

[0883]  Thus, the liquid-gas contactor reactor 504 provides for reaction of the HoS with
dissolved $QO:, while the lipud-gas contactor 506 provides for absorption of 8Os by the chilled
water. Accordingly, as will be appreciated, HzS and SO2 are mtroduced separately to chilled
water streams 522 and 528 (that 15, the HoS and SOz are not wntroduced to the chilled water

streams simultangouslhy ).
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{8684}  The sulfur formed m the liguid-gas contactor reactor 304 is entrained to the settling
tank 508, as shown by sulfur stream 534 in FIG. 5. Inn certain embodiments, the setthing tank
508 aids to stabilize the flow of the entrained sulfur. In some embodiments, excess gas 536

may be vented from the settling tank 308 to a reaction fumace of a sulfur recovery unit (SRU).

{06085] The sulfur stream 538 output from the settling tank 308 is provided to a solid-liguid
separation unit 510 that mayv operate similar to the solid-higuid separation unit 108 described
above. The solid-liquid separation unit 510 removes subfur from water in the sulfur stream 53¥
via filtration, centrifugal separation, or both. The sulfur 540 from the solid-liquid separation
unit 510 may be mixed with molten sulfur for further processing or disposed of, such as viain

a landfill or other disposal areas.

[0086]  The filtered water stream 342 from the solid-liguid separation unit 1s cooled via the
chiller 512 for cooling to a temperature suitable for the liquid-gas contactor 506. The chiller
512 may remove heat from the filtered water stream 542 using technigues known in the art,
such as a vapor-compression or absorption refrigeration cycie. In other embodiments, a cooling
tower may be used to cool the filtered water stream 542, The chilled water (stream 544} from
the chiller 512 is provided to a chilled water storage unit 514. In some embodiments, the chiller
512 may cool the filtered water stream 542 to a temperature in the range of about 5°C to about
40°C. In some embodiments, the chiller 312 may cool the filtered water stream 542 to a
temperature in the range of about 10°C to about 20°C. The chilled water storage unit 514 may
provide the chilled water stream 528 to the liquid-gas contactor 506, such as via a pump 546,
The chilled water storage unit 514 may be an insulated vessel that mamtains the chilled water
in a temperature range. In some embodiments, excess gas 515 may be vented from the chilled
water storage unit 514 to a reaction fumace of a subfur recovery unit (SRUY. However, as will
be appreciated, the temperature of the chilled water in the chilled water storage unit 514 may

result in neghigible or zero amounts of released SO:.

[B087] In some embodiments, a sphitter having a membrane may be used to split gas
fractions from the fuel gas received by the svstem described in the disclosure. FIG. 6 depicts a
system 600 for the recovery of sulfur dioxide (80} from flue gas, and reduction of hydrogen
sulfide (H2S) in fuel gas, in accordance with another embodiment of the disclosure. In contrast
to the system 500 depicted m FIG. 5, the system 600 mcludes a membrane splitter 602. The
remaining components of the system 600 are the same and operate in the same manner as the

compeonents of the system 500, As shown in FIG. 6, the systern 600 includes the hiquid-gas
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contactor reactor 504, the liguid-gas contactor 506, the setthing tank 508, the solid-liqud

separation unit 510, the chiller 512, and the chilled water storage unit 514,

{3888}  The membrane splitter 602 may include a membrane that can preferentially permeate
H:5 over other gas components. In some embodiments, the membrane may be a membrane
formed from polyether-polvamide copolymer (that is, a polyether block amide such as for
example, a PEBAX® membrane). The membrane splitter 602 advantageously enables a
significant reduction n the flow rate of the second gas fraction 520 (for example, less than 2/3
of the fucl gas stream} as compared to the splitter 502. The flow rate of the second gas fraction

520 may be adjusted via a slip stream 604 from the fuel gas stream 516,

[068%]  In some embodiments, the water used i the systems 500 or 600 is freshwater and
does not imnclude brackish water or scawater. In some embodiments, the water used in the
systems 300 or 600 may be sourced or made-up from a sour water stripper. In such
crbodiments, excess water produced in the svstems 500 or 600 {for example, produced by the
hgud-gas contactor reactor 304) may be provided to a water stripper. The water stripper may
receive a concentrated sulfur stream (for example, the stream 540 from the solid-liguid
separation unit 510} and melt the sulfur and strip the water. The stripped gas from the excess

water may be rich m 502 and may be routed to an absorber or a sulfur recovery unit (SRU).

18698}  FIG. 7 depicts a process for the treatment of SO in flue gas using the system 500
depicted in FIG. 5 or the process 600 depicted in FIG. 6 n accordance with an embodiment of
the disclosure. Initially, a fucl gas stream that mclades Ha§S, such as a fuel gas for a gas turbine,
may be received {block 702). The fuel gas streamm may be separated into a first gas fraction and

second gas fraction via a splitter (block 704).

{8691}  The first gas fraction may be routed to gas turbine for use as fuel (block 7063 A
S0Oz-nich flue gas (that is, a stream i which most of the SGs of the process is located) may be
recetved (block 708), such as from a quench tower (QT) that cools the flue gas. In some
embodiments, the flue gas may originate from a gas turbine power plant. The SGq-rich flue gas
may be contacted with chilled water in the liquid-gas contactor to produce SO:s-containing
chilled water (block 710). In some embodiments, the chilled water has a temperature m the
range of about 5°C to about 40°C. In some embodiments, the chilled water has a temperature

in the range of about 10°C to about 20°C.
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8692}  The second gas fraction may be contacted with the SCa-containing chilled water in
a Hguoid-gas contactor reactor to aqueously react HzS in the second gas fraction with the
dissolved 502 in a liquid-gas contactor reactor {(block 712} Gas may be vented from the liquid-

gas confactor reactor to a gas turbine for fuel (block 714).

{00931 Next, the sulfur produced by the reaction of the HzS and 502 dissolved in the chilled
water may collected in a setthing tank (block 716}, The sulfur and water may then be separated
m a liquid-solid separation unit (block 718} via a filtration process, centrifugal separation
process, or both. The sulfur may be routed for further processing or disposal (block 720). The
separated water may be cooled via a chiller to produce chilled water, and the chilled water may
be stored in a chilled water storage tank (block 722}. The chilled water from the chilled water
storage tank may be provided to the liguid-gas contractor reactor (block 724) at a temperature
m the range of about 5°C to about 40°C or, in some embodiments, at a temperature in the range

of about 10°C to about 20°C.

[B094]  In some embodiments, a sulfur furnace may be used to generate SO from produced
sulfur instead of obtaining 80» from a tail gas stream or a flue gas stream. FIG. & depicts a
system 800 for the reduction of hydrogen sulfide (H25} in sour gas and the generation of sulfur
dioxide (SO} from produced sulfur using a sulfur fumace in accordance with another
embodiment of the disclosure. As will be appreciated, the svstem 800 1s a modified version of
the system 100 depicted in FIG. 1. In contrast to the system 100 depicted in FIG. 1, the system
800 1n FIG. 8 mncludes a subfur fumace having the operation described infra. The system 00
meludes a splitter 802, a hquid-gas contactor reactor 804, a solid-liquid separation umit §06, a
setthing tank 808, a chiller 810, and a chilled water storage unit 812, The system also includes

a furnace 832.

18693}  As discussed above, the splitter 802 may receive a sour acid gas stream 814 that
meludes hydrogen sulfide (FHoS) and carbon dioxide ({82). The sour acid gas stream 814 may
be provided by the stripping of a loaded amine, such as from an aming regeneration unit. The
sour acid gas stream 814 is split via the splitter 802 into a first gas fraction 816 having HaS and
COrand a second gas fraction 818 having HzS and COz having the composition described infra.
In some embodiments, the splitter 802 may include HzS and COh selective menibrancs, as

discussed infra.
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86957  The second gas fraction 818 is sent to the liguad-gas contactor reactor 804 for contact
with a chilled water stream R20 received by the liguid-gas contactor reactor 804, In some
embodiments, the chilled water stream 820 has a temperature in the range of about 5°C to about
40°C. In some embodiments, the chilled water stream 820 has a temperature in the range of
about 20°C to about B0°C. In some embodiments, the flow rate (for example, mass flow rate)
of the second gas fraction 818 may be monitored and adjusted to maintain an HoS emission at
or less than 30 ppm from the sysiem 800, In such embodiments, an HoS emission at or less than

30 ppm may provide for a sulfur recovery or at least 99 .95% from the system 800.

{60971 The liquid-gas contactor reactior 804 also receives a SOz-nich gas stream 822 (that
1s, a stream n which most of the SOz of the process is located) from the sulfur fumace 832, As
described in the disclosure, the SOr-rich gas stream 822 may be generated using produced
subfur, thus recycling some of the sulfur in the process 800. A gas stream 824 may be vented

from the hquid-gas contactor reactor 804 to a stack for processing and venting.

[6098]  The sulfur formed n the liguid-gas contactor reactor 804 is entrained to a solid-
hiquid separation unit 806, as shown by sulfur stream 826, The solid-liquid separation unit 826
removes coloidal sulfur from the water in the sulfur stream 826, The solid-liquid separation
unit 804 may be a tiltration unit, a centrifuge unit, or may include both filtration and centrifugal
separation processes as known in the art. The suifur 828 from the sohid-higuid separation unit
804 may be provided to a setting tank 308. As shown by sulfur stream 830, a first portion of
the sulfur 828 1s provided to a fumace 832 for formation of 80z, As shown by sulfur stream
334, a second portion of the sulfur 828 may be routed for further processing or disposed of,

such as in a landfill, sulfur pit, or other disposal areas,

{8699}  As shown m FIG. 8, the sulfur furnace 832 receives an oxygen-containing stream
836. In some embodiments, the oxygen containing stream 836 may be air. The sulfur furmace
832 combusts the sulfur stream 830 to produce 5Oz-rich gas stream 822 (that is, a stream
containing SO and other combustion products). In some embodiments, sulfur from an external
source may be provided to the sulfur furnace 832 to initiate the combustion reaction, such as
for start-up of the system 800. The 50: stream 822 may be cooled i the settling tank 808 and
then provided to the liquid-gas contactor reactor 804. In In some embodiments, excess gas 8§40
{for example, excess combustion gas) may be vented from the settling tank 808 and provided
directly to the liquid-gas contactor reactor 804 or, in some embodiments, combined with the

SOn-rich gas stream 822,
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[861863] The filtered water stream 842 from the solid-hquid separation unit 806 15 cooled via
the chiller 810 to a temperature suitable for the reaction in the liquid-gas contactor reactor 804
{that is, a temperature to provide the desired 5O: solubility in water). The chiller 810 may
remove heat from the filtered water stream 842 using techniques known in the art, such as a
vapor-compression or absorption refrigeration cycle. In other embodiments, a cooling tower
may be used to cool the filtered water stream 8342. In some embodiments, the chiller 810 may
cool the filtered water stream 8472 to a temperature in the range of about 3°C to about 40°C. In
some embodiments, the chiller 810 may cool the filtered water stream 842 to a temperature in
the range of about 10°C to about 20°C. The chilled water {stream 844} from the chiller 10 i

provided to the chilled water storage unit 812,

{00181} The chilled water storage unit 312 provides the chilled water stream 820 to the
ligumd-gas contactor reactor 804, such as via a pump 846, The chilled water storage unit 8§12
may be an mmsulated vessel that maintains the chilled water in a temperature range. The storage
of chilled water by the chilled water storage unit 812 may accommodate a variety of mlet flow
conditions and mmlet SO:2 concentration that may occur during startup, shutdown, and
malfunction (SSM). In some embodiments, excess gas 848 may be vented from the chilled
water storage unit 812 to a reaction furmnace of a sulfur recovery unit. However, as will be
appreciated, the temperature of the chilled water in the chilled water storage unit 812 may result

m negligible or zero amounts of released 50z

{66162} In some embodiments, the water used in the system 800 is freshwater and does not
melude brackish water or seawater. In some embodiments, the water used in the system 800

may be sourced or made-up from a sour water stripper.

[86103] FIG. 9 depicts a process for the redution of hydrogen sulfide (HzS) i sour gas and
the generation of sulfur dioxide (SO:) from produced sulfur using the system 900 depicted n
FIG. 9 in accordance with an embodiment of the disclosure. lmitially, a sour acid gas feed
stream that mcludes HoS and CO» may be received (block 9023, such as from an amine
regeneration unit. The sour acid gas feed stream may be separated into a first gas fraction and

second gas fraction via a splitter {block 904).

[86184] The first gas fraction may be routed to a reaction furnace of a sulfur recovery unit
{SRU) (block 906). A SOGr-nch gas from a sulfur furnace may be received at a liguid-gas

contactor reactor and dissolved in the chilled water in the liquid-gas contactor reactor (block
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908). In some embodiments, the chilled water has a temperature in the range of about 5°C to
about 40°C. In some embodiments, the chilled water has a temperature 1n the range of about
10°C to about 20°C. The second gas fraction may be contacted with the SOz-containing chilled
water n the liquid-gas contactor reactor, and HoS m the second gas fraction may be agueously
reacted with the dissolved SOz in the chilled water (block 210}, Gas may be vented from the

hiquid-gas contactor reactor to a stack for processing and venting {block 912},

{86185]  Next, entrained sulfur produced by the reaction of the HaS and 50: dissolved in the
chilied water may be separated 1 a liquid-solid separation unit (block 914) via a filtration
process, centrifugal separation process, or both. The separated sulfur mav be collected n a
setthing tank (block 916). Some of the separated sulfur 18 provided to a furmace for production
of the 50:-rich gas (block 918}, and some of the separated sulfur is routed for further
processing or disposal (block 920). The water separated from the sulfur may be cooled via a
chiller to produce chilled water, and the chilied water may be stored n a chilled water storage
tank (block 9223, The chilled water from the chilled water storage tank may be provided to the
hiquid-gas contractor reactor (block 924) at a temperature in the range of about 5°C to about

40°C or, in some embodiments, at a temperature 1 the range of about 10°C to about 90°C.

[66106] FIG. 10 depicts a system 1000 for the reduction of hydrogen sulfide (H2S) i sour
gas and the generation of sulfur dioxide (8G2) from produced sulfur in accordance with another
embodiment of the disclosure. As will be appreciated, the system 1000 15 a modified version
of the svstem 300 depicted in FIG. 3. In contrast to the sysiem 300 depicted in FIG. 3, the
gystern 1000 in FIG. 10 includes a sulfur furnace. In contrast to the system 800 depicted in FIG.
8, the system 1000 1n FIG. 10 includes separate vessels for the absorption and reaction used to
recover SOz Ag shown in FIG. 10, the systern 1000 includes a splitter 1002, a hiquid-gas
contactor reactor 1004, a liqumd-gas contactor 1006, a solid-liquid separation unit 1008, a

setthing tank 1010, a chiller 1012, a chilled water storage unit 1014, and a sulfur fumace 1016.

{00187} As shown m FIG. 10, the splitter 1002 may operate similarly to the sphitter 802
described above and may receive a sour acid gas stream 1016 that includes hvdrogen sulfide
{(H:8} and carbon dioxide {(COz). The sour acid gas stream 1016 may be provided by the
stripping of a loaded amine, such as from an anune regencration wnit. The sour acid gas stream
1016 1s aplit via the sphitter 1002 into a first gas fraction 1018 having HaS and CO2and a second
gas fraction 1020 having HeS and COz. The first gas fraction 1018 is sent to a sulfur recovery

pait {SRU) for recovery of sulfur from HaS at the recovery rate provided by the sulfur recovery

re
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umit (SR}, such as via a reaction fumace (RF) of the sulfur recovery unit (SRU}Y as is known
i the art. In some embodiments, the splitter 1002 may include HeS and CO: selective

membranes, as discussed infra.

106108]  The second gas fraction 1020 is sent to the hiqund-gas contactor reactor 1004, The
hgmd-gas contactor reactor 1004 receives an SOz-containing chilled water stream 1022 from
the liquid-gas contactor 1006, such as via pump 1024, A gas stream 1026 may be vented from
the higuid-gas contactor reactor 1004 to a stack for processing and venting. The gas stream

1026 may nclude COsz, No, and small amounts of HaS (for example, less than 100 ppm).

1061091 As meotioned above, the SOh-containing chilled water stream 1022 is received from
the liguid-gas contactor 1006. The hquid-gas contactor 1006 recetves a chilled water stream
1028 and an SOz2-contaming stream 1030 from the sulfur furnace 1016, In some embodiments,
the chilled water stream 1028 has a temperature in the range of about 5°C to aboat 40°C. In
some embodiments, the chilled water streama 1028 has a temperature in the range of about 10°C
to about 20°C. The SO in the stream 1030 dissolves in the chilled water stream 1028 to produce
the 5Oz-containing chilled water stream 1022, A gas stream 1032 may be vented from the
hiquid-gas contactor 1006 to a stack for venting. The gas stream 1032 may nclude CO2, N,

and small amounts of SGs.

{00116} The liquid-gas contactor reactor 1004 reacts the HoS in the second gas fraction 1020
with the 502 in the chilled water stream 1022 to produce clemental sulfur. The second gas
fraction 1020 having HzS may be njected at or near {for example, in the bottom 1/3) the bottom
of the lipuid-gas contactor reactor 1004, The chilled water stream 1022 may be injecied at or
near (for cxample, in the top 1/3) the top of the liquid-gas contactor reactor 1004, The dissolved
SOh in the chilied water reacts with the HaS to form elemental sulfur dispersed i water (that
i3, colloidal sulfur) i the bottom portion of the liguid-gas contactor reactor 1004, The separate

mtroduction of H25 and SOz may provide the advantages discussed infra.

{00111} The sulfur formed in the hquid-gas contactor reactor 1004 is entrained to a solid-
higuid separation unit 1008, as shown by sulfur stream 1036, The solid-liquid separation wt
1008 removes colloidal sulfur from the water in the sulfur stream 1036. The sohid-hguid
separation unit 1008 may be a filtration unit, a centrifuge unit, or may include both filtration
and centrifugal separation processes as known in the art. The sulfur 1038 from the solid-liquud

separation unit 1008 may be provided to the seitling tank 1010, As shown by sulfur strecam
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1040, a first portion of the sulfur 1038 is provided to the sulfor furnace 1016 for formation of
SOn. As shown by sulfur stream 1042, a second portion of the sulfur 1038 may be routed for

further processing or disposed of, such as in a landfill, sulfur pit, or other disposal arcas.

106112]  As shown i FIG. 10, the sulfur fumace 1016 receives an oxygen-containing stream
1044 and operates similar to the sulfur furnace 832 described above. In some embodiments,
the oxygen containing stream 1044 may be air. The sulfur furnace 1016 combasts the sulfur
stream 1040 to produce SOr-rich gag stream 1030 (that is, a strean contaiming SGr and other
combustion products). In some embodiments, sulfur from an exiemal source may be provided
to the sulfur furnace 1016 to mitiate the combustion reaction, such as for start-up of the system
1000. The 8Os stream 1030 may be cooled in the settling tank 1010 and then provided to the
liguid-gas contactor 1006, In some embodimenis, excess gas 1046 (for cxample, excess
combustion gas) may be provided directly to the liquid gas contactor 1006 or, in some

embodiments, combined with the SOz-containing stream 1030,

[B8113] The filiered water stream 1048 from the solid-liquid separation unit 1008 1s cooled
via the chiller 1012 to a temperatare suitable for the reaction in the liquid-gas contactor 1004
{that is, a temperature to provide the desired SO: solubility in water}. The chiller 1012 may
remove heat from the filiered water stream 1048 using techniques known in the art, such as a
vapor-compression or absorption refrigeration cvele. In other embodiments, a cooling tower
may be used to cool the filtered water stream 1048, In some embodiments, the chiller 1012
may cool the filtered water stream 1048 to a temperature in the range of about 5°C to about
40°C. In some embodiments, the chiller 1012 may cool the filtered water stream 1048 to a
temperature 1n the range of about 10°C to about 20°C. The chilled water {stream 1030} from

the chilier 1012 is provided to the chilled water storage unit 1414,

[86114] The chilled water storage unit 1014 may provide the chilled water stream 1028 to
the liquid-gas contactor 1006, such as via a pump 1038, The chilled water storage umt 1014
may be an insulated vessel that maintains the chilled water in a temperature range. The storage
of chilled water by the clulled water storage unit 1014 may accommeodate a variety of inlet flow
conditions and inlet 502 conceniration that may occur during startup, shutdown, and
malfunction (SSM). In some embodiments, for example, some of the SOz-containing chilled
water stream 1022 may be routed to the clulled water storage unit 1014, as shown by stream
1054, In some embodiments, excess gas 10135 may be vented from the chilled water storage

pnit 1014 to a reaction furnace of a sulfur recovery unit (SRU). However, as will be
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appreciated, the temperature of the chilled water in the chilled water storage umit 1014 may

result in negligible or zero amounts of released 506a.

[08115]  FIG. 11 depicts a process for the reduction of hydrogen sulfide (H2 8} in sour gas and
the generation of sulfur dioxide {502} from produced sulfur using the svstem 1000 depicted in
FI1G. 10 in accordance with an embodiment of the disclosure. As compared to the process 900
depicted in FIG. 9, the process 1100 i FIG. 11 uses separate vessels for the absorption and
reaction used to recover 5O:. Initially, a sour acid gas feed stream that meludes HzS and €02
mayv be received (block 1102}, such as from an amine regeneration unit. The sour acid gas feed
stream mayv be separated into a first gas fraction and second gas fraction via a splitier {block

1104).

{00116} The first gas fraction may be routed to a reaction furnace of a sulfur recovery unit
{(SRU) {block 1106). A 50s-rich gas from a sulfur furnace may be reccived at a liguid-gas
comtactor (block 1108). The SO:z-tich gas may be contacted with chilled water in the liquid-gas
contactor to produce 50Oz-containing chilled water (block 1110). In some embodiments, the
chilled water has a temperature in the range of about 5°C to about 110°C. In some

embodiments, the chilled water has a temperature in the range of about 10°C to about 20°C.

[86117] The second gas fraction may be contacted with the SCa-containing chilled water in
a Hguoid-gas contactor reactor to aqueously react HoS in the second gas fraction with the
dissolved SOz 10 a hguid-gas contactor reactor (block 1112). Gas may be vented from the

hiquid-gas contactor reactor to a stack (block 1114).

[86118] Next, entrained sulfur produced by the reaction of the HaS and 50: dissolved m the
chilled water may be separated in a hiquid-solid separation woit (block 1116} via a filtration
process, centrifugal separation process, or both. The separated sulfur may be collected n a
setthing tank (block 1118). Some of the separated sulfur is provided to a sulfur fumace for
production of the §02-rich gas (block 1120}, and some of the scparated sulfur is roated for
further processing or disposal {(block 1122). The water separated from the sulfiir may be cooled
via a chifler to produce chilled water, and the chilled water may be stored in a chilled water
storage tank (block 1124). The chilled water from the chilled water storage tank may be
provided to the liquid-gas contractor reactor (block 1126} at a temperatore in the range of about
5°C to about 40°C or, in some embodiments, at a temperature 1n the range of about 10°C 1o

about 20°C.
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[86119] FIG. 12 depicts a system 1200 for the reduction of hydrogen sulfide {(FhS) m fuel
gas and the generation of 8Os from produced sulfur using a sulfur fumace in accordance with
ancother embodiment of the disclosure. As will be appreciated, the system 1200 is a modified
version of the systemn 300 depicted in FIG. 3. In contrast to the system 300 depicted in FIG . 3,
the system 1200 in FIG. 12 includes a sulfur fumnace and omits a splitter. The svstem 1200
mcludes a liguid-gas contactor reactor 1204, a hquid-gas contactor 1206, a solid-liquid
separation unit 1208, a settling tank 1210, a chiller 1212, a chilled water storage unit 1214, and

afumace 1216.

[B8126] The system 1200 may receive a fuel gas 1218 that mcludes hydrogen sulfide (HoS).
The fuel gas 1218 may be received from a two phase separator, where liquid and vapor are
separated. The fuel gas 1218 is sent to the hiquid-gas contactor reactor 1204, The liguid-gas
contactor reactor 1204 receives an SOz-containing chilled water stream 12272 from the liquid-
gas contactor 1206, such as viapump 1224, A gas stream 1226 may be routed from the hiquid-
gas contactor reactor 1204 and provided to a gas turbine as a fuel gas. The gas stream 1226

may mclude small amounts of HzS (for example, less than 10 ppm).

106121]  As meotioned above, the SOh-containing chilled water stream 1222 is received from
the liguid-gas contactor 1206. The hquid-gas contactor 1206 recetves a chilled water stream
1228 and an SQGa-rich gas stream 1230 from the sulfur firnace 1216, In some embodiments,
the chilled water stream 1228 has a temperature in the range of about 5°C to about 40°C. In
some embodiments, the chilled water stream 1228 has a temperature in the range of about 10°C
to about 20°C. A gas stream 1232 may be vented from the liquid-gas contactor 1206 to a stack
for venting. The gas stream 1232 may include combustion gases from the sulfur furnace 1216

and trace amounts of SO».

[86122] The ligind-gas contactor reactor 1204 reacts the oS in the fuel gas 1218 with the
SOz in the chilled water stream 1222 to produce elemental sulfur. The fuel gas 1218 having
Hz8 may be mgected at or near {for example, in the bottom 1/3) the bottom of the ligumid-gas
contactor reactor 1204, The chilled water stream 1222 may be injected at or near (for example,
i the top 1/3) the top of the liquid-gas contactor reactor 1204. The dissolved 582 in the chilled
water reacts with the HzS to form elemental sulfur dispersed in water (that is, colloidal sulfur)
m the botiom portion of the liquid-gas contactor reactor 1204, The separate mntroduction of Ha&

and 8G: may provide the advantages discussed infra.
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180123} The sulfor formed in the hquid-gas contactor reactor 1204 is entrained to the sohid-
Liquid separation unit 1208, as shown by sulfur stream 1234, The solid-hiquid separation unit
1208 removes colloidal sulfur from the water in the sulfur stream 1234 The solid-liquid
separation unit 1208 may be a filtration wnit, a centrifuge unit, or mayv include both filtration
and centrifugal separation processes as known in the art. The sulfur 1238 from the solid-liquid
separation unit 1208 may be provided to the setiling tank 1210. As shown by sulfur stream
1240, a first portion of the suifur 1238 is provided to the sultfur fumace 1216 for formation of
SOn. As shown by sulfur stream 1242, a second portion of the sulfur 1238 may be routed for

further processing or disposed of, such as in a landfill, sulfur pit, or other disposal arcas.

{00124}  Asshown in FIG. 12, the sulfur fumace 1216 receives an oxygen-containing stream
1244 and operates similar to the sulfur fumaces 832 and 1016 described above. In some
embodiments, the oxygen contaming stream 1244 may be air. The sulfur fumace 1216
combusts the sulfur stream 1240 to produce $Oz-nich gas stream 1230 (that is, a stream
containing SO2 and other combustion products}. In some embodiments, sulfur from an external
source may be provided to the sulfur frnace 1216 to mitiate the combustion reaction, such as
for start-up of the system 1200. The SOz-rich gas stream 1230 may be cooled 1 the setthing
tank 1210 and then provided to the hguid-gas contactor 1206. In some embodiments, excess
gas 1246 {for example, excess combustion gas) may be combined with the SOq-rich gas stream

1230 or, in some embodiments, provided directly to the liquid-gas contactor 1206,

{00125]  The filtcred water stream 1248 from the solid-liquid separation unit 1208 is cooled
via the chiller 1212 {o a temperature suitable for the reaction in the hiquid-gas contactor 1204
(that 1s, a temperature to provide the desired SOz solubility in water}. The chiller 1212 may
remove heat from the filtered water stream 1248 using techniques known in the art, such as a
vapor-compression or absorption refrigeration cvele. In other crbodiments, a cooling tower
may be used to cool the filtered water stream 1248, In some embodiments, the chiller 1212
may cool the filtered water stream 1248 to a temperature in the range of about 3°C to about
40°C. In some embodiments, the chiller 1212 may cool the filtered water stream 1248 to a
temperature in the range of about 10°C to about 20°C. The chilled water {stream 1230} from

the chiller 1212 1s provided to the chilled water storage vnit 1214,

[00126] The chilled water storage unit 1214 may provide the chilled water stream 1228 to
the liquid-gas contactor 1206, such as via a pump 1252, The chilled water storage umt 1214

may be an insulated vessel that maintains the chilled water in a teraperature range. The storage
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of chilled water by the chilled water storage umt 1214 may accommodate a variety of inlet flow
conditions and imlet 502 concentration that may occcur during startup, shutdown, and
malfunction (85M)}. In some embodiments, for example, some of the SO:-containing chilled
water stream 1222 may be routed fo the chilled water storage unit 1214, as shown by stream
1254, In some embodiments, gxcess gas (1215) may be vented from the chilled water storage
unit 1214 to a3 reaction fursace of a sulfur recovery unit (SRU). However, as will be
appreciated, the temperature of the chilled water 1 the chilled water storage unit 1214 may

result in neglisible or zero amounts of released SO;.

oD

{0127} FIG. 13 depicts a process 1300 for the reduction of hydrogen sulfide (Hz8) in fuel
gas and the generation of SO» from produced sulfor using the system 1200 depicted m FIG. 12
i accordance with an embodiment of the disclosure. Initially, a fuel gas stream that includes
H:S, such as a fucl gas for a gas turbine, may be received (block 1302} A 50z-rich gas from a
sulfur furnace may be received (block 1304) at the liquid-gas contactor. The 50:-rich gas may
be contacted with chilled water in the hiquid-gas contactor to produce SOz-containing chilled
water (block 1306}, In some embodiments, the chilled water has a temperature 1 the range of
about 53°C to about 46°C. In some embodiments, the chilled water has a temperature i the
range of about 10°C to about 20°C. The fuel gas may be contacted with the SCz-containing
chilled water in a liquid-gas contactor reactor to aqueously react HoS in the second gas fraction
with the dissolved 50: in a liquid-gas contactor reactor (block 1308}, Gas may be vented from

the liguid-gas contactor reactor to a gas turbine (block 1310).

[B03128] Next, entrained sulfur produced bv the reaction of the HoS and SO» dissolved m the
chilled water may be separated in a liquid-solid separation unit (block 1312} via a filtration
process, centrifugal separation process, or both. The separated sulfur mav be collected i a
setthing tank (block 1314). Some of the separated sulfur is provided to a furnace for production
of the SO2-rich gas (block 1316), and some of the separated sulfur is routed for further
processing or disposal (block 1318). The water separated from the sulfur may be cooled via a
chiller to produce chilled water, and the chilled water may be stored in a chilled water storage
tank (block 1320). The chilled water from the chilled water storage tank may be provided to
the liguid-gas contractor (block 1322} at a temperatore in the range of about 5°C to about 40°C

or, in some embodiments, at a temperature 1n the range of about 10°C to about 90°C.

[86129] Advantageously, as compared to amine-based scrubbers for removing 50, the

systerns and processes described m the disclosure remove SOr without the relatively large

w34



WO 2020/215001 PCT/US2020/028836

energy consumption {for example, heating and cooling requirements and equipment) roquired
to regenerate the amines. Additionally, the syvstems and processes described in the disclosure
avoid the use of amines that may be expensive and proprictary (for example, amines that are
stable m oxidative conditions). Further, with regard to HzS removal, the systems and processes
described in the disclosure avoid the use of bactenia-based HzS removal and the associated
nutniment and water quality control requirements. Further, the removal of HaS using the
systems and processes described in the disclosure produce elemental sulfur by a chenucal
reaction in clean water, improving the quality of both (that is, no bacteria or nutriment

remnants}.

[08136] The svstems and processed described in the disclosure provide further benefits over
existing techniques, such as a less costly and more efficient removal of 8O from tail gas or
flue gas, and the reduction or complete removal of H2S with its oxidized form (that is, SOz}
before providing to a gas turbine or botler. Additionally, the reaction between HoS and 502 15
not significantly exothermic and the use of an agueous reaction in chilled water does not require
large heat or cold duties. Additionally, the systeras and processes described in the disclosure
do not use any chemicals and just water that may be sourced from a sour water stripper or a
condensed water from upsiream tail gas treatment. Moreover, the systems and processes

described in the embodiment may reduce or elininate HaS from fuel gas for a gas turbine.

{80131} Ranges may be expressed m the disclosure as from about one particalar value, to
about another particular value, or both, When such a range is expressed, it is to be understood
that another embodiment is from the one particular value, to the other particular value, or both,

along with all combmations within said range.

[86132] Further modifications and alternative embodiments of various aspects of the
disclosure will be apparent to those skilled in the art in view of this description. Accordingly,
this description is to be construed as dlustrative only and is for the purpose of teaching those
skilled m the art the general manner of carrving out the embodiments described in the
disclosure. It is to be understood that the forms shown and described in the disclosure are to be
taken as examples of cmbodiments. Elements and materials may be substituted for those
tHustrated and described in the disclosure, parts and processes may be reversed or omitted, and
certain features may be utilized mdependently, all as would be apparent to one skilied in the
art after having the benefit of this description. Changes may be made in the elements described

i the disclosure without departing from the spirit and scope of the disclosure as described 1n
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the following claims. Headings used in the disclosure are for organizational purposes only and

are not meant to be used to limit the scope of the deseription.
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CLAIMS

What ts claimed is:

A gystem, comprising:

a splitter operable to receive a sour acid gas stream and split the sour acid gas stream
mto a tirst gas fraction and a second gas fraction, the sour acid gas stream comprising
hydrogen sulfide and carbon dioxide;

a higuid-gas contactor reactor operable to:

receive a tail gas stream comprising sulfur dioxide;

absorb sulfur dioxide in a chilled first water stream to produce chilled water
comprising suifur dioxide, the chilled first water stream having a temperature in the range of
5°C to 40°C ; and

contact the second gas fraction with the chilled water comprising sulfur
dioxide to react, in an aqueous phase, sulfur dioxide and hydrogen sulfide to produce subfur;

output a second water stream comprising suifur;

a filtration unit operable to remove sulfur from the second water stream and output a
third water stream, wherein the third water stream is recyeled to produce the chilled first

water stream.

The system of claim 1, wherein the first gas fraction s provided to a reaction furnace of a

sultur recovery unit (SRU).

The system of any one of the preceding claims, comprising a setthing tank located upstream
of the filtration unit and operable to receive the second water stream from the liguid-gas
contactor reactor, wherein the settling tank is operable to vent sultur dioxide to a reaction

fumace of a sulfur recovery unit (SR1J).

The system of any one of the preceding claims, comprising a chiller operable to receive the
third water stream from the filtration amt and chill the third water stream to a temperature in

the range of 5°C 1o 40°C.

The system of claim 4, comprising a storage tank located downstream of the chiller and

operable to receive the chilled third water stream and output the chilled first water strean.

The system of any one of the preceding claims, wherein the chilled first water stream has a

temperature in the range of 10°C to 20°C.
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The system of any one of the preceding claims, wherein the hiquid-gas contactor reactor is
further operable to vent a gas stream comprising carbon dioxide, nitrogen, and hvdrogen
sultide, wherein the gas stream comprises less than 30 paris-per-million (ppm) hydrogen

sulfide.

The system of claim 7, wherein the tail gas is received from a quench tower downstream

from a first thermal oxidizer, wherein the gas stream is vented to a second thermal oxadizer.

The svstem of any one of the preceding claims, wherein the sour acid gas stream is received

from an amine stripper.

The system of any one of the preceding claims, wherein the splitter comprises a hvdrogen

sulfide-selective membrane.

A method, compnsing:
receiving a sour acid gas stream at a splitter, the sour acid gas stream comprising
hvdrogen sulfide and carbon dioxide:
operating the splitter to split the sour acid gas stream into a first gas traction and a
second gas fraction;
operating a hiquid-gas contactor reactor to:
receive a tail gas stream comprising sulfur dioxide;
absorb sulfur dioxide in a chilled first water stream to produce chilled water
comprising suifur dioxide, the chilled first water stream having a temperature in the range of
5°C 10 40°C; and
contact the second gas fraction with the chilled water comprising sulfur
dioxide to react, in an aqueous phase, sulfur dioxide and hydrogen sulfide to produce sulfur;
output a second waier stream compiising sulfur;
operating a filtration unit to remove the sulfur from the second water stream and
cutput a third water stream; and

recveling the third water stream to produce the chilled first water stream.

. The method of claim 11, comprising providing the first gas fraction to a reaction furnace of a

sulfur recovery uait (SRU}.

PCT/US2020/028836
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The method of claims 11 or 12, comprising operating a chiller to receive the third water
stream from the filtration unit and chill the third water stroam to a temperature in the range of

5°C 1o 40°C.

The method of claim 13, comprising storing chilled water in a storage tank located
downstream of the chiller and operable to receive the chilled third water stream and output

the chilled first water stream.

The method of claims 11, 12, 13, or 14, wherem the chilled first water stream has a

temperature in the range of 10°C to 20°C.

The method of claims 11, 12, 13, 14, or 15, comprnising operating the hiquid-gas contactor
reactor to vent a gas stream comprising carbon dioxide, nitrogen, and hydrogen solfide,

wherein the gas stream comprises fess than 30 parts-per-million {ppm) hydrogen sulfide.

The method of claim 16, comprising adjusting a mass flow rate of the second gas fraction to

maintain an amount of 30 ppm hydrogen sulfide in the gas stream.

The method of claims 11, 12, 13, 14, 15, 16, or 17, wherein the sour acid gas stream is

received from an anmine stripper.

. A systern comprising:

a sphitter operable to receive a sour acid gas stream and spht the sour acid gas stream
mmto a first gas fraction and a second gas fraction, the sour acid gas stream comprising
hydrogen sulfide and carbon dioxide;

a liquid-gas contactor operable to receive a tail gas stream comprising sulfur dioxide
and absorb sulfur dioxide in a chilled first water stream to produce a chilled second water
stream compnsing swlfur dioxide, the chilled first water stream having a temperature in the
range of 3°C to 40°C;

a hiquid-gas reactor operable o contact the second gas fraction with the chilled second
water stream comprising sulfur dioxide 1o react, in an agueous phase, salfur dioxide and
hydrogen sulfide to produce solfur and output a third water stream comprising sulfur; and

a filtration unit operable to remove sulfur from the third water stream and output a
fourth water stream, whereimn the fourth water stream is recycled to produce the chilled first

water stream.

~39.
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20. The system of claim 19, whercin the first gas fraction is provided to a reaction furnace of a

sulfur recovery uait (SRU}.

21. The system of claims 19 or 20, comprising a settling tank located upstream of the filtration
unit and operable to receive the third water stream from the liquid-gas reactor, wherein the
setthing tank is operable to vent sulfur dioxide to a reaction furnace of a sulfur recovery unit

(SRU).

)

2. The svstem of claims 19, 20, or 21, comprising a chiller operable 1o receive the fourth water
stream from the filtration unit and chill the fourth water stream to a temperature in the range

of 5°C to 40°C.

23. The system of claim 22, comprising a storage tank located downstream of the chiller and

operable to receive the chilled fourth water stream and output the chilled first water stream.

24 The system of claims 19, 20, 21, 22, or 23, wherein the chilled first water stream has a

temperature in the range of 10°C to 20°C.

25. The systen: of claims 19, 20, 21, 22, 23, or 24, wherein the Hquid-gas reactor is further
operabie to vent a gas stream comprising carbon dioxide, nitrogen, and hydrogen sulfide,

wherein the gas stream comprises less than 30 parts-per-million (ppm) hydrogen sulfide.
26, The system of claim 25, wherem the tail gas 1s received from a quench tower downstream
from the thermal oxidizer, wherein the gas stream is vented {o a thermal oxidizer.

27. The system of claims 19, 20, 21, 22, 23, 24, 25, or 26, wherein the liguid-gas contactor is

operable to vent a gas stream comprising nitrogen, carbon dioxide, and sulfur dioxide.

28. The gyvstem of claims 19, 20, 21, 22, 23, 24, 25, 26, or 27, wherein the sour acid gas stream is
J s o s ) s L s B fa)

recetved from an amine stripper.

29 The system of claims 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28, wherein the splitter comprises a

hvdrogen sulfide-selective membrane.

30. A method, comprising:
receiving a sour acid gas siream af a splhitter, the sour acid gas stream comprising
hydrogen sulfide and carbon dioxade:

operating the splitter to split the sour acid gas stream into a first gas fraction and a

~40-



(9]

[¥9]

WO 2020/215001 PCT/US2020/028836

second gas fraction;

operating a hiquid-gas contactor to receive a tail gas stream comprising sulfor dioxide
and absorb sulfur dioxide in a chilled first water stream to produce a chilled second water
stream comprnising sulfur dioxide, the chilled first water stream having a temperature m the
range of 5°C to 40°C;

operating a hquid-gas reactor io contact the second gas fraction with the chilled
second water stream comprising sulfur dioxade to react, i an agueous phase, sulfur dioxide
and hvdrogen sulfide to produce sulfur and cutput a third water stream comprising sulfur;

operating a filtration unit to remove the salfur from the third water stream and output
a fourth water stream; and

recycling the fourth water stream to produce the chilled first water stream.

. The method of claim 30, comprising providing the first gas fraction to a reaction furace of a

sulfur recovery unit (SRU).

. The method of claims 30 or 31, comprising operating a chiller to receive the third water
stream from the filtration unit and chill the third water stream to a temperature in the range of

5°C to 40°C.

. The method of claim 32, comprising storing chilled water in a storage tank located
dowunstream of the chiller and operable to receive the chilled third water stream and output

the chilled first water stream.

34, The method of claims 30, 31, 32, or 33, wherein the chulled first water stream has a

[¥9)

~

[95]

temperature in the range of 10°C to 20°C.

. The method of claims 30, 31, 32, 33, or 34, comprising operating the hiquid-gas contactor to
vent a gas stream comprising carbon dioxade, nitrogen, and hvdrogen sulfide, wherein the gas

stream comprises less than 30 parts-per-mithon (ppm} hydrogen sulfide.

. The method of claims 30, 31, 32, 33, 34, or 35, comprising adjusting a mass flow rate of the
second gas fraction to maintain an amount of 30 parts-per-million {ppm} hydrogen sulfide in

the gas stream.

. The method of claims 30, 31, 32, 33, 34, 35, or 36, wherein the sour acid gas stream is

received from an amine stripper.

Vi
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38. A system comprising:

a splitter operable to receive a fuel gag stream and split the fuel gas stream into a first
gas fraction and a second gas fraction, the fucl gas stream comprising hydrogen sulfide;

a liguid-gas contactor operable to receive a flue gas stream comprising sultur dioxide
and absorb sulfur dioxide in a chilled first water stream to produce a chilled second water
stream compnsing swlfur dioxide, the chilled first water stream having a temperature in the
range of 3°C to 40°C;

a hguid-gas reactor operable to:

contact the second gas fraction with the chilled second water comprising
sultur dioxide to react, in an aqueous phase, sulfur dioxide and hydrogen sulfide to produce
sulbfur;

output a third water stream comprising sulfur; and

output a gas stream 1o 3 gas turbine, the gas stream comprising less than 10
ppm hvdrogen sulfide;

a filtration unit operable to remove sulfur from the third water stream and output a
fourth water stream, wherein the fourth water stream s recycled to produce the chilled first

water strean.
39. The system of claim 38, wherein the first gas fraction is provided to the gas turbine.

40. The svstem of claims 38 or 39, comprising a settling tank located upstream of the filiration
unit and operable to receive the third water stream from the liguid-gas contactor, wherein the
settling tank 1s operable to vent sulfur dioxade to a reaction fumace of a sulfur recovery unit

(SRU).

4}, The system of clatms 38, 39, or 40, comprising a chiller operable to receive the fourth water
stream from the filtration anit and chill the fourth water stream to a temperature in the range

of 5°C 1o 40°C.

42 The system of claim 41, comprsing a storage tank located downstream of the chiller and

operable to receive the chilled fourth water stream and output the chilled first water stream.

43. The systenm of claims 38, 39, 40, 41, or 42, wherein the chilled first water stream has a

temperature in the range of 10°C to 20°C.
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44 The system of claims 38, 39, 40, 41, 42, or 43, wherein the higuid-gas contactor is operable to
vent a gas stream comprising nitrogen, carbon dioxide, and sulfur dioxide, the selfur dioxide

corapnsing less than 5 parts-per-mullion {ppm).

45 The system of claims 38, 39, 40, 41, 42, 43, or 44, wherein the splitter comprises a hydrogen

sulfide-selective membrane.

46. The system of claims 38, 39, 40, 41, 42, 43, 44, or 45, wherein the first gas fraction
comprises 1/3 by mole of hvdrogen sulfide of the fuel gas stream and the second gas fraction

comprises 2/3 by mole of hydrogen sulfide of the fuel gas stream.

47. A method, comprising:
receiving a fuel gas stream at a splitier, the fuel gas stream comprising hyvdrogen
sulfide:
operating the splitter to split the sour acid gas stream into a first gas fraction and a
second gas fraction;
operating a hquid-gas contactor to receive a tail gas stream comprising sulfur dioxide
and absorh sulfur dioxide in a chilled first water stream to produce a chilled second water
stream comprising sulfur dioxade, the chilled first water stream having a temperature i the
range of 3°C to 40°C;
operating a liquid-gas reactor o
contact the second gas fraction with the chilled second water compnsing
sulfar dioxide to react, in an agueous phase, sulfur dicxade and hvdrogen sulfide to produce
sulfur;
output a third water stream comprising sulfur; and
output a gas stream 1o a gas turbine, the gas stream comprising less than 10
ppm hydrogen sulfide;
operating a filtration unit to remove the salfur from the third water stream and output
a fourth water stream; and

recyvclhing the fourth water stream to produce the chulled first water stream.
48. The method of claim 47, comprising providing the first gas fraction to the gas turbine.

49. The method of claims 47 or 48, comprising operating a chiller to recetve the fourth water
stream from the filtration unit and chill the fourth water stream to a temperature in the range

of 5°C to 40°C.
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50. The method of claim 49, comprising storing chilled water in a storage tank located
dowuastream of the chiller and operable to receive the chilled fourth water stream and output

the chilled first water stream.

51. The method of claims 47, 48, 49, or 50, wherein the chilled first water stream has a

temperature in the range of 10°C to 20°C.

52. The method of claims 47, 48, 49, 50, or 51, comprising adjusting a mass flow rate of the

second gas fraction to maintam an amount of 10 ppm hydrogen sulfide in the gas stream.

A
[

3. A system, comprising:

a sphitter operable to receive a sour acid gas stream and spht the sour acid gas stream
mmto a first gas fraction and a second gas fraction, the sour acid gas stream comprising
bydrogen sulfide and carbon dioxide;

a sultur turnace operable to produce a gas stream by the combustion of sulfur, the gas
stream comprising sulfur dioxade;

a liquid-gas contactor reactor operable to:

receive the gas stream comprising sultur dioxide from the sulfur fumace;

absorb sulfur dioxide in a chilled first water stream to produce chulled water
comprising sulfur dioxide, the chilled first water stream having a temperabire in the range of
5°C 10 40°C,

contact the second gas fraction with the chilled water comprising sulfur
dioxide to react, in an aqueous phase, sulfur dioxide and hydrogen sulfide to prodoce sulfur;
and

output a second water stream comprising sulfur,

a filtration unit operable to remove sulfur trom the second walter stream and output
sulfur and a third water stream, wherein the third water stream is recycled to produce the

chilled first water stream.

54 The system of claim 53, wherein the first gas fraction is provided to a reaction furnace of a

sulfur recovery unit {SRU).

o ]
v

. The system: of claims 533 or 54, comprising a settling tank located downstream of the filtration
unit and operable to receive the sulfur from the filtration unit, wherein the suifur 1s provided

from the settling tank to the sulfur fumace.
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. The system of claims 53, 54, or 55, comprising a chiller operable to receive the third water
stream from the filtration unit and chill the third water stream to a temperature in the range of

5°C 1o 40°C.

. The system of claim 56, compnsing a storage tank located downstream of the chiller and

operable to receive the chilled third water stream and output the chilled first water stream.

. The svstem of claims 33, 54, 55, 56, or 37, wherein the chilled third water stream has a

temperature in the range of 10°C to 20°C.

-
I
i

. The system of claims 53, 54, 55, 56, 57, or 538, wherein the sour acid gas stream is received

from an amine stripper.

The system of claims 53, 34, 558, 36, 57, 38, or 39, wherein the splitter compnises a hvdrogen

sulfide-selective membrane.

A method, comprising:
recetving a sour acid gas stream at a splitter, the sour acid gas stream comprising
hydrogen sulfide and carbon dioxide:
operating the splitter to split the sour acid gas stream into a first gas fraction and a
second gas fraction;
operating a sulfur furnace to combust sulfur and produce a gas stream comprising
sulfur dioxide;
operating a ligumid-gas contactor reactor to:
receive the gas stream comprising sulfar dioxide from the sulfur furpace;
absorb sulfur dioxide in a chilled first water stream to produce chilled water
coraprising sultar diosade, the chilled first water stream having a temperature in the range of
5°C to 40°C;
contact the second gas fraction with the chilled water comprising sulfur
dioxide to react, in an aqueous phase, sulfur dioxide and hyvdrogen sulfide to produce sulfur;
and
output a second water stream comprising sulfur;
operating a filtration unit to remove the salfur from the second water stream and
output sultur and a third water stream; and

recycling the third water stream to produce the chilled first water stream.
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. The method of claim 61, comprising providing the first gas fraction to a reaction furnace of a

sulfur recovery uait (SRU}.

. The method of claims 61 or 62, comprising operating a chiller to receive the third water
stream from the filtration unit and chill the third water stream to a temperature in the range of

5°C to 40°C.

The method of claim 63, comprising storing chilled water in a storage tank located
downstream of the chiller and operable to receive the chilled third water stream and output

the chilled first water stream.

. The method of claims 61, 62, 63, or 64, wherein the clulled first water stream has a

temperatare in the range of 10°C to 20°C.

. The method of claims 61, 62, 63, 64, or 65, wherein the sour acid gas stream is received from

an aming stripper.

A system comprising:

a splitter operable to receive a sour acid gas stream and sphit the sour acid gas stream
mto a first gas fraction and a second gas fraction, the sour acid gas stream comprising
hyvdrogen sulfide and carbon dioxide;

a sulfur furnace operable to produce a gas stream by the combustion of sulfur, the gas
stream comprising s fur dioxide;

a hiquid-gas contactor operable to receive the gas stream comprising sulfur dioxide
from the sulfur furnace and absorb the sulfur dioxide in a chilled first water stream to produce
a chilled second water stream comprising sulfur dioxide, the chidled first water stream having
a temperature in the range of 5°C 1o 40°C,

a liquid-gas reactor operable to contact the second gas fraction with the chilled second
water stream comprising suifur dioxide to react, 1 an agueous phase, sulfur dioxide and
hvdrogen sulfide to produce sulfur and output a third water stream comprising sulfur; and

a filtration unit operable to remove sulfur from the third water stream and output
sulfur and a fourth water stream, wherem the fourth water stream is recyeled to produce the

chilled first water stream.

The system of claim 67, wherein the first gas fraction is provided to a reaction furnace of a

sulfur recovery unit {SRU).
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The system of claims 67 or 68, comprising a settling tank located downstream of the filiration
unit and operable to receive the sulfur from the filtration unit, wherein the suifur is provided

from the settling tank to the sulfur furnace.

The system of claims 67, 68, or 69, comprising a chiller operable to receive the fourth water
stream from the filtration unit and chill the fourth water stream to a temperature 1n the range
of 5°C to 40°C.

The svstem of claim 70, comprnising a storage tank located downstream of the chiller and

operable to receive the chilled fourth water stream and output the chilled first water stream.

The system of claims 67, 68, 69, 70, or 71, wherein the chilled first water stream has a

temperatare in the range of 10°C to 20°C.

. The system of claims 67, 68, 69, 70, 71, or 72, wherein the sour actd gas stream is received

from an amine stripper.

The system of claims 67, 68, 69, 70, 71, 72, or 73, wherein the splitter comprises a hvdrogen

sulfide-selective membrane.

. A method, comprising:

receiving a sour acid gas stream at a splitier, the sour acid gas stream comprising
hydrogen sulfide and carbon dioxide:

operating the splitter to sphit the sour acid gas stream into a first gas fraction and a
second gas fraction;

operating a sulfur fumace to combust sulfur and produce a gas stream comprising
subfur dioxade;

operating a hquid-gas contactor to receive the gas stream comprising sulfur dioxide
from the sulfur furnace and absorb sultur dioxide in a chilled first water stream to produce a
chilled second water stream comprising sulfur dioxide, the chilled first water stream having a
temperatare in the range of 5°C to 40°C;

operating a hiquid-gas reactor to contact the second gas fraction with the chilled
second water stream comprising sulfur dioxade to react, in an agueous phase, sultur dioxide
and hyvdrogen sulfide to produce sulfur and output a third water stream comprising sutfur;

operating a filtration unit 1o remove the sulfur from the third water stream and output

47
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sulfur and a fourth water stream; and

recycling the fourth water stream to produce the chilled first water stream.

76. The method of claim 75, comprising providing the first gas fraction to a reaction fumace of a

sulfor recovery wmit {SRU).

77. The method of claims 75 or 76, comprising operating a chiller to receive the third water
stream {rom the filtration unit and chill the third water stream to a temperature in the range of

5°C 1o 40°C.

78 The method of claim 77, comprising storing chilled water in a storage tank located
downstream ot the chiller and operable to receive the chilled third water stream and output

the chilled first water stream.

79. The method of claims 75, 76, 77, or 78, whercin the chilled first water stream has a

temperature in the range of 10°C t¢ 20°C.

80, The method of claims 75, 76, 77, 78, or 79, wherein the sour acid gas stream 1s received from
2 * 2 b * <o

an amine stripper.

81 A gystem comprising;
a sultur furnace operable to produce a gas stream by the combustion of sulfur, the gas
stream comprising sulfur dioxide;
a hguid-gas contactor operable to receive the gas stream comprising sulfur dioxide
from the sulfur furnace and absorb sulfur dioxide in a chilled first water stream to produce a
chilled second water stream compuising sulfur dioxide, the chilled first water stream having a
temperature in the range of 5°C to 40°C;
a liquid-gas reactor operable to:
contact a fuel gas stream comprising hydrogen sulfide with the chilled second
water comprising sulfur dioxide to react, in an agueous phase, sulfur dieade and hyvdrogen
sulfide to produce sulfur;
output a third water stream comprising suffur; and
output a gas stream to a gas turbine, the gas stream comprising less than 10
ppm hydrogen sulfide;

a filtration unit operable to remove sultur from the third water stream and output
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sulfur and a fourth water stream, wherem the fourth water stream is recyeled to produce the

chilled first water stream.

2. The svstem of claim 81, comprising a settling tank located downstream of the filtration unit

and operable to receive the suifur from the filtration unit, wherein the sulfur is provided from

the settling tank to the sulfur furnace.

The system of claims 81 or 82, comprising a chiller operable to receive the fourth water
stream from the filtration unit and chill the fourth water stream to a temperature in the range

of 5°C to 40°C.

. The system of claim 83, comprising a storage tank located downstream of the chiller and

operable to recetve the chilled foarth water stream and output the chilled first water stream.

. The system of claims 81, 82, 83, or 84, wherein the chilled first water stream has a

temperature in the range of 10°C t¢ 20°C.

A method, comprising:
receiving a fuel gas stream comprising hydrogen sulfide:
operating a sulfur fumace to combust sulfur and produce a gas stream comprising
subfur dioxade;
operating a hquid-gas contactor to receive the gas stream comprising sulfur dioxide
from the sulfur furnace and absorb sultur dioxide in a chilled first water stream to produce a
chilled second water stream comprismg sulfur dioxide, the chilled first water stream having a
temperatare in the range of 5°C to 40°C;
operating a liquid-gas reactor o
contact the fuel gas with the chilled second water compnsing suifur dioxide to
react, 1n an agueous phase, sulfur digxade and hydrogen sulfide to produce sulfur;
output a third water stream comprising subfur; and
output a gas stream 1o a gas turbing, the gas stream comprising less than 10
ppm hydrogen sulfide;
operating a filtration unit to remove the sulfur from the third water stream and ouotput
subfur and a fourth water stream; and

recycling the fourth water stream to produce the chilled first water stream.
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87. The method of claim 86, comprising operating a chiller to receive the fourth water stream
from the filtration unit and chill the fourth water stream to a temperature in the range of 5°C

to 40°C.

88. The method of claim 87, comprising storing chilled water in a storage tank located
downstream of the chiller and operable to receive the chilled fourth water stream and output

the chilled first water stream.

89. The method of claims 86, 87, or 88, wherein the chilled first water stream has a temperature

mn the range of 10°C to0 20°C.
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