PROCESS FOR TREATING A GAS STREAM PRIORITY CLAIM [0001] This
application claims benefit of U.S. Provisional Application Serial No.
60/800,97 1, filed May 17, 2006. FIELD OF THE INVENTION [0002] The
present invention relates to a process for removing hydrogen sulfide from a
carbon dioxide-containing gas by converting the hydrogen sulfide to

ammonium thiosyigése BAGHSIRRUNE MO B HAXKeamaylfide (H2S) and

carbon dioxide (C02) are commonly found together in gases and liquids in
the energy production and chemical industries. These gases include
hyeracatbpn geggsisynthesized from coal, petroleum coke, residual oils,
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suldidenohtvenchidpoiiaiéoxide competes with the hydrogen sulfide for the
solvent, requiring increased solvent circulation rates and regeneration

temperatures to remove the hydrogen sulfide. Therefore, the expense of
rerROGRGRGIDYRN sulfide from a mixture including carbon dioxide is greatly

incﬂ'@mq{ydrogen sulfide (H,S) and carbon dioxide (CO,) are commonly found
together in gases and liquids in the energy production and chemical industries. These
gases include hydrocarbon gases synthesized from coal, petroleum coke, residual
oils, shale oil, tar sands, biomass, and other carbonaceous materials. Hydrogen
sulfide is poisonous and considered a pollutant that contributes to acid rain.
Therefore, hydrogen sulfide must be prevented from escaping into the atmosphere.
Common methods for removing hydrogen sulfide from a liquid or gas include
scrubbing with either a physical solvent, such as SELEXOL®, an alkaline solvent,
such as solutions of amine, or inorganic bases, such as sodium hydroxide and direct
liquid oxidation technologies like SULFEROX®. and LOCAT®. Unfortunately,
carbon dioxide is also soluble in most physical solvents and has a greater affinity for
alkaline solvents than hydrogen sulfide. The carbon dioxide competes with the
hydrogen sulfide for the solvent, requiring increased solvent circulation rates and
regeneration temperatures to remove the hydrogen sulfide. Therefore, the expense of
removing hydrogen sulfide from a mixture including carbon dioxide is greatly

increased.

[0004] In addition to hydrogen sulfide and carbon dioxide, ammonia (NH3) is also



[0004] In addition to hydrogen sulfide and carbon dioxide, ammonia (NH3) is
also 1 frequently found in gases and liquids of the energy production and
chemical industries. Like hydrogen sulfide, ammonia must be separated and
contained to prevent its release. The separation of ammonia from liquids and
gases is often performed by washing with water, The ammonia and
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According to U.S. Pat. No. 6,534,030, ammonium thiosulfate can be
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with an aqueous stream containing ammonium sulfite and ammonium
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produced by contacting a feed gas containing ammonia and hydrogen sulfide with an
aqueous stream containing ammonium sulfite and ammonium bisulfite.
Advantageously, the process of the invention reduces the cost of removing hydrogen
sulfide in comparison to the use of physical or reactive solvents, The ammonium

thiosuifate product is also marketable, which can offset the process costs.

[0006] In one embodiment, the process comprises contacting a first gas comprising
carbon dioxide and hydrogen sulfide with a scrub solution comprising ammonium
bisulfite and ammonium sulfite in a first contact zone. The first contact zone
produces a first contact zone effluent liquid comprising ammonium thiosulfate and a
first contact zone overhead gas comprising carbon dioxide. The scrub solution can
be produced by contacting ammonia and sulfur dioxide with an aqueous solution in a
second contact zone. The sulfite ion concentration of the first contact zone effluent
can be controlled by modulating the amount of sulfur dioxide supplied to the second
contact zone. Modulating the amount of sulfur dioxide supplied to the second

contact zone can be done in response to either the oxidation potential of the first



be produced by contacting ammonia and sulfur dioxide with an aqueous
solution in a second contact zone. The sulfite ion concentration of the first
contact zone effluent can be controlled by modulating the amount of sulfur
dioxide supplied to the second contact zone. Modulating the amount of sulfur
dioxide supplied to the second contact zone can be done in response to
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concentration of the first contact zone effluent liquid as measured with an
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the second contact zone effluent liquid to remove hydrogen sulfide. [0008] In
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scrubber to reduce the sulfur dioxide content. The heat added to a second
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is produced by distilling sour water in a second fractionator after a first
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[0009] In still another embodiment, the ammonia supplied to the second contact
zone is produced by distilling sour water in a second fractionator after a first
fractionator is used to remove hydrogen sulfide from the sour water. In another
aspect, the amount of ammonia supplied to the second contact zone can be

modulated in response to the pH in the second contact zone.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a schematic diagram of one embodiment of the process.

[0011] FIG. 2 is a schematic diagram of another embodiment of the process.

DETAILED DESCRIPTION
[0012] This invention provides an economically efficient process for treating a gas,
such as a hydrocarbon gas, which comprises both hydrogen sulfide and carbon

dioxide contaminants. A scrub solution comprising ammonium sulfite and



[0010] FIG. 1 is a schematic diagram of one embodiment of the process.
[0011] FIG. 2 is a schematic diagram of another embodiment of the process.
DETAILED DESCRIPTION [0012] This invention provides an economically
efficient process for treating a gas, such as a hydrocarbon gas, which
comprises both hydrogen sulfide and carbon dioxide contaminants. A scrub
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to react with the k,gdrogen sulfide to form ammonium thiosulfate according to
the FIMSIitHY Birstafptearareting kerie folswying srpadl fepesions 3(NH4)2S203
[0013] Ammonium thiosulfate is a marketable product and may be sold to

off he cost of treating th itionally, the hydrogen sulfide is
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the scrub solution selectively captures hydrogen sulfide and rejects the
caf6H diBxiBaiPidsent in the gas. [0015] Referring now to FIG. 1, a first
embodiment of the process for removing sulfur-containing compounds from

a comprising hydrogen sulfide.and carbon dioxide is shown. Thj
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control systems, and any other equipment known in the art useful in
facifigsihtieiarbomtietids AmeRTtialY &gas. The first gas 1 comprises
hydrogen sulfide and carbon dioxide. The first gas 1 may also comprise

Var[‘(?OLi%P&%%gr(r:%rgb?lgév to FIG. 1, a first embodiment of the process for removing
sulfur-containing compounds from a gas comprising hydrogen sulfide and carbon
dioxide is shown. This embodiment comprises contacting a first gas 1 with a scrub
solution 2 in a first contact zone 3. For the purposes of this invention the term
contact zone includes any combination of towers, columns, trays, vessels, pumps,
valves, control systems, and any other equipment known in the art useful in
facilitating the contact of a liquid and a gas. The first gas 1 comprises hydrogen
sulfide and carbon dioxide. The first gas 1 may also comprise various hydrocarbons.
The scrub solution 2 is aqueous and comprises ammonium bisulfite and ammonium
sulfite. It should be readily understandable to persons skilled in the art that
ammonium sulfite and ammonium bisulfite are present in ionic form in the scrub
solution. Optionally, the scrub solution 2 may be produced by contacting ammonia
and sulfur dioxide with an aqueous solution in a second contact zone 6 or may be

provided from any other suitable source.

[0016] In the first contact zone 3, hydrogen sulfide reacts with ammonium sulfite

and ammonium bisulfite to form ammonium thiosulfate. The first contact zone 3



The scrub solution 2 is aqueous and comprises ammonium bisulfite and
ammonium sulfite. It should be readily understandable to persons skilled in
the art that ammonium sulfite and ammonium bisulfite are present in ionic
form in the scrub solution. Optionally, the scrub solution 2 may be produced
by contacting ammonia and sulfur dioxide with an aqueous solution in a
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[0018] The second embodiment further comprises contacting a second gas 7,
comprising sulfur dioxide, with a third gas 8, comprising ammonia, and a feed
liquid, comprising at least a portion of the first contact zone effluent 4, in a second
contact zone 6. This yields ammonium bisulfite and ammonium sulfite. The second
contact zone 6 produces a second contact zone effluent liquid 9 comprising the
ammonium bisulfite and ammonium sulfite. The second contact zone effluent liquid
9 can further comprise ammonium thiosulfate. At least a portion of the second

contact zone effluent 9 is fed to the first contact zone 3 as the scrub solution 2.

[0019] Stoichiometrically, for each molecule of hydrogen sulfide converted to
ammonium thoisulfate in the first contact zone 3, two molecules of sulfur dioxide
must be converted to ammonium sulfite and ammonium bisulfite in the second
contact zone 6. The amount of ammonium sulfite and ammonium bisulfite in the

feed liquid 20 added to the second contact zone 6 determines the amount of sulfur



comprising sulfur dioxide, with a third gas 8, comprising ammonia, and a feed
liquid, comprising at least a portion of the first contact zone effluent 4, in a
second contact zone 6. This yields ammonium bisulfite and ammonium
sulfite. The second contact zone 6 produces a second contact zone effluent
liquid 9 comprising the ammonium bisulfite and ammonium sulfite. The
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includes any combination of sulfite ion, bisulfite ion, ammonium sulfite,
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in a solution.

[0021] Alternatively, the ammonium sulfite and ammonium bisulfite concentrations
of the feed liquid 20 may be controlled by modulating the amount of sulfur dioxide
supplied to second contact zone 6 in response to the oxidation potential of the first
contact zone effluent liquid 4. Oxidation potential is the electrical potential of the
liquid, which is a function of the concentrations of ammonium sulfite, ammonium
bisulfite, ammonium thiosulfate, and their ionic forms. Typically, oxidation
potential is measured with an oxidation potential meter, which measures the
electrical potential of the solution versus a standard reference electrode. The desired
set point for the oxidation potential can be empirically determined for each

individual application of the process of this invention.

[0022] Referring now to FIG. 2, in another embodiment of the invention, after

treatment in the first contact zone, the first contact zone overhead gas 5 is contacted



infrared analyzer, by modulating the amount of sulfur dioxide supplied to the
second contact zone 6 via the second gas 7. In general, an infrared analyzer
uses the absorption of infrared light to measure the concentration of various
chemical species in a solution. [0021] Alternatively, the ammonium sulfite
and ammonium bisulfite concentrations of the feed liquid 20 may be
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each individual application of the process of this invention. [002Z] Referring
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amine solvent. The first solvent scrubber 10 produces a first solvent
scrubber overhead gas 11 and a first solvent scrubber effluent 12. The first
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can be treated with a reactive compound, such as ZnO, to further reduce the sulfur

content of the gas.

[0024] In another aspect of the invention, the first contact zone overhead 5
comprises hydrogen sulfide in addition to carbon dioxide. In this case, hydrogen
sulfide is likely to be absorbed in the solvent 14 with the carbon dioxide and
included in the regeneration overhead gas stream 13. A third contact zone 16 can be
used to remove hydrogen sulfide from the carbon dioxide from the regeneration
overhead gas 13. In the third contact zone 16, the regeneration overhead gas 13
comprising hydrogen sulfide and carbon dioxide is contacted with at least a portion
17 of the second contact zone effluent liquid 9. Hydrogen sulfide in the regeneration
overhead 13 reacts with ammonium bisulfite and ammonium sulfite present in the
portion 17 of the second contact zone effluent liquid 9 that is directed to the third
contact zone. The third contact zone 16 produces a third contact zone overhead gas
18 comprising carbon dioxide and a third contact zone effluent liquid 19 comprising

ammonium thiosulfate.



10. For the purposes of this invention a scrubber is any combination of
towers, columns, trays, vessels, pumps, valves, control systems, and any
other equipment known in the art useful in facilitating the contact of a liquid
and a gas. [0023] The first solvent scrubber overhead gas 11 may comprise
hydrocarbons which may be further purified before being used or sold as a
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, to further reduce the sulfur content of the gas. [0024] In another aspect
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13 comprising hydrogen sulfide and carbon dioxide is contacted with at least
a puRbEd 17tbt therracomatEAact zone effluent liquid 9. Hydrogen sulfide in
the regeneration overhead 13 reacts with ammonium bisulfite and

a ium sulfite present in the portign 17 of the second contact zone. .
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convert the sulfur-containing species to sulfur dioxide.
[0027] In one aspect, the second gas 7 can be treated with a sulfur dioxide-removal
solvent in a second solvent scrubber 21 prior to entering the second contact zone 6.
A portion of the second gas 7 can be bypassed around the second solvent scrubber
21 to form a bypass gas 22. In another aspect, the oxidation potential of the feed
liquid 20 to the second contact zone 6 can be controlled by modulating the flow rate
of the bypass gas 22. The flow rate of the bypass gas 22 controls the amount of
sulfur dioxide supplied to the second contact zone 6. Alternatively, the concentration
of sulfite in the feed liquid 20 may be measured with an infrared analyzer. The
concentration of sulfite in the feed liquid 20 may be controlled by modulating the

flow rate of the bypass gas 22.

[0028] In still another aspect, the sulfur dioxide-removal solvent of the second
solvent scrubber 21 is regenerated in a second solvent regenerator 23. Regeneration
releases sulfur dioxide 30 from the solvent, allowing the solvent to be recycled to the

second solvent scrubber 21. The amount of sulfur dioxide remaining in the



the oxidation potential of the feed liquid 20 is measured. The oxidation
potential is then controlled by modulating the amount of sulfur dioxide in the
second gas 7 supplied to the second contact zone 6. [0026] In still another
embodiment of the process, the second gas 7 comprising sulfur dioxide is
supplied to the second contact zone 6 from a Claus unit. A Claus unit is well
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solvent scrubber 21 to form a bypass gas 22. In another aspect, the
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the bypass gas 22. H[0028 In"still another aspect, the sulfur dioxide-removal
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regensi@tondsa: Regepesation releases sulfur dioxide 30 from the solvent,
allowing the solvent to be recycled to the second solvent scrubber 21. The

amount of sulfur dioxide remaining in the 8
[0029] In a further embodiment of the process, ammonia supplied to the second

contact zone 6 in the third gas 8 is produced by distilling sour water in two
fractionators 25, 26. For the purposes of this invention a fractionator is any
combination of towers, columns, trays, vessels pumps, valves, control systems, and
any other equipment known in the art useful in facilitating separation of
components. Typically, sour water is a waste stream produced by scrubbing
ammonia out of a gas stream also comprising hydrogen sulfide. In another aspect,
the sour water can be first distilled in a first fractionator 26 prior to entering the
second fractionator 25. The first fractionator 26 produces a top gas 27 comprising
carbon dioxide and hydrogen sulfide. The second fractionator 25 produces the

ammonia in the third gas stream 8.

[0030] In a still further embodiment of the process, the amount of ammonia supplied
to the second contact zone 6 by the third gas 8 can be modulated in response to the
pH in the second contact zone 6. The pH in the second contact zone is indicative of

the ratio of ammonium ions to sulfite ions in the second contact zone 6. The pH can



regenerated solvent 24 determines the capacity of the regenerated solvent to
remove sulfur dioxide. Therefore, the amount of sulfur dioxide removed in
the second gas 7 from the second solvent scrubber 21 may be controlled by
adjusting the amount of sulfur dioxide 30 released from the sulfur
dioxide-removal solvent during regeneration in the second solvent

regRNeaarLdwlmh e hanAIne!. asRart HRe.AMRUNbOAhSY L doXde reigagrd

from the sulfur dioxide-removal solvent can be adjusted by modulating the
amSERRATRESE AT tEHBRESEi PORRAY 28EBHIGoIvent regenerator 23.
In gofsthewaspeehe thia@mauantiat heainadded e debailer efdhacseeon@veral

solvent 23 can be modulated in response to the. oxidation potential of the .
o TG ot SUITES Mot REAROR SPH 1A oD s g i
anfonfrareddatdlyzer bAduidiothatiyin tve o dapte tofg i sulfe s pidkidd -serpo val
solyent.24;may also be modulated to control the amount of sulfur dioxide 30
released in the second solvent regenerator 23. [0029] In a further
embodiment of the process, ammonia supplied to the second contact zone 6
in the third gas 8 is produced by distilling sour water in two fractionators 25,
26. For the purposes of this invention a fractionator is any combination of
towers, columns, trays, vessels pumps, valves, control systems, and any
other equipment known in the art useful in facilitating separation of
components. Typically, sour water is a waste stream produced by scrubbing
ammonia out of a gas stream also comprising hydrogen sulfide. In another
aspect, the sour water can be first distilled in a first fractionator 26 prior to
entering the second fractionator 25. The first fractionator 26 produces a top
gas 27 comprising carbon dioxide and hydrogen sulfide. The second
fractionator 25 produces the ammonia in the third gas stream 8. [0030] In a
still further embodiment of the process, the amount of ammonia supplied
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to the second contact zone 6 by the third gas 8 can be modulated in
response to the pH in the second contact zone 6. The pH in the second
contact zone is indicative of the ratio of ammonium ions to sulfite ions in the
second contact zone 6. The pH can 9 be measured with a pH probe. In one
embodiment of the process the pH in the second contact zone 6 is
maiptaipee at or above about 6.0. [0031] While the invention has been
described with reference to several embodiments, it will be understood by
those SKIRKETH fAle SIPTHEEIY AT1RY 08 aPHBE-ROTANHD @i BRRHIIH 4P Bl Tndite
thar@ﬁpmgﬂ@ut departing from the spirit and scope of the invention. 10

CLAI S. 1 Ag) ss for sibectlvel removm sulfur cor]%am QXC(Pm‘BOU”dS
ucin olution contdctin € th .an
frof‘a ga comprlsmg producing a'sc 580 u ionD y contacting ammonia

andgsetfur ioxiceinitkeerndaguestgoselution in a second contact zone,
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the scrub solution comprising-ammonium bisulfité and ammonium sulfite in
the Tt orEriy Bh TRt dasal fils Pad iiaBtoréHe Bfiient ibuidrst contact

copmypEsiag peMmenixntirthieshiiate and afirsitontacd zaﬁﬁpﬁyﬁa@%%m
rsj g.carbon dioxide; and contr 'J the pH in the ontact
) Gt A LR S LA SEBRNDA 16T SR Wbhtact

zonentoliinethe ptbsstiod gleoml Tovmprisiagyconthdiing the amouintichsuliora

dioxide; SUBRHE G-I 1he 5869 gontact zone in response to the oxidation

potential of the first contact zone effluent.

2. The process of claim 1 comprising controlling the amount of sulfur dioxide
supplied to the second contact zone in response to the oxidation potential of the first

contact zone effluent.

3. A process for selectively removing sulfur-containing compounds from a gas
comprising:

(a) contacting a first gas comprising carbon dioxide and hydrogen sulfide with a
scrub solution comprising ammonium bisulfite and ammonium sulfite in a first
contact zone to produce ammonium thiosulfate, the first contact zone producing a
first contact zone overhead gas comprising carbon dioxide and a first contact zone
effluent liquid comprising ammonium thiosulfate;

(b) contacting a second gas comprising sulfur dioxide with a third gas, the third gas
comprising ammonia, and a feed liquid, the feed liquid comprising at least a portion
of the first contact zone effluent liquid, in a second contact zone to produce
ammonium bisulfite and ammonium sulfite, the second contact zone producing a
second contact zone effluent liquid comprising ammonium bisulfite and ammonium
sulfite;

(c) controlling the sulfite concentration of the feed liquid; and



3. A process for selectively removing sulfur-containing compounds from a
gas comprising: (a) contacting a first gas comprising carbon dioxide and
hydrogen sulfide with a scrub solution comprising ammonium bisulfite and
ammonium sulfite in a first contact zone to produce ammonium thiosulfate,
the first contact zone producing a first contact zone overhead gas comprising

cargoR.digkide ad a PB%&&PB%E%%E‘&@EEH&EE JgkHc ARMATIRIDA ANMORIM

thiosulfate; (b) contacting a second gas comprising sulfur dioxide with a third
gaEOIEF?éttﬁ(i’l‘%T gatecsrpagitieAmmonia, and a feed liquid, the feed liquid
comprising at least a portion of the first contact zone effluent liquid, in a
seaOJ}glecontact he to produce ammonium bisulfite and ammonium sulfite,

TOCESS a1m com
the secoﬂd)con Zzone pro ucn% a second contact zone effluent liquid

COMpriSimgg dim mvodiminn lprwlﬁtd ahdhafmshormitart ooifitél{edtdantrb limg the
Suﬁ%&ﬂﬂﬁg s, Af Ssuitadiigd sandidd (SR dGRAIBAA IRAsLA 1%9[581% of

the second contact zone effluent liquid to the first contact zone as the scrub
solGtibh cAidrtienmeserisd & (9alFAl ShecH PiistRBesHER I RighhEekiqatishzone
potentialaffine. first contact zone effluent liquid; and modulating the amount
of sulfur dioxide supplied to second contact zone in response to the
oxidation potential to control the sulfite concentration of the first contact zone
efffudieligoeds Sof Idvenp focasprofgdaim 3 comprising: measuring the sulfite

;ﬂ%&%@&?ﬂ%&o o FtepiREh#aNs TIHURAt IGHIL I AR AlA R Al Ee b
infrared analyzer; and
modulating the amount of sulfur dioxide supplied to the second contact zone in
response to the measured sulfite concentration of the first contact zone effluent

liquid.

6. The process of claim 3 comprising:

contacting the first contact zone overhead gas with a solvent in a first solvent
scrubber to remove carbon dioxide from the first contact zone overhead gas, the first
solvent scrubber producing a first solvent scrubber overhead gas and a first solvent
scrubber effluent liquid; and

regenerating the first solvent scrubber effluent liquid to produce a regeneration

overhead gas comprising carbon dioxide.

7. The process of claim 6 comprising: contacting the regeneration overhead gas
comprising hydrogen sulfide and carbon dioxide with at least a portion of the second
contact zone effluent liquid in a third contact zone to produce a third contact zone
overhead gas comprising carbon dioxide and a third contact zone effluent liquid

comprising ammonium thiosulfate.



modulating the amount of sulfur dioxide supplied to the second contact zone
in response to the measured sulfite concentration of the first contact zone
effluent liquid. 6. The process of claim 3 comprising: contacting the first
contact zone overhead gas with a solvent in a first solvent scrubber to
remove carbon dioxide from the first contact zone overhead gas, the first

SO'Xe*PEé‘H%P&%r&rQQHﬁiBQC%%ﬁ%ﬁ VenhBRIMDRAE A¥eiNGAt das A0 @ first

solvent scrubber effluent liquid; and regenerating the first solvent scrubber
effliftit @ tEPHodRRE R RigenErstismtasieme s ye Soripiringtdinissd

dioxidri shipph&l RFABEESEh ClaimE gompprising: contacting the regeneration
overhead gas comprising hydrogen sulfide and carbon dioxide with at least a
portion of the second contact zone effluent liquid in a third contact zone to
préddive préoirg obntaiot 2enepoverfieachgasgoimprisingooarbentdioXide dewd a
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The process of claim 7 comprising: combining the third contact zone effluent
liq@rRM it apreastatortibliemrei$irdtlcontact zone effluent liquid to form the
feed liquid supplied to the second contact zone. 9. The process of claim 8
comprising: measuring the oxidation potential of the feed liquid; an

R GIERGHE BRI BY ST I R B A HS BE S SeO e SRR Sshe
in respins€lmthmioxdation potential. 10. The process of claim 3 wherein the

second gas supplied to the second contact zone is a Claus unit tail gas. 11.

The process of claim 10 wherein the Claus unit tail gas is oxidized prior to
11. The process of claim 10 wherein the Claus unit tail gas is oxidized prior to

entering the second contact zone.

12. The process of claim 10 wherein the second gas is treated with a sulfur dioxide-

removal solvent in a second solvent scrubber prior to the second contact zone.

13. The process of claim 12 comprising bypassing the second solvent scrubber with

a portion of the second gas to form a bypass gas.

14. The process of claim 13 comprising controlling the oxidation potential of the
portion of the feed liquid to the second contact zone by modulating the flow rate of

the bypass gas.

15. The process of claim 13 comprising: measuring the concentration of sulfite in
the feed liquid with an infrared analyzer; and controlling the concentration of sulfite

in the feed liquid by modulating the flow rate of the bypass gas.

16. The process of claim 12 comprising: regenerating the sulfur dioxide-removal

solvent in a second solvent regenerator; and controlling the amount of sulfur dioxide



entering the second contact zone. 12. The process of claim 10 wherein the
second gas is treated with a sulfur dioxide- removal solvent in a second
solvent scrubber prior to the second contact zone. 13. The process of claim
12 comprising bypassing the second solvent scrubber with a portion of the
second gas to form a bypass gas. 14. The process of claim 13 comprising

CoRtriNRg s OHldAUOHRURHA!Af e LRIHIARAIINE T EAF iR Rfeased
second contact zone by modulating the flow rate of the bypass gas. 15. The

prdtadhsrselailicsidersmsingohietsliing irrerdptehtration of sulfite in the

feed lignéchwitks aofiofianed anrivzethandcentoling the coscertiRliaroaf the

sulfite indhe Jeed %%E&HXC%HQ%!@HQQJEG flow, %Eﬁgo&%he DYRass 9as- 18
The process of claim 12 'comprising: regenerating tive sulfur dioxide-removal
solyeht iw@stednehsoigentawgenerator; and controlling the amount of sulfur
dioxide 13 removed from the second gas by adjusting the amount of sulfur

dioxide released from the sulfur dioxide-removal solvent during regeneration.

171§hEhpRseesss of eldiith LoerRtfsieiftearibohtwis Rk diogiaesie leasele

fromaithedsuibw-diaxidesirapval spiveatis adiugted dnenosulaiingrthe aumapnt
of %%%t dded t tlge second solvent regenerator. 18. The process of claim
16 é?%’lﬁe’fﬁoé’ gﬁo UM of sulfur dioxide released from the sulfur
dioxide-removal solvent is adjusted by modulating the flow rate of the sulfur

dioyidgyremaval. SVl 42 JGRIAGE SRl ARAMHS SQMPSS G MEASH I

the oxidation potential of the feed liquid to the second contact zone; and

mdaeddiftitiretinmeimd sPRsE 2udetntone ki idhsoinanatefberiaddad to a
reREHeKdRJNSRAREEN IRtBE-EXdatIPN RBIRKIA.the oxidation potential.

20. The process of claim 16 comprising: measuring the sulfite concentration of the
feed liquid to the second contact zone with an infrared analyzer; and controlling the
amount of heat added to the second solvent regenerator reboiler in response to the

sulfite concentration.

21. The process of claim 3 comprising distilling sour water in a second fractionator

to produce the ammonia supplied to the second contact zone in the third gas.
22. The process of claim 21 comprising fractionating the sour water in a first
fractionator prior to entering the second fractionator to produce a top gas comprising

hydrogen sulfide.

23. The process of claim 3 comprising controlling the pH in the second contact zone

by modulating the amount of ammonia supplied to the second contact zone.
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20. The process of claim 16 comprising: measuring the sulfite concentration
of the feed liquid to the second contact zone with an infrared analyzer; and
controlling the amount of heat added to the second solvent regenerator
reboiler in response to the sulfite concentration. 21. The process of claim 3
comprising distilling sour water in a second fractionator to produce the

amnoRig,zypRlieg Q11 R8¢ AeH GARRCLEANG M the NI 988 &2 rrbhCa gas

process of claim 21 comprising fractionating the sour water in a first
fraefi@REHSprior to entering the second fractionator to produce a top gas

comp@smg:tmgdmg@ﬂ @slﬁdmpa&ny&@ﬂamlaé CladNh 3 ROREAING: with a
control |n the H in the second cont ﬁl%néa A mOdUIat'ngstlﬁﬁ amoun

amsr(hrgnla sltljbop Cantlgrfﬁm%&%%%contact ZOone. 4%%1 focesdfor @ ErSt
selrenua@lquno\pnglmﬂfammmmmmgosuim;mumjﬁrﬁtomnaagawwompﬂmﬁng ga)
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scrub solution comprising ammonium bisulfite and ammonium sulfite in a first
coftHEeRdiBithoproRiiRe MMM RN AtEte, the first contact zone

proeyeongeidir st sféebﬁac‘gag@eﬁa@vgﬁ@%aﬁ@mm@ RrginaiGedoan diexisia and
a first cantact zone effluent liqu ??g rlsmg am &nlum thlosulfate

b
coftAMIY"E SOUBRE YL EomBHEing Y fd’P dloSaER it HHirPBast é il
gasmoarmjunisibigudinteodiapanchafie adifiguithénsecsed andtsoniact pmcblctmg a
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producing a second contact zofne overhead gas and a second contact zone
effRASHITTRE D ARTHEI R AR O it siRiyme BHeF ammonium sulfite; (c)

feqdingeatleastienpartpnioh tberecons e ebkack zone affuantiguiddabefirst
contact zone as the scrub solution;
(d) contacting the first contact zone overhead gas with a first solvent in a first
solvent scrubber to remove carbon dioxide and hydrogen sulfide from the first
contact zone overhead gas, the first solvent scrubber producing a first solvent
scrubber overhead gas and a first solvent scrubber effluent liquid,;
(e) regenerating the first solvent scrubber effluent liquid to produce a regeneration
overhead gas comprising carbon dioxide and hydrogen sulfide;
(f) contacting the regeneration overhead gas with a second portion of the second
contact zone effluent liquid in a third contact zone to produce a third contact zone
overhead gas comprising carbon dioxide and a third contact zone effluent liquid
comprising ammonium thiosulfate;
(g) combining the third contact zone effluent liquid with the first contact zone
effluent liquid to form the feed liquid to the second contact zone; and

(h) removing a portion of the feed liquid as product.

25. The process of claim 24 comprising: measuring the oxidation potential of the
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contact zone as the scrub solution; (d) contacting the first contact zone
overhead gas with a first solvent in a first solvent scrubber to remove carbon
dioxide and hydrogen sulfide from the first contact zone overhead gas, the
first solvent scrubber producing a first solvent scrubber overhead gas and a
first solvent scrubber effluent liquid; (e) regenerating the first solvent scrubber

effiueit; liatic,ie RIBEUES, g &?eg&ﬁﬁéﬁ%‘%o@‘ﬂﬁﬁ'ﬂ SRhIAR EHYREBNhEALRRR

dioxide and hydr en sulfid _contacting the regeneration overhead gas
withSaaush e S8k Hiskifes odBhtse b RMBHIFeM: liquid in a third
contact zone to produce a third contact zone overhead gas comprising
P@nﬁf}omde and thd Z?ntact zane etfflutent |Il%| uid com Lgnsm amman ium
thid Plgy Combif nlng the HITA'Contact Zone euént tiqad with the ‘ﬁrsf
comtactvabnel vefluie i Isqmdctcsdibmtth@libbﬂ ligjieid tto the Secohd@omtaebne;
zopey AN () LeqoyingBiPartianaftbe fred i g a5 BrOfUCledimaTBR: and

process of claim 24 comprising: measun% the omdaﬂog&ﬁentlalo the 15

fec@iéRliinGaha esiaammeptpriakiddhofcporoftiobiHaqedatinguis hlpw rate

magdulrtiRgatheal aerasnboihsudbsdieyide supplied to the second contact zone.
26. The process of claim 24 comprising: treating the second gas with a sulfur-

removal solvent in a second solvent scrubber prior to the second contact
zone; bypassing the second solvent scrubber with a portion of the second
gas; and controlling the oxidation potential of the feed solution by modulating
the flow rate of the bypassed portion of the second gas. 16
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