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(57) Abrégée/Abstract:

~104

H2S Is removed from an H2s-rich gas (1) and sulfur (60) Is produced, by a process in which the H2S-rich gas Is reacted with SO2Z
(24) In a reactor (101) In the presence of an organic solvent and a catalyst. An H2S-containing off-gas (5) Is removed from the
reactor (101) and Is combusted (104) to produce an SO2-rich combustion gas (10). Preferably, the reactor off-gas Is combusted
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(57) Abrege(suite)/Abstract(continued):

with a substoichiometric amount of oxygen so that the combustion gas also contains water vapor and sulfur vapor. The
combustion gas Is cooled by direct quench (234) or indirect heat exchange to produce an agueous stream (31) containing primarily
water, suspended solid sulfur and polythionic acids (e.g. Wackenroder's liquid), and the agueous stream Is used to provide cooling
for the H2S-S02 reaction. Problems associated with production and handling of Wackenroder's liquids are overcome and sulfur
values In these materials are recovered.
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(57) Abstract: H2S is removed from an H2s-rich gas (1) and sulfur (60) is produced, by a process in which the H2S-rich gas is

reacted with SO2 (24) in a reactor (101) in the presence of an organic solvent and a catalyst. An H2S-containing o

S

-gas (5) 1s

removed from the reactor (101) and is combusted (104) to produce an SO2-rich combustion gas (10). Preferably, the reactor off-gas
is combusted with a substoichiometric amount of oxygen so that the combustion gas also contains water vapor and sulfur vapor. The
combustion gas is cooled by direct quench (234) or indirect heat exchange to produce an aqueous stream (31) containing primarily
o water, suspended solid sulfur and polythionic acids (e.g. Wackenroder’s liquid), and the aqueous stream is used to provide cooling
for the H2S-SO2 reaction. Problems associated with production and handling of Wackenroder’s liquids are overcome and sulfur

values in these materials are recovered.
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METHOD OF RECOVERING SULFUROUS COMPONENTS IN A
SULFUR-RECOVERY PROCESS

FIELD OF THE INVENTION

[04]  The present invention relates to a process of removing hydrogen sulfide {rom natural

oas or other industrial gas, 1in an mtegrated system where sulfur 1s produced.

BACKGROUND OF THE INVENTION

105}  One of the most common systems for processing gases containing hydrogen sullide
and producing sulfur involves the use of well-known absorber-stripper steps to separate Had
and the well-known Claus process to produce sulfur. In such system, in sumplified {orm, the
basic steps arc usually:

106}  (a) H-S removal from sour gas, using an H»S absorbent, o obtlamn swectened
product gas.

(07]  (b) Stripping H,S out of the H,S-rich absorbent to obtain HaS.

105] (¢) H»S combustion to obtain SO» and 1-S.

1091 (d) Sohd-catalyzed 1S reaction with SO» at high temperature (o form and
recover S and o make an off-gas contaming reduced amounts of 11,5 and S0

| 10] (&) Treatine the of eas from step () 1o recover as S a major frachion of the

-

et wnounts of TS and SO-and o tomn astack eas that may De released o i

“

atmosphere.



10

15

20

25

30

CA 02464726 2004-04-26
WO 03/037789 PCT/US02/34363

[11] Steps (c) and (d) in combination are often regarded as the Claus process.

[12] A system that is directed to treating sour gas but does not include reaction of H,S to
form sulfur is shown in Figure 14-25 of Kohl and Riesenfeld, Gulf Publishing Co., 1985 “Gas
Purification”, 3rd Edition. Figure 14-25 in the Kohl et al. reference shows the basic steps of
(a) H,S removal from sour gas using an absorbent to take out the H»S, so as to obtain treated
(sweetened gas) of reduced H,S content out the top of the absorber or “contactor” and H»S-
rich absorbent out of the bottom of the absorber; and (b) stripping H,S out of the H,S-rich
absorbent, by a flash regeneration technique and a heated regeneration technique to strip HS
from the absorbent and obtain H,S and regenerated (lean) absorbent for reuse in step (a).

[13] The system illustrated in the Kohl et al. reference uses a physical absorbent, such as
propylene carbonate.

[14] A chemical solvent could be used in that basic-type system, possibly without the flash
regeneration part of step (b). Examples of known chemical-type absorbents include amines,
such as monoethanolamine (“MEA”™).

[15] Just as Kohl et al. reference at Figure 14-25 is directed to HS absorption/stripping
steps, also Figure 5 from a paper by Lynn et al., “The University ot California Berkeley’s
Sulfur Recovery Process: Claus Revisited”, 1999 Sulfur Recovery Conference, Austin, TX,
October 24-27, 1999, shows the resultant H,S from absorption/stripping can be routed to a
reactor. The reactors illustrated in the October 1999 paper are used in combination with a
Claus plant (see, for example, the furnace illustrated in Figure 4). The SO,-rich gas from the
furnace is routed to the bottom of an SO, absorber column. The SO, is cooled in the bottom
of the SO, absorber using a cooled organic solvent (SO, absorbent) that is recirculated,
through a solvent quench heat exchanger, in a looﬁ at the bottom of the SO, absorber.

[16] The October 1999 paper also shows in Figure 4 a process flow diagram for a typical
Shell Claus Off-Gas Treatment (SCOT) unit. It is well known in the sulfur recovery industry
that a SCOT unit may be used downstream of a Claus plant as a tail-gas clean-up unit
(TGCU) to increase the recovery of sulfur from what otherwise would be achieved by only
using a conventional Claus plant.

(17]  The Figure 4 illustration of the SCOT unit shows steps including (a) combining a
reducing gas with the Claus tail-gas, (b) reducing (hydrogenating) the tail gas containing SO,
S, COS, and CS, in the SCOT reactor to obtain an H,S-rich stream, (¢) quenching the H>S-
rich stream by direct contact with water in a quench tower, (d) H2S absorption/stripping steps
to produce an H,S stream, and (€) recycle of the HjS stream to the Claus plant. Thus, Figure

4 of the October 1999 paper is an example of the use of a direct contact aqueous quench in a
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sulfur recovery process, though to cool an H,S-rich gas, not an SO,-rich gas, as in the present
imvention.
[18]  Another reference which illustrates a process stmilar to that shown in Figure 4 from

the October 1999 paper, 1s Naber et al. “New Shell Process Treats Claus Off—Gasi”, Chemical
Lngineering Progress, Vol. 69, No. 12, page 29, December 1973,
[19]  The Claus process iiself, which consists of a series of reactors i which SO, and H;S
react to form water and sulfur vapor. The reaction 1s equilibrium-limited at temperatures
above the dew point of sul{ur vapor. The gas stream leaving each reactor is near chemical
cquilibrium. In normal operation, most of the sulfur 1s condensed between reactors to allow
further reaction in the next stage. However, in the Claus process, the condensers operate
above the dew point of water to avoild forming Wackenroder’s liquid (a dilute aqueous
mix{ure of colloidal sulfur and a solution of sulfoxy acids; see Hackh’s Chemical Dictionary,
Fourth Edition, 1969) and the problems that their formation would present. This is done even
though the presence of waler vapor in the gas stream hmits the extent of reaction that can be
achieved and thus necessitates the installation of a tail-gas {reatment process.
120] My prior Intemnational patent application WO 99/12849

describes a process in which gaseous hydrogen sulfide (H;S) reacts with

caseous sulfur dioxide (SO») 1n the presence of an organic hiquid or solvent wherein the

following reaction occurs:

2 H>S(g) + SOx(2) = 3 S(1) + 2 H.O(g) (1)

[21] In the reactor, it is desired to operate above the melting point of sulfur. The reacting
cases may flow co-currently or counter-currently to a stream of the organic liquid. A
preferred example of such a reactor is a tray-type column in which the reacting gases {low
counter-currently to a stream of the organic liquid. The sulfur produced by Reaction (1)
cither type of reactor forms a separate hquid phase that flows co-currently with the organmc
Liquid.

1221 The gaseous sulfur dioxide 1s produced by combustion of hydrogen suifide.
Preferably this combustion 1s conducted fuel-rich to avoid the risk of formime SO; and NO,.
both of which are undesirable. However, 1f the combustion is fucl-rnich, then elemental sulfuy
fortns i addition o SO and will be condensed and partially dissolved mn te soiven gt 1
the SOl absorber. which 1s undesrable. On the other hana ol the combustion s carned oul

fed-Toean. the free oxveen that accompanies luel-lean combusuon can couse deoradaiioi o
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the solvent in the SO, absorber. Furthermore, water vapor is formed by the combustion of
H,S and any hydrocarbons that are present in the acid gas fed to the furnace. Most of the
water vapor will also condense in the solvent in the SO, absorber. The presence of water
vapor together with the SO, requires additional cooling, or a higher solvent flow, in the
absorber. In addition, that water must be boiled out of the solvent in the SO, stripper, thereby
increasing the energy required in operating the stripper. Furthermore, most of this added
water vapor must be condensed from the SO, leaving the stripper before the latter enters the

reactor column to avoid an excessive vapor flow within the reactor column.

SUMMARY OF THE INVENTION
[23] According to the present invention, a process is provided for removing H»S from an
H,S-rich gas and producing sulfur, which comprises:
[24] (a) reacting H,S in the HyS-rich gas with SO, to produce sulfur and a reactor oft-
gas containing H,S and H,O;
[25] (b) combusting the reactor off-gas to produce a combustion gas containing SO,
water vapor;
[260] (¢) cooling the combustion gas from step (b) to condense water vapor and sulfur
and produce an aqueous stream comprising primarily water; and
[27] (d) introducing the aqueous stream from step (c) into the reactor to provide
cooling for the reaction of step (a).
[28] In one aspect, the invention comprises:
[29] in a process for removal of H,S from an H,S-rich gas, in which the HyS-rich gas 1s
reacted with SO, in a reactor in the presence of an organic liquid to produce sulfur, and 1n
which H,S is combusted to produce a combustion gas containing SO,, water vapor, and in
which the SO, is thereafter reacted with the H,S-rich gas, the steps comprising;
(30] (a) coolihg the combustion gas to condense water vapor and sulfur and produce an
aqueous stream comprising primarily water; and
[31] (b) introducing said aqueous stream into the reactor to provide cooling for the
reaction between the H,S-rich gas and the SO..
[32] In another aspect, the invention comprises:
[33] aprocess for removing H,S from an H,S-rich gas and recovering sulfur, which
process comprises feeding the H,S-rich gas and an SO»-rich gas, the H,S being in
stoichiometric excess, to a reactor column in the presence of a solvent that catalyzes their

reaction to form liquid sulfur and water vapor; wherein aqueous streams are injected at one or
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more points of the reactor column to absorb a part of the heat of reaction by water
vaporization; wherein the H,S-rich off-gas is scrubbed with an aqueous stream in the upper
section of the reactor column to recover solvent vapor and unreacted SO; and 1s then cooled
to condense water prior to combusting the H,S-rich off-gas to produce SO, to be fed to the
reactor column; absorbing SO, from the combustion gas by contacting the gas with an SO,
absorbent in an absorber to obtain an SO,-rich absorbent; and stripping SO; irom the SO;-
rich absorbent to obtain an SO,-rich gas; which process further comprises:

[34] (a) burning the cooled H,S-rich gas with an amount of O,-rich gas in a furnace
such that substantially all hydrogen is converted to H,O, and at least 90%, preferably about
98% to 99%., of the sulfur is converted to SO, while at least 0.1%, preferably about 1% to
2%, of the sulfur is converted to S vapor;

[35] (b) cooling the SO,-rich gas from step (a) by direct contact with cooled water in a
separate contacting device or water introduced into the lower part of the SO, absorber to
condense H,O and S vapor to produce an aqueous slurry containing suspended sulfur and to
obtain cooled SO,-rich gas;

[36] (c) absorbing SO, from the cooled SO,-rich gas in an SO, absorber by contacting
the gas with an SO, absorbent to obtain an SO,-rich absorbent and a stack gas of low sulfur
compound content; and stripping SO, from the SO,-rich absorbent to obtain an SO;-rich gas;
and

[37] (d) using the aqueous slurry from step (b) as one of the aqueous streams injected
at one or more points of the reactor column to absorb a part of the heat of reaction by water

vaporization.

DESCRIPTION OF THE DRAWING

(38] Figure 1 is a flow sheet depicting an embodiment of the process of this invention.

DETAILED DESCRIPTION OF THE INVENTION
[39] According to the present invention, a process is provided for removing H,S from an
H,S-rich gas and producing sulfur, which comprises:
[40] (a) reacting H,S from the H,S-rich gas with SO; 1n a reactor column to produce
sulfur and a reactor off-gas containing H;S;
[41] (D) combusting the reactor off-gas and preferably also any by-passed HyS-rich

gas to obtain an SO,-rich gas containing water vapor and other gases;
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[42] (c) cooling the SO,-rich gas and water vapor from step (b) to obtain a water
stream; and

[43] (d) injecting said water stream into the reactor column to provide a part of the
cooling required in the reactor column.

[44] Preferably, the reactor off-gas from step (a) is combusted in step (b) in a high-
temperature combustion zone with a substoichiometric amount of oxygen or air to obtain an
SQO,-rich gas that contains a minor amount of sulfur vapor. By substoichiometric 1s meant
less than the amount of oxygen that is stoichiometrically required for complete combustion of
the H,S, hydrocarbons, organic sulfur compounds, CO and Hj in the reactor off-gas to form
H,0, SO, and CO,. This feature is particularly advantageous in the process of the present
invention as the substoichiometric amount of oxygen helps avoid, or minimize, the formation
of SO; in the combusted gas, and thus corrosion concerns are less, both in the cooling step for
the SO,-rich gas and in the reactor column. In addition, the substoichiometric amount of
oxygen helps avoid or minimize the formation of NOy. This helps achieve a better quality
stack gas exiting the subsequent SO, absorption step. Finally, the substoichiometric amount
of oxygen helps avoid or minimize the amount of free oxygen present in the cooled SO,-rich
combustion gas. This helps avoid or minimize the degradation of the organic solvent in the
SO, absorber.

[45] It is common practice in furnaces operated with commercial power plants to follow
such a high-temperature, fuel-rich combustion stage with a lower-temperature, fuel-lean
combustion stage to complete the oxidation procesé. That can be done in the process of the
present invention if 1t 1s desifed to oxidize the sulfur vapor in the combustion gas before it
leaves the furnace section. However, in the process of the present invention it is preferred to
have only a single, fuel-rich combustion operation because a) the combustion equipment and
the combustion control are simpler, and hence less costly, and b) the substoichiometric
amount of oxygen helps avoid or minimize tﬁe amount of free oxygen present in the cooled
SO,-rich combustion gas. This helps avoid or minimize the degradation of the organic
solvent in the SO, absorber. However, as is noted below, such fuel-lean combustion can only
be practiced if one has means for advantageously handling the resultant sulfur vapor in the
combustion gas.

[46] By “minor amount of sulfur” is meant relatively low amounts of sulfur compared to
the SO, which is formed when the reactor off-gas is combusted, preferably less than five
percent of the total sulfur, and more preferably less than 2 percent of the total sulfur in the

SQ,-rich gas. Having a minor amount of sulfur present in the combusted reactor off-gas
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helps ensure that a substoichiometric amount of oxygen 1s used. The oxygen for the
combustion most readily will be obtained using air.

[47] In apreferred embodiment of the present invention, the process includes the following
step:

[48] () removing SO, from the cooled SO,-rich gas to obtain a stack gas of low sulfur
compound content.

[49] Preferably in the process of the present invention, step (€) 1s carried out in an SO,
absorber wherein SO; is removed from the cooled SO;-rich gas by absorption into a solvent
in the SO, absorber to obtain SO,-rich solvent.

[S0] Also, it is preferred in the present invention that the SO, used 1n step (a) be 1n gaseous
form and obtained at least in part by stripping SO; from the SO;-rich solvent. In this
embodiment the cooling of the SO,-rich gas is carried out in the lower part of the SO,
absorber.

[51] Among other factors, the present invention is based on my concept and finding that

the integrated process of the present invention employs a cooling of the wet SO,-rich gas

from an H,S combustion step, and condensation of the water and sulfur produced during
combustion in such a way, that it provides an integrated use of the resulting aqueous liquid
(i.e. colloidal aqueous suspension or slurry of sulfur) as a part of the coolant in the reactor
column (first process step) of the present invention. Furthermore, by condensing water from
the wet SO,-rich combustion gas ahead of the SO, absorber the absorption of water vapor by
the hydrophilic organic solvent in the absorber is minimized or prevented and the need
subsequently to strip the water from the solvent in the SO, stripper is minimized or avoided.
[52] The cooling of the SO,-rich gas may be carried out with a conventional partial
condenser, employing indirect heat exchange, to condense water from the wet SO,-rich
combustion gas ahead of the SO, absorber. It would then be necessary for the gas/liquid
mixture that is formed to flow through a gas/liquid separator that included a demister section
to separate water droplets from the gas before the gas stream entered the SO, absorber. The
gas/liquid separator with demister section could be incorporated in the bottom section of the
SO, absorber and would then preferably be separated from the solvent section by means of a
“chimney tray”, that allows passage of the SO,-rich gas into the solvent section while
preventing flow of splvent into the gas/liquid separation section below.

[53] Preferably, the cooling of the SO,-rich gas is accomplished, at least in part, by direct-
contact cooling using a recycling water stream, also known as a water quench. In the process

of the present invention, it is particularly preferred that the portion of recycling water stream
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that 1s used in step (d) is approximately equal to the net water produced in combustion step
(a).

[S4] In the process of the present invention, preferably the cooling of the SO,-rich gas is
carried out by water introduced to the lower section of the SO; absorber, and SO;-rich solvent
1s withdrawn from an intermediate section of the SO, absorber without having mixed with the
water in the lower section of the SO, absorber. This 1s accomplished by having a demister at
the top of the quench section plus a chimney tray that separates the two sections as described
above. Thus, the recycling water preferably 1s a separate circulation loop at the bottom of the
SO, absorber, as is schematically indicated in the drawing. Because of the demister and the
chimney tray the recycling water contains little or no solvent and the recycling solvent
contains little or no elemental sulfur.

[55] It should be noted that in the present process, regardless of whether the SO,-rich gas
from the combustion step is cooled by direct contact in a water quench or by indirect heat
exchange in a partial condenser, the temperature to which the SO,-rich gas from the
combustion step is cooled is limited by the temperature of the available cooling medium —
whether it be cooling water or ambient air. The SO,-rich gas can typically be cooled to
within about 5 ° — 10 °C of the temperature of the available coolant; the approach temperature
is chosen on the basis of an economic optimization by methods well known to those skilled 1n
the art. A typical temperature range for the SO,-rich gas entering the solvent section of the
SO, absorber will be 25 ° to 40 °C, with lower temperatures preferred 1f not economically
prohibitive.

[56] It should also be noted that in the present process, regardless of whether the SO;-rich
gas from the combustion step is cooled by direct contact in a water quench or by indirect heat
exchange in a partial condenser, a dilute aqueous solution will be formed that contains
colloidal elemental sulfur and sulfurous compounds. This aqueous mixture of colloidal sulfur
and sulfurous compounds 1s sometimes referred to as “Wackenroder’s liquid™.
Wackenroder’s reaction is the reaction between H,S and SO, 1n aqueous solution to form
colloidal sulfur and polythionic acids. (Regarding Wackenroder’s reaction, see Hackh s
Chemical Dictionary, 4th Edition, 1969, page 719. Regarding Wackenroder’s liquid, see, for
example, Yost et al. “Systematic Inorganic Chemistry”, 1946, pages 398 and 399. Yost et al.
point out that Wackenroder’s liquid is complex and contains colloidal sulfur and various
sulfurous compounds, including polythionic acids.) Hence, in this embodiment, in addition
to the condensed sulfur at least some of the sulfurous compounds in the aqueous solution are

polythionic acids. It should be noted that the various sulfurous compounds, including
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polythionic acids formed in Wackenroder’s reaction are intermediates in the overall reaction
between H,S and SO, that form when the reaction occurs in aqueous solution. In the organic
solvent preferably employed in the present invention these intermediates are not detected;
either they do not form or they react very rapidly to complete the reaction to elemental sulfur
and water. Furthermore, if a small amount of Wackenroder’s liquid is mixed with a large
amount of the preferred solvent, so that the resulting solution does not exceed 10% water by
weight, the polythionic acids complete the reaction to elemental sulfur very rapidly and the
colloidal sulfur particles melt and either dissolve in the solvent or form a separate liquid
phase. '

[57] In other processes it is generally desired to avoid formation of Wackenroder’s liquid,
and steps are generally taken in prior art sulfur recovery processes to avoid such formation, as
discussed above.

[58] Among other factors, the present invention is based on my concept and finding that
the integrated process of the present invention, in one embodiment, advantageously embodies
use of a direct water quench into SO,-rich gas from an H,S combustion step and provides an
integrated use of the resulting aqueous liquid (eg., Wackenroder’s liquid) in the reactor
column step of the present invention. Further, the resulting Wackenroder’s liquid contains
sulfurous components as well as sulfur, and these sulfurous components are converted to
sulfur in the reactor column of the present invention. Still further, the Wackenroder’s liquid
is preferably used to provide a portion of the cooling in the reactor column.

[59] Preferably in the present invention, the amount of colloidal sulfur and sulfurous
compounds is at least 0.5 percent by weight (calculated as sulfur) of the total aqueous liquid.
More preferably the amount of colloidal sulfur and sulfurous compounds in the
Wackenroder’s liquid formed in the process of the present invention is at least one percent
(calculated as sulfur), most preferably 2-4 percent (calculated as sulfur) of the total aqueous
liquid.

[60] According to a preferred embodiment of the present invention, SO, is removed from
the SO,-rich gas using a lean solvent introduced to an upper part of the SO, absorber and
SO,-rich solvent is removed from an intermediate part of the SO, absorber. Preferably in the
process of the present invention, the SO,-rich solvent is stripped of SO, in an SO, stripper,
and resulting SO, is fed to step (a) for reaction with the H,JS.

[61] According to a preferred embodiment of the present invention, a second aqueous
stream (a different stream from the Wackenroder’s liquid described above) 1s injected in one

or more points of the upper part of the reactor column (for example, as schematically
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ilustrated in the drawing) to provide cooling in the reactor column, and to assist i1 solvent

vapor recovery and unreacted SO, recovery.
(62] 1n a sulfur recovery process of the type described in my prior patent application, WO
09/12849, which 1s one type of process 1n which the present mmvention may be employed,

gaseous hydrogen sulfide (H,S) reacts with gaseous sulfur dioxide (5O,) m the presence ol an

organic liquid wherem the following reaction occurs:
2 HaS(g) + SO2(g) — 3 S(1) + 2 H,0(g) (1)

163]  The source of the H,S-rich gas for the present invention may be a conventional
absorber/stripper operation that removes H,S from a sour industrial gas, or may be an
industrial operation that produces such a gas directly. In general, the higher the concentration
of H,S in the H>S-rich gas the better, butl gases containing 20 vol% 5 or even lower can be
processed by the method of this invention.

[64] The solvent, also of the type described in my International Apphcation,

1s preferably miscible with water, has a low

volatility, is a relatively good solvent for both reactants, catalyzes the reaction and 1s one in

which liquid sulfur has a limited but low solubility. By low volatility 1s meant a normal
boiling point of 150 °C or higher, nreferably 180 °C or higher. A relatively good solvent is
one in which the solubilities of both reactants exceed their respective solubilities in water by
al least a factor of ten at 120 °C. Low sulfur solubility is less than 10 percent weight sulfur,
preferably lower, in the solvent at 120 °C. Preferred solvents for the reactor column include
polyethyleneglycol ethers, such as the methyl ether of triethylene glycol, the dimethy] cther
of triethylene glycol, and the dimethy! ether of polyethylene glycol. The'methyl ether of
diethyleneglycol is particularly preferred for use 1 the reactor column 1n the process of the
present invention. The solvent used in the reactor column may also be the catalyst for the
reaction of HaS with SO- to form sulfur. However, according (o a preferred embodiment ot
the present invention, a catalyst 1s added to the solvent to catal yze or enhance catalysis of the
rcaction of HaS with SO- to form sulfur. Preferred catalysts include N-substituted aromatic-
rine compounds i which there 1s no moiety attached to a carbon adjacent to a rmg niroeen.
such as pyidine, wsoquinoline or 3-methyl pyndine. The compound 3-hvdroxymethyl
pyridie tsa parteulariy prefened catalvst for nse m the reactor columm i the prosciy
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[65] In the reactor, one example of which is a packed column similar to those used in gas
absorption, it is desired to operate above the melting point of sulfur. The reacting gases flow
co-currently to a stream of the organic liquid. A preferred example of a reactor is a tray-type
column in which the reacting gases may flow co-currently or counter-currently to a stream of
the organic liquid. The sulfur produced in either type of reactor forms a separate liquid phase
that flows co-currently with the organic liquid.

[66] In the present invention, the furnace is preferably operated slightly fuel-rich and a
quench operation (i.e., a partial condenser) provides for condensing a large fraction of the
water in the combustion gas while avoiding the problem of sulfur collecting in the absorber
solvent. The quench operation may employ either a conventional heat exchanger or a direct-
contact stream of water. Further, the present invention utilizes condensate formed by cooling
the combustion gas as cooling water in the reactor column.

[67] An embodiment of the process of the present invention is shown in Figure 1. At the

bottom of the SO, absorber, a quench section is schematically shown. Preferably water 1s

circulated in the quench section. At the bottom of the quench section, the water is pumped
through a suitable heat exchanger, cooled, and most is returned to the top of the quench
section. The net amount of water formed by combustion of the acid gas must be removed
from the quench-circulation system. The furnace or combustion step preferably is operated
with an O,/fuel ratio that is about equal to the stoichiometric requirement to do the following:
a) convert at least 95%, preferably about 98% to 99% of the H,S to SO, + HyO; b) convert at
least 0.1%, preferably 5% or less, most preferably about 1% to 2% of the H,S to Sz + H,O;
and c) convert substantially all of the organic sulfur compounds to SO, + CO, + H,0O and
substantially all of the hydrocarbons and other combustibles to CO, + H,O. The SO, content
of the combustion gas in the process of the present invention preferably is sufficiently high to
prevent the formation of any substantial amount of soot, CO, COS, CS; or H, whereas the S;
content is sufficiently high to prevent the formation of any substantial amount of SOz or NOx.
(Although the term “substantial” is a relative term, in the foregoing context and elsewhere in
the present specification, the term “substantial” denotes less than 0.5 percent by weight,
preferably less than 0.1 percent, and most preferably less than 100 ppm.) The composition of
this combustion gas is markedly more oxidizing in nature than is the combustion gas in a
conventional Claus furnace, in which only about one-third of the H,S has been converted to
SO,. In the latter case, because the gas is much more reducing in nature, the formation of

soot, CO, COS, CS; and H, are much more strongly favored.
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[68] With a typical acid gas, the ratio of S to water is about 2% to 4% by weight when the
combustion gas is quenched. Such a slurry is easily pumped since the sulfur particles are of
colloidal dimensions and have no tendency to stick to piping or the vessel walls. Indeed, it 1s
possible for the fraction of H,S burned to form sulfur vapor to be varied by a factor of 2 or
even more without causing mechanical or chemical problems with the operation of the
quench system in the process of the present invention. At the temperature of the quench,
elemental sulfur is essentially non-volatile so that it can be completely removed from the
combustion gas. The quantity of water condensed from the combustion gas forms roughly
one-third of the amount required to provide the cooling in the reactor column described
above.

[69] As the combustion gas flows through the waste-heat boiler following the furnace, a
small amount of the sulfur will be converted back to H,S by the reverse of Reaction (1) 1n the
gas phase. In the quench section, this H,S will react with SO, and water to form a very dilute
solution of sulfoxy acids, sometimes referred to as sulfonic acids, which, combined with
colloidal sulfur, is known in the technical literature as “Wackenroder’s liquid”. This mixture
would normally present a difficult disposal problem. However, in the process of this
invention, the quench liquid is injected into the reactor column, usually into the solvent
stream flowing through the reactor column, as part of the coolant water to absorb heat from
Reaction (1). The volume of this coolant is small compared to the volume of solvent flowing
through the reactor column, and the solvent is miscible with water. Upon 1njection, the
colloidal sulfur mixes with and is dissolved by the solvent; the sulfoxy acids mix with the
solvent and become part of the reacting system within the column, and the water evaporates
as noted above.

[70] It should be noted that, in general, the use of a partial condenser to cool a gas stream
is not novel. However, in a preferred embodiment the present invention involves a
combination of a partial condenser — in which water and sulfur vapors condense while HaS
and SO, react — with a particular utilization of the resultant aqueous mixture in an integrated
process that includes injection of the resultant aqueous mixture into the reactor column of the
present invention so that there is no net aqueous etfluent from the quench operation.

[71] The reactor used in the process of the present invention is preferably a reactor
column. The term “column’ is used to denote that the reactor vessel is preferably a column
of the type used in fractional distillation or gas absorption. Fractional distillation and gas
absorption are well-known arts, and the basic form of such a column is well known:

elongated vessels with trays or packing or even “bales™ of material. The trays can be weep
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hole trays or bubble cap trays. Regardless of the internals, in the preferred embodiment the
basic concept is to have countercurrent flow, with liquids traveling downward and vapors
upward. Absorption occurs in an absorption column as certain components in the entering
gas mixture are absorbed by a solvent descending from overhead. In the preferred reactor
column of the present invention, liquid solvent flows downward and gases including H,S and
SO, flow upward. Parts of the H,S and SO, are dissolved in the organic solvent and the H,S
reacts with the SO, in the liquid phase to form sulfur and water vapor. As a stoichiometric
excess of H,S is used relative to SO, the gas exiting the reactor column still contains
unreacted H,S, and the gas is referred to as an H,S-rich off-gas.

[72] The term “H,S-rich off-gas” is used herein not only for the gas exiting the top of the
reactor column, but also is used to follow that gas stream through the reactor column
overhead system and into the furnace. The overhead system preferably will include, in the
process of the present invention, a cooling step, to generate “reflux” condensate for the
reactor column (reflux being another aspect common to gas absorption and fractional
distillation).

[73] Referring again to the reaction of SO, with H»S 1n the reactor column, at least part of
the SO, preferably enters the column a tray or two below the entry of the H,S-containing
stream so that the liquid sulfur is stripped of H,S before it leaves the column. At the bottom
of the column, the two liquids are separated by decantation, the organic liquid is recycled to
the top of the column whereas the liquid sulfur forms a product of the process. The walls of
the reactor column and of the piping through which liquid flows preferably are heated as
necessary to maintain a temperature in the range 120 °C — 150 °C, preferably between 125 °C
— 140 °C, to prevent deposit of solid sulfur.

[74] The temperature inside the reactor preferably is maintained in the range 120 °C - 150
oC, more preferably in the range 125 °C — 140 °C. Preferably, the temperature is maintained
by injecting water at one or more points in the column. The evaporation of the water absorbs
most of the heat ofthe reaction; the energy released by Reaction (1) is about 3.4 times the
molar heat of vaporization of H,O. Preferably, a heat exchanger 1s used 1n the solvent pump-
around line to remove part of the heat of reaction during operation, as well as to heat the
system prior to startup. The reactor column preferably operates at a pressure nominally equal
to that of the H,S stripper, of the order of 1.5 to 3 atmospheres absolute. However, the
reaction pressure is not limited to that range but could be as high as 5 atmospheres when

using conventional equipment. The higher the pressure, the more rapid will be the reaction

between the two gases.
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The condensate is sent to a sour-water stripper where it 1s freed of dissolved H,S and
becomes a product of the process.
Figure 1 is a simplified process-flow diagram that shows the major components and general
operating conditions of one embaodiment of the process of the invention, Figure 1 illustrates
5  the use of a reactor column employing counter-current flow of the gases and liquids, with the
liquid streams flowing down and the gases flowing up. The counter-current column can
employ packing or more preferably trays such as are used 0 gas absorption columns, To
facilitate the description, items of equipment are given three-digit numbers whereas streams
are given one- or two-digit numbers, A given stream maintains the same number as it flows
10  through pumps and heat exchangers as long as its composition is unchanged. In the
description below the numbers referring to streams are between parentheses whereas the
numbers referring to items of equipment are without parentheses,
In Figure 1 a stream of H,S-rich gas, (1), that is typical of a stream recovered from a sour
industrial gas by an absorber/stripper operation (nof shown), enters the system. A major
15 fraction of stream (1) is sent via stream (2) to Reactor Colummn 101, A minor fraction of
stream (1) bypasses Reactor Column 101 via stream (6), Stream (6) is preferably 30% or less
of stream (1), is more preferably 20% or less of stream (1), and is most preferably 15% or
less of stream (1). The SQ»-rich stream fed to Reactor Column 101 is stream (24). The
source of stream (24) is SO, Stripper 100, the operation of which is discussed below.,
20  Preferably at least part of the SOq-rich stream (24A) enters Reactor Column 101 at the same
level as HyS-rich stream (1) whereas a smaller part of the SO;-rich streatn (24B) enters
-~ Reactor Column 101 one or two trays below HaS-rich stream (1) and serves 1o strip and react
away dissolved H,S from the descending sulfur and solvent strearmns before they exit from
Reactor Column 101, The solvent stream fed to Reactor Column 101 is stream (36), which
25  has been decanted from sulfur stream (60) at the bottom of Reactor Column 101. By
regulating the fraction of the part of the SOs-rich stream flowing in stream (248) only minor
amounts of SO, are present in solvent stream (36) and sulfur strearn (60). During normal
operation solvent stream (36} is pumped by Pump 120 through Heat Exchanger 260 and is
cooled to a temperature of about 120 °C. During start-up of the systetn, steam is supplied to

30  Heat Exchanger 260 to preheat the solvent before the start of operations.
Solvent stream (36) enters near the top of Reactor Column 101, below the water-wash section

deseribed below. The two gaseous reactant streams, (2) and (24), combine near the bottom of
Reactor Column 101 and the reactants are absorbed by and react in the solvent phase to form
water vapor and a second liquid phase of ¢lemental sulfur. In addition, coolant water is

Y
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injected info the solvent at various points along Reactor Column 101 and in turn vaporizes
from the solvent so that the desired range of temperatures is maintained. At the bottom of
Reactor Column 101 the liquid streams flow into a liquid/liquid separator section. Liquid
sulfur settles rapidly to the bottom of the section. The two liquids are decanted; fhe sulfur is
one of the products of the process, stream (60), and is removed via pump (110) whereas the
solvent stream (36) flows to Pump 120 as noted above.

In the top section of Reactor Column 101 gas stream (3) is serubbed with aqueous stream
(21) to remove solvent vapor, react away residual SO, and provide coolant as noted above.
H»5 and SO, react very rapidly in water to form colloidal sulfur and various sulfoxy acids as
noted above so that gas stream (3) is free of both solvent vapor and residual SO» when it
enters Heat Exchanger 240, Most of the water is condensed from stream (5) and is separated
In a sour aqueous stream (22) that is split into streams (20) and (21). Dissolved H;S 1s
stripped from stream (20) in Sour Water Stripper 102 and stream (20) becomes the pure water

product from the process. The off-gas from Stripper 102, a very small stream (5A), is

combined with the reactor ofi-gas, stream (5), which flows 1o Heat Exchanger 240,

Scrubbing water, stream (21), is separated from stream (22) and fed to the scrubbing section
at the top of Reactor Column 101 as noted above. The scrubbing liquor leaving the scrubbing
section is conveyed via pump (115) and line 21A and injected into the solvent at various
points along Reactor Column 101 as noted above. |

The cooled HpS-tich gas, stream 5, from Heat Exchanger 240 combines with Reactor By-Pass
(Gas stream (6) to become stream (7), the HaS-rich feed to Furnace 104. The air flow to
Furnace 104, siream (8, 9), is provided by Blower 140. The fumace preferably is operated
with an Oz/fuel ratio that is about equal to the stoichiometric requirement for converting
about 98% to 99% of the H;S to S0, + H;Q, preferably about 1% to 2% of the Hp% to S +
H,0, substaniiaily all of the organic sulfur compounds to 8Q; + CO» + HyO and substantially
all of the hydrocarbons and other combustibles to CQ; + H0. The 8O3 content of the
combustion gas in the process of the present invention preferably is sufficiently high to
prevent the formation of any substantial amount of soot, CO, COS, C8, or H; whereas the S,
content is sufficiently high to prevent the formation of any substantial amount of SO; or NQ.
As the combustion gas flows through the waste-beat boiler following Furnace 104 and is
cooled, a sinall amount of the sulfiyr is converted back to HaS by the reverse of Reaction (1)
i the pas phase. Gas siream (10), which is at a femeperature of about 150 °C, then enters the
quench section at the bottom of 8O, Absorber 103. In the quench section stregm (10) is

cooled 1o near ambient temperature and the sulfur vapor and most of the water vapor formed
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by the combustion are condensed by quench stream (314, 234). The heat absorbed by
quench stream (31A) 1s removed in Heat Exchanger 230. The st in stream (10) will react
with SO, and water in the quench operation to form a very dilute solution of sulfoxy acids,
| which, combined with colloidal sulfur, is known in the technical literature as “Wackenroder’s
5  liquid”. The net material condensed in the quench operation leaves the quench section of SO,
Absorber 103 in stteam (31) and becomes & part of the coolant supplied to Reactor Column
101. The cooled $O;-rich gas flows counter-currently to the cooled solvent stream (35) in
302 Absorber 103 and the SO; is absorbed to form SO,-rich solvent stream (32). The
relative quantities of cooled solvent stream (35, 30), cooled SQs-rich stream {10) and thxe

10 height of SO, Absorber 103 are such that the stack gas, stream (11), leaving SO; Absorber
103 meeis ambient air-quality standards, typically 100 parts per million SO; or less. A small
water stream (24) washes solvent vapor from the stack gas at the top of 805 absorber 103.
Stream (32) is heated in Heat Exchanger 210 by lean solvent stream (34) and flows to 50+
Stripper 100 via pump (123).

15  Im 50 Stripper 100 the rich solvent flows counter-currently to the stripping vapor generated
in Reboiler 200. A major fraction of that vapor consists of water that has been boiled from
the only-moderately volatile solvent, and that was added as reflux stream (23) at the top of
the column, Reflux stream (23) also serves the purpose of scrubbing solvent vapor from the
50y-rich pgas stream (24) leaving the top of SO» Siripper 100. SQOq-rich gas stream (24) then

20  passes through Condenser 205, where a major fraction of the water content condenses to form
stream (23). 50s-rich solvent stream (32) typically containg somewhat more water than lean

- salvent stream (34); this excess water is sent to Reactor Column 101 in stream (23A) to act as
- coolant, Hot, lean solvent, stream (34), leaves the bottom of SO» Stripper 100 and is pumped
| by Pump 105 back to SO» Absorber 103 by way of Heat Exchangers 210 and 220, being

25  cooled in the process.

EXAMPLE
Refernng to Figure 1, stream (1) has an hourly flow of 222 kmol H,8, 107 kmol COs, 0.7

kol CH, ahd 0.3 kmol H;Q. The daily production of liquid sulfur is 170 tonnes (1 tonne =
30 1000 kg). Stream (2), the H,S-rich feed to Reactor Column 101, constitutes the entire flow of
stream (1). Stream (24) feeds 73.8 kmol/hr SO, to Reactor Column 101, Reactor Column
101 consists of 12 theoretical swges resembling those in a bubble-cap gas absorption colurmn.
The solvent flow through Reactor Column 101, stream (36), is 550 kmol/hr, The solvent is
diethylene glycol methyl ether. On the feed tray for the H3S-rich feed to Reactor Column
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101 about 54% of the SO; reacts. On the top stage about 0.6% of the SO reacts, for a total of
99.7%, and 74,4 kmol/hr H28 remain in the reactor off-gas, stream (5), The total reactor
coolant, streamms (31) + (22), contains 155 kmol/hr HzO, 31 kmol/br solvent and 1.4 kmol/hr
§. Condenser 250 separates about 350 kmol/hr Ha0 from the reactor off-gas; about 150

3 kmol/hr 1s fed via stream (21) to the scrub section at the top of Reactor Colurmn 101 and
abouf 200 kmaol/hr passes through Sour Water Stripper 102 and becomes a product of the

process, stream (20).
The air flow to Furnace 104, siream (9), contains 424.7 kmol/hr Ns, 112.5 kmol/hr Os and 9.4

kmol/hr HyQ (assuming 50% relative humidity). The adiabatic flame temperature is about
10 1400 °C (2560 “F); The quantity of sulfur vapor is 0.75 kmol/hr; there is no CO, COS, CS,
or Hz in the combustion gas, The combustion gas, strearn (10), also ¢ontains 73.8 kmol/hr
503, 108 kmol/hr CO; and 95.4 kmol/hr H2Q in addition to the nitrogen in the air.
The quench stream (31A) contains 2500 kmol/hr H>O and 31 kmol/hr 8; the net quench
hquid, stream (31), contaimms 61 kmol/bhr H»O and 0.75 kmol/br 8. The flow of solvent
15  through 80O, Absorber 103 is 750 krnol/hry SOs Absorber 103 has 6 theoretical stages for the
quench section and 12 theoretical stages for the solvent section. The lean solvent, stream 335,
1s diethylene glycol methyl ether and contains about 4 wt% water. The stack gas, stream 11,
from SOz Absorber 103 contains 0.044 kmol/hr (80 ppmyv) 80;.
8Os Stripper 100 has 12 theoratical stages for the stripping section and 2 stages above the
20  solvent feed stage for the reflux section. The vapor flow from the reboiler is 230 kmol/hr
HO and 20 kimol/hr solvent. The amount of 80, in the lean solvent is 0.0022 kmol/hr,
0.002% of that entering in stream 33. Reflux stream 23 is 93 kmol/hr H,Q.

25
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WHAT IS CLAIMED IS:

1. A process for removing H,S from an H,S-rich gas and producing
sulfur, which comprises:

(a) reacting H,S from the H,S -rich gas with SO, in a reactor to produce
sultur and a reactor off-gas containing H,S and H,O;

(b) combusting the reactor off-gas to produce a combustion gas
containing SO,, water vapor, and sulfur vapor;

(c) cooling the combustion gas from step (b) to condense water vapor and
sulfur vapor and produce an aqueous stream containing sulfur; and

(d)  1introducing the aqueous stream from step (c) into the reactor to

provide cooling for the reaction of step (a).

2. A process 1n accordance with claim 1 wherein the aqueous stream

from step (c) comprises primarily water.

3. A process 1n accordance with Claim 1 wherein the cooling of the

combustion gas is performed with a direct water quench.

4, A process 1n accordance with Claim 1 wherein the cooling of the

combustion gas 1s performed by indirect heat exchange with a cooling medium.

5. A process 1n accordance with Claim 1 which further comprises:

(e) removing the SO, from the cooled combustion gas to obtain a stack

gas of low sulfur compound content.

6. A process 1n accordance with Claim 5 wherein step (e) is carried out
in an SO, absorber wherein the SO; is removed from the cooled combustion gas by

absorption into a solvent to obtain SO,-rich solvent.

7. A process 1n accordance with Claim 6 wherein the SO, used in step

(a) 1s obtained at least in part by stripping the SO, from the SO,-rich solvent.
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8. A process 1n accordance with Claim 7 wherein the cooling of step (c)

1s carried out 1in the lower part of the SO, absorber.

0. A process 1n accordance with Claim 8 wherein the cooling of step (c)

1s performed with a direct water quench.

10. A process in accordance with Claim 1 wherein step (a) is conducted in
the presence of a solvent; the reactor off-gas, before leaving the reactor, is contacted with a
second aqueous stream to recover solvent vapor, unreacted SO, reacts with H,S in the
reactor off-gas in the presence of the water contained in the second aqueous stream to
produce a third aqueous stream comprising primarily water and containing suspended sulfur,
and wherein the third aqueous stream is introduced into the reactor to provide cooling for the

reaction of step (a).

11. A process in accordance with Claim 1 wherein the amount of sulfur in

the aqueous stream from step ¢) is from 0.1 to 10 percent by weight.

12. A process in accordance with Claim 5 wherein SO, is removed from
the combustion gas using an SO,-lean solvent introduced into an upper part of the SO,
absorber and wherein SO,-rich solvent is removed from an intermediate part of the SO,

absorber.

13.  In aprocess for removal of H,S from an H,S-rich gas, in which the
H,S-rich gas 1s reacted with SO, in a reactor in the presence of an organic liquid to produce
sulfur, and in which H>S is combusted to produce a combustion gas containing SO,, water
vapor and gaseous sulfur, and in which the SO, is thereafter reacted with the H,S-rich gas,
the steps comprising:

(a) cooling the combustion gas to condense water and sulfur vapor and
produce an aqueous stream comprising primarily water and containing suspended
sulfur; and

(b) introducing said aqueous stream into the reactor to provide cooling for

the reaction between the H,S-rich gas and the SO,.
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14. A process in accordance with Claim 13 wherein the cooling of the

combustion gas 1s performed with a direct water quench.

15. A process in accordance with Claim 13 wherein the cooling of the

combustion gas 1s performed by indirect heat exchange with a cooling medium.

16. A process in accordance with Claim 13 which also comprises:
(c) removing SO, from the cooled combustion gas to obtain a stack gas

containing 100 ppm or less SO..

17. A process in accordance with Claim 16 wherein step (c) is carried out
in an SO, absorber having an upper portion and a lower portion, wherein the SO, is removed

from the cooled combustion gas by absorption into a solvent to obtain SO,-rich solvent.

18. A process in accordance with Claim 17 wherein the SO, that is
reacted with the H,S-rich gas is obtained at least in part by stripping the SO, from the SO,-

rich solvent.

19. A process 1n accordance with Claim 17 wherein the cooling of the

combustion gas 1s carried out in the lower portion of the SO, absorber.

20. A process in accordance with Claim 19 wherein the cooling of the

combustion gas is performed with a direct water quench.

21. A process in accordance with Claim 13 wherein the reaction between
the H,S -rich gas and the SO, is conducted in the presence of a solvent to produce a reactor
off-gas; the reactor off-gas, before leaving the reactor, is contacted with a second aqueous
stream to recover solvent vapor, unreacted SO, reacts with H»S in the reactor off-gas in the
presence of the water contained in the second aqueous stream to produce a third aqueous
stream comprising primarily water and containing suspended sulfur, and wherein the third
aqueous stream 1s introduced into the reactor to provide cooling for the reaction of the H,S -

rich gas with the SOx.
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22. A process in accordance with Claim 13 wherein the amount of sulfur

in the aqueous stream is from 0.1 to 10 percent by weight.

23. A process in accordance with Claim 17 wherein the SO, 1s removed
from the combustion gas using an SO,-lean solvent introduced into an upper part of the SO,
absorber and wherein SO,-rich solvent is removed from an intermediate part of the SO,

absorber.

24. A process for removing H,S from an H,;S-rich gas and producing
sultur, which comprises feeding the H,S-rich gas and an SO,-rich gas, the H,S being in
stoichiometric excess, into a reactor column in the presence of a solvent that catalyzes their
reaction to form hquid sulfur and water vapor; wherein a first aqueous stream is injected at
one or more points of the reactor column to absorb heat generated by the reaction in the
reactor column; wherein the H,S-rich off-gas is scrubbed with a second aqueous stream in
the upper section of the reactor column to recover solvent vapor and unreacted SO, and is
then cooled to condense water; combusting the H,S-rich off-gas to produce SO2 to be fed to
the reactor column; absorbing the SO, from the combustion gas by contacting the gas with
an SO, absorbent 1n an absorber to obtain an SO,-rich absorbent; and stripping the SO, from
the SO,-rich absorbent to obtain an SO,-rich gas; which process further comprises:

(a) burning the cooled H;S-rich off-gas with an amount of O,-rich gas in

a furnace such that, substantially all hydrogen is converted to H,O, and at least 90%
of the sulfur 1s converted to SO, while at least 0.1% of sulfur is converted to sulfur
vapor;

(b)  cooling the SO,-rich gas from step (a) by direct contact with cooled

water to produce an aqueous slurry containing solid sulfur;

(¢) absorbing the SO, from the cooled SO,-rich gas in an SO, absorber by

contacting the gas with an SO, absorbent to obtain an SO,-rich absorbent;

(d) stripping the SO, from the SO;-rich absorbent to obtain an SO,-rich

gas; and

(€) using the slurry of solid sulfur suspended in water from step (b) as a

part of the first aqueous stream injected at one or more points of the reactor column

to absorb a part of the heat of reaction by vaporization.
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25. A process for removing H>S from an H,S -rich gas and producing

sulfur, which comprises:

(a) reacting H,S from the H,S-rich gas with SO, in a reactor in the
presence of an organic liquid to produce sulfur and a reactor off-gas containing H,S

and H;O, wherein the SO; 1s introduced into the reactor as a gas;

(b) combusting the reactor otf-gas to produce a combustion gas

containing SO, and water vapor;

(c) cooling the combustion gas from step (b) to condense water vapor and

produce an aqueous stream;

(d)  recovering the SO, from the cooled combustion gas;

(e) introducing the SO, from step (d) into the reactor as the SO, gas of
step (a); and

(1) introducing the aqueous stream from step (¢) into the reactor to

provide cooling for the reaction of step (a).
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