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(57) Hydrogen sulfide 1s removed from gas streams by reaction with sulfur dioxide to produce sulfur. The reaction 1s
effected 1n a reaction medium comprising a non-aqueous Lewis base with a pK b value of about 6 to about 11. The
reaction medium possesses a specific combination of properties: a) absorbs sulfur dioxide and reacts chemaically
therewith, the reaction medium contamning hydrogen sulfide, sulfur and water to form complex sulfur-oxide species,
including sulfate and polythionate species, whereby the resulting solution exhibits no or an mnsignificant sulfur dioxide
vapor pressure; b) absorbs hydrogen sulfide; ¢) removes the hydrogen sulfide from the gas stream through contact of

t]

e gas stream with the reaction medium 1n the presence of the complex sulfur-oxide species; d) acts as a catalyst for

t!

e overall reaction of the hydrogen sulfide with sulfur dioxide to produce sulfur; and (e) has the capacity to absorb

sulfur dioxide 1n sufficient quantity to remove substantially all the hydrogen sulfide from the gas stream,
notwithstanding short term vaniations n the stoichiometric balance between the hydrogen sulfide and the sulfur
dioxide 1n the reaction medium. The reaction medium may be preloaded with sulfur dioxide, whereby the complex
sulfur-oxide species are 45 preformed 1n the reaction medium before contacting with the gas stream.

I*I Industrie Canada  Industry Canada



10

15

20

25

30

CA 02309422 2000-05-25

44

L

ABSTRACT OF THE DISCLOSURE

Hydrogen sulfide 1s removed from gas streams by
reaction with sulfur dioxide to produce sulfur. The
reaction 1is effected in a reaction medium comprising a
non-aqueous Lewls base with a pKy value of about 6 to

about 11. The reaction medium possesses a specific

combination of properties:

a) absorbs sulfur dioxide and reacts chemically
therewith, the reaction medium containing hydrogen
sulfide, sulfur and water to form complex sulfur-
oxlide species, 1ncluding sulfate and polythionate
species, whereby the resulting solution exhibits

no or an 1nsignilficant sulfur dioxide wvapor

pressure;

b) absorbs hydrogen sulfide;

C) removes the hydrogen sulfide from the gas stream
through contact of the gas stream with the
reaction medium 1n the presence of the complex
sulfur-oxide species;

d) acts as a catalyst for the overall reaction of the
hydrogen sulfide with sulfur dioxide to produce
sulfur; and

(e) has the capacity to absorb sulfur dioxide 1in
sufficient quantity to remove substantially all
the hydrogen sulfide from the gas stream,
notwithstanding short term variations 1in the
stoichiometric balance between the hydrogen
sulfide and the sulfur dioxide in the reaction
medium.

The reaction medium may be preloaded with sulfur

dioxide, whereby the complex sulfur-oxide species are
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preformed in the reaction medium before contacting with

the gas stream.




10

15

20

25

30

-

CA 02309422 2000-05-25

TITLE OF INVENTION
HYDROGEN SULFIDE REMOVAL PROCESS

REFERENCE TO RELATED APPLICATION

This application 1is a continuation-in-part of

PCT/CA98/01051 filed November 12, 1998.
FIELD OF INVENTION

The present 1invention relates to the removal of
hydrogen sulfide from gas streams using a reaction
medium comprising non-agqueous Lewls bases.

BACKGROUND TO THE INVENTION

Many reservoirs of mnatural gas contain hydrogen
sulfide and carbon dioxide which are acid gases which
can be extremely corrosive when combined with each
other and water. Natural gas containing such acid or
sour gases must be purified (or "sweetened") to remove
or decrease the concentration of such gases prior to
the purified natural gas ("sweet gas") being forwarded
to consumer, industrial and other markets.

The most commonly-practised process technology for
acid gas removal 1s the absorption of the acid gases
from the natural gas stream by a regenerable absorbing
solution in a gas processing plant. In such procedures,
a regenerable absorbing solution is passed 1n
countercurrent contact with the natural gas stream to
absorb the H,S and CO,, as well as other sulfur
compounds, from the natural gas stream, thereby
reducing their concentration 1in the natural gas stream
and purifying the natural gas stream.

The acid gas laden solution then 1s regenerated by

steam stripping at elevated temperature and the

regenerated solution is cooled and recirculated back to
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the natural gas contacting stage. Acid gases stripped

from the solution i1in the regeneration step are vented
from the gas processing plant for further processing,
including, 1in some cases by 1ncineration to sulfur
dioxide.

Chemicals that are commonly employed 1n such
procedures 1nclude amines, egsters and similar
regenerable materials 1n which the acid gases may be
absorbed. The most commonly-employed amines for this

procedure include monoethanolamine (MEA) |

diethanolamine (DEA) and methyldiethanolamine (MDEA) .
The present invention 1s concerned with a manner
of processing sour natural gas streams.
SUMMARY OF THE INVENTION
The present invention provides novel procedures
for treatment of  Thydrogen sulfide-containing gas
streams. As described 1n more detailil below, the
process of the 1invention includes a step of reacting
hydrogen sulfide and sulfur dioxide to form sulfur
(sometimes termed the Claus reaction) 1in a reaction
medium comprising a non-agqueous Lewls base, preferably
quinoline. The processes described herein are
applicable to other gas streams which contain hydrogen

sulfide, including Claus process tail gas streams and

industrial flue gas streams. One benefit of the present

invention, as described below, 1s that there 1s no

grven

necessity to precisely control the stoichiometry of the

gases for a complete removal of hydrogen sulfide to be
effected.

In accordance with the present invention, a
reaction medium comprising a non-agueous Lewls base,

having a pKpy value of about 6 to about 11, preferably
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about 8 to about 10, particularly quinoline, 1s used to
remove hydrogen sulfide from gas streams, particularly
in the sweetening of sour natural gas streams but also
for other applications, such as tail gas cleanup, by
effecting reaction between hydrogen sulfide and sulfur

e
p—

dioxide 1n the reaction medium. The reaction of

hydrogen sulfide with sulfur dioxide, which may be 1n

the form of a reaction product with the Lewis base,

proceeds in accordance with the equation:

2H-S + 50, — 35 + 2H,0

known as the Claus reaction.

It 1is well known that sulfur dioxide is soluble 1n
many amines, including quinoline, forming an equi-molar
solid reaction product, itself soluble 1n gquinoline and

gquinoline-water mixtures. However, such material has a

measurable sulfur dioxide vapor pressure which becomes

significant at temperatures above about 50°C and hence

is unsuitable as a storage medium for sulfur dioxide,
at least for low pressure applications.

The inventors herein have discovered, surprisingly
and unexpectedly, that non-agqueous Lewls bases, 1n the

presence of water, hydrogen sulfide and sulfur product

and over time form non-agueous Lewis base migcible

components which have a storage capacity for sulfur

dioxide and which do not exhibit any significant sulfur
dioxide vapor pressure. The storage capacity of the
solution enables the reaction of sulfur dioxide and
hydrogen sulfide to be carried out without precise

—

control of the input stoichiometry, providing a "fly-

wheel" effect. This aspect of the 1nvention 1s

particularly important for tail gas cleanup, such as of
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Claus reaction tail gas streams, where wvarlations 1n
gas composition commonly occur.
The exact nature of the miscible components which

are formed 1in the non-agqueous Lewls Dbase are unknown

but are complex sulfur-oxide speciles, 1ncluding sulfate
and polythionate species, and the term "complex sulfur-
oxide species" 1s used herein to denote such miscible
components. However, their effect 1s to provide a

medium uniguely suited to remove hydrogen sulfide from

a gas stream containing hydrogen sulfide by reaction
with sulfur dioxide.
The inventors herein use the complex sulfur-oxide

species 1in an original manner to provide 1mproved

procedures for zremoving hydrogen sulfide from gas
streams. The present invention uses a reaction medium
comprising a Lewis base which has pKy values from about
6 to about 11, preferably about 8 to about 10.

Although strong Lewis bases, (pKy less than about 6)

tend to react irreversibly with sulfur dioxide,
preventing the Claus reaction from occurring, weaker

Lewlis bases (pKp, greater than about 11) do not appear

to catalyze the Claus reaction. The Lewls bases of
intermediate basicity (pKy from about 6 to about 11),
as used herein, react reversibly with sulfur dioxide

and catalyze the Claus reaction. Quinoline (pKp, 9) 1s

the preferred Lewis base but other amines with the

required pKy, values can be used, such as 2,4,6-
trimethyl pyridine (pKy 7). In addition, the Lewis
bases may be wused 1n diluted form with miscible

liguids, such as glycols and N-methyl pyrrolidone (pKp

8 to 10).
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One aspect of the present invention 1s directed

specifically to scavenging hydrogen sulfide from gas

streams, such as sour gases, on an 1ntermittent or
continuous basis, using a reaction medium which 1s a
non-agqueous Lewls  base “pre-loaded” with  sulfur
dioxide, but yet exhibits no significant sulfur dioxide
vapor pressure, thereby providing a reservolr of
reactant for the hydrogen sulfide. By contacting a gas
stream containing hydrogen sulfide with the reaction
medium, the hydrogen sulfide 1s absorbed and reacts
wlith the pre-loaded sulfur dioxide at ambient
temperature, about 5° to about 35°C, to produce solid
sulfur and water, according to the Claus reaction.

In this procedure, the pre-locaded sulfur dioxide

is not stripped from the reaction medium and yet 1s

available for reaction with the hydrogen sulfide,

enabling removal of hydrogen sulfide from sour gas down

to below about 4 ppm in one pass through the reactor.

The pre-loaded sulfur dioxide 1s present 1in the

reaction medium 1n the form of complex sulfur-oxide
species, including sulfate and polythionate species,

and 1t 1s those species which react with the hydrogen

sulfide absorbed from the gas stream.

Accordingly, in one  aspect of the present
invention, there 1s provided a reaction medium for
removing hydrogen sulfide from a gas stream, which
comprises a non-aqueous Lewls base having a pKp value
of about 6 to about 11 contailning complex sulfur-oxide

speciesg, including sulfate and polythionate species and

exhibiting no sulfur dioxide wvapor pressure and having

the capacity to absorb hydrogen sulfide form a gas
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stream and to react with absorbed hydrogen sulfide to

produce sulfur and water.
The reaction medium  which 1S provided in

accordance with this aspect of the present invention 1is

formed by reacting hydrogen sulfide with sulfur dioxide
to form sulfur and water. A stolchiometric excess of
sul fur dioxide reacts with the in-situ produced sulfur
and water to form the complex sulfur-oxide species.
This operation may be effected 1in two steps or a single
step.

Accordingly, in a further aspect of the present

invention, there 1s provided a process for forming a
reaction medium useful for the removal of hydrogen

sulfide from a gas stream, which comprises reacting

hydrogen sulfide and sulfide dioxide 1n a non-agueous
Lewis base having a pK, value of about 6 to about 11 to

form sulfur and water in accordance with the equation:

2H28 + SO, — 35S + 2H50

and, either subsequently or simultaneously, reacting

sulfur dioxide 1in excess of the stoichiometry of the
equation with said non-aqueous Lewls base, to provide a
reaction medium contalning complex sul fur-oxide
species, including sulfate and polythionates.

The complex sulfur-oxide species also may be
formed by adding oxygen to the medium instead of sulfur
dioxide, under appropriate conditions of temperature
and pressure.

In the case  where the reaction with  the
stoichiometric excess of sulfur dioxide 1s effected

i

subsequent to completion of the reaction of hydrogen

sulfide and sulfur dioxide, the process may be effected

by:
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feeding a gas stream containing sald hydrogen

sulfide and sulfur dioxide through a body of said non-

e

agueous Lewis base to form sulfur and water 1in

accordance with said stoichiometric equation until

there 1is a significant and sufficient amount of

elemental sulfur formed, and, subsequently
feeding a gas stream containing sulfur dioxide to

said body of Lewis base until a predetermined amount of

sulfur dioxide has been added or there 1s a significant
detectable amount of sulfur dioxide 1n the off-gas
stream from the body of non-agueoug Lewls base.

In the case  where the reactlion with  the
stoichiometric excess of sulfur dioxide 1s effected
simultaneously with the reaction of hydrogen sulfide

and sulfur dioxide, the process may be effected by:

feeding a gas stream contalining hydrogen sulfide
and a stoichiometric excess of sulfur dioxide
through a body of non-aqueous Lewls base until a
predetermined amount o©f sulfur dioxide has been

added or there 1s a significant detectable amount

of sulfur dioxide 1in the off-gas stream from the

body of non-aqueous Lewls base.

The novel reaction medium provided herelin may be
used to effect the removal of hydrogen sulfide from gas

streams by absorption of the hydrogen sulfide trom the

gas stream and reaction of the absorbed hydrogen
sulfide with the complex sulfur-oxide species. Based on
the experimental results provided herein, a 4 ft.

diameter gas-liguid contact column 20 ft. high,

containing 1600 gallons of the reaction medium, 1s able

to remove 1300 kg of hydrogen sulfide from sour gas

before i1t i1is exhausted.
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When the reaction medium 18 exhausted of the

capacity to absorb hydrogen sulfide, the spent reaction

medium may be regenerated 1n any convenient manner, for

example, by reaction with sulfur dioxide or oxygen.
The reaction medium provided herein, pre-loaded

with sulfur dioxide, has considerable benefits 1in

hydrogen sulfide scavenging operations. Inexpensive
sulfur dioxide, 1in the form of the complex sulfur-oxide
species, 1s used as the scavenging agent, and the
reaction medium has a high capacity for hydrogen

sulfide removal, with up to 20 weight percent loadings

of sulfur dioxide 1n the reaction medium.

The hydrogen sulfide removal process using the

reaction medium may utilize a simple bubble column
reactor and an ambient operating temperature, with
minimal peripheral equipment, and have low capital
costs. The simplicity of the hydrogen sulfide removal
process makes 1t suitable for unattended wellhead

operation, even in remote locations.

The reaction medium 1s readily loaded and unloaded
from a bubble column and the potential exists for
execution of the two operations simultaneously without
a shutdown. The spent reaction medium 18 readily

regenerated, which may be effected at a central

processing facility, by adding more sulfur dioxide, as
mentioned above. Such a central processing facility may

serve a number of satellite wellhead sweetening

operations, with recharged reaction medium Dbeing
transported from the facility out to the siltes and

spent reaction medium being transported back to the

central facility for regeneration. Since the sulfur

dioxide 1s present 1n the reaction medium as complex
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sulfur-oxide species, the sulfur dioxide 1s not removed
from the reaction medium by gas passing through the
reaction medium and hence does not contaminate the

sweetened gas.

Another aspect of the present 1nvention provides a
process for the removal of hydrogen sulfide from a gas

stream by reaction with sulfur dioxide, which comprises

offecting the reaction in a reaction medium comprising

a non-aqueous Lewis base with a pKy value 1n the range

of about 6 to about 11 and which reaction medium:

a ) absorbs sulfur dioxide and reacts chemically
therewith, the reactlon medium contailning
water, hydrogen sulfide and sulfur to form
complex sul fur-oxide specles, including
sulfate and polythionate species, whereby the

resulting solution exhibits gle or an

insignificant sulfur dioxide vapor pressure;

b) absorbs hydrogen sulfide;
C) removes the hydrogen sulfide from the gas
stream through contact of the gas stream with

gl

the reaction medium 1n the presence of the

complex sulfur-oxide species;
d) acts as a catalyst for the overall reaction
of the hydrogen sulfide with sulfur dioxide

to produce sulfur; and

(e) has the capacity to absorb sulfur dioxide 1in
sufficient quantity to remove substantilally
all the hydrogen sulfide from the gas stream,
notwithstanding short term wvariations 1n the
stoichiometric balance between the hydrogen
sulfide and the sulfur dioxide 1n the

reaction medium.
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In accordance wilth the aspect .of the 1nvention
described above, the reaction medium may be preloaded
with sulfur dioxide, whereby the complex sulfur-oxide
species are pre-formed 1in the reaction medium before
contacting with the gas stream.

The reaction medium may consist essentially of the
non-aqueous Lewis base or may further comprise a
miscible diluent, including glycols, water and N-
methyl-pyrrolidone.

The process of hydrogen sulfide removal provided

sffected 1n a manner 1in which sulfur

e

herein may be
dioxide is continuously absorbed by the reaction medium
to react with hydrogen sulfide 1n the gas stream at a
temperature of about 5° to about 155°C, preferably
about 30° to about 130°C, to produce sulfur.

The sulfur which i1s formed 1n the process 1is
completely miscible with the preferred Lewls base,
quinoline, at temperatures above about 80°C. Removal
and recovery of the sulfur may be achieved by operating
a portion or the whole of the hydrogen sulfide removal
operation at a temperature below this temperature. The
recovered sulfur may be washed with hot water or
suitable solvent, or subjected to an alternative
procedure, to remove Lewls base.

' The latter procedure 1s particularly useful 1n a
natural gas sweetening operation or for the processing
of a hydrogen sulfide-containing gas stream where a
continuous operation 1s required.

The process of hydrogen sulfide removal provided
herein may be effected 1n a manner 1n which the gas

stream 1s so contacted, i1ntermittently or continuocusly,

with a body of the reaction medium to react the
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hydrogen sulfide with sulfur dioxide 1n the reaction

medium in the presence of complex sulfur-oxide specles

p—
e

to form sulfur until the reaction medium 1s depleted o:

its capacity to rzreact with hydrogen sulfide and a
significant hydrogen sulfide vapor pressure 1s present.

The latter procedure 1is particularly useful for
scavenging operations to remove lesser amounts ot

hydrogen sulfide on an intermittent operational basis

from gas streams having a wvariety of sources. The

procedure may be operated at a temperature above or
below the melting point of sulfur and down to the
solidification point of the reaction medium. The sulfur
usually is permitted to accumulate in the body of the
reaction medium until the reaction medium 1s depleted.
When the reaction medium becomes depleted of the

ability to react with hydrogen sulfide, which may be

detected by any conventional sensing device, the
reaction medium 1s regenerated. Regeneration may take
a variety of forms, 1including replacement of the

depleted reaction medium by a fresh charge of the

reaction medium containing complex sulfur-oxide species
or a charge of reaction medium contalning complex
sulfur-oxide species regenerated from a previous batch.
Sulfur may be removed intermittently as desired from
the reaction medium using conventional technology.

By means of wvariations 1in the composition of the

reaction medium, to include suitable amounts of glycol

and water, and by the choice of a suitable temperature
of operation, it may be possible to combine the removal
of hydrogen sulfide with the simultaneous removal of

carbon dioxide and water vapour from the gas stream.
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BRIEEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic flow sheet of a continuous

hydrogen sulfide removal process for sweetening a

natural gas stream containing hydrogen sulfide under

process conditions of operation which may wvary widely,
according to one embodiment of the 1nvention;

Figure 2 is a schematic flow sheet of a continuous

hydrogen sulfide removal process for sweetening of a
natural gas stream contalining hydrogen sulfide
according to a second embodiment of the invention;

Figure 3 1s a schematic flow sheet of a Dbatch
scavenging process for the removal of hydrogen sulfide
from a gas stream containing small amounts of hydrogen
sulfide; and

Figure 4 1s a graphical presentation of data
generated in an extended run experiment detailed below,
showing the removal of efficiency of hydrogen sulfide

guive
p—

as a function of time and the removal efficiency of

sulfur dioxide as a function of time.

GENERAL DESCRIPTION OF THE INVENTION

In one specific aspect of the present 1nvention,

there is provided a continuous process for the removal
of hydrogen sulfide from a gas stream, which comprises
contacting a reaction medium with the gas stream in the

g
p—

presence of complex sulfur-oxide species, 1ncluding

sulfate and polythionate species, 1n the reaction

medium to react with the hydrogen sulfide to form
liguid sulfur, 1in accordance with the stoichiometric

equation:

2H28 + SO, —> 3S + 2H50
in a reactor, the reaction medium containing the

complex sulfur-oxide speclies and comprising a non-
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agueous Lewis base having a pKy value of about 6 to

about 11 having the capacity to absorb sulfur dioxide

in sufficient gquantity to remove substantially all the
hydrogen sulfide from the gas stream, notwithstanding
short term wvariations 1n the stoilchiometric balance
between the hydrogen sulfide and the sulfur dioxide 1in
the reaction medium; accumulating liquid sulfur from

F

the reaction as a layer 1n a lower region of the

reactor below the reaction medium, venting a hydrogen

sulfide depleted gas stream from the reactor, and
removing sulfur from the layer thereof.

In this procedure, the sulfur dioxide and/or the

gas stream may be passed upwardly through the layer of
sulfur to remove associated components from the sulfur
and then through the reaction medium to produce therein
the complex sulfur species for reaction with the
hydrogen sulfide.

One specific embodiment of the procedure 1s

carried out on a sour natural gas stream containing the

hydrogen sulfide. In this specific procedure, the sour

natural gas stream first 1s heated to a temperature at

least close to and optionally above the melting point

of the sulfur and then 1s passed to the reactor. The
heated sour natural gas stream then 1s dispersed 1n the
layer of 1liquid sulfur and 1s permitted to pass
upwardly through the layer of liquid sulfur and into
direct contact with the reaction medium contalning

sulfur dioxide in at least sufficient quantity to

convert substantially all the hydrogen sulfide 1n the
gas stream to sulfur.
The resultant sweetened gas stream 1s removed from

the reactor as the vented gas stream. The sweetened
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gas stream 1s cooled to remove condensables therefrom
and the resulting cooled sweetened gas stream 18
removed as the product of the process. The heating of
the sour gas stream to the required temperature may be
effected, at least in part, by passing the sour natural
gas stream 1in heat exchange relationship with the
removed sweetened gas stream, which thereby effects the
cooling of the removed sweetened gas stream.

The

condensables may be collected and comprise

condensed non-agqueous Lewis base, associated compounds
and dissolved sulfur and the collected condensables may
be recycled to the reactor or discarded. In addition,
the reaction medium may be recycled within the reactor
by blending a stream of the reaction medium from the

reactor with the collected condensables and recycling

the blend to the reactor. The blend may be heated
prior to the passage to the reactor. The combined
heating of the sour natural gas stream and the heating
of the blend may provide the heating required ¢to
maintain the reaction temperature 1n the desired range
above the melting point of sulfur.

In another specific aspect o©f the present
invention, there is provided a process for the removal

of hydrogen sulfide from a gas stream, which comprises

passing the gas stream into a body of regenerable

-

reaction medium comprising a non-agqueous Lewilis Dbase

having a pKpy value of about 6 to about 11 having the

capacity to absorb sulfur dioxide 1n sufficient
quantity to remove substantially all the hydrogen
sulfide from the gas stream, notwithstanding short

term variationse 1in the stoichiometric balance between

the hydrogen sulfide and the sulfur dioxide 1n the
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reaction medium, and containing complex sulfur-oxide

species, including sulfate and polythionate species, to

absorb the hydrogen sulfide from the gas stream and to
react the absorbed hydrogen sulfide with sulfur dioxide
from the complex sulfur species 1n accordance with the

stoichiometric equation:

2H28 + SO, — 35 + 2H20

to form product sulfur in a reactor, venting a hydrogen

sulfide depleted gas stream from an upper portion of
the reactor above the reaction medium and permitting
the product sulfur to settle to a lower portion of the

cactor.

el

Y

The hydrogen sulfide-containing gas stream may be
passed into the body of reaction medium by a gas
distributor within the body o©of reaction medium toO
distribute the gas stream in the form of small bubbles

adjacent to a lower end of the reactor. The procedure

may be operated as a contlnuous process Or 1n
intermittent manner and 1s particularly useful for
scavengling operations.

Exhaustion of the capacity of the body of reaction
medium to absorb and convert hydrogen sulfide to sulfur
may be detected 1n any convenient manner and the

exhausted reaction medium then 1s replaced with

regenerated reaction medium containing the complex
sulfur-oxide species, or regenerated by the reaction ot
sulfur dioxide 1n the presence of sulfur and water
until there 1s a detectable sulfur dloxide vapor

pressure. Alternatively, predetermined amounts of

sulfur dioxide may be added to form a required amount

of the complex sulfur-oxide species to react with a
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predetermined quantity of hydrogen sulfide. Sulfur may
be removed from the reactilion medium as required.

The hydrogen sulfide gas stream may also contain
other sulphurous gases, 1including carbonyl sulfide
and/or carbon disulfide. These gases are catalytically
converted to carbon dioxide, water, and hydrogen
sulfide, the hydrogen sulfide being removed Ifrom the
gas stream by reaction with complex sulfur-oxide

species in the reaction medium, 1n accordance with the

reactions described 1n copendlng United States patent
application No. 09/043,844 filed July 15, 1998,
assigned to the assignee hereof and the disclosure of
which is incorporated herein by reference.

At very high gas flow rates, 1t may prove
convenient to use other gas-liquid contact means, such
as venturi scrubbers and in-line pipe contactors, well

known to thosgse gkilled i1n the art.

DESCRIPTION OF PREFERRED EMBODIMENTS

The applicants provide  hereiln Lwo distinct

embodiments of the process for removal of hydrogen

-

sulfide, described in more detail below 1n relation to
Figures 1, 2 and 3. In one embodiment of the 1nvention
(Figs. 1 and 2), there is provided a continuous pProcess
for sweetening a natural gas stream containling hydrogen

sulfide. In a second embodiment of the invention (Fig.

3), there is provided a batch process for sweetening
natural gas, solution gas or other hydrogen sulfide
contaminated 1industrial gas stream which utilizes

regenerable quinoline-sulfur dioxide solutions.

A. FEmbodiment of Figure 1:

Referring to Figure 1, there 1s shown therein a

single +vessel continuous hydrogen sulfide removal
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process 10 which 1s carried out on a sour natural gas
stream. Typical well-head gas conditions,
concentration, temperature and pressure are given, but
the process 1s applicable to a wide range of process
conditions, as will be appreciated by those skilled 1n
the art.

Natural gas flows from a well-head 12 through
standard process equipment (not shown) to a heat

exchanger 14, wherein 1t 1s heated to, say, about

116°C, and from there then flows

to a gas heater 16,

L 4

possibly gas fired, which further increases the gas

temperature to, say, about 121°C, and preferably high

enough to mailntain the temperature of a

reactor/contactor 18 to which the heated gas stream is
fed above the melting point of sulfur. The gas stream
enters reactor/contactor 18 through a check wvalve, not
shown, which prevents the back-flow of gas and the

contents of reactor/contactor 18.

In the reactor/contactor 18, which may be a

bubble-column or packed column, the gas stream 1s 1n
direct contact with a solution of liquid sulfur 1in a
reaction medium comprising gquinoline which contains
sufficient sulfur dioxide in all forms to convert the
hydrogen sulfide in the gas stream to sulfur by the
Claus reaction referred to above.

The sweetened gas then passes by 1line 19 1n
counter current flow to the inlet gas through the shell

side of heat exchanger 14, where the gas temperature 1s

reduced to, say, about 5°C above the well-head
temperature. Alternatively, where larger quantities of
water are involved, a quinoline-water separation may be

effected. These procedures ensure that water produced
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in the Claus reaction 1s removed. This step 1is
important, since 1t has been found according to the
data of Table 1, that significant amounts of dissolved

”

water may have a deleterious effect of the efficacy of

the 1liquid Claus reaction 1n the reaction medilum.

Sweet gas, which may have the indicated parameters, 1s

discharged from the heat exchanger 14 by line 20.
Condensate formed 1in the shell side of the heat
exchanger 14, which consists of quinoline, associlated
compounds and dissolved sulfur (which 1s moderately
soluble in guinoline), and 1in some applications also
including water, flows 1into tank 21. This step carries
out the important function of preventing the deposition
of condensed sulfur vapour on the heat exchanger tubes.

Pump 22 then transfers the condensate back by the line

23 to the reactor/contactor 18 through a check wvalve,

not shown, which prevents back-flow. The recycle

stream 23 may be heated by heat

exchanger 24 to provide
heat to the reactor/contactor 18 along with the heated
gas stream heated 1n heat exchanger 16. The pump 22
operates continuously at a constant rate.

Reaction medium make up 25 1s required, since the

exiting gas 1s saturated at a temperature of, say,

45°C. In view of this, it is desirable to operate with

as low an approach temperature 1n heat exchanger 14 as

economically feasible. Nevertheless, the vapour

pressure of quinoline at temperatures less than 50°C 1is

only 0.00145 psi, and, at a total pressure of about

1000 psi, this corresponds to a concentration of 1.45

F

ppm (V) . At a gas flow rate of 5 MMSCFD, the make up

requirement for guinoline is about 1 kg/day.
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Make up reaction medium 25 may be pumped from a
tank through a check wvalve (not shown) by a level
controlled pump 26 between appropriate levels ot
reaction medium in the reactor/contactor 18.

Ligquid sulfur dioxide 28 1s pumped continuously
from a rail car or other available source by pump 30 at
the required stoichiometric rate. Small wvariations 1n
the stoichiometry, however, can be tolerated, as
discussed above.

Sulfur formed in the reactor 1s 1in solution with
quinoline in the reactor/contactor 18 and is discharged
intermittently as required or continuously, by line 34.

The sulfur may be recovered from the
quinoline/sulfur solution by cooling the solution to
cause precipitation of sulfur and washing the sulfur

with water or a sgsuitable solvent to recover residual

quinoline. Alternatively, addition of N-methyl

pyrrolidone causes phase separation of sulfur and
guinoline.

Reaction medium may be removed from a lower region
of the reactor/contactor 18 by line 36 and recycled to
the tank 21 to blend with the condensed materials
therein and forms part of the stream recycled to the
reactor/contactor 18 in line 23.

Although the embodiment discussed above with

reference to Figure 1 1s preferably operated at

temperatures in the reactor/contactor 18 of greater

than 120°C, the reaction may be carried out at lower

temperatures, and up to about 155°C, although
vaporization of gquinoline (or other non-agqueous Lewils
base) is at a much higher rate at the higher

temperatures due to the increase 1n vapour pressure. In
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general, the Claus reaction process 11 the

reactor/contactor 18 is carried out at a temperature of

about 120° to about 155°C, preferably about 120° to
about 130°C.

B. Embodiment of Figqure 2:

Referring to Figure 2, there 18 shown an

alternative procedure 100 to that used 1n Figure 1, for
the sweetening of a sour gas stream.
Natural gas flows from a well head 102 to a heat-

exchanger 104. Typical well-head gas conditions of

temperature and pressure are given, but the process 1s
applicable to a wide range of process condition. The

gas stream 1is heated or cooled to the desired reaction

temperature and forwarded by the 106 Lo a
reactor/contactor 108.

The reactor/contactor 108, which may be a bubble
column and/or packed column or other gas-liquid
contactor, 1s arranged with two reaction zones, a lower
zone 110 operating at a temperature above the melting

point of sulfur and an upper zone 112 operating below

the melting point of sulfur. In the reactor/contactor

108, the gas stream first passes through a mass ot
sulfur and quinoline in the lower zone 110 along with
sulfur dioxide fed by line 114 from any sulitable source

and then up into the upper zone 112. In the reactor-

contactor 108 there is sufficient sulfur dioxide 1in all
forms to convert hydrogen sulfide 1n the gas stream to
sulfur by the Claus reaction referred to above.

The hydrogen sulfide depleted gas stream 1s

discharged from the reactor/contactor 108 by line 116.

Sulfur product is removed by line 118 and processed to

recover entrained quinoline. Make-up quantities of
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quinoline are fed, as required, by line 120 to the
reactor/contactor 108.

The procedure effected according to Figure 2,
employing the two 2zones, 1s Dbeneficial 1n reducing

gquinoline losses, improving the removal efficiency with

respect to hydrogen sulfide, and 1ncreasing the
concentration of the complex sulfur species, which tend
to be more stable at lower temperatures.
C. FEmbodiment of Figure 3:

Referring to Figure 3, there 1s shown therein a
batch scavenging process 50 which 1s carried out on a

variety of hydrogen sulfide-containing gas streams to

remove residual amounts of hydrogen sulfide 1in a
regenerable system.

Typically, known batch scavenging processes are
either regenerable or non-regenerable. A number of
commercial processes rely on regenerable oxilides, such
as zinc oxide, which are often returned to the supplier
for a credit. Such systems are often used when the
residual hydrogen sulfide must Dbe less than a few
ppb (v) and are very expensive. Other systems utilize a

non-regenerable absorbent, which can be a solution of

chemicals, such as agueous sodium hydroxide or sodium
hypochlorite. The cost of such processes can be very
high, and disposal of the spent chemical solutions can
be expensive and difficult. The commercial Sulfatreat
process utilizes a non-regenerable 1ron compound. Like
all non-regenerable batch scavenging processes,

operating costs for this system can be very high when

there is a substantial amount of hydrogen sulfide 1n
the gas. The main economic advantage of the process

according to this embodiment of the invention lies 1n
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the high capacity for hydrogen sulfide relative to
other processes, and the simplicity and ease of
regeneration of the absorbing solution, which, once

again, relies on the liquid Claus reaction 1in reaction

media comprising non-aqueous Lewls bases, such as
gquinoline.
Referring now to Figure 3, an 1ndustrial gas

stream 52 which may be natural gas, solution gas or
other industrial gas, 1s passed through a heater 54,
which is optional. A heater may be necessary 1f the gas
stream 1is saturated and/or contains water mist, since
dissolved water inhibits the process 1n guinoline, as
mentioned above.

]
p—

The optionally-heated gas flows through a shut-off

valve, (not shown) to a gas distributor within an
absorption/reaction vessel 56. The gas 1s distributed

in the form of small bubbles by a distributor plate 1in

the lower part of the vessel 56. Vessel 56 contains a
Nnon-agueous Lewls base, preferably guinoline,
containing complex sulfur-oxide species. Hydrogen

sulfide is absorbed by the solution and reacts with the
sulfur dioxide contained therein 1n the form of the
complex sulfur-oxide species, producing more sulfur and
water. The form in which the sulfur 1s obtained

depends on the temperature of operation of the process.

The sulfur agglomerates and settles to the bottom of
the wvessel. The treated gas, depleted of hydrogen
sulfide, flows through a mist eliminator (not shown)
and through shut-off wvalve (not shown) as cleaned gas
58. The sulfur dioxide remains dissolved 1n the

solution 1in the form of the complex sulfur-oxide
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species and hence is not vented from the vessel 56 with
the cleaned gas.

The contact of the gas stream with the reaction
medium also removes particulate matter, 1ncluding
condensed vapours, which may remain 1in solution or may

be adsorbed on the sulfur. When the system 1s

exhausted of its capacity to absorb hydrogen sulfide,
which may be detected in any suitable manner, such as a
hydrogen sulfide detector 32 as used 1in Figure 1, the
entire equipment, including vessel 56 and associated
valves, may be taken out of service, and replaced by an
identical, freshly regenerated system. The exhausted
system may then be capped and sent to a central

regeneration facility. Alternatively, the contents may

be removed from the vessel 56 and replaced by a freshly
regenerated solution, or may be regenerated in situ,
using sulfur dioxide or  oxydgen, under  sultable
conditions of temperature and pressure.

At the regeneration facility, sulfur and the
reaction medium may be separated by conventional
technology, and, if desired, the sulfur can be further
processed to remove other impurities.

The economic advantages of this process are

substantial, having regard to 1ts simplicity, 1ts

absorption capacity for sulfur dioxide, 1ts fully

regenerable chemistry and low reagent losses.
EXAMPLES
Example 1
This Example illustrates the removal of hydrogen
sulfide and sulfur dioxide from gas streams usSing non-

agqueous Lewls bases.
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-

in a

Experiments were performed glass sparged

vessel with an inside diameter of 45 mm and a height of

380 mm.

A 6 mm diameter tube extending 1inside the

vessel from the top down to 30 mm from the vessel
of
the

introduction the

of

bottom was employed for gas

the

mixtures 1nto liquid content vessel.

Attached to the bottom of this glass tube was a frit

that dispersed the gas phase as fine bubbles 1nto the
ligquid phase. A 6 mm diameter glass tube located on
the top perimeter of the vessel permitted venting of
the contact gases.

The results obtained at ambient temperature and
are summarilzed

atmospheric pressure in the following

Tables I, II and III below.

TABLE 1

i}

FEffect of Water on the Kinetics of the Claus Reaction

quinoline
™ VARIABLE 'EEI\T'EROL T EXPT. 1 | EXPT. 2 |
Quinoline (Vol %) - 100 | 95 50|
‘Water (Vol %) - | o 5 20
'H,S In (vol %) | 2.37 | 2°18——L_2'-78__‘E
SO, In (Vol %) - 1.46 0.91 1.51
H,S Out (Vol %) 0.1 OT—I_]F_“
|_"|so , out (vol %) o.oj.é 0.0
Removal Efficiency H,S (%)DG g2 | 59 ‘
r"luiemo?aﬁ__iffmi<::i.ency' SO, (%) 100 J_—TE)—O 100
|_, - I - I j

15

With respect to the results set forth in Table I,

it can be seen that the presence of 5 volume percent of

water

kinetics or the stoichiometry of the H,S removal,

that

the

"fect the reaction

in the guinoline does not a:

of volume

presence 20

but

percent of water
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dramatically reduces the H;S removal, probably as a

result of SO, reacting with the water at the same time

as with the H-S.
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With respect to the results set forth in Table II,

the following observations can be made:

(1) the results of tests 1, 2, 3, 6, and 7
indicate that complete removal of hydrogen
sulfide can Dbe achieved 1n the reaction
medium;

(11) the results of ¢tests 1, 2, and 6 also
indicate (for stoichiometries greater than
2:1) some absorptive capacity of the reaction
medium for hydrogen sulfide;

(iii) the results of tests 3 and 7 indicate (for
stoichiometries less than 2:1) a signifilicant
absorptive capacity of the reaction medium
for sulfur dioxide;

(iv) the results of tests 4 and 5 1indicate that
the presence of carbon dioxide 1in the feed

gas may inhibit the absorption of hydrogen

S

sulfide.

In the experiments reported in Table III below, the

gas 1impinger was packed with glass |Dbeads, the

experiments were run at 25°C and at a gas flow of 500
mL/min and the reagent volume was 175 ml. Each
subsequent test was performed with the quinoline
solution from the preceding test. Accordingly, since
the quinoline solution 1in tests 1 to 3 effected
catalyvzed Claus reaction, the solution contained
reaction product sulfur and possibly other stable
sul fur oxide speciles, such as sulfate and

tetrathionate.
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As may be seen from these results, absorption of
sulfur dioxide in gquinoline 1s substantially complete

in the presence of freshly-precipitated sulfur and

water (Test 5). The reaction medium which 1s formed by
the addition of substantial gquantities of sulfur

dioxide (as in Test 5), emits essentially no H,S or SO

when sparged with nitrogen (Test 6). The reaction
medium 1is able to remove substantially all hydrogen
sulfide from a gas stream containing 10.9% H,S (Test
7). Accordingly, a qguinoline solution contailning
dissolved SO, and elemental sulfur, 1s able to scavenge
hydrogen sulfide from a gas stream without sulfur
dioxide being released from the solution.

Example 2

This Example illustrates the removal of hydrogen
sulfide and sulfur dioxide from gas streams 1n an
extended run.

An extended run was undertaken 1n a 3 1nch
diameter bubble column reactor containing 36 1nches of
3/8 1inch glass packing and filled with gquinoline.
Hydrogen sulfide and sulfur dioxide were introduced to
the bottom of the reactor in a nitrogen carrier gas and

passed upwards through the organic medium. The bubble

column reactor was operated at 55°C and 1nput H,S
concentrations ranging from 0.9 mole percent to 3.5
mole percent, wilth the appropriate input SO,
concentration. The results obtained are set forth 1in

Table IV below:
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The results obtained were plotted graphically and
appear on Figure 4.

As may be seen from Figure 4, hydrogen sulfide
removal efficiencies were between 99.9 and 100% over a
range of input ratios from 1.5:1 to 2.3:1 while sulfur
dioxide removal efficiencies were 1nitially low (97 to
98%) but increased with time to 100%. The removal
efficiency then remained at 100% for the balance of the
run and was independent of the 1input ratio, which
varied between 1.8:1 and 2.3:1 during the balance ot
the run.

The latter results 1ndicated that the eXxcess
sulfur dioxide was reacting with sulfur and water to
form complex sulfur-oxide species, giving rise to a
flywheel effect whereby 1t was not necessary toO
maintain an exact short term 2:1 stoichiometry of the
input gases in order to achieve 100% removal of Dboth
gases from a gas stream.

Example 3

This Example illustrates the formation of complex

sulfur-oxide species.

An experiment was carried out 1n an autoclave at
135°C and 22 psig with continuous stirring of
quinoline. 12 vol% H,S and 6 vol% SO, in a nitrogen
carrier were fed to the reactor for 8 hours per day.
After the day 10 results were obtained, sulfur was
added to the autoclave to ascertain the effect of high
sulfur loadings on the process. No deterioration was
detected.

The results obtained are shown in Table V below:
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Table V

Formation of Complex Sulfur Species

DAY 10 | ADDED S
TV T T To—
WT% SO.° 1.2 1.5 1.8 2.5 0.43
WT% S,03°° 0 0 0 0 0
WT$ POLYTHIONATES 0 0 3.8 3.2 N/A
"HPLC ANALYSIS: B
| WT%$ QUINOLINE 75.6 | 68.8 | 66.6 53 .4 8.1
| WT% SULFUR 17.4 | 22.8 | 29.7 34 75.6
TOTAL WT% 93 91.6 | 96.3 37.4 81.6
ELEMENTAL ANALYSIS:
WT% TOTAL N 8.8 7.3 N/A N/A N/A
WT$ TOTAL S 17.2 | 24.9 | N/A N/A N/A
| TOTAL WT$%
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Example 4

This Example 1llustrates the formation of a

scavenger medium for removal of hydrogen sulfide form a

gas stream.

In a laboratory experiment, a scavenger medium was

prepared using 1 litre of quinoline (7.75 moles) by

carrying out the following sequential steps:

(1)

(11)

adding hydrogen sulfide and sulfur dioxide 1in
stoichiometric ratio (Stage 1) ;

adding sulfur dioxide to the resulting mixture
of organic medium, sulfur, and water until
there was a breakthrough of sulfur dioxide 1in
the off-gas (Stage 1A) ;

adding hydrogen sulfide to the scavenger medium

prepared in steps (i) and (11i) (Stage 1B);
repeating steps (1) to (i11) (Stages 2, 24,
2B) .

The concentration of materials added, sulfur

production and H;S adsorption capacity at the wvarious

stages of the two experiments are set forth in Table VI

below.

To a fresh one litre batch of gquinoline, the total

amount of H;S or SO, initally added 1n stages 1 and 2

was added in a third experiment (stage 3) followed by

addition of sul fur dioxide (stage 3A) . The

concentration of materials added, sulfur production and

H,S

adsorption capacity at various stages of thais

further experiment are set forth in Table VI below:
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Table VI
Stage OM H,S Added | SO, Added Moles S Unused H2S
Moles Moles Moles Produced CAP (MOLES)
1 7.75 1.20 0.65 1.80 0.08
1A 7.75 0.00 0.80 1.68
1B 7.75 1.20 0.00 1.80 0.4
2 7.75 | 1.06 0.65 1.59 0.63
2A 7.75 | 0.00 1.04 2.7
2B 7.75 2.40 0.00 3.57 0.3
Total 7.75 5.86 3.14 8.77
3 7.75 2.30 1.30 3.45 0.30
3A 7.75 0.00 2.10 4.50
Total 7.75 2.30 3.40 3.45 4 .50
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The results of stages 3 to 3A demonstrate that the
loadings o©f hydrogen sulfide and sulfur dioxide
achieved in stages 1 and 2 sequentially can be achieved
quatitatively 1n a single step.

In addition, an experiment was carried out 1in
which a 1:1 mole ratio mixture of hydrogen sulfide and
sulfur dioxide was fed into one 1litre of qgquinoline

(7.75 moles). 2.6 moles of each gas was added and

completely absorbed.

A further experiment was carried out 1n the same

quinoline sample and a further 2.0 moles of hydrogen

sulfide and 3.8 moles of sulfur dioxide were added 1n a

roughly 1:2 mole ratio and were completely absorbed,
before sulfur dioxide started to breakthrough 1in the
off gas towards the end of the experiment.
The total moles of gases added during these
experiments were:
H,S 4.6
SO, 6.4
Excess S0, 4.1
On a weight weight basis, these results show that
1000 litres (or kilograms) of scavenger (approximately

220 gallons) will remove 180 kg of hydrogen sulfide

from the gas being sweetened. A bubble column 4 ft. 1in
diameter by 20 ft. high, containing 1600 gallons of

scavenger, will remove about 1300 kg of hydrogen

sulfide before it requires replacement.

SUMMARY OF DISCLOSURE

In summary of this disclosure, the ©present

invention provides processes for the removal of

hydrogen sulfide from gas stream wusing the Claus

process reaction with sulfur dioxide to form sulfur in
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a ligquid process employling a reaction medium comprilising

quinoline or other non-aqueous Lewls Dbases with pKp

values from about 6 to about 11. Modifications are

possible within the scope of this invention.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A reactlon medium for removing hydrogen sulfide from a

gas stream, which comprises:

a non-aqueous Lewls base having a pK, value of

about 6 to about 11 containing complex sulfur-oxide

specles, 1ncluding sulfate and polythionate species and
exhibiting no sulfur dioxide vapor pressure and having
the capacity to absorb hydrogen sulfide form a gas
stream and to react with absorbed hydrogen sulfide.

2. The reaction medium of claim 1 wherein said

complex sulfur-oxide species are provided by the steps

of:

reacting hydrogen sulfide and sulfur dioxide in
sald non-aqueous Lewlis base to form sulfur and water in

accordance with equation:

2H,S + SO; — 3S + 2H,0 and, subsequently,

reacting the resulting reaction medium with sulfur
dioxide.
3. The reaction medium of claim 2 wherein said steps
are carried out by:

feeding a gas stream containing said hydrogen

sulfide and sulfur dioxide through a body of said non-
aqueous Lewls base to form sulfur and water in
accordance with said equation until there is formed a
substantial and required amount of sulfur, and,
subsequently

feeding a gas stream containing sulfur dioxide to
sald body of Lewis base until a predetermined amount of
sulfur dioxide has been added or there is a significant
detectable amount of sulfur dioxide in the off-gas

stream from the body of non-agqueous base.
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4 . The reaction medium of claim 1 wherein said
complex sulfur-oxide species are provided by the step
of:

reacting hydrogen sulfide and sulfur in said non-

aqueous Lewls base 1n the presence of a stoichiometric

excess of sulfur dioxide.

5. The reaction medium of claim 4 wherein said step

1s carried out by:

feeding a gas stream containing said hydrogen

sulfide and stoichiometric excegss of sulfur dioxide
through a body of said non-agueocus Lewis base until a

predetermined excess amount of sulfur dioxide has been

added or there 1s a significant detectable amount of
sulfur dioxide in the off-gas stream from the body of
non-aqueous Lewls base.

6. The reaction medium of claim 5 wherein said gas
stream contains a mole ratio of hydrogen sulfide to
sulfur dioxide of 1:1 to about 1:2.

7 . The reaction medium of any one of claims 1 to 6
wherein said non-aqueous Lewis base is quinoline.

8 . A process for forming a reaction medium useful for
the removal of hydrogen sulfide from a gas stream,

which comprises:

reacting hydrogen sulfide and sulfide dioxide in a

non-aqueous Lewls base having a pKp value of about 6 to
apout 11 to form sulfur and water in accordance with

the equation:

2H,S + SO, — 3S + 2H-,0 and,

elther subsequently or simultaneously, reacting
sulfur dioxide 1n excess of the stoichiometry of the

equation with said non-aqueous Lewis base, to provide a
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reaction medium containing complex sulfur-oxide
speciles, 1ncluding sulfate and polythionate.
9. The process of claim 8 wherein said reaction with

sald stoichiometric excess of sul fur dlioxide 18

effected subsequent to completion of the reaction of
hydrogen sulfide and sulfur dioxide.
10. The process of claim 9 which is effected by:

feeding a gas stream containing said hydrogen

sulfide and sulfur dioxide through a body of said non-
agueous Lewls Dbase to form sulfur and water in

accordance with said equation until there is formed a

substantial and required amount of sul fur, and,
subsequently

feeding a gas stream containing sulfur dioxide to
sald body of Lewlis base until a predetermined amount of

sulfur dioxide has been added or there is a significant

detectable amount of sulfur dioxide in the off-gas

stream from the body of non-agqueous Lewis base.

11. The process of claim 8 wherein said reaction with

said stoichiometric excess of sulfur dioxide 1is

effected simultaneously with the reaction of hydrogen

sulfide and sulfur dioxide.

12. The process of claim 11 which is effected by:
feeding a gas stream containing hydrogen sulfide

and a stoichiometric excess of sulfur dioxide through a

‘body of non-aqueous Lewis base until a predetermined

excess amount of sulfur dioxide has been added or there

1s a significant detectable amount of sulfur dioxide in

the off-gas stream from the body of non-agueous Lewis

base.

13. The process of any one of claims 8 to 12 wherein

sald non-aqueous Lewis base is quinoline.
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14. A process for the removal of hydrogen sulfide from
a gas stream, which comprises:

contacting said gas stream with a reaction medium
comprising a non-aqueous Lewis base having a pK, value
of about 6 to about 11 containing complex sulfur-oxide
species, 1ncluding sulfate and polythionate species,
and exhibiting no sulfur dioxide wvapor pressure to
absorb hydrogen sulfide from the gas stream and to
react the absorbed hydrogen sulfide with the complex
sulfur-oxide species to form sulfur.
15. The procéss of c¢claim 14 which 1is carried out
intermittently or continuously until the reaction
medium 1s exhausted of its capacity to absorb and react
with the hydrogen sulfide.
16. The process of c¢laim 15 wherein the exhausted
reaction medium 1s regenerated by reaction with sulfur
dioxide or oxygen.
17. The process of any one of claims 14 to 16 wherein
sald non-aqueous Lewis base has a pKp value of about 8
to 10.
18. The process of claim 16 wherein said non-agueous
Lewls base 1s quinoline.

ot

19. The process of any one of claims 14 to 18 wherein

sald reaction medium is pre-formed by:

reacting hydrogen sulfide and sulfide dioxide in a
non-aqueous Lewls base having a pKy, value of about 6 to
about 11 to form sulfur and water in accordance with

the equation:

2H,5 + SO, — 35S + 2H,0 and,
either subsequently or simultaneously, reacting

sulfur dioxide in excess of the stoichiometry of the

equation with said non-aqueous Lewis base, to provide a
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reaction medilium containing complex sulfur-oxide
speclies, 1ncluding sulfate and polythionate.

20. A process for the removal of hydrogen sulfide from

a gas stream by reaction with sulfur dioxide, which
comprises:

effecting said reaction 1in a reaction medium
comprising a non-aqueous Lewis base with a pK, value in
the range of about €6 to about 11 and which reaction
medium:

a) absorbs sulfur dioxide and reacts chemically

therewith, said reaction medium containing

hydrogen sulfide, sulfur and water to form
complex sulfur-oxide species, 1ncluding
sulfate and polythionate, whereby the
resulting solution exhibits igle or an
insignificant sulfur dioxide vapor pressure:;

b) absorbs hydrogen sulfide;

C) removes sailid hydrogen sulfide from said gas
stream through contact of said gas stream
with said reaction medium in the presence of
the complex sulfur-oxide species;

d) acts as a catalyst for the overall reaction
of said hydrogen sulfide with sulfur dioxide
to produce sulfur; and

(e) has the capacity to absorb sulfur dioxide in

sufficient quantity to remove substantially

all said hydrogen sulfide from said gas

stream, notwithstanding short term wvariations

in the stoichiometric balance between gaid
hydrogen sulfide and said sulfur dioxide in

sald reaction medium.
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with said hydrogen sulfide in said gas stream to
produce sulfur, and wherein sulfur product is removed.
22. The process of claim 20 or 21 which is carried out
on a sour natural gas stream.

23. The process of any one of claims 20 to 22 wherein
sald process 1is effected at a temperature of about 5°
to about 155°C, preferably about 30° to about 130°C.

24. The process of claim 20 wherein said gas stream is
contacted intermittently or continuously with a body of
sald reaction medium to react the hydrogen sulfide, the
reaction medium containing preformed complex sulfur-
oxlde species, to form sulfur until said reaction
medium 18 depleted of the capacity to react with said
hydrogen sulfide and there is a significant hydrogen
sulfide vapor pressure, or until a predetermined amount
of hydrogen sulfide has been converted to sulfur.

25. The process of claim 24 wherein said depleted
reaction medium 1s regenerated.

26. The process of claim 25 wherein said regeneration

effected Dby reaction of sulfur dioxide and/or oxygen
with the depleted reaction medium in the presence of
sulfur and water, until a pedetermined amount of sulfur
dioxide or oxygen has been added or there 1is a
significant sulfur dioxide vapor pressure.

27. The process of any one of claims 24 to 26 which is

carried out at a temperature of about 5° to about 35°C,

whereby said sulfur is formed as a solid.

28. The process of any one of claims 20 to 27 wherein
sald non-aqueous Lewis base has a pK, value of about 8

to 10.
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29. The process of claim 28 wherein said Nnon-agqueous
Lewls base 1is guinoline.
30. The process of any one of claims 20 to 29 wherein

sald reaction medium consists essentially of said non-
aqueous Lewls base containing said complex sulfur-oxide
specles.

31. The process of any one of claims 20 to 30 wherein
salid reaction medium also contains a miscible solvent .
32. The process of claim 31 wherein said miscible
solvent is a glycol.

33. The process of claim 31 wherein said miscible

solvent i1s N-methyl pyrrolidone.
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