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(57) Abrege/Abstract:
Disclosed Is a reactor, a retained catalyst structure, and a method for increasing the rate of decomposition of polysulfides and

removal of hydrogen sulfide In liquid sulfur. The reactor, the retained catalyst structure, and the method include a retained catalyst
structure arranged and disposed for contacting a first stream and a second stream In a reactor including a catalyst. The catalyst
Increases the rate of decomposition of polysulfides and facilitates the removal of hydrogen sulfide In the liquid sulfur of the first
stream with the second stream. The first stream includes liquid sulfur containing polysulfides and dissolved hydrogen sulfide. The

second stream Iincludes an inert gas or a low oxygen-containing gas.
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(57) Abstract: Disclosed 1s a reactor, a retained catalyst structure, and a

method for mcreasing the rate of decomposition of polysulfides and removal
of hydrogen sulfide in liquid sulfur. The reactor, the retained catalyst struc-
ture, and the method include a retained catalyst structure arranged and dis-

posed for contacting a first stream and a second stream in a reactor including
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Figure 1

a catalyst. The catalyst increases the rate of decomposition of polysulfides
and facilitates the removal of hydrogen sulfide in the liquid sulfur of the first
stream with the second stream. The first stream includes liquid sulfur con-
taining polysulfides and dissolved hydrogen sulfide. The second stream in-
cludes an 1nert gas or a low oxygen-containing gas.
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TITLE IN THE INVENTION

A Reactor, a Retained Catalyst Structure, and a Method for Improving Decomposition of
Polysulfides and Removal of Hydrogen Sulfide in Liquid Sulfur

BACKGROUND OF THE INVENTION

[0001] The present invention is directed to a reactor, a retained catalyst structure, and a
method for improving decomposition of polysulfides and removal of hydrogen sulfide in liquid
sulfur. More specifically, the reactor, the retained catalyst structure, and the method involve
a catalyst for improving simultaneous decomposition of hydrogen polysulfides to hydrogen

suifide and removal of hydrogen sulfide with an inert gas or a low oxygen-containing Inert

gas.

[0002] Generally, the Claus process is used to recover sulfur from hazardous waste gas
streams containing hydrogen sulfide gas produced during refining of petroleum products,

natural gas processing and gasification. The Claus process involves partially combusting

hydrogen sulfide in air, oxygen, or oxygen-enriched air to produce sulfur dioxide. Sulfur
dioxide then reacts with remaining hydrogen sulfide to produce sulfur. Sulfur is recovered
from the Claus process in a liquid form. Handling of the liquid sulfur produced from the Claus
process can be difficult due to the polysulfides and dissolved hydrogen sulfide gas present

therein. The polysulfides degrade slowly, thereby producing toxic, odorous and highly
flammable hydrogen sulfide gas. A large portion of the hydrogen sulfide gas is retained by
liquid sulfur as a dissolved gas. In untreated liquid sulfur, a small portion of the hydrogen

sulfide gas is released slowly into the environment. The gradual degradation of the
polysulfides and the release of the dissolved hydrogen sulfide gas during storage and

transportation involve substantial health, safety and environmental risks and may result In

fire. The toxicity of hydrogen sulfide involves substantial safety risks.

[0003] Known processes have been developed to mitigate issues with the gradual release

of hydrogen sulfide gas. In general, the processes involve accelerated decomposition of

polysulfides and removal of dissolved hydrogen sulfide from liquid sultur.

[0004] One such process is captured in U.S. Pat. No. 4,729,887. The patent 4,729,887
describes the conversion of hydrogen polysulfides to hydrogen sulfide from a liquid

sulfur stream through liquid treatment by a solid particulate catalyst. The hydrogen sulfide

is then removed from the liquid stream by a stripping gas.

-1 -
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The stripping gas for use in the 4,729,887 is preferably a non-inert gas containing elemental
oxygen or sulfur dioxide. In the patent 4,729,887 the liquid sulfur and stripping gas stream
flow co-currently upflow through the solid catalyst treatment area. In concurrent flow the
stripping gas and liquid sulfur have relatively low contact time with the solid catalyst,

potentially requiring recycling the liquid sulfur stream through the solid catalyst many times
to effectively convert hydrogen polysuifides and strip out the hydrogen sulfide. Furthermore,
infusion of untreated liquid sulfur flow into the solid catalyst treatment area would need to be
relatively low compared to the recycling treated liquid sulfur flow, so as to maintain the
desired concentration of hydrogen sulfide in the treated liquid sulfur. The upfiow

configuration may also result in fluidizing the catalyst bed due to similar densities of liquid
sulfur and catalyst, causing crushing of the catalyst and contaminating the treated liquid

sulfur stream with fine catalyst particles.

[0005] A known process for mitigating these issues is described in U.S. Pat. No.
5,632,967. The U.S. Pat. No. 5,632,967 describes a first stream including liquid

sulffur containing polysulfides and dissolved hydrogen suifide and a second
stream of oxygen-containing gés being contacted in a reactor (operated under pressure to
increase oxygen partial pressure) packed with a mixing device. Specifically, the mixing
device Is submerged in the first stream including liquid sulfur and the second stream of
oxygen-containing gas is bubbled into the first stream including liquid sulfur from the
bottom of the reactor. The second stream of oxygen-containing gas oxidizes
hydrogen sulfide and polysulfides present in the first stream including liquid sulfur to
form sulfur and strip dissolved hydrogen sulfide trom the I.iquid sulfur. The stripped
hydrogen sulfide gas is removed from the top of the reactor along with any unused portions
of the second stream of oxygen-containing gas. The stripped hydrogen sulfide gas and
unused portions of the second stream of oxygen-containing gas may be recycled

back {0 the Claus reactor. The treated first stream including liquid sulfur includes less than
about 10 parts per million by weight (ppmw) of combined polysulfides and dissolved
hydrogen sulfide gas. The treated first stream including liquid sulfur is removed from the

bottom of the reactor, stored as a liquid or solidified, then provided to end users.

[0006] The process described in U.S. Patent No. 5,632,967 may also involve a catalyst in
a packed bed of spherical or pelletized catalyst. Catalytic oxidation of hydrogen sulfide and
polysulfides in the 5,632,967 patent occurs when the first stream and the second stream
contact in the packed bed. The oxygen containing stripping stream may react with liquid

sulfur and dissolved H2S, forming S02 and moisture. The process described in U.S. Patent

-
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5,632,967 does not include decreasing the combined polysulfides and hydrogen sulfide

content in the liquid sulfur to less than 5 ppmw. To meet increased environmental
restrictions, a decreased combined polysulfides and hydrogen sulfide content in the liquid

sulfur is desired. In addition, improved energy efficiency and operational costs are also

desired.

[0007] U.S. Pat. 6,149,887 discloses a method for removing hydrogen sulfide and
hydrogen polysulfide compounds from liquid sulfur by stripping with a gas. U.S. Pat.
6,149,887 expressly suggests that use of a catalyst is disfavored. U.S. Pat. 6,149,887
suggests that introducing a catalyst to the liquid sulfur and, thereafter, stripping the catalyst

from the sulfur can result in several drawbacks. This patent suggests that use of the catalyst

may clog portions of the system and/or result in catalyst being present in the removed sulfur.

[0008] US patent application 12/692,978, filed January 25, 2010, entitied "A Reactor, a
Structured Packing, and a Method for Improving Oxidation of Hydrogen Sulfide or
Polysulfides in Liquid Sulfur", discloses a reactor including a first inlet for a first stream
including liquid sulfur containing polysulfides and dissolved hydrogen sulfide, a second inlet
for a second stream of oxygen- containing gas, and a structured packing for contacting
the first stream and the second stream, the structured packing having a catalyst. The
catalyst accelerates the rate of decomposition and oxidation of polysulfides and oxidation

of hydrogen sulfide in the liquid sulfur of the first stream with the second stream.

[0009] In the 12/692,978 patent application, a catalyst coated packing is employed in order
to achieve an accelerated decomposition of H2Sx to H2S, and partial oxidation to elemental

sulfur and S02 and oxidation of hydrogen sulfide to S02 and elemental sulfur. The converted

H2S produced by decomposition of polysulfides is in turn oxidized to S0O2 and to elemental
sulfur.  Elemental sulfur is also produced by the reaction of H2S with S02. An unwanted
product from the reaction of H2S and 02 is H20, which could lead to corrosion of internal

metal surfaces. The 12/692,978 patent application utilizes an oxygen containing stream at

above atmospheric pressure.

[0010] A method and system for further decreasing combined polysulfides and hydrogen
sulfide content in liquid sulfur, a method and system for decreasing combined polysulfides
and hydrogen sulfide content in liquid sulfur utilizing inert or low oxygen-containing stream,

and/or a method and system for decreasing combined polysulfides and hydrogen sulfide

- 3-
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content in liquid sulfur capable of operation at low or high pressures having increased

handling options for removed gases is desired in the art.

BRIEF SUMMARY OF THE INVENTION

[0011] This invention solves problems associated with conventional practices by providing
a method and system for decomposing certain constituents of the liquid suifur. The term
"liquid sulfur® refers to a liquid phase or medium comprising about 20 ppmw to about 600
ppmw hydrogen sulfide and about 20 ppmw to about 600 ppmw polysulfides (e.g., H,Sx) and
trace level contaminants such as nitrogen sulfur compounds. The term "polysulfides” refers

to at least one member selected from the group consisting of H,Sx, where x is an integer

equal to or greater than 2, and mixtures thereof.

[0012] One aspect of the present disclosure includes a reactor including a first inlet for a
first stream including liquid sulfur containing polysulfides and dissolved hydrogen sulfide, a
second inlet for a second stream of inert gas or a low oxygen-containing gas, and a retained

catalyst structure arranged and disposed to facilitate contact between the first stream, the
second stream, and the retained catalyst structure. The amount of catalyst is sufficient to
Increase the rate of decomposition of the polysulfides into hydrogen sulfide and facilitate the
removal of hydrogen sulfide thus produced and originally present in the liquid sulfur of the

first stream with the second stream.

[0012a] Another aspect of the present disclosure includes a reactor, comprising: a first inlet
for a first stream including liquid sulfur containing polysulfides and dissolved hydrogen sulfide;
a second inlet for a second stream of an inert gas or a low oxygen-containing gas; and

a retained catalyst structure arranged and disposed to facilitate contact between the first
stream, the second stream, and the retained catalyst structure; wherein the retained catalyst
structure comprises a plurality of spaced-apart surfaces, with a distance between adjacent
spaced-art surfaces of at least 1 mm; and wherein the catalyst is a catalyst that increases the
rate of decomposition of the polysulfides and facilitates removal of hydrogen sulfide produced
by decomposing polysulfides and hydrogen sulfide present in the liquid sulfur of the first stream

with the second stream.
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[0013] Another aspeci of the present disclosure includes a structured packing including a
catalyst for contacting a first stream and a second stream in a reactor. The retained catalyst
structure increases the rate of decomposition of the polysuifides into hydrogen sulfide and
facilitates the removal of hydrogen sulfide thus produced and originally present in the liquid
sulfur of the first stream with the second stream. The first stream includes liquid sulfur

containing polysulfides and dissolved hydrogen sulfide. The second stream includes an inert

gas or low oxygen-containing gas.

[0013a] Another aspect of the present disclosure includes a structured packing for
contacting a first stream from a first inlet and a second stream from a second iniet in a reactor,
the structured packing comprising:a retained catalyst structure; wherein the retained catalyst
structure comprises a plurality of spaced-apart surfaces, with a distance between adjacent
spaced-apart surfaces of at least 1 mm, and wherein flow openings are formed between
adjacent spaced-apart surfaces; wherein the first stream includes liquid sulfur containing
polysulfides and dissolved hydrogen sulfide, wherein the second stream includes an inert
gas or a low oxygen-containing gas, wherein the first and second inlets are configured to
provide countercurrent flow of the first and second streams through the retained catalyst

structure; and wherein the second inlet comprises openings that correspond in size to the flow

openings in the retained catalyst structure.

[0013b] Another aspect of the present disclosure includes a method of treating hydrogen
suifide and polysulfides in liquid sulfur, the method comprising: providing, via a first iniet,
a first stream including liquid sulfur containing polysulfides and hydrogen sulfide; providing,
via a second inlet, a second stream of an inert gas or low oxygen-containing gas; and in a
retained catalyst structure, contacting the first stream and the second stream, the retained
catalyst structure having a catalyst;, wherein the retained catalyst structure further comprises
a plurality of spaced-apart surfaces, with a distance between adjacent spaced-apart
surfaces of at least 1 mm, and wherein flow openings are formed between adjacent
spaced-apart surfaces; wherein the first and second inlets are configured to provide
countercurrent flow of the first and second streams through the retained catalyst structure;
wherein the second inlet comprises openings that correspond in size to the flow openings in the
retained catalyst structure; and wherein the catalyst is a catalyst that increases the rate of
decomposition of polysulfides to hydrogen sulfide and facilitates the removal of hydrogen

sulfide thus produced and hydrogen sulfide present in the liquid sulfur of the first stream with

the second stream.
- 4A-
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[0013c] Another aspect of the preseni Jdisclosure 1ncludes a reactor, comprising: a first inlet
for a first stream including liquid sulfur containing polysulfides and dissolved hydrogen
sulfide; a second inlet for a second stream of an inert gas or a low oxygen-containing gas; and
a retained catalyst structure arranged and disposed to facilitate contact between the first
stream, the second stream, and the retained catalyst structure wherein the first and second
inlets are configured to provide countercurrent flow of the first and second streams through
the retained catalyst structure; wherein the retained catalyst structure comprises a plurality of
spaced-apart surfaces, with a distance between adjacent spaced-apart surfaces of at least 1
mm, and wherein flow openings are formed between adjacent spaced-apart surfaces; wherein
the second inlet comprises openings that correspond 1n size to the flow openings in the
retained catalyst structure; and wherein the catalyst is a catalyst that increases the rate of
decomposition of the poiysulfides and facilitates removal of hydrogen sulfide produced by
decomposing polysulfides and hydrogen sulfide present in the liquid sulfur of the first stream

with the second stream.

[0014] Another aspect of the present disclosure includes a method of removing hydrogen
sulfide present in liquid sulfur and that produced by decomposing polysulfides present in
liquid sulfur. The method includes providing a first stream including liquid sulfur containing
polysulfides and dissolved hydrogen sulfide, providing a second stream of an inert gas or a
low oxygen-containing gas. In a retained catalyst structure having a catalyst, the first stream

and the second stream are contacted. The catalyst is sufficient to increase the rate of

-4B-
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decomposition of polysulfides into H,S and facilitates the removal of hydrogen sulfide thus

produced and originally present in the liquid sulfur of the first stream with the second stream.

[0015] In a further aspect of the invention, a retained catalyst structure having a catalyst
coated packing is employed In order to achieve an accelerated decomposition of HySy to
H,S, and removal of hydrogen sulfide from liquid sulfur. The converted H,S produced by

decomposition of polysulfides is in turn removed.

[0016] An advantage of certain embodiments of the present disclosure is that the use of an
inert gas or a low oxygen-containing gas eliminates or decreases the formation of H,O and
S0,. The decreased formation of H,O and SO, reduces the corrosion of the contacting

vessel as well as the transfer pipes.

[0017] Another advantage of certain embodiments of the present disclosure is that
operational pressure as low as atmospheric pressure can be used for degassing liquid
sulfur. The use of low pressure reduces the cost associated with compressing the inert gas

or low-oxygen-containing inert gas.

[0018] Another advantage of certain embodiment of the present disclosure is that H,S gas
mixed with an inert gas recovered from the degassing process can be separated and recycle
back to the Claus process, thereby eliminating or greatly reducing the pollution of the

environment by H,S.

[0019] Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction with
the accompanying drawings which illustrate, by way of example, the principles of the

Invention.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
[0020] FIG. 1 shows an exemplary reactor according to an embodiment of the disclosure.

[0021] FIG. 2 shows an exemplary structured packing according to an embodiment of the

disclosure.

[0022] FIG. 3 shows a gas diffuser according to an exemplary embodiment of the reactor.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Provided is a method and system for further decreasing combined polysulfides and
hydrogen sulfide content in liquid sulfur, having reduced corrosive by-products.
Embodiments of the present disclosure reduce combined polysulfides and hydrogen sulfide
content Iin liquid sulfur to levels desirable to meet environmental restrictions and produce

fewer corrosive by-products by utilizing inert gas or a low oxygen-containing gas.

[0024] Referring to FIG. 1, an embodiment of the present disclosure includes a reactor 100
having a first inlet 102 for a first stream Iincluding liquid sulfur containing polysulfides and
dissolved hydrogen sulfide, a second inlet 104 for a second stream of an inert gas or low
oxygen-containing gas, and a region 106 for contacting the first stream and the second

stream.

[0025] The reactor 100 can be made of any suitable material (for example, carbon steel or
other materials inert to oxidizing gases, liquid sulfur, and/or moist hydrogen sulfide and sulfur
dioxide gases). The reactor 100 can be operated under any suitable conditions and may be
operated under low pressure or high pressure. In one embodiment, the reactor 100 may be
operated at a pressure range of about 2 psig to 150 psig. A low range of operating pressure
IS typically used to minimize cost involved in compressing inert gas or low oxygen-containing
gas. The operating pressure range may be established based upon the downstream

handling of the removed gases from the top of the reactor.

[0026] As shown in FIG. 1, the first inlet 102 for the first stream including liquid sulfur
containing polysulfides and dissolved hydrogen sulfide is positioned at the top of the reactor
100. However, alternate inlet positioning may be used. The first stream after being exposed
to the second stream Is removed from a sulfur outlet 110 at the bottom of the reactor 100, to

be stored as a liquid or solidified, then provided to end users. The removed sulfur stream

-6 -
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typically includes less than about 10 parts per million by weight (ppmw) of total polysulfides
and dissolved hydrogen sulfide gas content. The first stream may be pumped into the
reactor 100 from any suitable source of liquid sulfur. For example, the first stream may be
from a pit used to accumulate liquid sulfur from a Claus sulfur recovery plant. The first
stream may be heated or cooled to a temperature range from about 250°F to about 300°F,
or to a range of about 265°F to about 285°F prior to being pumped into the reactor 100. The
temperature range may be established to avoid a sharp increase in viscosity of liquid sulfur
which occurs at about 305°F. The flow of the first stream is controlled with a liquid level
monitor 108 to maintain the retained catalyst structure in a submerged configuration. Upon
the liquid level monitor indicating that the structured packing is at or near a configuration of
iIncomplete submergence, the flow of the first stream may be increased. The flow Is also
controlled to provide a preselected residence time in the reactor 100, to achieve a desired
level of polysulfides removal from the first stream, and/or to achieve a desired level of

hydrogen sulfide gas removal from the first stream.

[0027] As shown in FIG. 1, the second inlet 104 for the second stream of gas is positioned
at the bottom of the reactor 100. However, alternate inlet positioning may be used. The
second stream Is an Inert gas or a low oxygen-containing gas. Suitable gases for the
second stream may include, but are not limited to, nitrogen, carbon dioxide, argon, helium or
combinations thereof. In addition, second stream may include a small amount of oxygen.
For example, the second stream may be a low oxygen-containing gas containing less than
about 15 vol % oxygen. It can be obtained, for example, by mixing a suitable inert gas
described above with a small amount of air. In one embodiment, the second stream is
substantially devoid of oxygen. In one embodiment, the second stream is heated from about
150°F to about 250°F prior to being introduced into the reactor 100. The flow rate of the
second stream at the second inlet 104 may be established based upon the flow rate of the
first stream and/or operating pressure in the reactor 100. While any suitable molar ratio of
first to second stream can be employed, typically the ratio will range from about 10 to about
60, typically from about 20 to about 50. Normally the liquid sulfur will be introduced into the

reactor at a location above or higher than the inert or low oxygen-containing stream.

[0028] In one embodiment, the flow rate of the second stream is selected to provide
intimate mixing of the first stream and the second stream. In another embodiment, the flow
rate of the second stream Is selected to strip and remove dissolved hydrogen sulfide from
the first stream including hydrogen sulfide produced by decomposing polysulfides present in

the liquid sulfur by the catalyst.
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[0029] The region 106 for contacting the first stream and the second stream may be a
retained catalyst structure, positioned between the first inlet and the second inlet. As used
herein, the term "retained catalyst structure” is a catalyst material affixed, coated, trapped or
otherwise supported such that movement of the catalyst is limited. Such limited movement
provides greater contact between the first stream, the second stream and the catalyst
material than an unsupported catalyst. In addition, the limited movement of the catalyst
permits contact during concurrent and/or countercurrent flow. In a vertical reactor, region
106 may be positioned in about the middle of the reactor with the first inlet positioned at the
top of the reactor and the second inlet positioned at the bottom of the reactor. The stripped
hydrogen sulfide gas may be removed via outlet 112 at the top of the reactor along with the
second stream of inert gas or low oxygen-containing gas. The overhead inert gas steam or
low oxygen-containing gas stream may be recycled back to the Claus reactor using a blower
or educator If its operating pressure is lower than the Claus reactor. The recovered inert gas
steam or low oxygen-containing gas stream may also be recycled back to the degassing

reactor using a blower.

[0030] In the region 106 containing the retained catalyst structure, the catalyst
decomposes polysulfides present in the first stream into hydrogen sulfide and facilitates
removal of the hydrogen sulfide thus produced and dissolved hydrogen sulfide from the
liquid sulfur. In an embodiment of the present disclosure, the first stream including liquid
sulfur contacts the retained catalyst structure in or around a structured packing. As used
here, the term "structured packing” refers to a static physical arrangement of structures or
features that facilitates or enhances liquid to gas contact during countercurrent flow and/or
concurrent flow. Use of the retained catalyst structure promotes decomposition of

polysulfides to hydrogen sulfide and facilitates removal of hydrogen sulfide.

[0031] Positioning the retained catalyst structure in region 106 for contacting the first
stream and the second stream can permit the combined polysulfides and hydrogen sulfide
levels to be lower (for example, less than about 10 ppmw, less than about 5 ppmw, or less
than 1 ppmw). FIG. 2 shows an exemplary embodiment of a retained catalyst structure
where a structured packing 202 within region 106 is coated with a catalyst material 204. In
another embodiment, the retained catalyst structure may be positioned in region 106 by the
structured packing being at least partially formed of the catalyst . In another embodiment, the
retained catalyst structure may be positioned Iin region 106 by the structured packing
securing the catalyst material (for example, in a cage). The positioning of the retained

catalyst structure within region 106 may reduce pressure drop in comparison to a pressure

-8 -
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drop associated with a packed bed having spherical or pelletized catalyst. In addition,
positioning the retained catalyst structure in region 106 for contacting the first stream and the
second stream can accelerate decomposition of polysulfides and facilitate removal of

hydrogen sulfide and eventually permit the reactor to be a smaller size.

[0032] In the embodiment shown in FIG. 2, the retained catalyst structure 202 includes
texture, surface features and/or configuration of catalyst material 204 coated on structured
packing that may increase the surface area of catalyst material 204, thereby improving
decomposition of polysulfides and facilitate removal of hydrogen sulfide, and/or may improve
mixing of the first stream and the second stream by increasing the complexity of the surface
of structured packing. Thus, the coated structured packing may accelerate the
decomposition of polysulfides and facilitate removal of hydrogen sulfide thus produced and

the removal of dissolved hydrogen sulfide from the liquid sulfur.

[0033] In one embodiment, the retained catalyst structure 202 may form or be attached to
structured packing. The structured packing may be formed of any suitable material. For
example, the structured packing may be formed of a ceramic material, for example
KATAPAK-K or KATAPAK-M from Sulzer Chemtech, USA. In one embodiment, the ceramic
material can be made of bauxite, activated alumina (aluminum oxide), titania (titanium oxide
or dioxide), iron oxide or a mixture of alumina, iron oxide and titania. In this embodiment, a
base material making up the retained catalyst structure acts as the catalyst for
decomposition of the polysulfides and facilitates removal of H,S and no further coating of
the structure is performed. Thus, in the embodiment, the retained catalyst structure 202 is a
structured packing that may be substantially devoid of a catalyst material coating. In another
embodiment, the retained catalyst structure 202 is a structured packing that includes catalyst
material and may further include a catalyst coating for providing desired decomposition of

polysulfides.

[0034] Additionally or alternatively, the retained catalyst structure 202 may be a suitable
metal material structured packing. For example, the structured packing may be formed of
stainless steel, carbon steel, Monel, Hastelloy, titanium, nickel, high-nickel alloys, and/or
aluminum containing alloys. The metal may contain small or trace amounts of one or more
other metals including, but not limited to molybdenum, silicon, niobium, and/or titanium. In
one embodiment, the metal may be titanium and a steel composition including iron,
aluminum, and chromium such as, for example, FeCrAlloy. In one embodiment, the

structured packing is substantially devoid of yellow metals. By substantially free of yellow
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metals, it iIs meant that the structured packing contains less than about 1 weight percent of
copper. In another embodiment, the metal may be titanium. In the embodiment, the surface
of the titanium metal is cleaned by any suitable chemical and/or mechanical treatment to
remove impurities, the surface is oxidized by thermal treatment in the presence of an oxygen
containing gas to form a layer of titanium dioxide, which will serve as the catalyst for

decomposing polysulfides to hydrogen sulfide.

[0035] In one embodiment, the retained catalyst structure 202 includes a structured
packing having open cross-flow channels. The open cross-flow channels of the structured
packing may be made of stacked corrugated sheets with angles varying in a range of about
45 degrees to about 60 degrees. The height of the corrugation in a corrugated sheet (from
maximum point to minimum point) may be from about 1 mm to about 6 mm. Thus, including
two corrugated sheets may provide an opening from about 2 mm to about 12 mm for the first
stream and the second stream to flow through in the cross-flow channels of the structured

packing.

[0036] The retained catalyst structure 202 may include a structured packing configured to
enhance gas holdup in comparison to an empty column. Specifically, at intersection points of
the channels, the shear forces caused by having gas and liquid flowing countercurrently split
the gas phase into small bubbles, thereby reducing the velocity of gas rising in the reactor.
The reduced velocity and tortuous path increase the residence time and mixing of the gas

and liquid within the reactor by increasing contact time.

[0037] Referring to FIG. 2, structured packing of retained catalyst structure 202 includes a
flow pattern for a predetermined flow rate of gas and liquid, a predetermined size of gas
bubbles entering the structured packing, and/or a flow opening 206 in the structured packing.
For example, when the size of the gas bubbles is larger than flow opening 206 in the
structured packing, the bubbles face flow resistance, spend considerable time outside the
packing, and/or struggle to enter the structured packing. As shown In FIG. 2, structured
packing includes a flow opening 206 slightly larger than the size of the gas bubbles entering
structured packing 202. In one embodiment, the flow opening may be about 4 mm and the
gas bubbles are slightly smaller than 4 mm. In another embodiment, the structured packing
may include a flow opening substantially larger than the size of the gas bubbles entering the

structured packing.

[0038] In one embodiment, the size of the gas bubbles may be controlled at the second

inlet 104 for introducing the second stream of low oxygen or inert gas. For example, as
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shown In FIG. 3, second inlet 104 may be a gas diffuser 302 or sparger of a preselected
shape and size. In one embodiment, the shape may be a circular ring or a star pattern with a
number of holes to substantially uniformly distribute the second stream of an inert gas or low
oxygen-containing gas into the reactor. In another embodiment, a ladder type distributor may
be used. As shown in FIG. 3, the size of openings 304 in gas diffuser 302 corresponds in
size to flow opening 206 In structured packing of retained catalyst structure 202. For
example, opening 304 in gas diffuser 302 may be about four times smaller than flow opening
2006 in structured packing of the retained catalyst structure 202 since the size of gas bubbles
emerging out of gas diffuser 302 is generally three to four times larger than the size of

opening 304.

[0039] In one embodiment, a sintered metal diffuser sparger with about 50 to 150 micron
sized pores forms the second inlet 104 for the second stream. The sintered metal diffuser
disperses the second stream as fine bubbles in the first stream including liquid sulfur. The
sintered metal diffuser sparger improves contact and contact time between the first stream
and the second stream in the retained catalyst structure 202. The sintered metal diffuser
may be formed of 316L, 304L, 347, or 430 stainless steel, Inconel, Monel 400, Nickel 200,
Hastelloy C276, C22 and X, and/or Alloy20 and can be purchased from Mott Corporation of
USA.

[0040] The catalyst for use in the retained catalyst structure 202 may be any suitable
catalyst. In one embodiment, the catalyst may coat a structured packing. For example, the
retained catalyst structure 202 may be a structured packing having a material surface coated
with a high surface area, porous catalytic material including bauxite (mineral form of titanium
dioxide), titania, alumina (thermally stable a-alumina, 8-alumina or dehydrated and thermally
stabilized y-alumina also known as activated alumina), a mixture of silica with alumina, a
mixture of silica and titania, or a mixture of alumina and titania, iron oxide and/or
combinations thereof. Alumina catalyst material may be stabilized against degradation by
heat and moisture with the use of materials such as zirconia, titania, and/or rare earth metal
oxides (such as ceria, lanthanum oxide, and rare earth oxide mixtures). Likewise, titania
catalyst material can be mixed with zirconia, titania, and/or rare earth metal oxides (such as
ceria, lanthanum oxide, and rare earth oxide mixtures). Both alumina and titania based
catalysts can be promoted with iron oxide and/or alkaline metal oxides such as oxides of

sodium, potassium, lithium, calcium, and/or strontium.
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[0041] As used herein, the term “thermally stabilized alumina” refers to a temperature-
stabilized form of alumina that is obtained by subjecting Boehmite, Gibbsite, and/or similar
hydrated or activated alumina precursors to an elevated temperature, thereby converting
substantially all of the hydrated or activated precursors to more temperature-stable forms of
alumina such as y-alumina. The thermally stabilized y-alumina may comprise greater than
about 80% vy-alumina or greater than about 90% vy-alumina by weight with the remainder
being Iin the forms of alumina such as n, k-alumina, 8-alumina and a-alumina. The surface
area of thermally stabilized y-alumina in powder form may vary from about 40 m“/g to about
450 m°/g. Likewise, the surface area of titania powder used for coating the structured
packing with titania catalyst may vary from 40 m?/g to about 450 m°/g. Furthermore, the
surface area of silica powder mixed with either activated alumina and/or titania may vary
from 40 m“/g to about 450 m“/g.

[0042] Low surface area, thermally stabilized alumina in the form of B-alumina and o-
alumina can also be used for coating the structured packing. They are obtained by
subjecting Boehmite, y-alumina, or similar hydrated or activated alumina precursors to an
elevated temperature, thereby converting substantially all of the hydrated or activated
precursors to more temperature-stable forms of alumina such as, for example, 6-alumina
and a-alumina. Typically, thermally stabilized alumina comprises greater than about 50% 0©-
alumina or a-alumina, and normally greater than about 75% 06-alumina or a-alumina. The
remainder of the thermally stabilized alumina may comprise other forms of alumina such as,
for example, a-, y-, n, and k-alumina. The surface area of thermally stabilized 98-alumina in
powder form may vary from about 20 m?/g to about 100 m?/g. Likewise, the surface area of

a-alumina in powder form may vary from about 5 m%/g to about 40 m“/q.

[0043] The application of catalytic material on the surface of structured packing material to
form the retained catalyst structure 202 may include (a) preparing a flowable aqueous slurry
using the desired coating material, (b) contacting the structured packing material with the
aqueous slurry to form a coating, and (c¢) calcining the coated material at a temperature of

from 300°C to 1,000°C to form the coated structured packing retained catalyst structure 202.

[0044] The aqueous slurry can be prepared by charging the desired amount of water and
selected catalytic material along with various additives and promoters and mixing all the
ingredients thoroughly. A ball mill with zirconia or ceramic balls as the grinding/mixing
medium or other known techniques can be used for preparing the slurry. It may optionally be

desirable to adjust pH of the aqueous slurry to below about 5 to facilitate good adhesion of
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coating on the metallic and ceramic surface of structured packing material. The acidity may
be provided by the use of a minor amount of a water-soluble organic or inorganic acid such
as, for example, hydrochloric or nitric acid, or a lower fatty acid such as acetic acid. The
concentration of selected catalytic material by dry weight in the slurry may range from about

2 wt.% to about 30 wt.%., or from about 5 wt.% to about 20 wt.%.

[0045] In one embodiment, the aqueous slurry for coating the structure packing with titania
to form the retained catalyst structure 202 can be prepared by (1) mixing thoroughly titania
powder and water and optionally an acid, (2) coating the structured packing with the slurry
using a suitable technique, (3) drying the coating in air, and (4) calcining at a temperature
varying from 300°C to 1000°C for a suitable amount of time. A technique such as dipping the
structured packing into the slurry or spraying slurry onto the structure can be used to coat

the structure. The coating can be dried by heating in air to a temperature varying from 120°C

to 150°C for 5 minutes to several hours. Calcining of coating can be carried out by heating
the coated structure to the desired temperature in the presence of air for 15 minutes to
several hours. Repeated cycles of applying slurry followed by drying slurry can be used to
build up the desired coating thickness. A small amount of colloidal zirconia can optionally be
added to the slurry to enhance adhesion of the coating on the structure. A small amount of
silica and/or rare earth metal oxide can optionally be added to the slurry to improve thermal
stability of the coating. A small amount of activating agents such as iron oxide and/or
alkaline metal oxide can optionally be added to the slurry to activate the final titania coating.
Furthermore, a small amount of hydrated alumina in the form Boehmite can be added to the
slurry to act as a binder for the titania coating. The hydrated alumina will transform into

activated alumina during the calcination of the coating.

[0046] In another embodiment, the aqueous slurry for coating the structure with activated
alumina to form the retained catalyst structure 202 can be prepared by (1) mixing thoroughly
v-alumina powder and water and optionally an acid, (2) coating structure with the slurry

using a suitable technique, (3) drying the coating in air, and (4) calcining at a temperature
varying from 300°C to 700°C for a suitable amount of time. The coating can be dried by
heating in air to a temperature varying from 120°C to 150°C for 5 minutes to several hours.

Calcining of coating again can be carried out by heating the coated structure to the desired
temperature in the presence of air for 15 minutes to several hours. A technique such as
dipping the structure into the slurry or spraying slurry onto the structure can be used to coat

the structure. Repeated cycles of applying slurry followed by drying slurry can be used to
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build up the desired coating thickness. A small amount of colloidal zirconia can optionally be
added to the slurry to enhance adhesion of the coating on the structure. A small amount of
silica and/or rare earth metal oxide can optionally be added to the slurry to improve thermal
stability of the coating. A small amount of activating agents such as iron oxide and/or
alkaline metal oxide can optionally be added to the slurry to activate the final activated
alumina coating. Furthermore, a small amount of hydrated alumina in the form Boehmite
can be added to the slurry to act as a binder for the activated alumina coating. The hydrated

alumina will transform into activated alumina during the calcination of the coating.

[0047] In another embodiment, the aqueous slurry for coating the structure with activated
alumina to form the retained catalyst structure 202 can be prepared by (1) mixing thoroughly
0-alumina or a-alumina powder and water and optionally an acid, (2) coating structure with
the slurry using a suitable technique, (3) drying the coating in air, and (4) calcining at a
temperature varying from 300°C to 1,000°C for a suitable amount of time. The coating can

be dried by heating in air to a temperature varying from 120°C to 150°C for 5 minutes to
several hours. Calcining of coating again can be carried out by heating the coated structure
to the desired temperature in the presence of air for 15 minutes to several hours. A
technique such as dipping the structure into the slurry or spraying slurry onto the structure
can be used to coat the structure. Repeated cycles of applying slurry followed by drying
slurry can be used to build up the desired coating thickness. A small amount of colloidal
zirconia can optionally be added to the slurry to enhance adhesion of the coating on the
structure. A small amount of silica and/or rare earth metal oxide can optionally be added to
the slurry to improve thermal stability of the coating. A small amount of activating agents
such as iron oxide and/or alkaline metal oxide can optionally be added to the slurry to
activate the final activated alumina coating. Furthermore, a small amount of hydrated
alumina in the form Boehmite can be added to the slurry to act as a binder for the activated
alumina coating. The hydrated alumina will transform into activated alumina during the

calcination of the coating.

[0048] In another embodiment, the aqueous slurry for coating the structure with a mixture
of titania and activated alumina to form the retained catalyst structure 202 can be prepared
by (1) mixing thoroughly titania and y-alumina powders and water and optionally an acid, (2)
coating structure with the slurry using a suitable technique, (3) drying the coating in air, and
(4) calcining at a temperature varying from 300°C to 1000°C for a suitable amount of time. A

technique such as dipping the structure into the slurry or spraying slurry onto the structure
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can be used to coat the structure. The coating can be dried by heating In air to a
temperature varying from 120°C to 150°C for 5 minutes to several hours. Calcining of
coating then can be carried out by heating the coated structure to the desired temperature In
the presence of air for 15 minutes to several hours. Repeated cycles of applying slurry
followed by drying slurry can be used to build up the desired coating thickness. A small
amount of colloidal zirconia can optionally be added to the slurry to enhance adhesion of the
coating on the structure. A small amount of silica and/or rare earth metal oxide can optionally
be added to the slurry to improve thermal stability of the coating. A small amount of
activating agents such as iron oxide and/or alkaline metal oxide can optionally be added to
the slurry to activate the final titania/activated alumina coating. Furthermore, a small amount
of hydrated alumina in the form Boehmite can be added to the slurry to act as a binder for
the titania/activated alumina coating. The hydrated alumina will transform into activated
alumina during the calcination of the coating. The proportion of titania in the final titania-
activated alumina coating may vary from 20% to 80% by weight. Likewise the proportion of
activated alumina in the final titania-activated alumina coating may vary from 20% to 80% by

weight.

[0049] In another embodiment, the aqueous slurry for coating the structure with a mixture
of titania and B-alumina or a-alumina to form the retained catalyst structure 202 can be
prepared by (1) mixing thoroughly titania and 8-alumina or a-alumina powders and water
and optionally an acid, (2) coating structure with the slurry using a suitable technique, (3)
drying the coating in air, and (4) calcining at a temperature varying from 300°C to 1000°C for
a suitable amount of time. A technique such as dipping the structure into the slurry or
spraying slurry onto the structure can be used to coat the structure. The coating can be dried
by heating in air to a temperature varying from 120°C to 150°C for 5 minutes to several
hours. Calcining of coating then can be carried out by heating the coated structure to the
desired temperature in the presence of air for 15 minutes to several hours. Repeated cycles
of applying slurry followed by drying slurry can be used to build up the desired coating
thickness. A small amount of colloidal zirconia can optionally be added to the slurry to
enhance adhesion of the coating on the structure. A small amount of silica and/or rare earth
metal oxide can optionally be added to the slurry to improve thermal stability of the coating.
A small amount of activating agents such as iron oxide and/or alkaline metal oxide can
optionally be added to the slurry to activate the final titania/6-alumina or a-alumina coating.
Furthermore, a small amount of hydrated alumina in the form Boehmite can be added to the

slurry to act as a binder for the titania/6-alumina or a-alumina coating. The hydrated alumina
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will transform into activated alumina during the calcination of the coating. The proportion of
titania in the final titania-6-alumina or a-alumina coating may vary from 20% to 80% by
weight. Likewise the proportion of activated alumina in the final titania- 6-alumina or o-

alumina coating may vary from 20% to 80% by weight.

[0050] As mentioned above, any suitable method may be employed to coat the surface of
structured packing material with the aqueous slurry. Such methods may include painting,

brushing, spraying, dipping, and flow-coating.

[0051] The amount of titania in the final titania-based coating may vary from about 90% to
about 98% by weight. The amount of silica and/or zirconia in the final titania-based coating
may vary from about 0% to about 10% by weight. The amount of rare earth oxide in the final
titania-based coating may vary from about 0 to 10% by weight. The amount of iron oxide
and/or alkaline metal oxide in the final titania-based coating may vary from about 0 to 5% by

weight.

[0052] The amount of activated alumina, 6-alumina or a-alumina in the final alumina-based
coating may vary from about 90% to about 98% by weight. The amount of silica and/or
zirconia in the final alumina-based coating may vary from about 0% to about 5% by weight.
The amount of rare earth oxide in the final alumina-based coating may vary from about 0%
to 5% by weight. The amount of iron oxide and/or alkaline metal oxide in the final alumina-

based coating may vary from about 0 to 5% by weight.

[0053] While the invention has been described with reference to a preferred embodiment,
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it I1s intended that the Invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this invention, but that the

invention will include all embodiments falling within the scope of the appended claims.
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CLAIMS:

1. A reactor, comprising:

a first inlet for a first stream including liquid sulfur containing polysulfides and
dissolved hydrogen sulfide;

a second inlet for a second stream of an inert gas or a low oxygen-containing gas;
and

a retained catalyst structure arranged and disposed to facilitate contact between the
first stream, the second stream, and the retained catalyst structure wherein
the first a.nd second inlets are configured to provide countercurrent flow of
the first and second streams through the retained catalyst structure;

wherein the retained catalyst structure comprises a plurality of spaced-apart
surfaces, with a distance between adjacent spaced-apart surfaces of at least
1 mm, and wherein flow openings are formed between adjacent spaced-
apart surfaces;

wherein the second inlet comprises openings that correspond in size to the flow
openings in the retained catalyst structure; and

wherein the catalyst is a catalyst that increases the rate of decomposition of the
polysulfides and facilitates removal of hydrogen sulfide produced by
decomposing polysulfides and hydrogen sulfide present in the liquid sulfur of

the first stream with the second stream.

2. The reactor of claim 1, wherein the retained catalyst structure is positioned between

the first inlet and the second inlet.
3. The reactor of claim 1, wherein the second inlet is a gas diffuser or sparger.

4. The reactor of claim 1, wherein flow of the first stream through the first inlet is

controlled to provide a preselected residence time in the reactor.

5. The reactor of claim 1, wherein the retained catalyst structure is a catalyst coated on

a structured packing.

-17-



CA 02820372 2015-05-22

6. The reactor of claim 1, wherein the retained catalyst structure is a catalyst formed

into a structured packing.

7. The reactor of claim 1, wherein the retained catalyst structure comprises a
structured packing having two corrugated sheets providing the flow openings from 2 mm to
12 mm for the first stream and the second stream to flow through the retained catalyst

structure.

8. The reactor of claim 1, wherein the retained catalyst structure includes a catalyst

selected from the group consisting of bauxite, titania, alumina, a mixture of silica with

thermally stable alumina, a mixture of silica, and titania, and combinations thereof.

Q. The reactor of claim 8, wherein the retained catalyst structure is promoted with iron

oxide or alkaline metal oxide.

10. A structured packing for contacting a first stream from a first inlet and a second
stream from a second inlet in a reactor, the structured packing comprising:
a retained catalyst structure;
wherein the retained catalyst structure comprises a plurality of spaced-apart
surfaces, with a distance between adjacent spaced-apart surfaces of at least
1 mm, and wherein flow openings are formed between adjacent spaced-
apart surfaces;
wherein the first stream includes liquid sulfur containing polysulfides and dissolved
hydrogen sulfide,
wherein the second stream includes an inert gas or a low oxygen-containing gas ;
wherein the first and second inlets are configured to provide countercurrent flow of
the first and second streams through the retained catalyst structure; and
wherein the second inlet comprises openings that correspond in size to the flow

openings in the retained catalyst structure.
11. The structured packing of claim 10, wherein second inlet is a gas diffuser or sparger.

12. The structured packing of claim 10, wherein the retained catalyst structure is a

catalyst coated on a structured packing.
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13. The structured packing of claim 10, wherein the retained catalyst structure is a

catalyst formed into a structured packing.

14. The structured packing of claim 10, wherein the retained catalyst comprises a
structured packing having two corrugated sheets providing the flow openings from 2 mm to
12 mm for the first stream and the second stream to flow through the retained catalyst

structure.

15. The structured packing of claim 10, wherein the retained catalyst structure includes
a catalyst selected from the group consisting of bauxite, titania, alumina, a mixture of silica

with thermally stable alumina, a mixture of silica and titania, and combinations thereof.

16. The structured packing of claim 15, wherein the catalyst is promoted with iron oxide

or alkaline metal oxide.

17. A method of treating hydrogen sulfide and polysulfides in liquid sulfur, the method
comprising:
providing , via a first inlet, a first stream including liquid sulfur containing
polysulﬁd‘es and hydrogen sulfide;
providing , via a second inlet, a second stream of an inert gas or low oxygen-
containing gas; and
in a retained catalyst structure, contacting the first stream and the second stream,
the retained catalyst structure having a catalyst;
wherein the retained catalyst structure further comprises a plurality of spaced-apart
surfaces, with a distance between adjacent spaced-apart surfaces of at least
1 mm, and wherein flow openings are formed between adjacent spaced-
apart surfaces;

wherein the first and second inlets are configured to provide countercurrent flow of
the first and second streams through the retained catalyst structure;

wherein the second inlet comprises openings that correspond in size to the flow
openings in the retained catalyst structure; and;

wherein the catalyst is a catalyst that increases the rate of decomposition of

polysulfides to hydrogen sulfide and facilitates the removal of hydrogen
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sulfide thus produced and hydrogen sulfide present in the liquid sulfur of the

first stream with the second stream.
18. The method of claim 17, wherein the second inlet is a gas diffuser or sparger.

19. The method of claim 17, further comprising adjusting flow of the first stream

through the first inlet to provide a preselected residence time in the reactor.

20. The method of claim 17, wherein the retained catalyst structure is a catalyst coated

on a structured packing.

21. The method of claim 17, wherein the retained catalyst structure is a catalyst formed

into a structured packing.

22. The method of claim 17, wherein the retained catalyst comprises a structured
packing having two corrugated sheets providing the flow openings from 2 mm to 12 mm for

the first stream and the second stream to flow through the retained catalyst structure.
23. The method of claim 17 wherein the second stream contacts a distributor.

24, The method of claim 23 wherein the distributor comprises a metal sparger diffuser.
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