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Description

TECHNICAL FIELD

[0001] This disclosure relates to re-generable adsorbent materials, and more particularly to a high capacity re-generable
adsorbent materials for the removal of hydrogen sulfide.

BACKGROUND

[0002] Hydrogen sulfide is a toxic and corrosive gas, and often can be found in sources of natural gas, synthesis gas
(i.e., "syngas’), and coal gas, as well as in hydrocarbon feedstocks and sewage treatment plants, among other places.
[0003] Due to the potentially deleterious effects of hydrogen sulfide, it is often desirable to remove or separate it from
other types of gas. For example, hydrogen sulfide is often removed as a part of industrial processes such as gas
processing, gas to liquid processing, Claus processing, coal gasification, and petroleum refining.
[0004] In some cases, the removal of hydrogen sulfide from other types of gas is also necessitated by environmental
and process requirements. For instance, in some cases, environmental regulations may limit the release of hydrogen
sulfide and its oxidation products to the atmosphere.
[0005] Bae et al. (Int. J. Hydrogen Energy 2009, 34:8733-8740) and Jiang et al. (Applied Surface Science 2010,
256:3216-3223) disclose adsorbent materials for the removal of hydrogen sulfide comprising copper oxide, zinc oxide,
and aluminum oxide.

SUMMARY

[0006] The invention is defined by the appended claims.
[0007] Materials for adsorbing elemental sulfur from gases containing hydrogen sulfide are described herein. Imple-
mentations of the materials can be used, for example, to remove or otherwise separate hydrogen sulfide gas from other
types of gases. In an example application, the adsorbent material can be exposed to an input gas containing hydrogen
sulfide gas, such that the adsorbent material adsorbs quantities of sulfur from the input gas. The adsorbent material can
be subsequently regenerated, such that some or all of the adsorbed sulfur is removed from the adsorbent material. After
regeneration, the adsorbent material can be reused to adsorb additional quantities of sulfur from an input gas. In some
cases, the adsorbent material can be regenerated several times, or in some cases, a substantially unlimited number of
times.
[0008] The adsorbent material has a variety of practical applications. For example, in some cases, the adsorbent
material can be used during industrial processes such as gas processing, gas to liquid processing, Claus processing,
coal gasification, and petroleum refining to remove or otherwise reduce the presence of hydrogen sulfide in a stream of
gas. Further, as implementations of the adsorbent material can be regenerated one or more times, the adsorbent material
can be integrated into industrial processes in an efficient and cost effective manner.
[0009] In general, in an aspect, a method of removing hydrogen sulfide from an input gas includes exposing an
adsorbent material to an input gas to obtain an output gas. A concentration of hydrogen sulfide of the output gas is less
than a concentration of hydrogen sulfide of the input gas. The adsorbent material includes copper oxide, magnesium
oxide, and optionally aluminum oxide. An atomic ratio of copper to magnesium to aluminum of the adsorbent material
is X:Y:Z, where X is greater than or equal to 0.6 and less than or equal to 0.9, where Y is greater than 0 and less than
or equal to 0.2, where Z is greater than or equal to 0 and less than or equal to 0.2, and where X + Y + Z is equal to 1.
[0010] Implementations of this aspect can include one or more of the following features.
[0011] In some implementations, the method can further include regenerating the adsorbent material after exposing
the adsorbent material to the input gas. Regenerating the adsorbent material includes exposing the adsorbent material
to an oxidizing gas, and subsequent to exposing the adsorbent material to the oxidizing gas, exposing the adsorbent
material to a reducing gas. The input gas can have a first temperature of between approximately 0°C and 700°C. The
oxidizing gas can have a second temperature greater than the first temperature. The oxidizing gas can include O2. The
oxidizing gas can contain approximately 5% O2 in N2. The reducing gas can include hydrogen, methane, and/or water.
The reducing gas can contain greater than 0% and less than or equal to 10% hydrogen by volume. The reducing gas
can contain greater than 0% and less than or equal to 90% methane by volume. The reducing gas can contain greater
than 0% and less than or equal to 100% water by volume.
[0012] In some implementations, prior to the regeneration, the adsorbent material can have a sulfur adsorption capacity
greater than or equal to approximately 2 mmol of sulfur/gram of adsorbent material and less than or equal to approximately
10 mmol of sulfur/gram of adsorbent material. Subsequent to the regeneration, the adsorbent material can have a sulfur
adsorption capacity greater than or equal to approximately 1.4 mmol of sulfur/gram of adsorbent material and less than
or equal to approximately 10 mmol of sulfur/gram of adsorbent material.
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[0013] In general, a system for removing hydrogen sulfide from an input gas includes a first conduit between a source
of the input gas and an output, and a second conduit between the source of the input gas and the output, the second
conduit being different from the first conduit. The further includes first and second portions of an adsorbent material
disposed within the first and second conduits, respectively, the adsorbent material including copper oxide, magnesium
oxide, and optionally aluminum oxide, An atomic ratio of copper to magnesium to aluminum of the adsorbent material
is X:Y:Z, where X is greater than or equal to 0.6 and less than or equal to 0.9, where Y is greater than 0 and less than
or equal to 0.2, where Z is greater than or equal to 0 and less than or equal to 0.2, and where X + Y + Z is equal to 1.
The system also includes a valve assembly controlling a flow of input gas from the source to the first and second conduits,
the valve assembly being arranged to, in a first configuration, direct the input gas through the first conduit while an
oxidizing gas through the second conduit. In a second configuration, the valve assembly can be configured to direct the
input gas through the second conduit while directing the oxidizing gas through the first conduit. The system further can
further a sensor assembly at an outlet of the first conduit, the sensor assembly being in communication with the valve
assembly. The sensor assembly can be programmed to switch the valve assembly from the first configuration to the
second configuration when the sensor determines that a concentration of hydrogen sulfide in an output gas at the outlet
of the first conduit exceeds a threshold concentration.
[0014] In general, a composition includes copper oxide, magnesium oxide, and optionally aluminum oxide. An atomic
ratio of copper to magnesium to aluminum of the composition is X:Y:Z, where X is greater than or equal to 0.6 and less
than or equal to 0.9, where Y is greater than 0 and less than or equal to 0.2, where Z is greater than or equal to 0 and
less than or equal to 0.2, and where X + Y + Z is equal to 1.
[0015] Implementations of this composition can include one or more of the following features.
[0016] In some implementations, the composition can further include a binding agent. The binding agent can include
silica. The composition can include approximately 5% to 40% by weight of the binding agent to 40% to 80% by weight,
collectively, of copper oxide, magnesium oxide, and aluminum oxide.
[0017] In some implementations, a pellet can have a composition as described above.
[0018] In some implementations, the composition can further include sulfide or sulfate. An atomic ratio of copper,
magnesium, aluminum, and sulfur of the adsorbent material can be X:Y:Z:S, where X is greater than or equal to 0.6 and
less than or equal to 0.9, where Y is greater than or equal to 0 and less than or equal to 0.2, where Z is greater than or
equal to 0 and less than or equal to 0.2, and where S is greater than 0.
[0019] In general, a method of synthesizing an adsorbent material includes heating a solution comprising a copper
salt, a magnesium salt, and optionally an aluminum salt, filtering the heated solution to obtain a precipitate, drying the
precipitate, and calcining the dried precipitate to provide the adsorbent material.
[0020] Implementations of this method can include one or more of the following features.
[0021] In some implementations, an atomic ratio of copper to magnesium to aluminum of the solution can be X:Y:Z,
where X is greater than or equal to 0.6 and less than or equal to 0.9, where Y is greater than 0 and less than or equal
to 0.2, where Z is greater than or equal to 0 and less than or equal to 0.2, and where X + Y + Z is equal to 1.
[0022] In some implementations, the copper salt can include copper nitrate.
[0023] In some implementations, the magnesium salt can include magnesium nitrate.
[0024] In some implementations, the aluminum salt can include aluminum nitrate.
[0025] In some implementations, during heating of the solution, a pH of the solution can be maintained from approx-
imately 6.2 to approximately 7.8.
[0026] In some implementations, the method can further include stirring the solution during heating.
[0027] In some implementations, drying the precipitate can include maintaining the precipitate at a temperature between
approximately 90°C to 120°C for approximately 10 hours to approximately 14 hours.
[0028] In some implementations, the precipitate can be calcined at a temperature from approximately 400°C to ap-
proximately 600 °C for approximately 4 hours to approximately 6 hours.
[0029] In some implementations, a heating rate of the calcination can be from approximately 4°C/minute to approxi-
mately 6°C/minute, and wherein a cooling rate of the calcination is from approximately 4°C/minute to approximately
6°C/minute.
[0030] In general, a system for removing hydrogen sulfide from an input gas includes a conduit between a source of
the input gas and an output, and a portion of an adsorbent material disposed within the conduits. The adsorbent material
includes copper oxide, magnesium oxide, and optionally aluminum oxide. An atomic ratio of copper to magnesium to
aluminum of the adsorbent material is X:Y:Z, where X is greater than or equal to 0.6 and less than or equal to 0.9, where
Y is greater than 0 and less than or equal to 0.2, where Z is greater than or equal to 0 and less than or equal to 0.2, and
where X + Y + Z is equal to 1.
[0031] In some implementations, the system can further include a sensor assembly at an outlet of the conduit, the
sensor assembly being configured to determine that a concentration of hydrogen sulfide in an output gas at the outlet
of the conduit exceeds a threshold concentration.
[0032] The details of one or more implementations are set forth in the accompanying drawings and the description
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below. Other features and advantages will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0033]

FIG. 1 shows an example process for synthesizing an adsorbent material.
FIG. 2 shows an example system for removing hydrogen sulfide gas from an input gas.
FIGS. 3A and 3B show another example system for removing hydrogen sulfide gas from an input gas.
FIG. 4 shows an XRD pattern of an example adsorbent material.
FIG. 5 shows a nitrogen adsorption-desorption isotherm of an example adsorbent material.
FIG. 6 shows an SEM image of an example adsorbent material.
FIG. 7 shows (a) an HAADF image and (b) a ChemiSTEM elemental mapping of an example adsorbent material.
FIG. 8 shows H2S breakthrough curves for an example adsorbent material. Adsorption conditions: temperature: 150
°C, gas: ∼100 ppm H2S in He, flow: ∼42 ml/min. Regeneration conditions: temperature: 500 °C, 12 hours of 5% O2
in N2 and 12 hours of He.
FIG. 9 shows H2S breakthrough curves for an example adsorbent material. Adsorption conditions: temperature: 150
°C, gas: ∼100 ppm H2S in He, flow: ∼42 ml/min. Regeneration conditions: temperature: 600 °C, 6 hrs of 5% O2 in N2.
FIG. 10 shows HR-TEM images for (a) fresh, (b) sulfide, and (c) regenerated example adsorbent materials.
FIG. 11 shows H2S breakthrough curves for an example adsorbent material. Adsorption conditions: temperature:
150 °C, flow rate: ∼42 ml/min, adsorbent weight: 25 mg, gas composition: [H2S: ∼1435 ppm, H2: ∼2.47 (mole %),
Water: ∼30.89 (mole%), CO:∼0.0098(mole%), CO2:∼17.37(mole%), N2:∼49.12%].

[0034] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0035] Materials for adsorbing elemental sulfur from gases containing hydrogen sulfide are described herein. Imple-
mentations of the materials can be used, for example, to remove or otherwise separate hydrogen sulfide gas from other
types of gases. Implementations of the adsorbent material include a mixture of metal oxides of atomic copper (Cu),
atomic magnesium (Mg), and optionally atomic aluminum (Al), synthesized by co-precipitation. In some cases, the
adsorbent material exhibits a high and stable sulfur capacity (e.g., in a range of approximately 2 to 10 mmol of sulfur/g
of adsorbent, or more), such that it consistently adsorbs large amounts of sulfur when exposed to a source of gas
containing hydrogen sulfide. Further, in some cases, the adsorbent material can be regenerated after adsorbing sulfur,
such that some or all of the adsorbed sulfur is released from the adsorbent material. Thus, the adsorbent material can
adsorb quantities of sulfur from a source of gas, and after regeneration, be reused to adsorb additional quantities of
sulfur. In some cases, the regeneration process can recover approximately 70% to 100% of the original adsorbent
capacity of the absorbent material. In some cases, the adsorbent material can be regenerated several times, or in some
cases, a substantially unlimited number of times.
[0036] Implementations of the adsorbent material include a mixture of metal oxides of atomic copper (Cu), atomic
magnesium (Mg), and optionally atomic aluminum (Al), synthesized by co-precipitation. In some cases, the mixture can
be synthesized in such a way that the adsorbent material is homogenous, or substantially homogenous.
[0037] The amount of copper, magnesium, and aluminum can vary, depending on the implementations. The adsorbent
material is composed of copper oxide, magnesium oxide, and optionally aluminum oxide, and the atomic ratio of copper
to magnesium to aluminum of the adsorbent material can be X:Y:Z, where X (atomic copper) is greater than or equal to
0.6 and less than or equal to 0.9, Y (atomic magnesium) is greater than 0 and less than or equal to 0.2, Z (atomic
aluminum) is greater than or equal to 0 and less than or equal to 0.2, and where X + Y + Z is equal to 1.
[0038] After adsorbing sulfur, the adsorbent material can be composed of copper oxide, magnesium oxide, optionally
aluminum oxide, and sulfur, and the atomic ratio of copper to magnesium to aluminum to sulfur of the adsorbent material
can be X:Y:Z:S, where X (atomic copper) is greater than or equal to 0.6 and less than or equal to 0.9, Y (atomic
magnesium) is greater than 0 and less than or equal to 0.2, Z (atomic aluminum) is greater than or equal to 0 and less
than or equal to 0.2, and S (atomic sulfur) is greater than 0.
[0039] The adsorbent material can be implemented in a variety of forms. For example, in some cases, the adsorbent
material can be implemented in a powder form, a pelletized form, or a combination thereof. The dimensions of each
particle of powder or pellet can vary, depending on the implementation. For instance, in some cases, the dimensions of
a particle of powder can have an agglomerated nano-rod morphology (e.g., a nano-dispersion of MgO and/or Al2O3
phases in a CuO crystalline structure), and can have a length of approximately 50 nm to 400 nm and a width of approx-
imately 10 nm to 50 nm. In some cases, several particles can be adhered or bound together to form a pellet (e.g., a
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pellet having a length and/or width of 1 mm to 10 mm).
[0040] Further, in some cases, the adsorbent material can include materials other than metal oxides. For example, in
some implementations, the adsorbent material can include a binding agent (e.g., silica) that provides adhesion to the
mixture. In some cases, a binding agent can be used to produce powders or pellets having a particular shape and size.
In some cases, a material can have approximately 5% to 40% by weight of the binding agent to 40% to 80% by weight,
collectively, of copper oxide, magnesium oxide, and aluminum oxide.
[0041] Further still, in some cases, the adsorbent material can exhibit a change in morphology after one or more
adsorption and regeneration cycles. For example, before regeneration, a particle of power can exhibit a nano-rod mor-
phology, and after regeneration, the particle of powder can exhibit a lumped sphere-like morphology. Despite the change
in morphology, however, the adsorbent material can still have a stable sulfur adsorption capacity.
[0042] FIG. 1 shows an example process 100 for synthesizing a material for adsorbing sulfur from a gas containing
hydrogen sulfide.
[0043] The process 100 begins by heating a precursor solution containing copper salt, magnesium salt, and aluminum
salt (step 110). For instance, the precursor can include metal nitrates, metal chlorides, metal acetates, alkali metal
carbonates, or combinations thereof. As an example, the precursor can include copper nitrate, copper chloride, copper
acetate, copper carbonate, magnesium nitrate, magnesium chloride, magnesium acetate, magnesium carbonate, alu-
minum nitrate, aluminum chloride, aluminum acetate, and/or aluminum carbonate. Other metal salts are also possible,
depending on the implementation.
[0044] The atomic ratio of the metals can vary, depending on the implementation. The atomic ratio of copper to
magnesium to aluminum of the precursor solution is X:Y:Z, where X (atomic copper) is greater than or equal to 0.6 and
less than or equal to 0.9, Y (atomic magnesium) is greater than 0 and less than or equal to 0.2, Z (atomic aluminum) is
greater than or equal to 0 and less than or equal to 0.2, and where X + Y + Z is equal to 1.
[0045] Further, the molarity of the precursor solution also can vary. For example, in some cases, the precursor solution
can have a molarity of approximately 0.5 M to 2 M (e.g., 1.25 M).
[0046] The temperature to which the precursor is heated can vary, depending on the implementation. For example,
in some cases, the precursor can be heated to a temperature from approximately 50°C to approximately 90°C. In some
cases, the precursor solution can be heated by pre-heating a quantity of water (e.g., de-ionized water), and gradually
adding the precursor solution to the pre-heated water. As an example, a quantity of precursor solution (e.g., 40 ml) can
be gradually added to a pre-heated (e.g., 70°C) quantity of de-ionized water through a syringe driven pump. The combined
solution is then heated for a period of time (e.g., at 80°C for one hour).
[0047] If the precursor is heated at a relatively lower temperature (e.g., in some implementations, less than 50°C),
gelatinous or gel-like precipitation may occur. However, if the precipitation can be heated at a relatively higher temperature
(e.g., in some implementations, 50°C or greater), the precipitation instead can be granular. This relatively higher tem-
perature can be useful, for example, in obtaining nano-sized particles of precipitate. This can also be helpful, for example,
in speeding up hydrolysis. In some cases, temperatures that exceed 90°C may be undesirable, as water will evaporate
at approximately 100°C, and may cause uncontrolled precipitation.
[0048] As the combined solution is being heated, the combined solution can be vigorously stirred. Further, the combined
solution can be maintained at a particular pH (e.g., from approximately 6.2 to approximately 7.8). A particular pH can
be maintained, for example, by in situ addition of a sodium carbonate solution (e.g., a 1.25 M sodium carbonate solution).
[0049] After the solution is heated, the solution is filtered to obtain a precipitate (step 120). In some cases, the solution
can be filtered using a filter having a pore size of approximately to separate the precipitate from a filtrate. As an example,
a filter having circular 70 mm diameter can be used. The precipitate can be washed with a washing solution one or more
times after filtration. For example, the filtrate can be washed several times with de-ionized water until the pH of the filtrate
becomes approximately 7.
[0050] After filtering the precipitate from the filtrate, the obtained precipitate is dried (step 130). The temperature and
length of time in which precipitate is dried can vary, depending on the implementation. For example, in some cases, the
precipitate can be dried at a temperature greater than 100°C (e.g., approximately 110 °C) for approximately 12 hours.
As another example, in some cases, the precipitate can be dried at a temperature between approximately 90°C to 120°C
for approximately 10 hours to approximately 14 hours. Other temperatures and lengths of time are also possible, de-
pending on the implementation. For example, the precipitate can be dried at a temperature and for a time appropriate
to remove all or substantially all of the entrained water.
[0051] After the precipitate is dried, the precipitate is calcined (step 140). The temperature, rate of heating, rate of
cooling, and length of time can each vary, depending on the implementation. For example, in some cases, the precipitate
can be heated under flowing air (e.g., air having a flow rate of 50 ml per minute) from room temperature (e.g., 20°C to
22°C) to 500°C at a heating rate of 5°C per minute. The precipitate can be held at 500°C for five hours, then cooled to
room temperature at a heating rate of 5°C per minute. Although example temperatures, rate of heating, rate of cooling,
and length of time is described above, this is merely an illustrate example. In practice, other parameters also may be
used, depending on the implementation. For example, in some cases, the precipitate can be calcined at a temperature
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from approximately 400°C to approximately 600 °C for approximately 4 hours to approximately 6 hours. As another
example, in some cases, a heating rate of the calcination can be from approximately 4°C/minute to approximately
6°C/minute, and the cooling rate of the calcination can be from approximately 4°C/minute to approximately 6°C/minute.
[0052] In some implementations, during the synthesis process, an intermediate material composed primarily of hy-
droxides of the metals may be formed. In some implementations, a temperature of approximately 300°C or greater allows
the hydroxides to transform fully or substantially fully to their oxide forms. Further, in some cases, temperature of 600°C
or less may result in an adsorbent with improved regeneration characteristics. Thus, in some implementations, the
precipitate can be calcined at a temperature between approximately 300°C to 600°C, for an appropriate length of time
(e.g., between approximately three hours to ten hours).
[0053] In some cases, after calcining, the resulting material can be mixed with other materials (e.g., a binding agent),
and/or shaped into a powder or pellet. This can be beneficial, for example, as particular forms of the adsorbent material
may be more convenient to transport or use, depending on the application.
[0054] As described above, implementations of the adsorbent material can be used to remove or otherwise separate
hydrogen sulfide gas from other types of gases. For example, an amount of the adsorbent material can be exposed to
an input gas containing hydrogen sulfide. The adsorbent material adsorbs some or all of the atomic sulfur contained in
the input gas, resulting in an output gas having a reduced or substantially zero concentration of hydrogen sulfide. In
some cases, the input gas can have a temperature in the range of approximately 0° C to 700° C (e.g., in some instances,
in a range of approximately 100° C to 200° C).
[0055] As described above, implementations of the adsorbent material can be regenerated after adsorbing sulfur,
such that some or all of the adsorbed sulfur is released from the adsorbent material. For instance, implementations of
the adsorbent material can be regenerated by exposing the adsorbent material to an oxidizing gas at temperatures
greater than or equal to the temperature of the input gas containing the hydrogen sulfide. As an example, if the adsorbent
material had been exposed to an input gas having a temperature approximately 150°C, the adsorbent material can be
regenerated by exposing the adsorbent material to an oxidizing gas having a temperature of approximately 150°C or
greater. In some implementations, the oxidizing gas can be oxygen gas (e.g., O2 gas) or an oxygen-containing gas,
such as air. In some cases, the oxidizing gas can contain approximately 5% O2 in N2.
[0056] In some cases, the adsorbent material can be further regenerated by first exposing the adsorbent material to
an oxidizing gas, and subsequently exposing the adsorbent material to a reducing gas. In some implementation, the
reducing gas can be a gas containing hydrogen (e.g., a gas having greater than 0% to approximately 10% hydrogen by
volume), a gas containing methane (e.g., a gas having greater than 0% to approximately 90% methane volume), or a
gas containing water (e.g., a gas having greater than 0 to 100% water by volume).
[0057] In an example application, the adsorbent material can be exposed to an input gas containing hydrogen sulfide
gas, such that the adsorbent material adsorbs quantities of sulfur from the input gas. The adsorbent material can be
subsequently regenerated, such that some or all of the adsorbed sulfur is removed from the adsorbent material. After
regeneration, the adsorbent material can be reused to adsorb additional quantities of sulfur from an input gas. In some
cases, the adsorbent material can be cyclically exposed to an input gas containing hydrogen sulfide and an oxidizing
gas, such that it is repeatedly regenerated between sulfur adsorption. As an example, in some cases, the adsorbent
material can exhibit an initial sulfur capacity in a range of approximately 2 to 10 mmol of sulfur/g of adsorbent, and after
one or more regeneration cycles, can continue to exhibit approximately 70% to 100% of the initial sulfur capacity (e.g.,
between approximately 1.4 mmol of sulfur/gram of adsorbent material to approximately 10 mmol of sulfur/gram of
adsorbent material).
[0058] The adsorbent material has a variety of practical applications. For example, in some cases, the adsorbent
material can be used during industrial processes such as gas processing, gas to liquid processing, Claus processing,
coal gasification, and petroleum refining to remove or otherwise reduce the presence of hydrogen sulfide from a stream
of gas (e.g., an exhaust gas from the industrial process). In further examples, in some cases, the adsorbent material
can be used to remove hydrogen sulfide from syngas used in Fisher-Tropsch processes, or removal of hydrogen sulfide
from syngas used in urea and ammonia production. Further, as implementations of the adsorbent material can be
regenerated one or more times, the adsorbent material can be integrated into industrial processes in an efficient and
cost effective manner.
[0059] FIG. 2 schematically shows an example system 200 for removing hydrogen sulfide gas from an input gas. The
system 200 includes a source 202, a conduit 204 coupled to the source 202, and a portion of adsorbent material 206
disposed within the conduit 202.
[0060] The source 202 is a source for an input gas 208. The source 202 can be, for example, a container for storing
gas (e.g., a storage tank or a silo) or a conduit (e.g., a pipe or tube) for conveying gas from an external source, such as
a well. In some cases, the source 202 can be the output of an industrial process (e.g., a gas exhaust from one or more
processing apparatuses).
[0061] The conduit 204 is coupled to the source 202, such that the input gas 208 from the source 202 enters a first
aperture 210 of the conduit 204 and passes across the adsorbent material 206. As described above, upon exposure to
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the input gas 208, the adsorbent material 206 adsorbs sulfur from the input gas 208. As a result, some or all of the sulfur
contained within the input gas 210 is removed. As an example, if the input gas contains hydrogen sulfide gas, some or
all of the hydrogen sulfide gas may be removed. The resulting output gas 212 is directed to a second aperture 214 of
the conduit 204 for collection.
[0062] The adsorbent material 206 can be positioned in various ways within the conduit 204. For example, in some
cases, the adsorbent material can be disposed on one or more beds or trays, and the beds or trays can be inserted into
the conduit 204. In some cases, the adsorbent material can be positioned directly onto the conduit 204 itself (e.g.,
positioned directly on a wall of the conduit 204). In some cases, the adsorbent material 206 can be integrally formed
with the conduit 204 (e.g., such that the adsorbent material 206 is provided as a layer or wall of the conduit 204).
[0063] As described above, the adsorbent material can be regenerated, such that the adsorbed sulfur in the adsorbent
material 206 is removed. This can be performed, for example, by stopping the flow of input gas 208 from the source 202
into the conduit 204 (e.g., by sealing the source 202 or redirecting the input gas 208), and coupling the conduit 204 to
a source of oxidizing and/or reducing gas (e.g., one or more storage tanks or silos containing oxidizing and/or reducing
gas, or one or more pipes or tubes conveying oxidizing and/or reducing gas from an external source). This also can be
performed, for example, by removing the adsorbent material 206 from the conduit 204, exposing the adsorbent material
206 to an oxidizing gas and/or reducing gas, and reintroducing the adsorbent material 206 into the conduit 204.
[0064] In some cases, a system can include two or more portions of adsorbent material in which at least one portion
of adsorbent material is used to adsorb sulfur in an input gas, and at least another portion of adsorbent material is being
regenerated. The portions of adsorbent material can be cycled between adsorption and regeneration, such that at least
one portion of adsorbent material is removing sulfur from an input gas, even as one or more other portions of adsorbent
material are being regenerated.
[0065] As an example, FIGS. 3A and 3B schematically show another system 300 for removing hydrogen sulfide gas
from an input gas. The system 300 includes a first source 302, a second source 304, a first conduit 306, a second conduit
308, a first portion of adsorbent material 310, a second portion of adsorbent material 312, and a valve assembly 314.
[0066] The first source 302 is a source of an input gas 320. The first source 302 can be, for example, a container for
storing gas (e.g., a storage tank or a silo) or a conduit (e.g., a pipe or tube) for conveying gas from an external source,
such as a well. In some cases, the first source 302 can be the output of an industrial process (e.g., a gas exhaust from
one or more processing apparatuses).
[0067] The second source 304 is a source of an oxidizing gas 322. The source 304 also can be, for example, a
container for storing gas (e.g., a storage tank or a silo) or a conduit (e.g., a pipe or tube) for conveying gas from an
external source, such as a well.
[0068] The first conduit 306 and the second conduit 308 are coupled to both the first source 302 and the second source
304 through a valve assembly 314. As shown in FIG. 3A, when the valve assembly 314 is in a first configuration, input
gas 320 from the first source 302 is directed through the first conduit 306, while oxidizing gas 322 from the second
source 304 is directed through the second conduit 308.
[0069] As described above, upon exposure of the input gas 320 to the first portion of adsorbent material 310, the first
portion of adsorbent material 310 adsorbs sulfur from the input gas 320. As a result, some or all of the sulfur contained
within the input gas 320 is removed. As an example, if the input gas contains hydrogen sulfide gas, some or all of the
hydrogen sulfide gas may be removed. The resulting output gas 324 is directed to an outlet 326 of the first conduit 306
for collection.
[0070] As also described upon, upon exposure of the oxidizing gas 322 to the second portion of adsorbent material
312, the second portion of adsorbent material 312 is regenerated (e.g., releases previously adsorbed sulfur). The resulting
output gas 328 is directed to an outlet 330 of the second conduit 328 for collection.
[0071] As shown in FIG. 3B, when the valve assembly 314 is in a second configuration, input gas 320 from the first
source 302 is directed through the second conduit 308, while oxidizing gas 322 from the second source 304 is directed
through the first conduit 306.
[0072] As described above, upon exposure of the input gas 320 to the second portion of adsorbent material 312, the
second portion of adsorbent material 312 adsorbs sulfur from the input gas 320. As a result, some or all of the sulfur
contained within the input gas 320 is removed. As an example, if the input gas contains hydrogen sulfide gas, some or
all of the hydrogen sulfide gas may be removed. The resulting output gas 324 is directed to the outlet 330 of the first
conduit 306 for collection.
[0073] As also described above, upon exposure of the oxidizing gas 322 to the first portion of adsorbent material 310,
the first portion of adsorbent material 310 is regenerated (e.g., releases previously adsorbed sulfur). The resulting output
gas 328 is directed to the outlet 326 of the first conduit 306 for collection.
[0074] The valve assembly 314 can be switched between the first and second configurations, such that at a given
moment, at least one portion of adsorbent material is being exposed to the input gas, while at least another portion of
adsorbent material is being regenerated. Thus, sulfur can be continuously removed from the input gas, even as one or
more portions of adsorbent material are being regenerated.
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[0075] In some cases, the can also include one or more sensor assemblies to monitor the concentration of sulfur from
the output gas. This can be useful, for example, in determining that a portion of adsorbent material is nearing its adsorbent
capacity and should be regenerated. This also can be useful, for example, in determining the effectiveness of the sulfur
removal process. As an example, as shown in FIGS. 3A-B, the system 300 can include a first sensor 332 positioned
within the first conduit 306, and a second sensor 334 positioned within the second conduit 308. The first sensor 332 and
the second sensor 334 are positioned downstream from the first portion of adsorbent material 310 and the second portion
of adsorbent material 312, respectively. Thus, the first sensor 332 can measure the concentration of sulfur in the output
gas 324 when the valve assembly 314 is in the first configuration, and the second sensor 334 can measure the concen-
tration of sulfur in the output gas 324 when the valve assembly 314 is in the second configuration.
[0076] In some cases, the valve assembly 314 can switch between the first and second configurations based on inputs
provided by an operator. For example, an operator can review measurements from the sensors 332 and 334, and based
on the measurements, determine that one of the portions of adsorbent material should be regenerated. The operator
can select an appropriate configuration for the valve assembly 314, such that oxidizing gas is directed across the portion
of adsorbent material that should be regenerated, and the input gas is directed across the other portion of adsorbent
material.
[0077] In some cases, the valve assembly 314 can automatically switch between the first and second configurations.
For example, a control module 336 can receive measurements from review measurements from the sensors 332 and
334, and based on the measurements, determine that one of the portions of adsorbent material should be regenerated.
As an example, the control module can determine whether the concentration of sulfur in an output gas has exceed a
particular threshold concentration. If the concentration of sulfur exceeds the threshold concentration, this may indicate
that the adsorbent material is no longer adsorbing sulfur as effectively, and should be regenerated. As another example,
the control module can determine whether the concentration of sulfur in an output gas has increased over time. If the
change in sulfur concentration exceeds a particular threshold, this may indicate that the adsorbent material is no longer
adsorbing sulfur as effectively, and should be regenerated. Based on this determination, the control module 336 can
select an appropriate configuration for the valve assembly 314, such that oxidizing gas is directed across the portion of
adsorbent material that should be regenerated, and the input gas is directed across the other portion of adsorbent material.
[0078] Although an example system is described above, this is merely an illustrative example. In practice, a system
can include any number of sources (e.g., one, two, three, four, or more), any number of conduits with adsorbent material
(e.g., one, two, three, four, or more), and a valve assembly having any number of configurations for directing gas between
them.
[0079] Further, although a source of input gas and a source of oxidizing gas are shown, in some cases, a system can
further include a source of reducing gas. Correspondingly, the valve assembly can be configured to, in a first configuration,
direct input gas across a first portion of adsorbent material, and sequentially direct oxidizing gas and reducing gas across
a second portion of adsorbent material. The valve assembly also can be configured to, in a second configuration, direct
input gas across the second portion of adsorbent material, and sequentially direct oxidizing gas and reducing gas across
the first portion of adsorbent material.
[0080] As another example, a system can include three portions of adsorbent material, each positioned in a respective
conduit. The valve assembly can be configured to cyclically direct input gas across one of the portions of adsorbent
material, oxidizing gas across another one of the portions of adsorbent material, and reducing gas across another one
of the portion of adsorbent material. Thus, each gas can be exposed to the input gas, then the oxidizing gas, followed
by the reducing gas. In this manner, sulfur is continuously removed from the input gas by one of the portions of adsorbent
material, even while the other two portions of adsorbent material are being regenerated.
[0081] Although the removal of hydrogen sulfide is described above, this is also merely an illustrative example. In
some implementations, other sulfur species, such as carbonyl sulfide, carbon disulfide, sulfur dioxide, sulfur trioxide,
and/or element sulfur also can be removed from an input gas. As an example, an input gas can be hydrogenated, such
that some or all of the sulfur containing species are transformed to hydrogen sulfide. In some cases, a hydrogenating
agent can be used as a part of the hydrogenation process. Hydrogenating agents can include, for example, hydrogen
and/or carbon monoxide that exists natively within the input gas, or added to the input gas prior to hydrogenation. The
effluent of the hydrogenation can be introduced into the system.

Example Adsorbent Materials

[0082] Implementations of the adsorbent material were tested to evaluate their sulfur removal performance and re-
generative characteristics. The adsorbent materials were characterized by various techniques such as XRD, nitrogen
adsorption-desorption, SEM, HR-TEM with HAADF-STEM and ChemiSTEM technology. The sulfur removal performance
of the adsorbent material was tested for dynamic breakthrough experiments at 150 °C for the gas stream having ap-
proximately 100 ppm H2S in Helium. In this study, the adsorbent material exhibited stable breakthrough sulfur capacity
of ∼9 mmol/g for 10 cycles of sulfidation and regeneration. The regeneration experiments were carried out at 500 and
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600 °C with various conditions. It was found that the adsorbent material exhibited very stable sulfur capacity regardless
of significant changes in morphology that occurred after multiple adsorption/regeneration cycles. In addition, the adsorb-
ent material was also tested for high H2S concentration along with water and simulated gas mixes.

Synthesis:

[0083] The adsorbent material was synthesized by taking 40 ml of the mixture containing 1.25 M solution of copper
nitrate, magnesium nitrate, and aluminum nitrate with the specified mole ratio in a 50 ml syringe. The atomic ratio of the
metals was varied between 0.6 and 0.9 (Cu):0 and 0.2 (Mg): 0 and 0.2 (Al) for each of several samples. In a separate
500 ml PP bottle, 100 ml of de-ionized water was taken and placed into the oil bath at 70 °C under vigorous stirring. The
mixed metal precursor solution was added into the water containing PP bottle at the rate of 5 ml/min by a syringe driven
pump and the pH of the entire solution was maintained at approximately 7 by in situ addition of 1.25 M sodium carbonate
solution. Upon complete addition of mixed metal precursor solution, the whole mixture was kept at 80 °C for one hour
under continuous stirring. The precipitate was filtered and washed several times with de-ionized water until the pH of
the filtrate becomes approximately 7. The filtered material was dried at 110 °C for 12 hours and then calcined at 500 °C
for 5 hours under flowing air (50 ml/min). For calcination, the heating rate was 5 °C/min to reach 500 °C from room
temperature and the cooling rate was also set at 5 °C/min from 500 °C to room temperature.
[0084] All the chemicals of reagent grade were purchased from Sigma-Aldrich, USA and used as received without
any further purification.

Characterization:

[0085] The adsorbent was characterized by x-ray diffraction (XRD), nitrogen adsorption-desorption measurements,
field emission-scanning electron microscopy (FE-SEM), high resolution transmission electron microscopy (HR-TEM)
equipped with HAADF-STEM and ChemiSTEM technology. The powder X-ray diffraction (XRD) patterns were collected
in a PANAlytical diffractometer (X’Pert PRO) equipped with a Cu-Kα radiation source (λ = 0.15406 nm) for a 2θ range
extending between 10 and 80° at an angular rate of 0.02°s-1. The nitrogen sorption analysis was carried out in Autosorb-
6B manufactured by Quantachrome Instruments at liquid nitrogen having a temperature of 77 K. The adsorbent material
was outgassed at 250 °C for 6 hours prior to analysis. The SEM analysis was conducted in FEI Quanta 250 (FEG) at
20kV. TEM investigation was carried out at Talos™ F200X. For TEM analysis, the sample was prepared by grinding the
powder with a pestle and mortar and a small amount of cyclohexane was used to transfer the powder to the grid.

Breakthrough Experiments:

[0086] The breakthrough rig was constructed using ̈  inch SS 316 tubing, fittings and valves from Swagelok Company,
USA. The H2S adsorption experiments were carried out in a fixed bed U-shaped quartz reactor having 4 mm internal
diameter. The fixed bed of the adsorbent material was made by packing 5 mgs of adsorbent material diluted with 100
mgs of quartz particles and supported either side by quartz wool in the reactor. Prior to packing into the reactor, both
the adsorbent material and the diluent were sieved between the mesh size of 40 and 80. It was confirmed by carrying
out blank experiment that quartz particles does not adsorb any H2S under the set experimental conditions. Prior to H2S
adsorption, the adsorbent material packed reactor was pre-heated under helium flow at 300 °C for overnight and then
allowed to react with H2S gas having approximately 100 ppm H2S in He (Praxair, USA) at 150 °C and at 1 atmospheric
pressure and the flow rate of the gas was maintained at approximately 42 ml/min. The evolution of the H2S concentration
at the reactor exit was monitored continuously by online GC (Agilent 7890A) equipped with a sulfur chemiluminescence
detector (SCD). The sulfur breakthrough capacity of the adsorbent was determined at an exit H2S concentration reaching
5% of the feed gas at the reactor inlet.

Results and Discussion:

[0087] The XRD pattern in FIG. 4 indicates that the adsorbent material is crystalline with predominant CuO phase
(ICDD: 00-045-0937). Though most of the peaks are corresponding to CuO phase, peak broadening can be seen in all
the peaks against the sharp high intense peaks of typical CuO. This peak broadening could be owing to nano-dispersion
of MgO or Al2O3 phases in the CuO crystalline structure. In addition to CuO phase, little matching of spinal MgAl2O4
(ICDD: 04-013-1994) was also identified, however it is difficult to distinguish the phases of CuAl2O4 and MgAl2O4 spinels
by XRD, because their patterns are relatively similar and these patterns might overlap with MgO characteristic peaks.
However, typical alumina peaks cannot be seen in the patterns due to lower concentration in the mixed metal oxides
composition.
[0088] The N2 adsorption-desorption isotherm of the adsorbent material is shown in FIG. 5. The isotherm indicates



EP 3 362 172 B1

10

5

10

15

20

25

30

35

40

45

50

55

that the adsorbent is non porous material and conversely it holds considerable BET surface area of ∼67 m2/g, estimated
from the adsorption branch of isotherm. This significant surface area value is due to the external surface area deduced
from the nano-rod shaped particles of the adsorbent.
[0089] The SEM image in FIG. 6 shows the morphology of the adsorbent material. Contrary to CuO morphology, the
adsorbent material owns homogeneously agglomerated nano-rods morphology and the morphology is very unique all
over the particles. This well-designed uniform nano-rods morphology could be explained as the nano-level dispersion
of MgO and Al2O3 with CuO particles. In order to evaluate the elemental distribution in the adsorbent, HAADF-STEM
image was taken in HR-TEM machine and the corresponding image was analysed by ChemiSTEM method (as shown
in FIG. 7). ChemiSTEM elemental mapping indicated the presence of three different phases corresponding to Cu, Mg
and Al oxides of the adsorbent. However, nano-level dispersion of metal oxides with one another can be observed. This
existence of nano-level dispersion among the metal oxides by ChemiSTEM analysis coincides with XRD and SEM results.

Breakthrough performances and Regeneration Study:

[0090] H2S breakthrough performance of the adsorbent was tested at 150 °C adsorption temperature for a gas stream
containing approximately 100 ppm H2S in helium. However, two sets of regeneration experiments were carried out. The
first set of regeneration experiments were performed at 500 °C for the total duration of 24 hours (12 hours oxidation
using 5% O2 in N2 and 12 hours of He purging at a flow rate of approximately 50 ml/min). In the second set, regeneration
experiments were adjusted to simulate a practical application in which the regeneration duration equals to the H2S
saturation time. In this case, the regeneration study was carried out at 600 °C for the total duration of 6 hours by passing
5% O2 in N2 at the flow rate of ∼50 ml/min.
[0091] The breakthrough curves for 10 sulfidation-regeneration cycles (fresh+9 cycles) are shown in FIG. 8, in which
the regeneration cycles were conducted at 500 °C. The adsorbent material demonstrated stable sulfur capacity of ∼9
mmol/g after 10 cycles. The high capacity is due to occurrence of reactive chemisorption of this adsorbent material with
H2S during adsorption process as in reaction 1. Interestingly, no effluents were produced in the consecutive adsorption
cycles if the sulfided adsorbent material underwent regeneration for 24 hours. In these experiments, 12 hours of oxidation
and 12 hours of He appear to be particularly effective in avoiding any effluents in the following adsorption cycle. This is
due to slow decomposition of metal sulfates predominantly copper sulfate, which could have formed during regeneration
as it shown in reaction 2.
[0092] FIG. 9 shows breakthrough curves for 5 cycles (fresh+4 cycles) where the regeneration was performed at 600
°C for 6 hours. The adsorbent material exhibited the same stable sulfur capacity of ∼9 mmol/g within this short regeneration
duration and no formation of effluents was detected in the successive adsorption cycles. This can be explained as full
decomposition of CuSO4 within 6 hours at 600 °C, because the decomposition temperature for CuSO4 is < 600 °C. To
the best of our knowledge, this is the highest ever reported sulfur capacities with 10 cycles of successive sulfidation at
150 °C H2S adsorption process, considering the short regeneration time. Moreover, the regeneration duration equals
the H2S saturation duration, which could be beneficial in industrial applications.
[0093] The sulfur capacities shown in Table 1 demonstrate that the adsorbent material is a high capacity stable
adsorbent.

Table 1: A collection of published data on mixed metal oxides for H2S removal study and their sulfur capacities
Adsorbent BT Capacity 

(mmol/g)
No. of Cycles Temp. (°C)

Developed CuO-MgO-Al2O3 Adsorbent Material 9 10 150
BASF (SG901) ZnO [Commercial] 0.34 1 RT
Sud-Chemie (G-72E) ZnO [Commercial] 0.75 1 RT
ZnO/SiO2 1.6 1 RT
Cu-ZnO/SiO2 2.4 1 RT
Zn-Al based-cp (co-precipitation) 5.3 10 480
Zn-Al based (Physical Mixing) 4.8 10 480
(a) Fe promoted Zn-Al-cp, (b) Co promoted Zn-Al-cp, (c) 
Nickel promoted Zn-Al-cp and (d) Cerium promoted Zn-Al-
cp

5.3 to 6.2 10 480

Cu-ZnO/SBA-15 2.3 5 150
Cu-ZnO/silica gel 1.1 1 150
Cu-ZnO/γ-Al2O3 8.53 1 250
1 wt% P-Cu-ZnO/g-Al2O3 8.69 1 250
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CuO + H2S → CuS + H2O Reaction-1

CuS + 1.5 O2 → CuO + SO2 Reaction-2

[0094] Since the adsorbent materials showed excellent performance towards H2S adsorption, it is noteworthy to see
the morphological effect of fresh, sulfided and regenerated adsorbent states. TEM analyses were carried out on the
fresh, sulfided and regenerated samples and the images are shown in FIG. 10. Fresh adsorbent material exhibited
agglomerated nano-rods morphology as showed by SEM. However, significant change in morphology had occurred
during the cycles of sulfidation and regeneration. Despite the change in morphology, the adsorbent material showed
stable capacity in H2S adsorption.

Effect of H2S concentration and Gas mixes:

[0095] To elucidate the suitability of adsorbent material for practical application, the adsorbent material was also tested
for high concentration of H2S (approximately 1435 ppm) along with other gas mixes [H2:∼ 2.47 (mole %), Water:∼30.89
(mole%), CO:∼0.0098(mole%), CO2:∼17.37(mole%), N2:∼49.12%], and the corresponding breakthrough curve is dis-
played in FIG. 11. The adsorbent material exhibited the same sulfur capacity in presence of high H2S concentration,
water and other gases, and thus can be suitable for a variety of practical applications.

Summary:

[0096] An example high capacity and regenerable solid adsorbent material was evaluated for the removal H2S at 150
°C. Co-precipitation technique permitted to synthesize mixed metal oxides with nano-rods morphology. The adsorbent
material demonstrated stable sulfur capacity of ∼9 mmol/g for after 10 adsorption-regeneration cycles. Although the
adsorbent material underwent significant morphological change after many sulfidation-regeneration cycles, stable sulfur
capacity was sustained. Complete regeneration on the sulfided adsorbent was achieved within 6 hours at 600 °C. The
6 hours regeneration duration is equal to the H2S saturation time of the adsorbent, which may be beneficial in practical
applications. Since the adsorbent material showed stable sulfur capacity at the adsorption and regeneration conditions
in this study, it is foreseeable that the stability could last for endless cycles. Further, the breakthrough performance and
sulfur capacity of the adsorbent material is similar in presence of high H2S concentration (∼1435 ppm), water and other
gases.

Claims

1. A method of removing hydrogen sulfide from an input gas, the method comprising:

(continued)

Adsorbent BT Capacity 
(mmol/g)

No. of Cycles Temp. (°C)

3 wt% P-Cu-ZnO/g-Al2O3 10.74 1 250
9 wt% P-Cu-ZnO/g-Al2O3 8.35 1 250
CuO-ZnO-Al2O3-mp 2.1 1 40
CuO-ZnO-Al2O3-mp 4.26 1 100
CuO-ZnO-Al2O3-mp 7.3 1 40
CuO-ZnO-Al2O3-mp 10.8 1 80
CuO 8.8 1 RT
Zn/Cu/Zr mixed oxides 4.2 1 RT
Zn/Ti/Zr mixed oxides 4.5 1 RT
Zn/Co/Al 3.3 1 RT
Mn-Cu mixed oxides 4.4 6 627
Mn-Cu-V mixed oxides 1.7 5 627
Cu-ETS-2 1.5 1 RT
Cu-ETS-4 0.34 1 RT
Cu-ETS-10 1.4 1 RT
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exposing an adsorbent material to an input gas to obtain an output gas, wherein a concentration of hydrogen
sulfide of the output gas is less than a concentration of hydrogen sulfide of the input gas;
the adsorbent material comprising copper oxide, magnesium oxide, and optionally aluminum oxide, wherein an
atomic ratio of copper to magnesium to aluminum of the adsorbent material is X:Y:Z,
wherein X is greater than or equal to 0.6 and less than or equal to 0.9,
wherein Y is greater than 0 and less than or equal to 0.2,
wherein Z is greater than or equal to 0 and less than or equal to 0.2, and
wherein X + Y + Z is equal to 1.

2. The method of claim 1, further comprising regenerating the adsorbent material after exposing the adsorbent material
to the input gas, wherein regenerating the adsorbent material comprises:

exposing the adsorbent material to an oxidizing gas; and
subsequent to exposing the adsorbent material to the oxidizing gas, exposing the adsorbent material to a
reducing gas.

3. The method of claim 2, wherein the input gas has a first temperature of between approximately 0°C and 700°C.

4. The method of claim 3, wherein the oxidizing gas has a second temperature greater than the first temperature.

5. The method of claim 3, wherein the oxidizing gas comprises O2.

6. The method of claim 5, wherein the oxidizing gas contains approximately 5% O2 by volume in N2.

7. The method of claim 3, wherein the reducing gas comprises hydrogen, methane, and/or water.

8. The method of claim 7, wherein the reducing gas contains greater than 0% and less than or equal to 10% hydrogen
by volume.

9. The method of claim 7, wherein the reducing gas contains greater than 0% and less than or equal to 90% methane
by volume.

10. The method of claim 7, wherein the reducing gas contains greater than 0% and less than or equal to 100% water
by volume.

Patentansprüche

1. Ein Verfahren zur Entfernung von Schwefelwasserstoff aus einem Eingangsgas, das Verfahren umfassend:

Aussetzen eines Adsorptionsmaterials einem Eingangsgas, um ein Ausgangsgas zu erhalten,
wobei eine Schwefelwasserstoffkonzentration des Ausgangsgases geringer ist als eine Schwefelwasserstoff-
konzentration des Eingangsgases;
das Adsorptionsmaterial Kupferoxid, Magnesiumoxid und optional Aluminiumoxid umfasst,
wobei ein Atomverhältnis von Kupfer zu Magnesium zu Aluminium des Adsorptionsmaterials X:Y:Z ist,
wobei X größer als oder gleich 0,6 und kleiner oder gleich 0,9 ist,
wobei Y größer als 0 und kleiner oder gleich 0,2 ist,
wobei Z größer oder gleich 0 und kleiner oder gleich 0,2 ist, und
wobei X + Y + Z gleich 1 ist.

2. Das Verfahren gemäß Anspruch 1, das weiterhin das Regenerieren des Adsorptionsmaterials umfasst, nachdem
das Adsorptionsmaterial dem Eingangsgas ausgesetzt wurde, wobei das Regenerieren des Adsorptionsmaterials
umfasst:

Aussetzen des Adsorptionsmaterials einem oxidierenden Gas; und
nachdem das Adsorptionsmaterial dem oxidierenden Gas ausgesetzt wurde, Aussetzen des Adsorptionsma-
terial einem reduzierenden Gas.
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3. Das Verfahren gemäß Anspruch 2, wobei das Eingangsgas eine erste Temperatur zwischen etwa 0°C und 700°C hat.

4. Das Verfahren gemäß Anspruch 3, wobei das oxidierende Gas eine zweite Temperatur von mehr als die erste
Temperatur hat.

5. Das Verfahren gemäß Anspruch 3, wobei das oxidierende Gas O2 umfasst.

6. Das Verfahren gemäß Anspruch 5, wobei das oxidierende Gas etwa 5% O2 enthält durch Volumen in N2.

7. Das Verfahren gemäß Anspruch 3, wobei das reduzierende Gas Wasserstoff, Methan und/oder Wasser umfasst.

8. Das Verfahren gemäß Anspruch 7, wobei das reduzierende Gas mehr als 0 % und weniger als oder gleich 10
Volumenprozent Wasserstoff enthält.

9. Das Verfahren gemäß Anspruch 7, wobei das reduzierende Gas mehr als 0% und weniger als oder gleich 90
Volumenprozent Methan enthält.

10. Das Verfahren gemäß Anspruch 7, wobei das reduzierende Gas mehr als 0% und weniger als oder gleich 100
Volumenprozent Wasser enthält.

Revendications

1. Procédé d’élimination du sulfure d’hydrogène d’un gaz d’entrée, le procédé comprenant :

l’exposition d’un matériau adsorbant à un gaz d’entrée pour obtenir un gaz de sortie, dans lequel une concen-
tration en sulfure d’hydrogène du gaz de sortie est inférieure à une concentration en sulfure d’hydrogène du
gaz d’entrée ;
le matériau adsorbant comprenant de l’oxyde de cuivre, de l’oxyde de magnésium, et facultativement de l’oxyde
d’aluminium, dans lequel un rapport atomique cuivre sur magnésium sur aluminium du matériau adsorbant est
X:Y:Z,
dans lequel X est supérieur ou égal à 0,6 et inférieur ou égal à 0,9,
dans lequel Y est supérieur à 0 et inférieur ou égal à 0,2,
dans lequel Z est supérieur ou égal à 0 et inférieur ou égal à 0,2, et
dans lequel X + Y + Z est égal à 1.

2. Procédé selon la revendication 1, comprenant en outre la régénération du matériau adsorbant après l’exposition
du matériau adsorbant au gaz d’entrée, dans lequel la régénération du matériau adsorbant comprend :

l’exposition du matériau adsorbant à un gaz oxydant ; et
après l’exposition du matériau adsorbant au gaz oxydant, l’exposition du matériau adsorbant à un gaz réducteur.

3. Procédé selon la revendication 2, dans lequel le gaz d’entrée présente une première température située entre
approximativement 0 °C et 700 °C.

4. Procédé selon la revendication 3, dans lequel le gaz oxydant présente une seconde température supérieure à la
première température.

5. Procédé selon la revendication 3, dans lequel le gaz oxydant comprend de l’O2.

6. Procédé selon la revendication 5, dans lequel le gaz oxydant contient approximativement 5 % d’O2 en volume dans
N2.

7. Procédé selon la revendication 3, dans lequel le gaz réducteur comprend de l’hydrogène, du méthane, et/ou de l’eau.

8. Procédé selon la revendication 7, dans lequel le gaz réducteur contient plus de 0 % et 10 % ou moins d’hydrogène
en volume.
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9. Procédé selon la revendication 7, dans lequel le gaz réducteur contient plus de 0 % et 90 % ou moins de méthane
en volume.

10. Procédé selon la revendication 7, dans lequel le gaz réducteur contient plus de 0 % et 100 % ou moins d’eau en
volume.
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