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(57) Abstract: Process for the abatement of hydrogen sulphide from compositions containing it with the contemporaneous pro-
duction of hydrogen, comprising: a. treating hydrogen sulphide with methane (reforming) according to the endothermic reaction: 2
H,S + CH4 = CS; + 4H, (1) b. cooling the reaction products and separating the carbon disulphide (CS:); ¢. burning the carbon
disulphide; d. feeding at least an aliquot of the hot gases from the combustion of carbon disulphide to the reforming step, as a heat
source for maintaining the endothermic reaction (1). e. disposing of the cooled gases from the combustion of carbon disulphide.
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PROCESS FOR THE ABATEMENT OF HYDROGEN SULPHIDE FROM
COMPOSITIONS CONTAINING IT WITH SIMULTANEOUS PRODUCTION OF
HYDROGEN

The present invention relates to a process for the
abatement of hydrogen sulphide from compositions containing
it with the contemporaneous production of hydrogen.

More specifically, the present invention relates to a
process for the abatement/sweetening of hydrogen sulphide
contained in gaseous streams.

Hydrogen sulphide is a noxious gas present in many re-
fineries as by-product of hydrodesulphuration installa-
tions, and in many oil fields as a blend with natural gas
and light hydrocarbons (gas sour) or as a blend with natu-
ral gas and carbon dioxide (acidic gases).

Hydrogen sulphide is normally separated from gases by
means of absorption with an amine solution and is then sent
to a Claus plant in which it is transformed to sulphur.

By operating in this way, the hydrogen present in the
molecule of hydrogen sulphide is burned to produce water,

whereas the sulphur in the H;S molecule is converted into
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elemental sulphur.

Hydrogen is a raw material which is highly requested
in refineries for all hydrotreatment processes, such as hy-
drocracking and hydrodesulphuration, it would consequently
be greatly desirable to be able to obtain it from a source
at zero value, such as hydrogen sulphide.

A method which allows hydrogen to be obtained from H,S
is methane reforming according to the reaction:

2H;S +CHy = CS; +4H; (1)

This reaction can be carried out with high conversions
only at high temperatures (higher than 900°C, for example)
and it is highly endothermic (AHzes = 232 kj/mole), energy
must therefore be provided from the outside, by burning a
fuel, such as, for example, the same acid methane for H,S,
with a considerable increase in the production costs.

Furthermore, the CS, thus produced has a limited mar-
ket, which is continuously decreasing due to the progres-
sive elimination from the market of Freon, which repre-
sented one of the derivatives with highest added margin.

The Applicant has now found, and this represents an
object of the present invention, that it is possible to
abate hydrogen sulphide from compositions containing it,
with the contemporaneous production of hydrogen, by means
of an integrated cycle wherein the CS; produced by the re-

forming reaction between methane and H,S is burned to pro-
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duce CO, and SO,, thus obtaining a blend which can be ei-
ther advantageously used for the synthesis of sulphuric
acid or it can be disposed of by means of traditional meth-
ods, for example by injecting it into the subsoil. Further-
more, by exploiting the large quantity of reaction heat de-
veloped during the combustion of CS, (AHyes = -1032 kj/mole)
the previous endothermic reaction of H;S reforming with
methane can be sustained without burning any valuable fuel.

An object of the present invention therefore relates
to a process for the abatement of hydrogen sulphide from
compositions containing it with the contemporaneous produc-
tion of hydrogen, comprising:

a. feeding a blend comprising methane and hydrogen sul-
phide to a reforming reactor operating at a tempera-
ture ranging from 900 to 1,500°C and at atmospheric
pressure or slightly lower, for example between 0.08
and 0.1 MPa, to produce a blend essentially consisting
of carbon disulphide (CS,) and hydrogen (H;);

b. cooling the reaction products and separating the car-
bon disulphide from the remaining reaction blend con-
taining hydrogen;

c. burning the carbon sulphide with a gas containing oxy-
gen to produce a gaseous blend, essentially consisting

of CO, and SO,;, at a high temperature;
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d. feeding at least a part of the hot gases of the carbon
disulphide combustion to the reforming step, as a heat
source for maintaining the endothermic reaction of
step (a); and

e. using the combustion gases of carbon disulphide, com-
ing from step (d), as intermediate products for down-
stream chemical syntheses or disposing of them by in-
jection into suitable geological structures.

According to the present invention, the reforming reac-
tion of methane/H,S preferably takes place at a temperature
ranging from 900 to 1,300°C. This type of reaction is known
in literature and is described, for example, in the article
of 5. K. Megalofonos and N. G. Papayannakos in “Interna-
tional Journal of Hydrogen Energy”, vol. 16(5) 1991, pages
319-327, and can also be effected in the presence of a
catalyst. Typical examples of catalysts are metal sulphides
of Group VIB, VIIB and VIIIB of the periodic table of ele-
ments and, among these, sulphides of chromium, molybdenum,
tungsten, iron, cobalt and nickél are particularly pre-
ferred.

In general, the blends comprising methane and hydrogen
sulphide are gaseous streams from refinery plants or they
are streams of natural gas from production fields, or gas
streams associated with oilfields. These streams can in-

clude other inert/acid gases such as nitrogen or carbon di-
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oxide. They are preferably gaseous streams in which the H,S
concentration ranges from 1 to 65% moles with respect to
the total.

When the H,S concentration in the gaseous stream con-
taining methane is low, or, in any case, is not such as to
satisfy the conditions of the reforming reaction, the
stream is preferably treated in an absorption plant of hy-
drogen sulphide with amines, in order to concentrate and
recover it. The hydrogen sulphide stripped from the absorb-
ing liquid, can be recombined with a fraction of the gase-
ous stream containing it so as to have ratios between H,S
and CH, which allow the reforming reaction to be profitably
effected.

The reforming reaction preferably takes place with
CH,/H,S molar ratios higher than the stoichiometric value
of 0.5, for example between 0.51 and 10, so as to reduce
the non-reacted hydrogen sulphide concentration in the re-
action products, to negligible values.

At the end of the reforming, the reaction products are
cooled to an optimal temperature for the subsequent opera-
tions, for example to temperatures lower than 50°C, in or-
der to recover carbon sulphide, which is 1liquid at those
temperatures, from the gaseous phase essentially consisting
of hydrogen, methane and/or residual H,S and possible reac-

tion by-products. The gaseous phase can then be treated
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with conventional methods, for example by means of the se-
lective adsorption technology, of the PSA type, or membrane
treatment, for the recovery of hydrogen.

The cooling phase is preferably effected in heat ex-
changers in which the cooling liquid is water which can be
transformed into vapour at a temperature of 100-150°C and a
pressure of 0.2-10 MPa. The vapour can be used for produc-
ing electric energy or as a heat source destined for the
running of other plants. Alternatively, before cooling in
the heat exchanger, the reaction products can pre-heat the
reagents which are to be fed to the reforming reactor.

The carbon sulphide, recovered in the liquid state, is
burned in a specific reactor, with air or air enriched in
oxygen as comburent.

The combustion gases, which leave the combustion reac-
tor at a temperature of 1,000-2,500 °C are partially or to-
tally fed to a further heat exchanger system to heat the
reagents, possibly pre-heated, to the right temperature be-
fore entering the reforming reactor.

In this way, from the integrated cycle described, ob-
ject of the present invention, the production of hydrogen
can be obtained from a stream containing hydrogen sulphide
without having to use any external high-quality fuel, and a
stream, containing SO,, is also obtained as by-product,

which can be advantageously used as raw material for chemi-
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cal syntheses, such as, for example, the production of sul-
phuric acid. Alternatively, if convenient, the stream con-
taining SO; can be injected into suitable geological struc-
tures.

If the starting mix is natural acidic gas for H;S, the
considerable quantity of heat produced by the combustion of
CS, can also be used for sustaining the separation of meth-
ane from H,S by means of the conventional amine process, if
the quantity of H,S present in the gaseous stream is con-
siderably lower than the H,S/CH, molar ratio required by
the reforming reaction.

An alternative embodiment of the process object of the
present invention, again if the starting material is natu-
ral gas, envisages that only a portion of the CS; produced
be burned as energy source, whereas the remaining portion
is separated and destined for commercialization.

The balance between the aliquot of CS, burned and that
separated and sold, depends on the quantity of heat to be
produced for sustaining the endothermic reforming reaction
of methane with H,S. The sufficient quantity of CS, to be
destined for combustion for sustaining the methane reform-
ing with H,S is at least equal to 55% by weight of the to-
tal CS, produced. The remaining part of CS; can, according
to neceséity, be separated and sold or burned to provide

thermal energy for also sustaining other equipment of the
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process, such as for example the amine plant, or it can be
used for producing high pressure vapour which can be used
in this or other plants.

Another innovative aspect of the process object of the
present invention is represented by the fact that the sul-
phur present in the H,S molecule is transformed into SO,
which, in turn, can be transformed, through reactions and
processes which are well-known in literature, into sul-
phuric acid, for example, requested by the chemical indus-
try, instead of into elemental sulphur as in the conven-
tional Claus process.

Elemental sulphur, in fact, has considerable environ-
mental problems relating to its storage and many nations in
which there are o0il fields impose heavy economical sanc-
tions for sulphur storage.

If, on the contrary, sulphur is transformed into sul-
phuric acid, an easily transportable liquid product is ob-
tained which can be commercialized as such.

The process for the abatement of hydrogen sulphide from
compositions containing it, with the contemporaneous pro-
duction of hydrogen, object of the present invention, can
be better understood with reference to the enclosed figure
which represents an illustrative but non-limiting embodi-
ment.

With reference to the figure, A is a conventional amine
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plant for the sweetening of acid gas, B is a thermal recov-
ery heat exchanger, C is a heat exchanger system useful for
providing the energy necessary for the reforming, Rl is the
methane/H,S reforming reactor and can be, for example, a
fixed- or fluid-bed catalytic reactor, E is a condensation
and collection system of the CS; produced in the reactor
R1, R2 is the combustion reactor of CS,.

A stream of acid gas (1) 1is provided, essentially con-
sisting of methane and a fraction of H,S equal, for exam-
ple, to 10% molar. The stream is fed to an amine treatment
plant in order to concentrate the H,S fraction. More spe-
cifically, an aliquot (2) of the main stream by-passes the
amiile plant A, whereas the remaining part is processed in
this plant for the recovery of hydrogen sulphide containing
(8). This process step is optional as its existence is
linked to whether or not the H,S concentration in the feed-
ing stream (1) is such as to satisfy the conditions of the
CH,/H,S reforming reaction.

The stream (2) is recombined with hydrogen sulphide (8)
so as to form a stream (3) essentially consisting of meth-
ane and H,S with the correct molar ratios for the reforming
reaction.

The stream (3) is pre-heated in B, brought to the re-
forming reaction temperature in C and then fed to the reac-

tor R1.
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The hot reaction products (4) are recovered from the
reactor R1l, at a temperature of about 900-1,500 °C, for ex-
ample. These hot gases are fed to B in order to pre-heat
the reagents and are then fed to the condenser E, in which
the carbon sulphide CS,, in the liquid state, stream (9),
is separated from the gaseous phase essentially consisting
of H,, non-reacted H,S and methane, stream (5). An aliquot
of the carbon sulphide produced, stream (12), can be di-
verted from the cycle, object of the present invention, and
can be destined for other purposes.

The carbon sulphide (9) and comburent air (10) are fed
to the combustion reactor R2. The combustion gases, stream
{(ii), comprising CO, and SO,, leave the reactor at a tem-
perature of about 1,000-2,500°C and are fed directly to the
heat exchanger C, where the reagent gases (CH; and H,S) are
heated to a temperature of about 900-1,500°C or slightly
higher. The stream of heated reagent gases (13) is fed to
the reactor R1l, in which the catalyst is contained, con-
sisting, for example, of one or more metal sulphide(s) of
groups VIB, VIIB and VIIIB of the periodic table of ele-
ments. Sulphides of chromium, tungsten, molybdenum, iron,
cobalt and nickel, used alone or combined, are particularly
preferred among these metal sulphides. The temperature in-
side R1 is uniformly maintained at about 900-1,500°C.

After heating the reagents of the reforming reaction to
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the reaction temperature, the combustion gases of carbon
sulphide can be further cooled, in specific equipment not
shown in the scheme of the enclosed figure and then used
for chemical processes, for example, the synthesis of sul-
phuric acid, or they can be disposed of by injecting them
into the ground or into deep seawater.

The products of the reforming reaction which, after
cooling in E, are in gaseous phase, stream (5), essentially
consist of methane (the reaction excess) and hydrogen. As
they can still entrain considerable traces of non-reacted
hydrogen sulphide, they are carefully fed to the plant A,
for the recovery of these traces. In the end, the stream
(6), essentially consisting of methane and hydrogen, is
discharged from the plant A.

An illustrative and non-limiting example is provided
hereunder for a better understanding of the present inven-
tion and for its embodiment.

EXAMPLE

A stream of 1,100 Nm}/h of a methane + hydrogen sul-
phide blend, consisting of 1,000 Nm®/h of methane and 100
Nm’/h of H,S, is passed through a conventional amine plant,
such as, for example, an MDEA plant, thus separating the
hydrogen sulphide from the methane.

The hydrogen sulphide, which is desorbed by means of

thermal treatment, is joined to an aliquot of the methane
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stream in order to have an H,S concentration equal to 65%
moles of the blend, the remaining 35% being methane.

The blend thus obtained, with a total flow-rate of 780
Nm’/h, after being heated (to T = 1,050°C) in a system of
two subsequent heat exchangers, is fed to the reforming re-
actor, consisting, in this example, of a fixed-bed reactor
packed with a catalyst consisting of Cr,S; supported on
silica, operating at T = 950°C.

The outgoing fumes consisting of non-reacted CS;, hy-
drogen, H;S and methane, are sent to a condenser in which
CS, is separated as a liquid, whereas the stream mainly
consisting of hydrogen with small quantities of non-reacted
H,S and methane, is sent back to the amine plant.

The CS, which is obtained (149.6 1/h) is fed to the
combustion plant together with air, obtaining a stream con-
sisting of CO, and SO, (at T = 1,100°C). This stream is
used for heating the reagents to be fed to the reforming
reactor. After transferring its heat to the reagents of the
reforming reaction, it can then be fed to a plant for the
production of sulphuric acid or disposed of by injecting it

into the ground.
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CLAIMS

1. A process for the abatement of hydrogen sulphide

from compositions containing it with the contemporaneous

production of hydrogen, comprising:

a.

feeding a blend comprising methane and hydrogen sul-
phide to a reforming reactor operating at a tempera-
ture ranging from 900 to 1,500°C and at atmospheric
pressure or slightly lower, for example between 0.08
and 0.1 MPa, to produce a blend essentially consisting
of carbon disulphide (CS;) and hydrogen (H;);

cooling the reaction products and separating the car-
bon disulphide from the remaining reaction blend con-
taining hydrogen;

burning the carbon sulphide with a gas containing oxy-
gen to produce a gaseous blend, essentially consisting
of CO, and SO,, at a high temperature;

feeding at least an aliquot of the hot gases of the
carbon disulphide combustion to the reforming step, as
a heat source for maintaining the endothermic reaction
of step (a); and

using the combustion gases of carbon disulphide, com-
ing from step (d), as intermediate products for down-
stream chemical syntheses or disposing of them by in-
jection into suitable geological structures.

2. The process according to claim 1, wherein the
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blend comprising methane and hydrogen sulphide is a gaseous
stream coming from refinery plants or a stream of natural
gas coming from production fields, or a gas stream associ-
ated with oil fields.

3. The process according to claim 1 or 2, wherein
the concentration of hydrogen sulphide in the blend ranges
from 1 to 65% moles with respect to the total amount.

4. The process according to any of the previous
claims, wherein the reforming reaction is carried out in
the presence of a catalyst selected from sulphides of met-
als of group VIB, VIIB and VIIIB of the periodic system of
elements.

5. The process according to any of the previous
claims, wherein the reforming reaction is carried out with
CH,/H,S molar ratios higher than 0.5.

6. The process according to any of the previous
claims, wherein the products of the reforming reaction are
cooled to a temperature lower than 50°C.

7. The process according to any of the previous
claims, wherein the carbon sulphide burned is at least

equal to 55% by weight of the total CS; produced.
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