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A PROCESS FOR THE MANUFACTURE OF CARBON DISULPHID!

L]

Field of the invention

The i1nvention provides a process for the manufacture
of carbon disulphide from carbon monoxide and hydrogen
sulphide. The process further results 1n the

manufacturing of hydrogen and carbon dioxide.

Background of the 1nvention

Carbon disulphide 1s typically manufactured by
reacting light saturated hydrocarbons with elemental
sulphur that 1s 1n the wvapour phase according to the

reaction equation:

CI’IHZ(H+1) + (3n+l1)s =2 nCsSy,> + (n+l1)H»oS

In GB 1,173,344 for example 1s disclosed a process
for reacting vapour phase sulphur and propane 1n the
absence of a catalyst under a pressure not exceeding

10 atmospheres 1n a reaction zone which 1s maintalned at

a temperature of 550 to 850 °C.

In US 3,087,788 1s disclosed a process for producing

carbon disulphide from hydrocarbon gas and wvaporous
sulphur 1n a non-catalytic reaction stage combined with,
preferably followed by, a catalytic reaction stage,
wherein both stages are operated at a pressure between Z

and 20 atmospheres and a temperature between 400 and

750 °C.

It 1s also known to manufacture carbon disulphide by

catalytically reacting liquid sulphur with a hydrocarbon.

In US 2,492,719 for example 1s disclosed a process for
preparing carbon disulphide, wherein a suspension of
catalyst 1in molten sulphur 1s contacted with a

hyvdrocarbon gas at a temperature of approximately 500 to
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700 °C, under sufficient pressure to maintain the sulphur

1in ligquid phase.

A disadvantage of using hydrocarbons as a carbon
source for the manufacture of carbon disulphide 1s that
the hydrogen atoms 1n the hydrocarbon react with the
elemental sulphur to form hydrogen sulphide. As disposal
of hydrogen sulphide to the atmosphere 1s highly
undesired and almost always not allowed, expensive

treatment 1s required, usually by conversion 1nto

elemental sulphur. It would be advantageous to use a
carbon source without hydrogen atoms for carbon

disulphide manufacture.

Before 1960, solid carbonaceous material such as
charcoal was used as carbon source for carbon disulphide

manufacture. Solid carbonaceous material was contacted

with vaporised elemental sulphur at very high
temperatures. These processes using solid carbonaceous

material were, however, replaced by the above-mentioned

processes using light hydrocarbons such as methane and
propane as carbon source for environmental and safety

reasolls.

It 1s known to use carbon monoxide as carbon source

for carbon disulphide manufacture. In US 2004/0146450,
for example, 1s disclosed a two-reactor process for the
manufacture of carbon disulphide from carbon monoxide and

sulphur dioxide. TwO catalytic reactions are operated 1n

tandem. In a first reactor, carbon monoxide and sulphur

dioxide are reacted 1n the presence of a catalyst to form

carbonyl sulphide and carbon dioxide. In a second
reactor, the carbonyl sulphide formed 1n the first

reactor 1s catalytically converted into carbon disulphide

and carbon dioxide. Carbon disulphide 1s continuously

removed from the second reactor by a solvent.
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Also 1n US 4,122,156, a two-reactor process for the
manufacture of carbon disulphide from carbon monoxide and

sulphur dioxide 1s disclosed.

In U.S. 2,767,009 a one-step process 1s described to

convert HoS and CO i1nto CSop. The only product in this

process 1s CSo.

In U.S. 4,999,178 a process scheme 1s described for

the conversion of HoS 1nto hydrogen and sulphur. The

process does not produce any carbon disulfide. In the

first step H»pS 1s reacted with a recycle gas comprilising
H»>S, COS and CS» and with a pure COp» stream. NoO reaction
between H»>S and CO 1s described. The hydrogen produced 1n

the reaction 1s produced via the shift-reaction

(CO + H»O > COo» + Hp).

summary of the l1nvention

It has now been found that carbon disulphide can be
manufactured from carbon monoxide by reactlng carbon
monoxide with hydrogen sulphide to form carbonyl sulphide
and hydrogen and then disproportionating the carbonyl
sulphide formed 1nto carbon disulphide and carbon
dioxide.

Accordingly, the 1nvention provides a process for the
manufacture of carbon disulphide comprising the followlng
steps:

(a) reacting carbon monoxide with hydrogen sulphide
to form carbonyl sulphide and hydrogen;

(b) contacting the carbonyl sulphide formed 1n step
(a) with a catalyst effective for disproportionating
carbonyl sulphide into carbon disulphide and carbon
dioxide.

An advantage of the process accordling to the

invention as compared to the conventional carbon
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disulphide manufacturing process using hydrocarbons as
carbon source 1s that no hydrogen sulphide 1s formed that
would have to be recycled to a Claus unit for conversion
into sulphur.

An advantage of the process accordiling to the
invention as compared to the known carbon disulphide
manufacture processes that use carbon monoxide as carbon
source, 1l.e. the processes as disclosed 1n
Us 2004/0146450 and US 4,122,156 wherein carbon monoxide

15 reacted with sulphur dioxide, 1s that less carbon

dioxide 1s co-produced. In the process according to the
invention, one mole of carbon dioxide 1s co-produced with
one mole of carbon disulphide, whereas 1n the processes
of US 2004/0146450 and US 4,122,156 five moles of carbon

dioxide are co-produced with one mole of carbon

disulphide. In the present process hydrogen 1s CO-—

produced which may result 1n significant design and cost

benefit when used and i1ntegrated 1n other processes.

The process according to the invention has particular
advantages when operated 1n comblnation with the
conversion of a hydrocarbonaceous feedstock 1nto
synthesis gas, 1.e. a gaseous mixture malnly comprising
carbon monoxide and hydrogen. Synthesis gas 1s typically
produced for subsequent synthesis of hydrocarbons by the
Fischer-Tropsch process, other chemical synthesis
processes, e.g. methanol or ammonia synthesis, power
generation 1n gas turbines or for hydrogen production.
Often, the carbon monoxide to hydrogen ratio 1n synthesis
gas 1s too large for the envisaged application and part
of the carbon monoxide 1n the synthesis gas 1s therefore
typically converted into hydrogen by subjecting the
synthesis gas to water—-gas shift conversion. Another way

to solve this problem 1s to produce extra hydrogen, e.d.
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via reforming, especilially steam methane reforming.
Combining the process according to the i1nvention wilith
synthesis gas production has the advantage that part of
the carbon monoxide 1s used for carbon disulphide
manufacture, thereby decreasing the carbon monoxide toO
hydrogen ratio 1n the remaining synthesis gas to a more
desirable level. Moreover, additional hydrogen 1s co-
produced 1n the reaction of carbon monoxide with hydrogen
sulphide. This additional hydrogen can advantageously be
used to further decrease the carbon monoxide to hydrogen
rati1o of the remaining synthesis gas. The hydrogen made
by the process of the 1nvention may also be used 1n the
upgrading of heavy 01l fractions, e.g. hydrocrackiling,
hydrogenation etc., or for the generation of electricity.

Another advantage 1s that hydrogen sulphide 1s

cyplcally avallable at synthesis gas production

locations, since the hydrocarbonaceous feedstock

typically comprises sulphur compounds. If the sulphur

compound 1s hydrogen sulphide, such as 1s the case for

sour natural gas, the hydrogen sulphide will typically be

separated from the hydrocarbonaceous feedstock before

gasification. If the feedstock comprises other sulphur

compounds, the feedstock may be hydrodesulphurised before

gaslfication, thus producing hydrogen sulphide. A further
advantage 1s that the hydrogen atoms o©of the
hydrocarbonaceous compound are converted into valuable
hydrogen. The carbon monoxide that 1s co-produced serves
as a hydrogen—-free feedstock for carbon disulphide
manufacture and, thus, hydrogen sulphide formation 1S

avoilided.
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In accordance with one aspect of the present invention,
there is provided a process for the manufacture of carbon
disulphide and use therein in enhanced o0il recovery comprising
the following steps:

(1) providing a hydrocarbon feedstock comprising hydrogen
sulfide;

(2) separating at least a portion of the hydrogen sulfide
from the hydrocarbon feedstock;

(3) partially oxidizing at least a portion of the
hydrocarbon feedstock from step 2 1into a synthesis gas
comprising carbon monoxide and hydrogen;

(4) separating at least a portion of the hydrogen from
the synthesis gas from step 3, 1leaving a carbon monoxide
enriched synthesigs gas;

(5) reacting the carbon monoxide from step 4 with the
hydrogen sulphide from step 2 to form carbonyl sulphide and
hydrogen;

(6) contacting the carbonyl sulphide formed 1n step (a)
from step 5 with a catalyst effective for disproportionating
carbonyl sulphide into carbon disulphide and carbon dioxide;
and

(7) 1injecting at least part of the carbon disulphide

formed in step 6 in an oil reservoir for enhanced oil recovery.
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Brief description of the drawings

In Figure 1 is shown a process scheme for
manufacturing carbon disulphide and liquid hydrocarbons
from sour natural gas.

In Figure 2 is shown a process scheme for
manufacturing carbon disulphide and hydrogen for
electricity generation from sour natural gas.

In Figure 3 1s shown a process scheme for
manufacturing carbon disulphide, ammonia and ammonium

thiocarbonate from sour natural gas.

Detailed description of the invention

In the process according to the invention, carbon
monoxide is first reacted with hydrogen sulphide to form
carbonyl sulphide and hydrogen according to:

CO + H»S -2 COS + Hp (1)

This reaction is known in the art, for example from
UusS 5,609,845 and US 6,497,855 B1l. The reaction may be
carried out 1in any suitable way Known in the art.
Typically, the reaction will be carried out by contacting
gaseous carbon monoxide and gaseous hydrogen sulphide
with a catalyst. Suitable catalysts are for example those

described in US 5,609, 845,

for example mixed metal

sulphides, sulphides of transition metals, 1n particular
silica-supported metal sulphides. Typical reaction

temperatures for step (a) are in the range of from 120 to

750 °C.

The carbonyl sulphide formed in step (a) of the
process according to the invention is then contacted in
step (b) with a catalyst effective for disproportionating

carbonyl sulphide into carbon disulphide and carbon

dioxide according to:

2COS <> CSy + CO» (2)
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Preferably, the hydrogen formed 1n step (a) 1s
separated from the carbonyl sulphide formed 1n step (a)
before the carbonyl sulphide 1s disproportionated. This
separation may be done by any sultable conventional

technique, for example by selective absorption,

adsorption, rectification or molecular sieving. Pressure
Swing Absorption (PSA) and membrane separation are
particular suilitable separation processes. Another
sultable method 1s cryogenic separation, e.g. low

temperature distillation.

Catalysts effective for disproportionation of
carbonyl sulphide are known i1n the art, for example from

UsS 2004/0146450 and US 4,122,156. Preferably, the

catalyst comprises one Oor more metal oxides. Examples of

sultable catalysts are alumina, titania, alumina-titania,

silica—-alumina, quartz, or clay, for example kaolin. The

catalyst preferably has a specific surface area of at

least 50 mz/g, more preferably at least 100 mz/g, even

more preferably at least 200 mz/g. Particularly preferred
catalysts are gamma-alumina, titania, alumlina-titania, oOr

silica—-alumina.

The reaction conditions under which the carbonyl
sulphide 1s contacted with the disproportionation
catalyst may be any reaction condilitions known to be
sultable for that reaction, for example the conditions as

disclosed in US 2004/0146450 and US 4,122,156,

Disproportionation reaction (2) 1s a

thermodynamically unfavourable, reversible reaction.

Since the heat of reaction 1s close to zero, the

equlilibrium constant does not change much with

temperature. If desired, the carbonyl sulphide conversion

can be i1ncreased by removing carbon disulphide from the
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reaction mixture, for example by solvent extractlion or
condensation.

The carbon monoxide that 1s reacted with hydrogen
sulphide 1n step (a) may be carbon monoxide from any
sultable source. Preferably the carbon monoxide 1s from a
synthesis gas stream. Therefore, the process according to
the 1nvention preferably further comprises the following
step:

(c) partially oxidising a hydrocarbonaceous feedstock
to obtaln synthesis gas comprising carbon monoxide and
hydrogen;
wherein the carbon monoxide that 1s reacted 1n step (a)
1s carbon monoxide obtalined 1n step (cC).

Partial oxidation of hydrocarbonaceous feedstocks to

produce synthesis gas 1s known 1in the art. The

hydrocarbonaceous feedstock may be any suilitable
feedstock, for example a stream contalning gaseous,

liguid or solid hydrocarbons, such as natural gas,

distillate streams, residuum of atmospherilic or wvacuum

distillation of crude 01l, tar sand-derived bitumen,

residuum of atmospheric or vacuum distillation of tar
sand-derived bitumen, or coal. Also lignocellulosic

biomass streams, for example wood, straw, corn stover,
bagasse or the 1like, may be used as hydrocarbonaceous

feedstock.

In the partial oxidation of hydrocarbonaceous
feedstocks, synthesis gas 1s formed. Synthesilis gas mainly
comprises carbon monoxide and hydrogen, and, 1f air 1is
used as oxidant for the partial oxidation reaction, also
nitrogen. Synthesis gas may comprise milnor amounts of

other gaseous compounds, for example carbon dioxide,

steam, hydrogen sulphide, and carbonyl sulphide.
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The process according to the i1nvention has particular
advantages 1f the carbon monoxide that 1s reacted 1n step
(a) 1s obtained by partial oxidation of a
hydrocarbonaceous feedstock and the synthesis gas
produced by the partial oxidation 1s used for hydrocarbon
or methanol synthesis or another application that needs
synthesis gas with a carbon monoxide to hydrogen ratio

that 1s lower than the ratio obtained by the partial

oxidation step. By using part of the carbon monoxide for
the manufacture of carbon disulphide, the carbon monoxide

to hydrogen ratio of the remainder of the synthesis gas

1s decreased to a more desirable level. By adding the
hydrogen formed 1n step (a) of the process accordling to
the i1nvention to the remalnder of the synthesis gas, the

ratl1o can even pbe further decreased. Thus, there 1s no

need to convert part of the carbon monoxide 1nto hydrogen
by water—-gas shift conversion and/or to produce
additional hydrogen by for example steam methane
reforming.

Therefore, 1n a preferred embodiment of the
invention, part of the carbon monoxide obtained 1n step
(c) 1s reacted with hydrogen sulphide 1n step (a) and the
remainder of the carbon monoxide and the hydrogen
obtained 1n step (c¢) are used for hydrocarbon synthesis
in a Fischer-Tropsch process or for methanol synthesis.
More preferably, the hydrogen formed 1in step (a) 1s,
together with the remainder of the carbon monoxide and
the hydrogen obtained in step (c¢), used for hydrocarbon
synthesis i1n a Fischer-Tropsch process or for methanol
synthesis. The above 1s particularly relevant for

processes starting with feedstocks having a low H/C

ratio, e.g. coa.l
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Reacting part of the carbon monoxide obtained 1n step
(c) with hydrogen sulphide may be done by contacting part
of the synthesilis gas stream obtalned 1n step (c¢) with
hydrogen sulphide 1n a reactor for step (a). Preferably,
part of the carbon monoxide 1n the synthesls gas stream
obtained 1n step (c¢) 1s filrst separated from the
synthesis gas stream before being reacted with hydrogen
sulphide 1n step (a). This may be done by separating at
least part of the synthesis gas stream 1nto a stream
enriched 1in hydrogen and a stream enriched i1n carbon
monoxide. The separation may be carried out by any
sultable means known 1n the art, for example pressure
Swing absorption or membrane separation. The stream
enriched 1n hydrogen may be substantially pure hydrogen,

for example 1n case a hydrogen-selectilive membrane 1s used

for the separation. The stream enriched 1n carbon
monoxide 1s then contacted with the hydrogen sulphide 1in

step (a) of the process according to the invention. The

carbon monoxide concentration 1n that stream may vary,
depending on the composition of the synthesis gas and the
separation method used. Preferably, the carbon monoxide
concentration 1n the stream enriched 1n carbon monoxide

1s in the range of from 70 to 100 vol%.

In another preferred embodiment of the i1nvention,
substantially all carbon monoxide that 1s obtained 1n
step (¢) 1s reacted with hydrogen sulphide 1n step (a).
Reference herein to substantially all carbon monoxide 1s
to at least 95 vols of the carbon monoxide, preferably at
least 99 vols. The hydrogen obtained 1n step (¢) can then
advantageously be used for applications that need a

relatively pure stream of hydrogen, for example

generation of electricity 1n a hydrogen turbine or 1in a

fuel cell, or ammonia manufacture. More preferably, the
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hydrogen formed 1n step (a) 1s, together with the
hydrogen obtalned 1n step (c¢), used for such
applications.

Thus, 1n a preferred embodiment of the invention,
substantially all carbon monoxide obtained i1n step (c) 1s
reacted with hydrogen sulphide 1in step (a) and the
hydrogen obtalned 1n step (c¢) 1s used for generation of
electricity 1n a hydrogen turbine or a fuel cell. More
preferably, the hydrogen formed i1in step (a) 1s, together
wilith the hydrogen obtained in step (c¢), used for
generation of electricity 1n a hydrogen turbine or 1in a
fuel cell.

Reacting substantially all carbon monoxide obtalned
1n step (c¢) with hydrogen sulphide 1n step (a) can be

done either by contacting the whole synthesis gas stream

obtained 1n step (¢) with hydrogen sulphide 1n a reactor
for step (a), or by first separating the synthesis gas
stream 1nto a stream enriched 1n carbon monoxide that
comprises substantially all carbon monoxide formed 1n
step (¢) and a stream enriched 1n hydrogen. The stream

enriched 1n carbon monoxide 1s then contacted with

hydrogen sulphide 1n a reactor for step (a). In this

case, the stream enriched 1n hydrogen contains
substantially no carbon monoxide and can suitably be

used, optionally after further purification steps, for

generation of electricity 1n a hydrogen turbine or a fuel
cell, manufacture of ammonia, or 1n hydroconversion
processes for crude o1l refining such as hydrocracking,
hydrodesulphurisation, hydrogenation, or other known

applications for relatively pure hydrogen.

If the whole synthesis gas stream obtalned 1n

step (¢) 1s reacted with hydrogen sulphide, the hydrogen

obtained in step (¢) will be present in the reaction
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effluent of step (a) together with the hydrogen formed 1in

step (a). Preferably, the hydrogen 1n the effluent 1s
then separated from the carbonyl sulphide and unconverted
reactants and used for an application that needs a

relatively pure stream of hydrogen, optionally after

further purification steps.
The hydrogen sulphilide that 1s reacted with carbon

monoxide 1n step (a) may be hydrogen sulphide from any

source. In case the carbon monoxide 1s obtained via
partial oxidation step (c¢), the hydrogen sulphide 1s
preferably hydrogen sulphide that 1s either separated
from the hydrocarbonaceous feedstock or obtalned from
sulphur compounds 1n the hydrocarbonaceous feedstock.
Hydrogen sulphide may for example be obtained from such

sulphur compounds by hydrodesulphurisation of the

feedstock or 1n partial oxidation step (c¢). Also hydrogen

sulphide extracted from sour natural gas may be used.

In a preferred embodiment of the invention, the
hydrocarbonaceous feedstock 1s natural gas that comprises
hydrogen sulphide, 1.e. sour natural gas, and at least
part of the hydrogen sulphide that 1s reacted with carbon
monoxide 1n step (a) 1s hydrogen sulphide that 1s
separated from the natural gas. Separation of hydrogen
sulphide from a hydrocarbonaceous feedstock that
comprises hydrogen sulphide may done by any sulitable
technique known 1n the art, for example by physical
absorption 1n an organic solvent followed by solvent

regeneration.

In step (b) of the process according to the
invention, carbon disulphide and carbon dioxide are

formed. The carbon disulphide may be separated from the

carbon dioxide and the unreacted carbonyl sulphide, for

example by condensation or solvent extraction.
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Alternatively, a mixture comprilising carbon disulphide,
carbon dioxide and unreacted carbonyl sulphide may be
obtained. Carbon disulphide that 1s separated from the
carbon dioxide and the unreacted carbonyl sulphide may be
used for conventional applications of carbon disulphide,
for example as raw material for rayon production or as

solvent.

It 1s known that carbon disulphide may be used as

solvent for enhanced 01l recovery by miscible flooding.

In enhanced 01l recovery by miscible flooding, a solvent
for 01l 1s 1ntroduced 1nto an o0ll reservolr and driven
through the reservolir to 1ncrease 011 recovery from the

reservolr bevond what can be achieved by conventional

means. In US 3,847,221 for example, the use of carbon
disulphide for enhanced 011l recovery from tar sands 1S
disclosed.

Preferably, the process according to the i1nvention

further comprises 1njecting at least part of the carbon

disulphide formed 1n step (b) 1n an o1l reservolir for
enhanced 011 recovery. The carbon disulphide 1njected may
be relatively pure carbon disulphide that 1s separated
from the carbon dioxide formed and from the unreacted
carbonyl sulphide. For enhanced 01l recovery, 1t 1s
however not necessary to use pure carbon disulphide. The
enhanced 011 recovery solvent may for example comprise a
substantial amount of carbon dioxide. Therefore, the
carbon disulphide i1injected 1s preferably in the form of a
mixture with carbon dioxide formed 1n step (b) and
unreacted carbonyl sulphide. Also other ligquid components
Or sStreams may be mixed wilith the carbon disulphide before
the carbon disulphide 1s 1njected 1nto the 01l reservolr.
The process according to the invention 1S

particularly suilitable for enhanced recovery of the
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hydrocarbonaceous feedstock that 1s used 1n partial

oxidation step (¢). Especially i1in the case of solid or
semi-solid hydrocarbonaceous feedstocks, such as coal or
tar—-sand bitumen, the carbon disulphide that 1s
manutfactured may be advantageously used to recover the

hyvdrocarbonaceous feedstock.

Instead of directly 1njecting the carbon disulphide
formed 1in step (b) 1nto an o1l reservoir, all or part of
the carbon disulphide formed 1n step (b) may be first be
converted into a salt of a trl or tetrathiocarbonic acid.
Such salt may be then be 1ntroduced 1nto an 01l reservolr
for enhanced 01l recovery under conditions leading to

decomposition of the salt 1nto free carbon disulphide.

Enhanced 011l recovery by using salts of tri or

tetrathiocarbonic acid 1s known 1n the art, for example

from US 5,076,358. In a preferred embodiment of the
invention, part of the carbon disulphide formed 1n

step (b) 1s reacted with hydrogen sulphide and ammonia

chat 1s formed with hydrogen obtained 1n partial
oxidation step (c¢) and/or carbon monoxide conversion

step (a) to form ammonium thiocarbonate. Ammonium
thiocarbonate can for example be prepared as disclosed 1n
UusS 4,476,113.

Detailed description of the drawlings

Referring now to Figures 1 to 3, each schematically

showlng a process scheme of an embodiment of the

invention, the invention 1s further 1llustrated. For
rarts of the process that are the same, the same

reference numbers are used as 1n all three Figures.

In Figure 1 1s shown a process scheme for

manufacturing both carbon disulphide and liquid

hydrocarbons from sour natural gas. A stream of natura.

gas 1 that comprises hydrogen sulphide, 1.e. sour natural
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gas, 1s supplied to a hydrogen sulphide removal unit 2.
Desulphurised natural gas 3 and a molecular oxygen

containing gas 4 are supplied to partial oxidation

unit 5. In partial oxidation unit 5, the natural gas
feedstock 3 1s partially oxidised and a synthesis gas
stream 6 mainly comprising carbon monoxide and hydrogen
1s obtained. Part 6a of synthesis gas stream 6 1S
supplied separator 7 and separated 1nto a gas stream
enriched 1n carbon monoxide 8 and a gas stream enriched
1in hydrogen 9.

The gas stream enriched in carbon monoxide 8 1s,
together with hydrogen sulphide 10 that 1s separated from
the sour natural gas 1 supplied to reactor 11 for the
conversion of carbon monoxide and hydrogen sulphide i1nto

carbonyl sulphide and hydrogen. A mixture 12 comprising

carbonyl sulphide and hydrogen formed 1n reactor 11 1is
supplied to separation step 13 and separated into a

stream comprising carbonyl sulphide 14 and hydrogen 15.

The hydrogen 15 1s added to gas stream enriched 1n
hydrogen 9 from separator 7 and combined with the part 6Db
of synthesls gas stream 6 that was not sent to separator
/7. The combined streams 6b, 9, and 15 are supplied to a
reactor for hydrocarbon synthesis 16 for the manufacture
of hydrocarbons by the Fischer-Tropsch process.
Alternatively, the combined streams 6b, 9, and 15 may be

supplied to a reactor for methanol synthesis (not shown).

In another alternative embodiment of the 1nvention (not
shown), streams 6b and 9 are combined and supplied to a
reactor for hydrocarbon synthesis and stream 15 1s
supplied to a fuel cell or a hydrogen turbine for

electricity generation.

The stream comprising carbonyl sulphilide 14 1s

supplied to disproportionation reactor 18. In reactor 13,
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a reaction mixture comprising carbon disulphide, carbon
dioxide and unconverted carbonyl sulphide 1s formed. The
reaction mixture 19 1s withdrawn from reactor 18. Carbon
disulphide may be separated from mixture 19 by
conventional separation means (not shown) and then for
example used for enhanced o1l recovery. Alternatively,
mixture 19 1s used as such as solvent for enhanced o1l

recovery.

In Figure 2 1s shown a process scheme for

manufacturing both carbon disulphide and hydrogen for

electricity generation from sour natural gas. In the
embodiment of the 1nvention as shown 1n Filigure 2, the
whole synthesis gas stream 6 1s separated 1nto separator
/7 1nto a gas stream enriched 1n carbon monoxide 38 and a

gas stream enriched 1n hydrogen 9. The hydrogen 15, 1.e.

che hydrogen formed 1n step (a) of the process 1n
reactor 11 and subsequently separated from the carbonyl

sulphide, 1s comblned with gas stream enriched 1n

hydrogen 9 and the combined stream 1s supplied to fuel
cell 20 for electricity generation. Alternatively, the
combined stream may be supplied to a hydrogen turbiline

(not shown) for electricity generation.

In Figure 3 1s shown a process scheme for
manufacturing carbon disulphide, ammonia and ammonium

thiocarbonate from sour natural gas.

In the embodiment of the 1nvention as shown 1in
Figure 3, the whole synthesls gas stream 6 1s separated
1nto separator 7 1nto a gas stream enriched 1n carbon
monoxide 8 and a gas stream enriched 1n hydrogen 9. The
hydrogen 15, 1.e. the hydrogen formed 1n step (a) of the

process 1n reactor 11 and subsequently separated from the

carbonyl sulphide, 1s combined with gas stream enriched

1in hydrogen 9. The combined hydrogen streams and stream

PCT/EP2007/059746
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of nitrogen 22 are supplied to ammonium reactor 23 to
form ammonia 24. Part Z24a of the ammonia 1s recovered

from the process, for example for use 1n fertilisers.

Part 2Z24b of the ammonia 1s reacted with hydrogen sulphide
5 25 and carbon disulphide 26 1n reactor 27 to form

ammonium thiocarbonate 28. Carbon disulphide 26 1s

separated from reaction mixture 19 1n separator 29. The

remainder 30 of reaction mixture 19 may, 1f 1t still

comprises carbon disulphide, be used as solvent for

10 enhanced 011 recovery. Alternatively, part of the
separated carbon disulphide 26 1s directly i1njected 1nto
an 01l reservolr for enhanced 01l recover and part 1s
supplied to reactor 27 for conversion 1nto ammonium
thiocarbonate.

15 Further process 1ntegration may be obtained by using
hydrogen sulphide separated from the sour natural gas 1
1n hydrogen sulphide removal unit 2 as hydrogen sulphide

25 for the ammonium thiocarbonate manufacture. The

nitrogen stream 22 that 1s supplied to ammonium reactor
20 23 may be obtalned by alr separation (not shown). The
oxygen thus obtalned may then be supplled as molecular

oxygen containing gas 4 to partial oxidation unit 5O.
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CLAIMS:

1. A process for the manufacture of carbon disulphide and
use therein 1n enhanced oil recovery comprising the following
steps:

(1) providing a hydrocarbon feedstock comprising hydrogen
sulfide;

(2) separating at least a portion of the hydrogen sulfide
from the hydrocarbon feedstock;

(3) partially oxidizing at least a portion of the
hydrocarbon feedstock from step 2 into a synthesis gas
comprising carbon monoxide and hydrogen;

(4) separating at least a portion of the hydrogen from
the synthesis gas from step 3, leaving a carbon monoxide
enriched synthesis gas;

(5) reacting the carbon monoxide from step 4 with the
hydrogen sulphide from step 2 to form carbonyl sulphide and
hydrogen;

(6) contacting the carbonyl sulphide formed 1in step (a)
from step 5 with a catalyst effective for disproportionating
carbonyl sulphide into carbon disulphide and carbon dioxide;
and

(7) 1injecting at least part of the carbon disulphide

formed in step 6 in an o0il reservoir for enhanced oil recovery.

2. A process according to c¢laim 1, wherein part of the
carbon monoxide obtained 1in step 3 1s reacted with hydrogen

sulphide in step 5 and the remainder of the carbon monoxide and
the hydrogen obtained in step 3 are used for hydrocarbon

synthesis 1in a Fischer-Tropsch process or for methanol

synthesis.

3. A process according to claim 2, wherein the hydrogen
formed in step 5 is, together with the remainder of the carbon
monoxide and the hydrogen obtained 1in step 3, used for
hydrocarbon synthesis 1in a Fischer-Tropsch process or for

methanol synthesis.
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4, A process according to c¢laim 1, wherein substantially all
carbon monoxide obtained in step 3 1s reacted with hydrogen
sulphide in step 5 and the hydrogen obtained in step 3 1s used
for generation of electricity in a hydrogen turbine or a fuel

cell.

5. A process according to c¢laim 4, wherein the hydrogen
formed in step 5 1s, together with the hydrogen obtained in

step 3, used for generation of electricity in a hydrogen

turbine or in a fuel cell.

6. A process according to claim 1, wherein the
hydrocarbonaceous feedstock 1s natural gas produced from the

01l reservoir.

7. A process according to c¢laim 1, further comprising
injecting at least part of the carbon dioxide formed in step 6
in a mixture with carbon disulphide formed in step 6 1into the

oll reservoir for enhanced oil recovery 1n step 7.

8. A process according to claim 7, further comprising
injecting any unreacted carbonyl sulfide from step 6 together
with the mixture of carbon disulphide and carbon dioxide 1into

the 0il reservoir for enhanced o1l recovery in step 7.
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