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OF A LIQUID STREAM COMPRISING CARBON DISULPHIDE FOR

ENHANCED OIL RECOVERY

I'he present invention provides a process for the
manuracture of carbon disulphide and the use of a liquid
stream comprising carbon disulphide, carbonyl sulphide
and carbon dioxide obtainable by such process for
enhanced o0il recovery.

Carbon disulphide is typically manufactured by
reacting light saturated hydrocarbons with elemental
sulphur that is in the vapour phase according to the

reaction eguation:

CnH2 (n+1) + (3n+l)S =2 nCS» + (n+l)H»S

In GB 1,173,344 for example i1s disclosed a process
for reacting vapour phase sulphur and propane in the
absence of a catalyst under a pressure not exceedling
10 atmospheres in a reaction zone which is maintained at

a temperature of 550 to 850 °cC.

In US 3,087,788 1s disclosed a process for producing
carbon disulphide from hydrocarbon gas and vaporous
sulphur in a non-catalytic reaction stage combined with,
preferably followed by, a catalytic reaction stage,
whereln both stages are operated at a pressure between 2
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 is disclosed a process for
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preparing carbon disulphide, wherein a suspension of
catalyst 1n molten sulphur 1s contacted with a

hydrocarbon gas at a temperature of approximately 500 to

700 °C, under sufficilent pressure to maintain the sulphur
1in liguid 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. 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 usilng 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 toO 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

dioxlde 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.

Carbon disulphide is known to be a suitable solvent

for enhanced o011l recovery by miscible flooding. In
enhanced 011 recovery by miscible flooding, a solvent for
01l 1s 1ntroduced 1nto an o1l reservolr and driven
through the reservolir to 1ncrease 011l 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.

It has now been found that carbon disulphide can be
manufactured from carbon monoxide as carbon source 1n a
single reaction zone by reactling carbon monoxide with
liguid elemental sulphur in the presence of a solid
catalyst that 1s effective for disproportionating the
carbonyl sulphide formed into carbon disulphide and
carbon dioxide.

Accordingly, the present i1nvention provides a process

for the manufacture of carbon disulphide by reacting

carbon monoxide with elemental sulphur, the process
comprising contacting a gaseous stream comprilisling carbon
monoxide with a liquid elemental sulphur phase contalning
a solid catalyst at a temperature 1n the range of from
250 to 700 °C to obtain a gaseous phase comprising

carbonyl sulphide, carbon disulphide and carbon dioxide.

It 1s expected that the reaction of the present i1nvention
comprises reaction of carbon monoxide and elemental
sulhur to form carbonyl sulphide, followed by
disproportionating the carbonyl sulphide formed 1nto

carbon disulphide and carbon dioxide.
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An 1mportant advantage of the process according to
the i1nvention as compared to the conventional carbon
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 accordling to the invention as
compared to the known carbon disulphide manufacture
processes that use carbon monoxide as carbon source, 1.e.
the processes as disclosed in US 2004/0146450 and US
4,122,156, 1s that 1t can be operated 1n a single

reaction zone. Another advantage 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.

The process accordlng to the 1nvention 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. Synthesilis gas 1s typically
produced for subsequent synthesis of hydrocarbons by the
Fischer-Tropsch process, other chemical synthesis
processes, power generation 1n gas turbines or for
hydrogen production. Often, the carbon monoxide to
hydrogen ratio 1n the synthesis gas 1s too large for the
envisaged application and part of the carbon monoxide 1n
the synthesis gas 1s then typically converted 1nto
hydrogen by subjecting the synthesis gas to water-gas
shift conversion. Comblning the process according to the

invention with synthesilis gas production has the advantage
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that part of the carbon monoxide 1s used for carbon
disulphide manufacture, thereby decreasing the carbon
monoxide to hydrogen ratio 1n the remalinling synthesis gas
to a more desirable level. Another advantage 1s that
elemental sulphur 1s typically available at synthesilis gas
production locations, since the hydrocarbonaceous

feedstock 1s typically desulphurised before gasification.

A further advantage 1s that the hydrogen atoms of the
hydrocarbonaceous compound are converted i1nto 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
avolided.

The gaseous phase comprising carbonyl sulphide, carbon
disulphide and carbon dioxide obtained in the process
according to the i1nvention may be condensed to obtain a
ligquid stream comprising carbon disulphide. The gaseous
phase may be condensed i1in such way that a liguid phase
comprising carbonyl sulphide, carbon disulphide and
carbon dioxide 1s obtained. Alternatively, separate
ligquid streams may be obtained by sequential partial
condensation steps, 1.e. a filirst liguid stream mainly
comprising carbonyl sulphide and carbon dioxide and a
second liquid stream mainly comprising carbon disulphide.
The liguid stream comprising carbon disulphide, with or
wlthout carbonyl sulphide and carbon dioxide, may

sultably be used for enhanced 01l recovery.

In a further aspect, the invention further provides
the use of a liguid stream comprilising carbon disulphide,
carbonyl sulphide and carbon dioxide obtainable by the
process according to the invention for enhanced 01l

recovery.



10

15

20

25

30

CA 02656776 2009-01-05

WO 2008/003732 PCT/EP2007/056784

In the process according to the i1nvention, a gaseous
Stream comprising carbon monoxide 1s contacted with a

liquid elemental sulphur phase at a temperature 1in the

range of from 250 to 700 °C. The liguid elemental sulphur
phase contains a solid catalyst that 1s effective for
catalysing disproportionation of carbonyl sulphide 1nto
carbon disulphide and carbon dioxide.

The liguid sulphur phase 1s contained 1n a reaction
zone, typically a reactor vessel or tube, and contains
solid catalyst. The solid catalyst may be contalned 1n
the liguid sulphur phase 1n any sultable way, for example
as a fixed bed of catalyst particles, as a structured
packing coated with catalyst, as catalyst particles

dispersed 1in the liguid sulphur phase.

By contacting the gaseous steam comprising carbon
monoxide with the liquid sulphur phase, carbon monoxide
reacts with elemental sulphur to form carbonyl sulphide
according to:

2CO + 28 =2 2CO0S (1)

The carbonyl sulphilide 1s then disproportionated 1nto

carbon disulphide and carbon dioxide:

2CO5 & CSZ2 + COZ (2)

For reaction (1), the thermodynamics are favourable 1n

the sense that the equilibrium lies extremely towards the

right. For a reaction temperature up to about 700 °C, the

equlilibrium constant 1s well above 1 and, thus, complete

or almost complete conversion will be achieved.

Disproportionation reaction (2) 1s a thermodynamically

less favourable. It 1s a reversible reaction. Since the

heat of reaction 1s close to zero, the equilibrium
constant does not change much with temperature. Under the

temperature and pressure conditions of the process
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according to the invention, up to almost 40 % of the

carbonyl sulphide may be disproportionated.

Both reactions (1) and (Z2) take place 1n the same
reaction zone that contains both a liguid elemental
sulphur phase and a solid catalyst i1mmersed 1n that
phase. The solid catalyst catalyses disproportionation
reaction (2). Reaction (1) may also be catalysed by the
catalyst. The solid catalyst may be any catalyst that 1is
effective for catalysing disproportionation of carbonyl
sulphide 1nto carbon disulphide and carbon dioxide. Such

catalysts are known 1n the art, for example from US

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

comprises one Oor more metal oxides. Examples of suitable

catalysts are alumina, titania, alumina-titania, silica-

alumina, quartz, or clay, for example kaolln. The

catalyst preferably has a specific surface area of at

least 50 m2/g, more preferably at least 100 m2/g, even

more preferably at least 200 m2/g. Particularly preferred

catalysts are gamma-alumina, titania, alumlina-titania, oOr

silica—-alumina.

In the process according to the i1invention the liguid

elemental sulphur phase 1s kept at a temperature 1in the

range of from 250 to 700 °C when the gaseous stream

comprising carbon monoxide 1s contacted with 1t. At

temperatures below 250 °C, the high wviscosity of the
ligquid sulphur phase would i1mpede proper processing.

Preferably, the temperature 1s 1n the range of from 300

to 500 °C.

The process 1s carried out at a pressure sufficient

to maintain a ligquid elemental sulphur phase. Preferably,
the pressure 1s 1n the range of from 3 to 200 bar

(absolute), more preferably of from 5 to 100 bar
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(absolute), even more preferably of from 5 to 30 bar
(absolute).

The process may be carried out 1n any reactor
configuration suitable for contacting a gas with a ligquid
1n the presence of a solid catalyst, for example a co-
current or a counter-current fixed bed trickle flow
reactor, a slurry bubble column, or an ebullating bed
reactor.

The gaseous stream comprisling carbon monoxide 1s
preferably supplied to the liguid sulphur at such
velocity that the contact time of carbon monoxide with
ligquid sulphur 1s 1n the range of from 0.1 to 200
seconds. Since elemental sulphur 1s consumed during the
process, the contact time decreases over time 1f no make-
up elemental sulphur 1s supplied to the reactor durilng
the process. Make—-up sulphur may be continuously supplied
to the reactor durlng the process. Alternatively,

elemental sulphur 1s batch-wise supplied to the reactor

after a certaln period on stream.
The gas weight wvelocity of the gaseous stream 1s

preferably such that the hourly rate of carbon monoxide

supplied to the catalyst 1s 1n the range of from 10 to
1000 litres carbon monoxide (at conditions of standard
temperature and pressure) per kilogram catalyst per hour.
The amount of carbon monoxide 1n the gaseous stream may
vary widely. Preferably the amount of carbon monoxide 1S

in the range of from 10 to 100 vol% based on the total

volume of the gaseous stream. Examples of sultable
gaseous streams comprisiling carbon monoxide are synthesis
gas or hydrogen-depleted syntheslis gas. Reference hereiln
to hydrogen—-depleted synthesis gas 1s to synthesis gas

from which part of the hydrogen has been removed, for
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example by pressure swing absorption or membrane
separation.

Preferably, the gaseous stream comprilisling carbon
monoxide 1s hydrogen-depleted synthesis gas. Typically,
hydrogen—-depleted syntheslis gas 1s obtained by first
partially oxidising a hydrocarbonaceous feedstock to
obtaln synthesis gas comprising carbon monoxide and
hydrogen and then separating at least part of the
hydrogen from the synthesis gas. Preferably, the
synthesis gas or hydrogen-depleted synthesis gas 1s
obtained from a carbon-rich hydrocarbonaceous feedstock,

1.e. a hydrocarbonaceous feedstock with a hydrogen-to-

carbon atomic ratio below 1. Examples of such carbon-rich

hydrocarbonaceous feedstocks are coal, tar sand derived

bitumen, residuum obtained by vacuum distillation otf

crude 01l or by wvacuum distillation of tar sand derived

bilitumen.

In the process according to the i1nventlion, a gaseous
phase comprising carbonyl sulphide, carbon disulphide and
carbon dioxide 1s obtained. Preferably, the gaseous phase
1s at least partly condensed to obtain a liguid stream
comprising carbon disulphide. The carbon disulphilide may
be condensed together with the carbonyl sulphide and the
carbon dioxide. Alternatively, 1n sequential partial
condensation steps, the carbonyl sulphide and carbon
dioxide are first condensed 1n a first condensation step
and the carbon disulphide 1s then condensed 1n a second

condensation step. Thus, a relatively pure stream of

ligquid carbon disulphide 1s obtained. Purification steps
other than condensation may also be applied 1n order to
obtain a ligquid stream comprising carbon disulphide with

the desired composition.
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It will be appreciated that the desired composition

of the liguid stream comprising carbon disulphide will]

determine the condensation and/or purification steps

needed. For the conventional applications of carbon
disulphide, for example 1ts use as raw material for ravyon

production or as solvent, a high purity of carbon

disulphide 1s desired. If the liguid stream 1s used for
enhanced 01l recovery, 1.e. for 1njecting 1t 1n an o1l
reservolr for increasing the 01l production from that
reservolr, the ligquid carbon disulphide stream may
comprise substantial amounts of carbonyl sulphide and
carbon dioxide.

The ligquid stream comprising carbon disulphide that
1s formed 1n the process according to the i1nvention 1s
particularly suitable to be used 1n enhanced o1l
recovery, since the liguid stream typilically comprises
components other than carbon disulphide that do not need

to be removed for this application. Therefore, the

process according to the invention preferably further
comprises 1njecting the liguid stream comprising carbon

disulphide 1nto an 01l reservolr for enhanced o1l

recovery. The liquid stream comprising carbon disulphide
may be mixed with other liguid components or streams
before being 1njected i1into the 01l reservoir.

Typically, the ligquid stream comprising carbon
disulphide obtainable by the process according to the

invention will also comprise carbonyl sulphide and carbon

dioxide. The i1nvention therefore further provides the use
of a ligquild stream comprising carbon disulphide, carbonyl
sulphide and carbon dioxide obtainable by the process
according to the i1nvention for enhanced 01l recovery.
Preferably, the use of a liguid stream having carbon

disulphide 1n a concentration 1n the range of from 1n the
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range of from 10 to 90 vol%, carbonyl sulphide 1n a
concentration 1n the range of from 5 to 80 vols, and
carbon dioxide 1n a concentration 1n the range of from 5
to 20 vols based on the total volume of the ligquid

stream.

Examples

The process according to the 1nvention will be

further i1llustrated by means of the followlng non-
limiting examples.

EXAMPL.

L]

1 (according to the i1nvention)

A reactor tube (i1nner diameter 12 mm) was filled with

15 grams liguid sulphur and a catalyst bed of 7.1 grams
gamma alumina trilobes (diameter 1.3 mm;

length/diameter/ratio 3) with a specific surface area of

300 g/mz. A gaseous stream consisting of 85.5 vol%
nitrogen and 14.5 vols carbon monoxide was bubbled
through the reactor tube at a rate of 3.9 normal litres

per hour and at a pressure of 10 bar (absolute) during 60

seconds. In different experiments, the reactor tube was

kept at different temperatures (270-420 °C). The

composition of the gaseous reactor effluent was analysed

by means of gas chromatography. In Table 1, the total

conversion of carbon monoxide and the conversion of

carbon monoxide to carbon disulphide 1s shown. In all
experiments, the disproportionation reaction, 1.e.

conversion of carbonyl sulphide i1nto carbon disulphide

and carbon dioxide, reached thermodynamic equilibrium.
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Table 1 Experiments with catalyst

(

PCT/EP2007/056784

EXAMPLE 1)

A reactor tube

32 grams liguid sulphur.

experiment | T ( °C) CO conversion CO conversion to CS»
(%) (%)
1 270 74 14
2 320 98 17
3 370 100 18
‘ 420 100 18
L XAMPLE 2 (comparative example)

(lnner diameter 12 mm) was filled with

The reactor tube contalined no

catalyst. A gaseous stream consisting of 80 vols nitrogen

and 20 vol% carbon monoxide was bubbled through the

reactor tube at a rate of 3.0 normal litres per hour and

at a pressure of 10 bar (absolute)

different experiments,

different temperatures

the gaseous reactor effluent

gas chromatography.

(370-520 °C).

during 50 seconds. In

the reactor tube was kept at

The composition of

was analysed by means of

In Table 2, the total conversion of

carbon monoxide and the conversion of carbon monoxide to

carbon disulphide 1s shown.

Table 2 Experiments without catalyst (EXAMPLE 2)

experiment | T ( °C) CO conversion CO conversion to CSo
(%) (%)

5 370 10 0.03

6 420 30 0.04

7 520 98 0.3

The results show that reaction

(1), 1.e. the

conversion of carbon monoxide 1nto the carbon disulphide

and carbon dioxide also takes place 1n the absence of a

catalyst, although a higher temperature 1s needed for

complete conversion.

Disproportionation reaction (2) does

hardly take place 1n the absence of a catalyst.
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CLAIMS:

1. A process for the manufacture of carbon disulphide by
reacting carbon monoxide with elemental sulphur, the process
comprising contacting a gaseous stream comprising carbon
monoxide with a liquid elemental sulphur phase containing a
solid catalyst at a temperature 1n the range of from 250 to
700 °C to obtain a gaseous phase comprising carbonyl sulphide,

carbon disulphide and carbon dioxide.

2. A process according to claim 1, wherein the solid

catalyst comprilises a metal oxide.

3. A process according to claim 2, wherein the metal oxide
is selected from the consisting of alumina, titania, alumina-

titania, and silica-alumina.

4. A process according to claim 1 or 2, wherein the gaseous
stream comprising carbon monoxide is contacted with the liquid

elemental sulphur phase at a temperature 1n the range of from

300 to 500 °C.

5. A process according to any one of claims 1 to 4, whereln
the gaseous stream comprising carbon monoxide 1s contacted
with the liquid elemental sulphur phase containing a solid

catalyst at a pressure 1n the range of from 3 to 200 bar

abgsolute.

6. A process according to any one of claims 1 to 5, wherein

the gaseous stream comprising carbon monoxide 1s hydrogen-

depleted synthesis gas.

7. A process according to c¢laim 6, wherein the hydrogen-
depleted synthesis gas 1s obtained by partially oxidising a
hydrocarbonaceous feedstock with an hydrogen-to-carbon atomic
ratio below 1 to obtain synthesis gas comprising carbon

monoxide and hydrogen and then separating at least part of the

hydrogen from the synthesis gas.
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8 . A process according to claim 7, whereln the
hydrocarbonaceous feedstock with a hydrogen-to-carbon atomic
ratio below 1 1s coal, tar sand derived bitumen, residuum from
vacuum distillation of crude oil or from vacuum distillation

of tar sand derived bitumen

9. A process according to any one of claims 1 to 8, further
comprising condensing at least part of the gaseous phase
comprising carbonyl sulphide, carbon disulphide and carbon
dioxide to obtain a liguid stream <comprising carbon

disulphide.

10. A process according to c¢laim 9, further comprising
injecting the liquid stream comprising carbon disulphide into

an o1l reservolir for enhanced o1l recovery.
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