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A PROCESS FOR THE MANUFACTURE OF CARBON DISULPHID!

T
Lt]

The present 1nventlion provides a process for the

Jor—

manufacture o©of carbon disulphide and the use of a liguid

stream comprlsing carbon disulphide, hydrogen sulphide
and carbonyl sulphide obtainable by such process for
enhanced 01l recovery.

Carbon disulphide 1s typically manufactured by
reacting a lower hydrocarbon with elemental sulphur that
1s 1n the wvapour phase according to the reaction
equation:

CnH2(n+l) + (3n+l1)S -2 ncsSo,> + (n+l)H»S (1)

In GB 1,173,344 1s disclosed a process for reacting

vapour phase sulphur and propane 1n the absence of a

catalyst under a pressure not exceeding 10 atmospheres 1in

-
pr—

a reaction zone which 1s maintalned at a temperature o:

550 to 850 °C.

In Us 3,087,786 1s dilisclosed a process for producing

carbon disulphide from hydrocarbon gas and vaporous
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 2
and 20 atmospheres and a temperature between 400 and

750 °C.

It 1s also known to manufacture carbon disulphide by

catalytically reacting liguid sulphur with a hydrocarbon.

In US 2,492,719 for example 1s disclosed a process for

preparing carbon disulphide, wherelin a suspension of
catalyst 1n molten sulphur 1s contacted with a
hydrocarbon gas at a temperature of approximately 500 to

700 °C, under sufficient pressure to maintalin the sulphur

in ligqulid phase.
A disadvantage of the prior art processes descrilbed

above 1s that hydrogen sulphide 1s produced 1n a molar
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quantity that is larger than the molar quantity of carbon
disulphide formed.

In US 3,345,135 is disclosed a catalytic process for
producing carbon disulphide and oxides of carbon, wherein
a gaseous saturated or unsaturated aliphatic hydrocarbon
having 1 to 20 carbon atoms, an oxidising gas, especially
oxygen, and hydrogen sulphide are reacted at temperatures
of about 100 to 700 °C in the presence 0f a specific

aluminosilicate catalyst. Considerable amounts of carbon

dioxide and carbon monoxide are formed. It can be seen
from the examples that the molar amount of carbon oxides
formed by far exceeds the molar amount of carbon
disulphide formed.

Carbon disulphide is known to be a suitable solvent
for enhanced o0il recovery by miscible flooding. In
enhanced o0il recovery by miscible flooding, a solvent for
cil is introduced into an o0il reservoir and driven
through the reservoir to increase 01l recovery from the
reservoir beyond what can be achieved by conventional
means. In US 3,847,221 for example, the use of carbon
disulphide for enhanced 0il recovery from tar sands 1S
disclosed.

Summary of the invention

It has now been found that carbon disulphide can be
manufactured from a hydrocarbonaceous compound and liquid
elemental sulphur under conditions at which the hydrogen
sulphide formed is selectively oxidised to elemental
sulphur by the addition of molecular oxygen to the
reaction mixture, i.e. with minimum co-production of

carbon dioxide and carbon monoxide.
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In accordance with one aspect of the present i1nvention,
there is provided a process for the manufacture of carbon
disulphide comprising supplying a molecular oxygen-containing
gas and a feedstock comprising a hydrocarbonaceous compound to
a reaction zone containing a liguid elemental sulphur phase
and reacting, in the liquid sulphur phase, at a temperature 1n
the range of from 300 to 750°C, the hydrocarbonaceous compound
with the ligquid elemental sulphur free of a catalyst to form
carbon disulphide and hydrogen sulphide and oxidising at least
part of the hydrogen sulphide formed to elemental sulphur and
water.

Accordingly, the present invention provides a process for
the manufacture of carbon disulphide comprising supplylng a
molecular oxygen-containing gas and a feedstock comprising a
hydrocarbonaceous compound to a reaction zone containing a

ligquid elemental sulphur phase

24
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and reacting, 1n the liguid sulphur phase, at a
temperature in the range of from 300 to 750 °C, the
hydrocarbonaceous compound with elemental sulphur to form

carbon disulphide and hydrogen sulphide and oxidising at

least part of the hydrogen sulphide formed to elemental
sulphur and water.

An advantage of the process according to the
invention 1s that only very small amounts of carbon
oxides are formed. A further advantage 1s that the
process accordlng to the i1nvention can be carried out 1n

the absence of a catalyst.

Compared to the conventional vapour phase process for

carbon disulphide production, the process according to
the i1nvention has several advantages. One advantage 1s
that only a small amount of hydrogen sulphide 1s obtalned
with the carbon disulphide. As a conseguence, only a
small stream of hydrogen sulphlide has to be recycled to a
hydrogen sulphide concentration and conversion pProcess
unit, e.g. a Claus or a SCOT unit, 1f high purity carbon
disulphlide 1s the desired product. Another advantage 1s
that there 15 no need to vaporise the sulphur. A further
advantage 1s that the exothermic selectilive oxidation
reaction generates heat that 1s used 1n the endothermic
reaction between the hydrocarbonaceous compound and
sulphur.

In the process according to the invention, a gaseous

phase comprising carbon disulphide and steam 1s obtained.
The gaseous phase typlcally also comprises hydrogen
sulphide and carbonyl sulphide. The gaseous phase may

also comprise carbon oxides, sulphur oxides, unconverted

hydrocarbonaceous compound and elemental sulphur. By
subjecting the gaseous phase to a single or seqguential

condensation steps, a ligquld stream comprising carbon

disulphide 1s obtained from the process accordling to the

invention. The liguid stream may also comprise other
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compounds such as water, unconverted hydrocarbons, carbon

oxides, sulphur oxilides, hydrogen sulphide, carbonyl

sulphide and/or elemental sulphur. It will be appreciated

that the exact composition will mainly depend on the

temperature and pressure at which the condensation

step(s) are carried out. The liguid stream obtained will

typically comprise some hydrogen sulphide and carbonyl
sulphide dissolved i1in the carbon disulphide. The liguid
stream comprlising carbon disulphide that 1s obtained 1n
the process accordlng to the i1nvention may suitably be
used for enhanced o011l recovery.

Accordingly, the present 1nvention further provides
the use of a liguid stream comprising carbon disulphide,
hydrogen sulphilide and carbonyl sulphide for enhanced o1l
recovery, the ligquid stream being obtainable by a process
as herelnabove deflned.

In the process according to the i1invention, carbon

disulphide 1s produced by reacting a hydrocarbonaceous
compound with elemental sulphur 1n a reaction zone
containing a liguid elemental sulphur phase. The reaction
between hydrocarbonaceous compound and elemental sulphur
1s carried out in the liguid sulphur phase. The reactants
are reacted with each other at a temperature 1n the range

of from 300 to 750 °C and at a pressure sufficient to

maintain a ligquid elemental sulphur phase.

Both a molecular oxygen contalning gas and a

feedstock comprising a hydrocarbonaceous compound are
suppllied to the reaction zone contalning the liguid
elemental sulphur phase. Reference herelin to a

hyvdrocarbonaceous compound 1s to a compound having carbon

I

and hydrogen atoms and, optionally, a smaller amount of
hetercatoms such as oxygen, sulphur or nitrogen. The

hyvdrocarbonaceous compound may be gaseous, liguid, or

solid at the reaction condilitions applied. Examples of

sultable hydrocarbonaceous compounds are hydrocarbons,
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asphalthenes, mercaptans, thiophenes, and

alkylpolysulphides. Preferably, the hydrocarbonaceous
compound 1s gaseous at the reaction conditions applied.
Preferably, the hydrocarbonaceous compound 1s a

hydrocarbon, more preferably a saturated or unsaturated

aliphatic hydrocarbon, more preferably an aliphatic

Jr——
p—

hydrocarbon with in the range of from 1 to 20 carbon

atoms. Saturated hydrocarbons with 1 to 4 carbon atoms,
1n particular methane, ethane, and propane, are
particularly suitable reactants 1n the process according
to the i1nvention.

In the process according to the 1nvention, the

hydrocarbonaceous compound and elemental sulphur react

wilth each other. In case the hydrocarbonaceous compound
18 a saturated aliphatic hydrocarbon, the reaction 1s

according to the overall reaction eguation (1):
CI’IHZ(I’]-I—]_) + (3n+1)S =2 ncCSs> + (n+1)H»S (1)

Molecular oxygen 1s supplied to the reaction zone 1n

orcder to oxidilise at least part of the hydrogen sulphide

formed 1nto elemental sulphur according to reaction
egquation (2):

(n+1)H>S + %(n+1)0> =2 (n+l)H20 + (n+1)S (2)
The overall result of reaction eguations (1) and (2) 1s
then:
CnH2 (n+1) + 2n8 + %(n+1)0p 2 nCSp + (n+l)H20  (3)

The feedstock may comprise more than one
hyvdrocarbonaceous compound. The feedstock may also
comprise other compounds, for example hydrogen sulphide,

carbon oxides, and 1nert gases such as nitrogen and

helilum. Examples of suiltable feedstocks for the process
according to the invention are natural gas, liquefied

propane gas (LPG), atmospheric or vacuum distilillates,

heavy 011 streams such as the residuum obtained after

atmospheric and/or vacuum distillation of crude oil,

mercaptan-containing off-gas from a mercaptan absorber. A
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prarticularly suitable hydrocarbonaceous compound-—
comprising feedstock 1s natural gas.

Preferably, the feedstock also comprises hydrogen

sulphide. In case the feedstock comprises hydrogen

por—

sulphide, part or all of the elemental sulphur needed for

the reaction of the hydrocarbonaceous compound with

elemental sulphur according to eguation (1) may be

I

produced 1n the reaction zone by selective oxidation ot

the externally supplied hydrogen sulphide according to

reaction eqguation (2). If sufficient hydrogen sulphide 1s

supplied to the reaction zone with the feedstock, the

process may be carrilied out without net consumption of
elemental sulphur.

The molecular-oxygen contailning gas that 1s supplied
to the reaction zone preferably 1s pure oxygen, alr oOr

oxygen—-enriched air. The molecular-oxygen containling gas

and the feedstock may be supplied separately to the

-
e

reaction zone or as a mixture. A staged supply of

molecular—-containing gas to the reaction zone may be

applied, 1n order to avoid the occurrence of hot spots as

Jor—

a result of local excess of oxygen.

In order to minimise oxidation of the

hydrocarbonaceous compound to carbon oxides as well as
oxidation of carbon disulphide to carbon dioxide and
sulphur dioxide, molecular oxygen 1s preferably supplied
to the reaction zone 1n a sub-stoichiometrical amount,
1.e. the number of oxygen molecules supplied to the

por—

reaction zone i1s 1less than 25% of the number of the

hvdrogen atoms 1n the hvydrocarbonaceous and hydrogen

sulphide supplied to the reaction zone. Preferably, the

Jr—

amount of oxygen molecules supplied to the reaction zone

1s not less than 5% of the stoichiometric amount, more
preferably not less than 10% of the stoichliometric

amount, even more preferably not less than 30%.
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In the process according to the invention, both the

feedstock and the molecular-oxygen contalining gas will

typically be continually supplied to the reaction zone.

If the feedstock 1s gaseous, the feedstock may be

supplied to the reaction zone separately or together with

the molecular-oxygen containing gas. In case the
hydrocarbonaceous compound 1s solid at the reaction
conditions applied, the feedstock 1s preferably supplied
to the reaction zone by pre-mixing 1t with the liguid

sulphur phase with which the reaction zone 1s to Dbe

filled. This may also be done 1n case of a

hyvdrocarbonaceous compound that 1s liguid at the reaction

conditions applied. Preferably, a liguid feedstock 1s
continually supplied to the reaction zone, either co-
currently or countercurrently with the molecular-oxygen
containing gas supplied to the reaction zone.

The process may be carriled out 1n any reactor

configuration suitable for gas-liguilid contacting,

typilically by bubbling the gaseous reactants through a

reactor filled with llguid sulphur. In order to prevent

the formation of gas slugs, the reactor may contaln solid

contactors, for example a structured packing or gauzes.

In case there 1s net consumption of elemental

sulphur, a stream of liguid make-up sulphur may be
continuously supplied to the reaction zone.
Alternatively, the elemental sulphur i1n the reaction zone
1S periodically refreshed.

In case the hydrocarbonaceous compound 1s gaseous at

the reaction conditions applied, the i1nitial contact time

of the hydrocarbonaceous compound with the liguid sulphur

1s preferably 1in the range of from 0.1 to 200 seconds. It

wlll be appreciated that the optimal contact time will

increase with the refractive nature of the
hydrocarbonaceous compound. A hydrocarbonaceous compound

that 1s solld at the reaction conditions applied will
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therefore generally requlre a longer contact time than a

compound that 1s ligquid at the reaction conditions

applied and a ligquid compound will generally requlre a
longer contact time than a gaseous compound.

The process according to the 1nvention 1s carried out

at a temperature in the range of from 300 to 750 °C,

preferably of from 400 to 700 °C, more preferably of from
400 to 650 °C.

The reactants are reacted with each other at a

pressure that 1s sufficient to maintain a liqguid

clemental sulphur phase. Therefore, the pressure strongly
depends on the reaction temperature. Preferably, the

pressure 1s 1n the range of from 3 to 200 bar (absolute),

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

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

It 1s an advantage of the process according to the
invention that no catalyst 1s needed. Preferably, the
hydrocarbonaceous compound 1s reacted with the sulphur i1n
the absence of a catalyst.

It 1s an advantage of the process accordlng to the

invention that, under the reactilion condiltions applied,

the molecular oxygen selectively reacts wilith hydrogen

sulphide, 1.e. without oxidising substantial amounts of

hydrocarbonaceous compound or carbon disulphide.

In the process according to the 1nvention, a gaseous

prhase mainly comprising carbon disulphide and steam 15

formed. In the preferred embodiment that a sub-

por—

stoichiometric amount of molecular oxygen 1s used, the

gaseous phase also comprilises hydrogen sulphide.

Typically, the gaseous phase will also comprise small

amounts of carbonyl sulphide, carbon dioxide, sulphur

dioxide, and elemental sulphur. In case a gaseous
hyvdrocarbonaceous compound 1s used, the gaseous phase
typically also comprises unconverted hydrocarbonaceous

compound.



10

15

20

25

30

35

CA 02652002 2008-11-12

WO 2007/131977 PCT/EP2007/054613

Preferably, the process according to the 1nvention

further comprises withdrawlng the gaseous phase

comprisling carbon disulphide and steam from the reaction

zone and condensing at least part of the gaseous phase to

obtalin a ligquid stream comprising carbon disulphide.

If the effluent of the reaction zone 1s a mixed

liguid and gaseous effluent, such as may for example be

the case 1f a liquid feedstock 1s co-currently with the
molecular-oxygen contalning gas supplied to the reaction

zone, the gas and the liguid phases of the effluent will

first be separated 1n a gas—liquid separator.

The withdrawn gaseous phase may be condensed to
obtain a liguid stream comprising carbon disulphide.
Preferably, the gaseous phase 15 subjected to sequential
prartial condensation steps to obtaln a ligquid stream with

a higher concentration of carbon disulphide. Purification

steps other than condensation may also be applied 1n
order to obtaln a liquid stream comprising carbon

disulphide with the desired composition.

Preferably, the gaseous phase withdrawn from the
reaction zone 1s filrst cooled at super-atmospheric
pressure to a temperature at which elemental sulphur
condenses whilst carbon disulphide and the other
components remain i1n the sulphur-depleted wvapour phase.
The condensed sulphur may then be recycled to the
reaction zone. The sulphur-depleted vapour phase may be

condensed to obtain the liguid stream comprisling carbon

disulphide. Preferably, water 1s selectively condensed

from the sulphur-depleted vapour phase to obtaln a steam-—
depleted vapour phase. The steam-depleted vapour phase 1S
then condensed to obtain the liguid phase comprilising

carbon disulphide.

It will be appreciated that the desired composition

of the liquid stream comprising carbon disulphide will

determine the condensation and/or purification steps




10

15

20

25

30

CA 02652002 2008-11-12

WO 2007/131977 PCT/EP2007/054613

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 o1l recovery, 1.e. for 1njecting 1t 1n an oil

reservolr for 1ncreasing the o011 production from that
reservolr, the liguid carbon disulphide stream may
comprise substantial amounts of other components such as
hydrogen sulphide, carbonyl sulphide, carbon oxides,
sulphur oxides, hydrocarbonaceous compounds and water.
The liguld stream comprilsing carbon disulphide that
1s formed i1n the process according to the i1nvention 1S
particularly suitable to be used 1n enhanced 01l
recovery, since the liguid stream typlcally comprilses
components other than carbon disulphide that do not need

to be removed for this application. Therefore, the

process according to the 1nvention preferably further

comprises 1njecting the liguid stream comprilisling carbon

disulphide i1nto an 01l reservolr for enhanced o1l

recovery. The llguld stream comprlsing carbon disulphilde

may be mixed wlth other liguid components or streams

before being injected 1nto the 01l reservolr.
Typically, the liquid stream comprising carbon

disulphilide obtalinable by the process accordlng to the

invention will also comprise hydrogen sulphide and
carbonyl sulphide dissolved 1in the carbon disulphide.
Typical concentrations are in the range of from 0.05 to
50 wt%s hydrogen sulphide and 0.01 to 15 wt% carbonvyl
sulphide based on the amount of carbon disulphide. The

pur—

invention therefore further provides the use of a liguid

stream comprlsing carbon disulphide, hydrogen sulphide
and carbonyl sulphide obtainable by the process according

to the 1nvention for enhanced 01l recovery.

10
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The process according to the 1nvention will be

further 1llustrated by means of the following non-

limiting examples.

EXAMPLE 1

In a quartz reactor tube (inner diameter 12 mm;

Jor—

length 40 mm) an amount of powdered elemental sulphur 1s

loaded. The reactor 1s brought at a pressure of 10 bar
(absolute) with a flow of nitrogen and the reactor 1s
heated to a reaction temperature above 400 °C. At the

reaction temperature, the reactor tube was fililled with a

liguid sulphur column with a height of 15 ¢cm (equivalent

to 1.7 1074 litres sulphur). A gaseous mixture comprising
a hydrocarbon (methane or ethane) and oxygen was supplied

to the bottom of the reactor. At the top of the reactor,

a gaseous effluent was withdrawn. The composition of the

gaseous effluent was analysed by gas chromatography. Six

different experiments were carried out. In the

comparative experiments 1 and 4, no oxygen was supplied

to the reactor. Experiments 2, 3, 5, and 6 are

experiments accordlng to the invention.

In Table 1, the reaction conditions and the results

are gilven for experiments 1 to 6.

In the laboratory-scale reactor equilipment used 1n

this example, there was no possibility for staged supply

of oxygen to the reactor. Therefore, the amount of oxygen
supplied to the reactor was kept low 1n order to minimilise

oxidation of hydrocarbon and carbon disulphide near the

reactor 1nlet. If the experiments were carried out 1in a

reactor with the possibility to supply oxygen at

different stages 1n the reactor, a larger amount of

oxygen, but still a sub-stoichiometric amount, would have

been supplied.
EXAMPLE 2

Three different experiments (experliments 7 to 9) were

carried out as described in EXAMPLE 1. In experiments 7

11



CA 02652002 2008-11-12
WO 2007/131977 PCT/EP2007/054613

to Y, the feed gas mixtures supplied to the reactor tube
comprised hydrogen sulphide. The reaction conditions and

the results were as shown 1n Table 2.

12
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CLATMS:

1. A process for the manufacture of carbon disulphide
comprising supplying a molecular oxygen-contailning gas and a
feedstock comprising a hydrocarbonaceous compound to a
reaction zone contalining a ligquid elemental sulphur phase and
reacting, in the liguid sulphur phase, at a temperature in the
range of from 300 to 750°C, the hydrocarbonaceous compound
with the liquid elemental sulphur free of a catalyst to form
carbon disulphide and hydrogen sulphide and oxidilising at least
part of the hydrogen sulphide formed to elemental sulphur and

water.

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

comprises hydrogen sulphide.

3. A process according to c¢claim 1 or 2, wherein the

hydrocarbonaceous compound 1is a compound that 1s gaseous at

the reaction conditions.

4, A process according to any one of claims 1 to 3, wherein
the hydrocarbonaceous compound 1s a saturated or unsaturated

aliphatic hydrocarbon.

5. A process according to any one of claims 1 to 4, whereiln
the number of oxygen molecules supplied to the reaction zone
is less than 25% of the number of the hydrogen atoms 1in the
hydrocarbonaceous compound and the hydrogen sulphide supplied

to the reaction zone.

6. A process according to any one of claims 1 to 5, whereiln
the temperature in the reaction zone 1s 1n the range of from

400 to 700°C.

7. A process according to claim 6, wherein the temperature

in the reaction zone 1s in the range of from 400 to 650°C.
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8. A process according to any one of claims 1 to 7, whereiln
the pressure in the reaction zone 1s 1in the range of from 3 to

200 bar absolute.

9. A process according to claim 8, wherein the pressure 1n

the reaction zone 1is 1n the range of from 5 to 100 bar

absolute.

10. A process according to claim 6 or 9, wherein the pressure

in the reaction 2zone 1is in the range of from 5 to 30 bar

apbsolute.

11. A process according to any one of claims 1 to 10, further
comprising withdrawing a gaseous phase comprising carbon
disulphide and steam from the reaction zone, condensing at
least part of the gaseous phase to obtain a ligquid stream

comprising carbon disulphide.

12. A process according to c¢laim 11, further comprising
injecting the liquid stream comprising carbon disulphide 1into

an oil reservolir for enhanced o1l recovery.
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