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ABSTRACT

The invention relates to a use of a reversible molten
salt for separating hydrocarbons, such as crude
bitumen and/or heavy crude oil, from material
comprising mineral solids. The invention relates also
to a method comprising at least the steps of: (a)
bringing a liquid phase comprising a reversible
molten salt, preferably a reversible ionic liquid, in a
contact with mineral solids comprising hydrocarbons
and extracting hydrocarbons to the liquid phase from
the mineral solids; (b) separating the mineral solids
phase from the liquid phase, which comprises molten
salt and hydrocarbons; (¢) separating hydrocarbons
from the liquid phase comprising molten salt; and (d)
recycling the liquid phase comprising molten salt to

step (a).
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METHOD FOR SEPARATING HYDROCARBONS AND USE OF MOLTEN SALT

The present invention relates to a method for separating hydrocarbons and to a

use of a molten salt according to preambles of enclosed independent claims.

Oil sands, which are also known as tar sands, are mixtures of clay, sand, water,
and heavy hydrocarbons, such as bitumen. They provide a potential source of
hydrocarbons for petrochemical industry. However, the known processes for
separating and recovering hydrocarbons from oil sands are expensive,
complicated and produce significant environmental damage. The conventional
bitumen extraction methods use hot water and caustic soda to separate bitumen
from sand and clay in a froth-flotation process. Tailings from the flotation process
are treated through various recovery cycles. Problematically, tailings contain
natural surfactants, which stabilize the tailings mixture of clay, sand and alkali, and
prevent effective removal of hydrocarbon residues and excess water from the said
tailings mixture. The result is an aqueous caustic mud-like mixture, which contains
a high concentration of toxic hydrocarbons and trace elements, such as arsenic.
This hazardous mixture cannot be piled, and it is difficult to transport, treat or store
in a safe and environmentally sustainable manner. Similar problems may also be
related to recovery of oil from oil shale. Consequently there exists a need for
improved methods for separating hydrocarbons from material comprising mineral

solids, such as sand and clay.

An object of this invention is to minimise or even totally eliminate the

disadvantages existing in the prior art.

Another object of the present invention is to provide an inexpensive, simple
method for separating hydrocarbons, such as bitumen, from material comprising

mineral solids, for example from oil sands or the like.

A further object of the present invention is to provide a method which would be
effective and environmentally feasible, and it should be easy to scale up into

industrial scale.
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The Invention i1s defined in the characterising parts of the enclosed independent
claims. Some preferable embodiments of the invention are defined in the
dependent claims. All described features apply both for the use as well as the

method of the invention, whenever applicable, even if it not necessarily stated so.

The present invention typically relates to a use of a reversible molten salt,

preferably a reversible ionic liquid, for separating hydrocarbons, such as crude

bitumen and/or heavy crude oll, from material comprising mineral solids.

Typical method for separating hydrocarbons, such as crude bitumen and/or heavy
crude oll, from mineral solids, comprises at least the steps of

(a) bringing a liquid phase comprising a reversible molten salt, preferably a
reversible Ionic liquid, in a contact with mineral solids comprising hydrocarbons
and extracting hydrocarbons to the liquid phase from the mineral solids,

(b) separating the mineral solids phase from the liquid phase, which comprises
molten salt and hydrocarbons,

(c) separating hydrocarbons from the liquid phase comprising molten salf,

(d) recycling the liquid phase comprising molten salt to step (a).

Now it has been surprisingly found out that a reversible molten salt, preferably a
reversible ionic liquid, can be successfully used for separation of hydrocarbons
from material comprising mineral solids, such as sand and/or clay, as well as
hydrocarbons. Hydrocarbons are effectively separated from the mineral solids into
a liquid phase comprising the reversible molten salt. The separation efficiency Is at
least as good as with prior art methods, typically much better. The molten salt is
reversible, which means that it can be easily recycled and reused in the separation
process, which substantially improves the process economy. The mineral solids,
which are obtained as the solid phase from the process, are clean, easy to handie
and they can be deposited without harmful environmental effects. Overall the

present invention provides a process with great environmental and economic

benefits.
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In the present context the term “molten salt” encompasses all moiten salts that can
be reused and recycled within the present method. The term encompasses
eutectic mixtures and ionic liquids. According to one preferred embodiment of the
invention, the molten salt is a reversible ionic liquid. The term “ionic liquid” is here
understood to be an ionic salt-like material, which is liquid at temperature of < 100
°C at atmospheric pressure. lonic liquids include two components, namely a cation
component and an anion component. Furthermore, the term “reversible ionic
liquid” denotes in this context that the molecular components comprising the ionic
liquid can be transformed into ionic liquid and vice versa, either by application of
heat, vacuum or by bubbling suitable gas, such as N, or suitable acid gas, such as
CO,, in the mixture of molecular components. It may also be possible to dissociate
the ionic liquid by using acid-base chemistry. Preferably the reversible ionic liquid
may be a combination of dissociated acid and base, which can be converted back
to distillable acid and base forms by application of heat. lonic liquids where the
positive charge cannot be removed, such as 1,3-dialkylimidazoliums,
tetraalkylphosphoniums, trialkylsulphoniums and tetraalkylammoniums are

excluded from the ionic liquids which are used in the present invention.

The ionic liquids which are suitable for use In the present invention have a
negligible vapour pressure at room temperature, typically about 107"° Pa, but they
can be converted into form, which has vapour pressure at 130 °C > 0.01 Pa,

preferably > 0.1 Pa.

According to an aspect, the invention provides the use of a reversible molten salt,
which is a reversible ionic liquid having a vapour pressure of about 107" Pa at
room temperature but is convertable into a form having vapour pressure > 0.1 Pa
at 130 °C, for separating hydrocarbons selected from crude bitumen and heavy
crude oil from material comprising mineral solids In two-phase system consisting
of one solid phase and one liquid phase, which comprises molten salt and

hydrocarbons.
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According to a further aspect, the invention concerns a method for separating
hydrocarbons selected from crude bitumen and heavy crude oil from mineral

solids, the method comprising at least the steps of

(a) bringing a liquid phase comprising a reversible molten salt, which is a
reversible ionic liquid having a vapour pressure of about 10"® Pa at room
temperature but is convertable into a form having vapour pressure > 0.1 Pa at
130°C, in a contact with mineral solids comprising hydrocarbons and extracting
hydrocarbons to the liquid phase from the mineral solids in a two-phase system

consisting of one solid phase and one liquid phase;

(b) separating the mineral solids phase from the liquid phase, which comprises

molten salt and hydrocarbons;

(c) separating hydrocarbons from the liquid phase comprising molten salt; and

(d) recycling the liquid phase comprising molten salt to step (a).

The ionic liquids are soluble in water and insoluble in non-polar organic solvents.
The ionic liquids are preferably biodegradable. In this context compounds ana
compositions are referred biodegradable if they reach a biodegradation level

higher than 60 %, evaluation being based on the so-called BODS (Biochemical
oxygen demand after 5 days) or “Closed Bottle Test” (OECD 301D).

According to one embodiment of the invention the reversible ionic liquid is a protic
ionic liquid, where the unconjugated base has an aqueous pKb value of < 16,
preferably < 12, more preferably in the range between O and 12. The reversible
jionic liquid may be a protic ionic liquid, where the unconjugated base has an

aqueous pKb value in the range of 0 — 16, preferably 1 — 12, more preferably 5 —
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12. The ionic liquid is dissociated by thermal and/or chemical methods, preferably
by distillation, acid-base dissociation chemistry or by bubbling suitable gas, such

as N or suitable acid gas in the liquid, such as carbon dioxide.

According to one embodiment of the invention the reversible ionic liquid is
prepared from a substituted primary, secondary or tertiary amine, such as
tributylamine, from a substituted pyridine, from an alkylimidazole, from a
substituted amidine or from a substituted guanidine, together with an inorganic or
organic conjugate acid. The conjugate acid may be a carboxylic acid, such as
propionic acid, hydrochloric acid, sulphuric acid, phosphoric acid,
methyldihydrogenphosphonate, dimethylhydrogenphosphate or phosphinic acid.
Preferably the conjugate acid is carboxylic acid. A preferable ionic liquid is
prepared from a substituted guanidine, which is tetramethylguanidine (TMG),
1,1,2,3,3,-pentamethylguanidine (PMG) or 2-butyl-1,1,3,3-tetramethyl guanidine
(BTMG). Tetramethylguanidine is preferred, especially for treating oil sands.
Tetramethylguanidine propionate is being especially preferred. Another preferable
lonic liquid Is prepared by using a substituted amidine, which is 1,8-diazabicyclo-
[5.4.0]-undec-7-ene (DBU).

According to one embodiment of the invention the reversible ionic liquid is
prepared from 1,2-dimethyl-1,4,5,6-tetrahydropyrimidine (DTP) or imino-
tris(dimethylamino)phosphorane (ITDP) with inorganic or organic conjugate acid.
The conjugate acid may be a carboxylic acid, such as propionic acid, hydrochloric
acid, sulphuric acid, phosphoric acid, methyldihydrogenphosphonate,

dimethylhydrogenphosphate or phosphinic acid.

The reversible ionic liquid may also be N,N-dimethylammonium N’ ,N'-

dimethylcarbamate (DIMCARB) or any variant thereof.

In step (a) of the method a liquid phase comprising a reversible molten salt,
preferably a reversible ionic liquid, is brought in a contact, e.g. by mixing in a
reactor, with material comprising mineral solids and hydrocarbons, such as

bitumen. Thus is obtained a mixture, which comprises at least 1) a solid phase
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comprising mainly or entirely of particles of the mineral solids, i.e. sand and/or clay
particles, and 2) liquid phase, which comprises the molten salt and hydrocarbons.
At least some hydrocarbons from the mineral solids are separated or dissociated
from the mineral solids and extracted by a solid-liquid extraction to the liquid
phase, because hydrocarbons are partially or completely soluble in the molten
salt, such as ionic liquid. Advantageously there is only one liquid phase present Iin
the step (a), l.e. it is a two-phase system comprising one solid phase and one
iquid phase. In an embodiment some hydrocarbons separate into a separate
hydrocarbon phase layer, which can be removed from the mixture. According to
one embodiment the temperature during the separation and/or the extraction

reaction is < 100 °C. Heat energy may be applied to the mixture, if needed.

According to one embodiment of the invention the ratio of molten salt, such as
ionic liquid, to material which comprises mineral solids and hydrocarbons, may be

in the range of 0.1 — 10 preferably 0.5 — 7 more preferably 1 — 5.

According to one embodiment of the invention the step (a) is essentially free of
VOC (Volatile Organic Compound) generating organic solvents, such as toluene,
kerosene, xylene, hexane, benzene or naphtha. In this manner the VOC emissions
from the process can be kept low or non-existent. Preferably all process steps are
free of VOC generating organic solvents. In this context hydrocarbon compounds
having boiling point < 80 °C, low to medium water solubility, high vapour pressure

and low molecular weight are considered as VOC generating organic solvents.

In step (b) of the method the mineral solids phase is separated from the liquid
phase, which comprises molten salt and hydrocarbons. The separation of the
different phases may be performed by using any conventional separation method,

which is suitable for the purpose, e.g. settling, filtering, centrifuging or the like.

The mineral solids phase from step (b) may be processed further, e.g. by washing.
Sometimes the separated mineral solids phase may contain some remaining
molten salt, such as ionic liquid. According to one embodiment of the invention a

liquid extraction agent is added to the separated mineral solids phase from step
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(b), the remaining molten salt, such as ionic liquid, is extracted from the mineral
solids phase and the mineral solids phase is separated from the liquid phase. The
liquid extraction agent may be water, methanol, ethanol or any of their mixtures.
This means that the molten salt, possibly remaining in the mineral solids phase
and separated together with it, can be effectively recovered with a simple wash or
extraction with the extraction agent, such as water or ethanol. The liquid phase
from this subprocess may be combined with the main process flow. All this
improves the recyclability degree of the molten salt, such as ionic liquid, in the
process. At the same time the resulting mineral solids phase obtained Is relatively

pure and can be piled or used as a landfill.

The liquid phase from step (b), which comprises the main part of the molten salt,
such as ionic liquid, as well as hydrocarbons, Is transported to step (c), where
hydrocarbons are separated from the liquid phase. The separation of
hydrocarbons from the liquid phase may be performed by precipitation or by
distillation. For example, the separation of hydrocarbons from the liquid phase may
be obtained by precipitation, where a liquid extraction agent is used. The liquid
extraction agent may be water, methanol, ethanol or any of their mixtures, and it
may same or different than the extraction agent used for possible separation of
molten salt, such as ionic liquid, from the mineral solids phase after its separation
in step (b). The extraction agent causes the precipitation of hydrocarbons from the
liquid phase, which comprises the molten salt. Thus a two phase system is
created, where the precipitated hydrocarbons form the solid phase and the molten
salt, such as ionic liquid, and the extraction agent form the liquid phase. The
hydrocarbon precipitate is separated from the liquid phase comprising molten salt.
The separation may be done by using any suitable method known as such. Other
alternative is to separate hydrocarbons from the liquid phase comprising the

molten salt, such as the ionic liquid, by distillation, as they distil at different

temperatures.

The separated hydrocarbon precipitate or separated distilled hydrocarbon fractions

from the present process may be used for manufacture of synthetic crude oil. The
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separated hydrocarbons may be processed further e.g. for removal of excess
carbon and for addition of hydrogen.

In step (d) of the present method the liquid phase comprising molten salt, such as
lonic liquid Is recycled back to step (a) of the method. The liquid phase may
comprise In this stage not only the molten salt but also variable amount(s) of
extraction agent(s) or other liquid components. According to one preferable
embodiment the volume of the liquid phase comprising the molten salt, such as
the Ionic liquid, i1s reduced before the liquid phase is recycled to step (a) of the
method. The volume reduction may be done, for example, by evaporation. This is
especially preferred if the amount of extraction agent and/or other liquid
components has Increased over a predetermined level in the liquid phase.
According to one embodiment the amount of extraction agent in the liquid phase,
which i1s recycled back to step (a), is less than 5 weight-%, even less than 1

weight-%, sometimes even less than 0.5 weight-%.

According to one embodiment of the invention the molten salt, such as the ionic
liquid, in the liquid phase is regenerated after the liquid phase is separated from
hydrocarbons in step (¢), and before recycling to step (a), by distillation, acid-base
dissociation chemistry or by bubbling gas in the liquid phase. In this manner the
molten salt, such as the ionic liquid, can be reversed or dissociated and effectively
recovered. However, it is not necessary to regenerate the molten salt, such as the
lonic liquid, every time liquid phase is recycled from step (d) back to extraction

step (a).

According to one embodiment of the invention at least 80 %, preferably at least 90
%, more preferably at least 95 %, sometimes even at least 97 % or at least 99 %

of the molten salt, such as the ionic liquid, fed to step (a) is recycled back to step

(a).

The material comprising mineral solids and hydrocarbons may be crushed, milled
or otherwise comminuted to a suitable particle size before it is brought into contact

with the molten salt, such as the ionic liquid.
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The material comprising mineral solids and hydrocarbons may be oil sand, ol
shale, oil contaminated sand or oil contaminated earth, tailing pond material or
sand containing crude oil. In the context of the present application the term
‘hydrocarbon” is understood as compounds comprising mainly hydrogen and
carbon. Especially the term “hydrocarbon”™ denotes here naturally occurring,
unrefined crude olil, bitumen, shale oil and the like. Bitumen is here understood as

a highly viscous mixture of hydrocarbons heavier than pentanes.

According to one embodiment the present invention is especially suitable for
separating hydrocarbons from oil sand. Oil sand is a mixture, which comprises
hydrocarbons, such as semi-solid crude bitumen, water and mineral solids, such
as silica sands and clay minerals. Oil sand may comprise 80 — 90 weight-%,
preferably 82 — 90 weight-%, of mineral solids, such as mineral particles, and 1 —
18 weight-%, preferably 1 — 10 weight-% of hydrocarbons. The invention is even
suitable for separating hydrocarbons from oil sand having a hydrocarbon content <

15 weight-%, preferably < 10 weight-%, more preferably < 8 weight-%.

According to another embodiment the present invention is especially suitable for
separating hydrocarbons from oil shale. Oil shale is an organic-rich fine-grained
sedimentary rock comprising bitumen and kerogen, which is a solid mixture of
various organic chemical compounds, mainly hydrocarbons, small amounts of
sulphur, oxygen and nitrogen as well as a variety of minerals. Hydrocarbons can
be separated from oil shale by first comminuting the oil shale to a suitable particle
size and then treating the obtained comminuted material according to the method

described in this application.

One embodiment of the invention is described in more detail with reference to

appended schematical and non-limiting drawing, where

Figure 1 shows a flow chart for one embodiment of the present invention.
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Figure 1 shows a flow chart for one embodiment of the present invention. Oil sand,
denoted with “O” and reversible molten salt, which is here a reversible ionic liquid,
denoted with “IL" are fed to the step (a), where they are brought into contact which
each other. Hydrocarbons are extracted from the oil sand in a two phase solid-
liquid extraction and transferred to the liquid phase comprising the reversible ionic

liquid.

In step (b) the mineral solids phase comprising sand is separated from the liquid
phase, which comprises the ionic liquid and hydrocarbons, and the liquid phase is

led to step (¢) and the mineral solids phase is transferred to step (f).

In step (c) of Figure 1 hydrocarbons are separated from the liquid phase by using
liquid extraction agent, such as water or alcohol. In this manner hydrocarbons are
precipitated and form a solid phase in a two-phase system, where the liquid phase

comprises the extraction agent and ionic liquid. Alternatively hydrocarbons can be

separated by distillation.

It is also possible that some hydrocarbons separate from the mixture of oil sana
and the ionic liquid, and form a separate hydrocarbon phase layer. This separate
hydrocarbon phase layer may be separated before hydrocarbon extracted to the

liquid phase are separated, e.g. by precipitation or distillation.

In step (f) a liquid extraction agent is added to the separated mineral solids phase
from step (b). Thus the ionic liquid is extracted from the mineral solids phase
comprising sand. The mineral solids phase, denoted with “S” is separated from the
liquid phase and excited from the process. The separated solid phase is relatively
pure and can be piled or used as a landfill. The liquid phase comprising the ionic

liquid and the extraction agent, such as water and/or alcohol, can be transferred to

step (g) of the process.

After step (c) the hydrocarbon precipitate is separated in step (e) from the liquid
phase comprising ionic liquid and the extraction agent. The separated

hydrocarbon precipitate, denoted with “B” is exited from the process, and it can be
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used for manufacture of synthetic crude oil. The liquid phase is transferred to step

(9).

In step (g) the volume of the liquid phase is reduced. For example, at least a part
of the extraction agent may be removed from the liquid phase, e.g. by evaporation.
The extraction agent can be led back to step (c) for separation of hydrocarbons by
precipitation. The part of the liquid phase that comprises the ionic liquid can be

transferred back to step (a) of the process.

It iIs possible that the liquid phase comprising the reversible ionic liquid is
subjected to a regeneration step (h) after step (g) and before transferral to step
(@). The regeneration of the ionic liquid in step (h) may be performed by distillation

of the liquid phase, by acid-base dissociation chemistry or by bubbling gas through
the liquid phase.

EXPERIMENTAL

Some embodiments of the invention are described in the following non-limiting

examples.

Example 1: Extraction of bitumen from oil sand

Efficiency of different ionic liquids was tested with an oil sand samples (Alberta,
Canada)

One reversible ionic liquid (sample 1) and seven non-reversible ionic liquids
(samples 2 -~ 7) were tested for oil sand processing. Following ionic liquids were
used In respective samples:

1.  1,1,3,3-tetramethylguanidine propionate ([TMGH][CO.ELt])

2. 1,3-dimethylimidazolium dimethylphosphate ([mmim}[Me2POg4))

3. 1-ethyl-3-methylimidazolium trifluoromethanesulfonate [emim}[CF3;SO3]

4. loLiLyte 221PG, Commercial ionic liquid (loLiTec lonic Liquids Technologies
GmbH, Germany)

5. 1-ethyl-3-methylimidazolium acetate ([emim][OAc]),



CA 02894376 2015-06-16

11

6. Tributylethylphosphonium diethyl phosphate ([P4442][Et2PO4))
7. A mixture of 1-ethylimidazole and propionic acid

8. Choline propionate

5 The test procedure was as follows:
10 g of molten ionic liquid was mixed with 5 g oil sand (Alberta, Canada) at room
temperature. If no visible extraction had occurred after 5 min incubation period, the
sample was heated with a heatgun (exact temperature after heating unknown). In
Sample 1 the ionic liquid was first melted with the heatgun and heating was
10  continued through mixing and incubation time. 10 g toluene was added into the
mixture as a solvent, if deemed necessary. The extraction ability was evaluated

through visual analyses and phase separation behavior.

The results are shown in Table 1.

15
Table 1. Results of Example 1.
Extraction Without Solvent toluene | Number
Sample No heating after of
No heating phases
1 - Yes No 2
2 NoO Yes Yes 3
3 NO NO Yes 3
4 No Partly | Yes 3
S No No Yes 3
6 No Partly Yes 3
7 No Partly Yes 3
8 No Partly Yes 3

The ionic liquid that was able to extract bitumen extensively, without organic
20 solvent, was the reversible ionic liquid, [TMGH][CO2Et] (Sample 1). All non-

reversible ionic liquids formed a suspension which slowly separated to 3 different
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phase layers, namely, a bottom phase comprising sand, a middle phase

comprising the respective ionic liquid and a top phase comprising toluene/bitumen.

Example 2: Bitumen recovery from oil sands

10 g of [TMGH][CO.Et] was heated upon melting point, ~60 °C after which it was
mixed with 5 g oil sand (Alberta, Canada). Mixture was kept molten by using a
heatgun. Extraction began immediately and sand was turning powdery. After 5 min
iIncubation period the bitumen/ionic liquid fraction was isolated by filtrating sand off
using cotton wool on a Pasteur pipet. The bitumen was further precipitated with an
addition of H,O. The bitumen was effectively recovered from the ionic liquid with

water. The excess ionic liquid was easily recovered from sand tailings with water.

Even if the invention was described with reference to what at present seems to be
the most practical and preferred embodiments, it is appreciated that the invention
shall not be limited to the embodiments described above, but the invention is
intended to cover also different modifications and equivalent technical solutions

within the scope of the enclosed claims.
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CLAIMS

1. Use of a reversible moilten salt, which is a reversible ionic liquid having a vapour
oressure of about 10° Pa at room temperature but is convertable into a form
having vapour pressure > 0.1 Pa at 130°C, for separating hydrocarbons selected
from crude bitumen and heavy crude oil from material comprising mineral solids In
two-phase system consisting of one solid phase and one liquid phase, which

comprises molten salt and hydrocarbons.

2. Use according to claim 1, characterised in that the reversible ionic liquid is a
protic ionic liquid having an unconjugated base with an aqueous pKb value of <

16, and which is dissociated by thermal and/or chemical methods.

3. Use according to claim 2, characterised in that the agueous pKb value of Is <
12 .

4. Use according to claim 2 or 3, characterised in that the reversible ionic liquid is
prepared from a substituted primary, secondary or tertiary amine, from a
substituted pyridine, from a substituted amidine or from a substituted guanidine

with inorganic or organic conjugate acid.

5. Use according to claim 4, characterised in that the substituted guanidine is
tetramethylguanidine (TMG), 1,1,2,3,3,-pentamethylguanidine (PMG) or 2-butyl-
1,1,3,3-tetramethyl guanidine (BTMG).

6. Use according to claim 4, characterised in that the substituted amidine Is 1,8-
diazabicyclo-[5.4.0]-undec-7-ene (DBU).

7. Use according to claim 2, characterised in that the reversible ionic liquid is
prepared from 1,2-dimethyl-1,4,5,6-tetrahydropyrimidine (DTP) or imino-

tris(dimethylamino)phosphorane (ITDP) with inorganic or organic conjugate acid.
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8. Use according to any one of claims 4 — 7, characterised in that the acid is a
carboxylic acid, hydrochloric acid, sulphuric acid, phosphoric acid,

methyldihydrogenphosphonate, dimethylhydrogenphosphate or phosphinic acid.

9. Use according to claim 1, characterised in that the reversible ionic liquid is
N,N-dimethylammonium N’,N’-dimethyicarbamate (DIMCARB).

10. Use according to any one of claims 1 to 9, characterised in that the material
comprising mineral solids is oil sand, oil shale, oil contaminated sand or oil

contaminated earth, tailing pond material or sand containing crude oll.

11. Use according to claim 10, characterised in that the material comprising

mineral solids is oil sand having a hydrocarbon content < 15 weight-%.

12. Use according to claim 10, characterised in that the material comprising

mineral solids is oil sand having a hydrocarbon content < 10 weight-%.

13. Use according to claim 10, characterised in that the material comprising

mineral solids is oil sand having a hydrocarbon content < 8 weight-%.

14. Use according to claim 10, characterised in that the material comprising
mineral solids is oil shale, which is an organic-rich sedimentary rock mineral

comprising bitumen and kerogen.

15. Method for separating hydrocarbons selected from crude bitumen and heavy
crude oil from mineral solids, the method comprising at least the steps of

(a) bringing a liquid phase comprising a reversible molten salt, which is a
reversible ionic liquid having a vapour pressure of about 10'° Pa at room
temperature but is convertable into a form having vapour pressure > 0.1 Pa at
130°C, in a contact with mineral solids comprising hydrocarbons and extracting
hydrocarbons to the liquid phase from the mineral solids in a two-phase system

consisting of one solid phase and one liquid phase,
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(b) separating the mineral solids phase from the liquid phase, which comprises

molten salt and hydrocarbons;
(c) separating hydrocarbons from the liquid phase comprising molten salt; and

(d) recycling the liquid phase comprising molten salt to step (a).

16. Method according to claim 15, characterised in that the separation of

hydrocarbons from the liquid phase is performed by precipitation or by distillation.

17. Method according to claim 15, characterised in that the volume of the liquid
phase comprising molten salt is reduced by evaporation, before the liquid phase Is

recycled to step (a).

18. Method according to any one of claims 15 to 17, characterised in that the
molten salt in the liquid phase is regenerated after the liquid phase is separated
from hydrocarbons in step (c), and before recycling to step (a), by distillation, acid-

base dissociation chemistry or by bubbling gas in the liquid phase.

19. Method according to any one of claims 15 to 18, characterised in adding a
liqguid extraction agent to the separated mineral solids phase from step (b),
extracting the molten salt from the mineral solids phase and separating the mineral

solids phase.

20. Method according claim 19, characterised in that the liquid extraction agent is

water, methanol, ethanol or any of their mixtures.

21. Method according claim 15, characterised in that the step (a) is essentially

free of organic solvents.
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