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CLAIMS

1. A process for the use of an ionic liquid to treat liquid waste streams in the
form of slurries from industrial processes such that a solid, finely dispersed particulate
phase Is separated from said liquid waste stream, wherein said waste stream is tailings
from the processing of oilsand, and said tailings are composed of an intimate mixture of

water, bitumen, and particles which are dispersed to form the slurry.

2. The process of claim 1, where the particles comprise fine clay particles.

3. The process of claim 1, where said particles are under a particle size of 44
um and said waste stream is comprised of 20-50 wt% solids, and 1-2 wt% bitumen, with

the balance being water.

4 The process of claim 1, 2 or 3, where said waste stream has been gravity
settled In a tailings pond, such that its solids content Iis greater than 40 wt% to form

mature fine tailings (MFT).

. The process of any one of claims 1-4, where an ionic liquid iIs mixed with

sald slurry to cause aggregation and/or gelation of the mixture.

o. The process of claim 5, where the 1onic liquid Is a surface active 1onic

liquid.

/. The process of claim 5 or 6, where said slurry Is first diluted with a saline

solution prior to the addition of the 1onic liquid.

8. The process of claim 7, where said saline solution is an agueous solution

of NaCl or another salt with a concentration of 0-2.57 mol/L.
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9. The process of claim 7 or 8, where said mixture comprising said slurry,
saline solution, and i1onic liquid Is allowed to gravity settle to promote the separation of

the solid phase that i1s a mixture of clay particles, ionic liquid, and bitumen.

10.  The process of any one of claims 1-9, where said mixture Is centrifuged

from 0-14,000 rpm to promote the separation of said solid phase.

11.  The process of any one of claims 1-10, where said ionic liquid Is first
mixed with (nano)particles to form a nanoparticle- 1onic liquid dispersion prior to Its

addition to said slurry.

12.  The process of claim 11, where said (nano)particles are magnetic and/or

superparamagnetic.

13.  The process of claim 12, where said superparamagnetic nanoparticles are
a phase of iron oxide, a magnetite (Fe3z04), or a maghemite (y-Fe203), with a particle

size from 1-100 nm.

14.  The process of claim 13, where said superparamagnetic iron oxide
nanoparticles (SPIONs) are added to said slurry and mixed so as to promote
aggregation of said clay particles with the SPIONs whereby said solid phase is rendered

magnetic.
15.  The process of claim 14, where a magnetic field from a permanent or

electromagnet 1s used to separate said solid phase which has been rendered magnetic

and I1s comprised of clay particles, ionic liquid, bitumen, and SPIONSs.
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16.  The process of any one of claims 1-15, where the ionic liquid Is recovered

from said solid phase by solvent extraction to form a solvent loaded with 1onic liquid.

17.  The process of claim 16, where said solvent is a volatile organic solvent or

a fatty acid.

18.  The process of claim 16, where said solvent Is acetone, 1sopropyl alcohol,

ethyl acetate, octylamine, or oleic acid.

19.  The process of any one of claims 16-18, wherein the content of volatile

organic solvents 1s within the range 0-30 wt%.

20.  The process of any one of claims 16-19, where said 1onic liquid Is

recovered by a thin film treatment or pervaporation.

21.  The process of any one of claims 1-20, wherein the process Is carried out
at 0-200 °C and 0-4 atm.

22. The process of any one of claims 1 to 21, further comprising treating the

MFT with CO2 so as to lower pH, wherein the CO: is transported for MF T treatment at

least In part as a dissolved gas In the onic liquid.

23. The process of any one of claims 1-22, wherein the ionic liquid has a

melting point below 200 °C.

24.  The process of any one claims 1-22, wherein the 1onic liquid comprises
one or more cations and one or more anions and wherein the cations comprise one or

more amines with at least one alkyl chain.

59



CA 03052317 2015-08-01

WO 2018/141067 PCT/CA2018/050123

25. The process of any one of claims 1-22, wherein the ionic liquid comprises
one or more cations and one or more anions and wherein the cations comprise one or

more primary ammonium cation.

26. The process of any one of claims 1-22, wherein the ionic liquid comprises
one or more cations and one or more anions and wherein the cations comprise one or

more secondary, tertiary, quaternary amine, or cyclic amines.

27. The process of any one of claims 1-22, wherein the ionic liquid comprises
one or more cations and one or more anions and wherein the anions comprise one or

more primary carboxylic acid.

28. The process of any one of claims 1-22, wherein the ionic liquid comprises
one or more cations and one or more anions and wherein the anions comprise one or

more primary carboxylic acid, saturated or unsaturated.

29. The process of any one of claims 1-22, wherein the onic liquid Is
octylammonium oleate ([CsNH3][Oleate]), butylammonium acetate ([C4NH3][OAc]), 1-

ethyl-3-methylimidazolium acetate ([Comim][OACc]), hexylammonium butyrate
([CsNHas][Butyrate]), or choline acetate ([Cho][OAc]).

30. The process of any one of claims 16-18, wherein the content of volatile

organic solvents Is within the range 0-30 wt%.
31. A process for the use of an ionic liquid as a bitumen diluent, to provide a

stable 1onic liquid-dilbit having very low vapour pressure and a density below that of

water.
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32. The process of claim 31, where the ionic liquid Is a surface active 1onic

liquid.

33. A process for the use of an ionic liquid to extract bitumen from an oilsand,
wherein the bitumen Is extracted into a phase comprising a mixture of the ionic liquid

and bitumen.

34. The process of claim 33, wherein the ionic liquid Is a surface active 1onic

liquid.

35. The process of claim 33 or 34, where bitumen Is separated from mineral
solids upon addition of agueous solution, In a process that uses ollsand, tarsand, oill
shale, oll contaminated sand or oil contaminated earth, tailings pond material and/or

sand containing crude oll as a raw material.

36. The process of claim 33 or 34, wherein one layer predominantly
comprises Ionic liquid and bitumen, another layer predominantly comprises clay, and
another layer predominantly comprises sand, wherein when water I1s added In the

separation process, a fourth layer consisting essentially of water forms.

37. The process of any one of claims 31-36, wherein the ionic liquid has a

melting point below 200 °C.
38. The process of any one of claims 31-36, wherein the 1onic liquid

comprises one or more cations and one or more anions and wherein the cations

comprise one or more amines with at least one alkyl chain.
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39. The process of any one of claims 31-36, wherein the 1onic liquid
comprises one or more cations and one or more anions and wherein the cations

comprise one or more primary ammonium cation.

40. The process of any one of claims 31-36, wherein the 1onic liquid
comprises one or more cations and one or more anions and wherein the cations

comprise one or more secondary, tertiary, quaternary amine, or cyclic amines.

41.  The process of any one of claims 31-36, wherein the 1onic liquid
comprises one or more cations and one or more anions and wherein the anions

comprise one or more primary carboxylic acid.

42. The process of any one of claims 31-36, wherein the 1onic liquid
comprises one or more cations and one or more anions and wherein the anions

comprise one or more primary carboxylic acid, saturated or unsaturated.

43. The process of any one of claims 31-36, wherein the 1onic liquid I1s

octylammonium oleate ([CsNH3][Oleate]) or choline formate.

44,  The process of any one of claims 30-33, wherein the content of volatile

organic solvents 1s within the range 0-30 wt%.

45.  The process of any one of claims 30-33 which is carried out at 0-200 °C

and 0-4 atm.

46. The process of any one of claims 30-33, where said mixture Is separated

by freeze-thawing between -10 and 80 °C.
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4/.  The process of any one of claims 30-33, where said mixture Is separated

by heating, filtration, centrifugation, and/or gravity settling.

48. The process of any one of claims 30-33, which Is carried out at ambient

temperature and pressure.

49. A process comprising use of an ionic liquid to break an oll-water emulsion.

50. The process of claim 49, wherein the ionic liquid has a melting point below
200 °C.

51.  The process of claim 49, wherein the 1onic liguid comprises one or more
cations and one or more anions and wherein the cations comprise one or more amines

with at least one alkyl chain.

52. The process of claim 49, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the cations comprise one or more primary

ammonium cation.

53. The process of claim 49, wherein the 1onic liguid comprises one or more
cations and one or more anions and wherein the cations comprise one or more

secondary, tertiary, quaternary amine, or cyclic amines.

o4. The process of claim 49, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the anions comprise one or more primary

carboxylic acid.
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55.  The process of claim 49, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the anions comprise one or more primary

carboxylic acid, saturated or unsaturated.

56. The process of claim 49 wherein the 1onic liquid Is a surface active 1onic

liquid.

o/. The process of claim 49 wherein the 1onic liquid Is octylammonium oleate
([CsNH3][Oleate]).

58. A process comprising the use of an ionic liquid to elicit a miscible

displacement of oil from a porous mineral reservorr.

59. The process of claim 58, wherein the ionic liquid has a melting point below
200 °C.

60. The process of claim 58, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more amines

with at least one alkyl chain.

61. The process of claim 58, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more primary

ammonium cation.
62. The process of claim 58, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the cations comprise one or more

secondary, tertiary, quaternary amine, or cyclic amines.
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63. The process of claim 58, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the anions comprise one or more primary
carboxylic acid.

64. The process of claim 58, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the anions comprise one or more primary

carboxylic acid, saturated or unsaturated.

65. The process of claim 58, wherein the ionic liquid is a surface active ionic
liquid.

66. The process of claim 58, wherein the ionic liquid is octylammonium oleate
([CsNH3][Oleate])).

67. The process of claim 58, where the ionic liquid is pumped into the

reservolr, allowed to become loaded with oil, and then produced from the reservoir.

68. A process comprising use of an ionic liquid as a corrosion inhibitor for
steel infrastructure.

69. The process of claim 68, wherein the ionic liquid has a melting point below
200 °C.

70.  The process of claim 68, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more amines
with at least one alkyl chain.
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71.  The process of claim 68, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more primary

ammonium cation.

(2. The process of claim 68, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more

secondary, tertiary, quaternary amine, or cyclic amines.

/3. The process of claim 68, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the anions comprise one or more primary
carboxylic acid.

/4. The process of claim 68, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the anions comprise one or more primary
carboxylic acid, saturated or unsaturated.

75.  The process of claim 68 wherein the ionic liquid is a surface active ionic
liquid.

/6.  The process of claim 68, wherein the ionic liquid is octylammonium oleate
([CsNH3][Oleate]).

/7. A process comprising use of an ionic liquid to transport CO2.

/8.  The process of claim 77, which is carried out at 0-200 °C and 0-4 atm.

79.  The process of claim 77, wherein the CO2 reacts with one of the ions of
the ionic liquid, or the COz2 dissolves in the ionic liquid.
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80. The process of claim 77, wherein the ionic liquid has a melting point below
200 °C.

81. The process of claim 77, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more amines

with at least one alkyl chain.

82. The process of claim 77, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more primary

ammonium cation.

83. The process of claim 77, wherein the ionic liquid comprises one or more
cations and one or more anions and wherein the cations comprise one or more

secondary, tertiary, quaternary amine, or cyclic amines.

84. The process of claim 77, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the anions comprise one or more primary

carboxylic acid.

85.  The process of claim 77, wherein the ionic liquid comprises one or more

cations and one or more anions and wherein the anions comprise one or more primary
carboxylic acid, saturated or unsaturated.

86. The process of claim 77, wherein the ionic liquid is a surface active ionic
liquid.

87.  The process of claim 77, wherein the ionic liquid is octylammonium oleate
([CsNH3][Oleate]).
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88. A process for treating mature fine tailings (MFT) comprising mixing an
lonic hiquid (IL) with a MFT mixture comprising clay particles and bitumen contaminants
suspended in saline MFT water to form an IL/MFT phase; and separating the IL/MFT
phase into two phases, a first phase comprising the clay particles, bitumen

contaminants and the IL, and a second aqueous phase comprising more than about
30% of the MFT water.

89.  The process of claim 88, further comprising adding an aqueous saline
MET diluent to the MFT mixture prior to mixing with the ionic liquid.

90. The process of claim 88, wherein the saline MFT diluent is added to

provide an MFT mixture diluted to 30 wt% solids, and the ionic liquid is added for mixing
to provide 9 vol% IL.

91. The process of claim 89 or 90, wherein with the aqueous saline MFT

diluents is approximately 1.7 mol/L NaCl.

92. The process of any one of claims 88 to 91, wherein water forms at least
00% by weight of the MFT mixture.

93. The process of any one of claims 88 to 92, wherein the clay particles
comprise particles smaller than 44 uym.

94.  The process of any one of claims 88 to 93, wherein separating the IL/MFT
gel into two phases comprises centrifugation.

95.  The process of any one of claims 88 to 94 further comprising adding
magnetic particles to the IL, wherein separated the IL/MFT gel into two phases
comprises magnetically separating the first and second phases.
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96. The process of claim 95, wherein the magnetic particles are
superparamagnetic iron oxide (Fe30a4) nanoparticles with a particle size of 20-30nm.

97. The process of any one of claims 88 to 96, further comprising removing
lonic liquids from the first phase by solvent extraction to form a solvent loaded with ionic
liquid.

98. The process of claim 97, further comprising recovering tonic liguids from
the solvent loaded with ionic liquid by evaporation, a thin film treatment or

pervaporation.

99. The process of any one of claims 88 to 98, wherein the process is carried

out at 0-100°C and at atmospheric pressure.

100. The process of any one of claims 88 to 99, wherein the ionic liquid

comprises an unsaturated fatty acid anion.

101.  The process of claim 100, wherein the unsaturated fatty acid anion is an

oleate or linoleate anion.

102. The process of any one of claims 88 to 101, wherein the ionic liquid
comprises an ammonium cation.

103. The process of claim 102, wherein the ammonium cation is an

alkylammonium cation.

104. The process of claim 102 or 103, wherein the ammonium cation is a

primary ammonium cation.
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105. The process of any one of claims 88 to 99, wherein the IL is a surface
active ionic liquid.

106. The process of any one of claims 88 to 99, wherein the IL is
[CsNH3][Oleate].

107. The process of any one of claims 88 to 106, further comprising treating the
MFT with COz2 so as to lower pH, wherein the CO2 is transported for MF T treatment at

least in part as a dissolved gas in the ionic liquid.

108. Use of an ionic liquid as a bitumen diluent, to provide a stable IL-dilbit

having a density below that of water.

109. Use of an ionic liquid to extract bitumen from an oilsand, wherein the

bitumen is extracted into a phase comprising the ionic liquid.

110. The use according to claim 108 or 109, wherein the ionic liquid comprises
an unsaturated fatty acid anion.

111. The use according to claim 110, wherein the unsaturated fatty acid anion
IS an oleate or linoleate anion.

112. The use according to any one of claims 108 to 111, wherein the ionic
liquid comprises an ammonium cation.

113. The use according to claim 112, wherein the ammonium cation is an alkyl
ammonium cation.
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114. The use according to claim 112 or 113, wherein the ammonium cation is a

primary ammonium cation.

115. The use according to claim 108 or 109, wherein the ionic liquid is a

surface active ionic liquid.

116. The use according to claim 108 or 109, wherein the ionic liquid is
[Pess14][Cl] or [CeNH3][Oleatel].

117. Use of [CsNH3][Oleate] to break an oil-water emulsion.

118. Use of [CsNH3][Oleate] to transport CO:2.
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