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ABSTRACT

Methods are provided for treating intimately dispersed mixtures of water,
bitumen, and fine clay particles, such as oil sands mature fine tailings (MFT). Select
methods use dissolved silicate ions and a base (alkali), optionally in combination with a
biopolymer, to flocculate a slurry. A mixing regime is disclosed involving the addition to
MFT of silicate ions in solution and alkali, to initiate aggregation/destabilization of clay
particles. Methods are exemplified that provide distinct sediment layers in conjunction
with the release of residual bitumen (for example 40-50% of the initial bitumen content).
In these exemplified embodiments, a densely packed bottom layer containing ~75 wt.%
solids showed high yield stress values (3.5-5.5 kPa) and entrapped little residual
bitumen (0.2-0.3 wt.%). The methods accordingly segregate a material suitable for

reclamation.
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ENHANCED FLOCCULATION OF INTRACTABLE SLURRIES USING SILICATE
IONS

FIELD
[0001] The invention is in the field of material separations, in particular separating
solid material from water in the separation of the components of tailings waste streams
from oil sands mining operations. Processes are provided for the
flocculation/destabilization of mature fine tailings (MFT) using silicate ions in solution,
with optional co-addition of biopolymers such as polysacharides, these processes may
include extraction of residual bitumen from the tailings, and extraction and utilization of
the top layer nanoclays as a value added product.

BACKGROUND

[0002] In general, oil sands are a mixture of the mineral matter, bitumen, and water
in different proportions. The average bitumen content in oil sands is 12% by total mass
with water content varying between 3 - 6%. Mineral matter, predominantly sand and silt,
quartz, and clays range between 84 to 86% by total mass [1].

[0003] Hot water extraction of bitumen from oil sands involves utilization of water and
caustic soda that results in the formation of waste streams in the form of mineral tailings
slurries or suspensions comprising water, silt, clays, unrecovered bitumen, and residual
solvent that require further treatment. These tailings are deposited into large settling
basins where the bigger particles (sand and quartz) settle by gravity over time resulting
in stable mineral suspensions called mature fine tailings (MFT) or fluid fine tailings
(FFT). Consolidation of MFT is estimated to take thousands of years [2][3].

[0004] MFT suspension can be considered as a colloidal system, containing variety
of clays (kaolinite being the most dominant fraction), hydrocarbons and residual
solvents, which exhibits slow settling rates, gel like behavior, thixotropy, and aging.
[4][5] Several processes such as flocculation/coagulation, freeze/thaw method,
centrifuging, etc., have been developed in the last decades to overcome the MF settling

-1 -
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problem ([6], CA2823459, US2010/0104744, US2013/0206702, US2013/0019780,
US2014/0007795).

[0005] Flocculation of MFT using polymers is widely explored field, reportedly
capable of relatively high efficiency in relatively rapid dewatering of tailings streams [7],
[8]. Commonly used polymers for flocculation processes include polyacrylamide (PAM),
polyethylene oxide (PEO), chitosan-based polymers [9].

[0006] Despite the reported advantages of selected flocculants as reclamation
agents, there remain issues associated with unpredictable performance due at least in
part to tailings compositional variability [10], including issues associated with operational
control for long term stability and the strength of the sediment produced by polymer
treated MFT.

SUMMARY
[0007] In one aspect, processes are disclosed that can provide a strengthened MFT
sediment. Processes may for example involve treating a slurry (such as an MFT
mixture) comprising an intimately dispersed mixture of water, bitumen, and fine clay
particles, for example having a slurry solids content of 20-50%, a pH of 7 to 8.5 (in
exemplary embodiments from 7.4 to 8.1), an aluminate concentration of less than 85
mg/L (in exemplary embodiments less than 82.837 mg/L) and a sulfate concentration of
less than 110 mg/L (in exemplary embodiments less than 108.9 mg/L). The slurry may
for example have a solids content of greater than 30 wt% or from 30-50 wt%, or from
30-47 wt %. The process may involve:
adding (for example with mixing) a source of silicate H3SiO4" ions to the
slurry to provide a silicate-treated slurry having a silicate ion dosage of about
350-20,000 ppm (defined for example as grams of agent per metric ton of dry
tailings);
optionally adding (for example with mixing) a biopolymer co-agent in the
form of polysaccharides (such as xanthan gum and guar gum) in the dosage of

-2.
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500- 2000 ppm (defined for example as grams of agent per metric ton of dry
tailings);
adding (for example with mixing) an alkali (such as KOH, NaOH, Ca(OH)z,
NH4OH or Na2CO3) to the silicate-treated slurry to raise the pH to provide a basic
silicate-treated slurry having a pH of from about 9 to about 12, being for example
about 10; and,
allowing the basic silicate-treated slurry to separate into a plurality of
layers having distinct densities, wherein a bottom layer comprises packed clay
particles.
[0008] The process may for example be carried out so that adding the base to the
silicate-treated slurry to raise the pH initiates polycondensation of silicate ions on clay
particles so as to form aggregates. In some embodiments, the silicate ions may
combine with calcium and hydroxyl ions in the silicate-treated slurry, to form a calcium-
silicate-hydrate gel (C-S-H gel), and the C-S-H gel may in turn impart strength to a
flocculated sludge.
[0009] The process may for example be carried out so that the layers form under a
flocculation force of less than 2go or less than 1.5go or at about 1go.
[0010] The bottom layer which is formed may be made up of a layer of packed clay
particles, and this layer may have a desired bottom layer minimum dynamic shear
strength (BLMDSS) value, for example of at least 1 kPa, or at least 2 kPa, or at least 3
kPa, or at least 3.5 kPa, or at least 4 kPa, or at least 4.5 kPa, or at least 5 kPa, or at
least 5.5 kPa, or between about 3.5 kPa and 5.5 kPa. BLMDSS value of an aged
bottom layer after 1 year may for example be at least 5 kPa, and/or after 5 years may
be at least 10 kPa. The packed clay particle layer may also or alternatively have a
bottom layer minimum compressive strength, for example of at least 5 kPa, or at least
10 kPa or at least 15 kPa, or between about 5 kPa and 15 kPa.
[0011] In some embodiments, prior to the addition of silicate, the slurry may be
substantially free of aluminate.
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[0012] One of the plurality of layers that forms as the process is carried out may be a
water phase, for example being water available for recycle, for example having a
desired calcium ion concentration, such as below about 30 ppm, or below about 25
ppm, or below about 20 ppm, or from about 15 to 30 ppm. In exemplary embodiments,
the top layer water was characterized by inductively coupled plasma- mass
spectroscopy (ICP-MS), and the water was found to contain 5.2-9.3 ppm Ca?*.

[0013] The process may be carried out so that the basic silicate-treated slurry is
capable of forming, within two days or less under a flocculation force of less than 2go, at
least three distinct layers having distinct densities. Alternatively, the flocculation force
may be about 1go.

[0014] The process may be carried out so that a middle layer forms, for example
having at least 35 wt% solids and an initial middie layer minimum dynamic shear
strength (MLMDSS) value of at least 50, 60, 70, 80, 90, or 100 Pa.

[0015] A top layer may form comprising nanoclay particles, for example as a
dispersion of no measurable strength. This may be made up of illite rich illite/smectite
mixed layer clays, kaolinite and illite, for example being poorly crystallized clay particles
constituting 5-10 wt.% nanoclays, in some embodiments comprising nanoclays having a
size range of from 80 to 200 nm. In a specific embodiment, the top layer can be
segregated into two layers both containing nanoclays in concentration of 0.5-1 wt% and
9-10 wt%, respectively.

[0016] The silicate ion may for example be prepared from colloidal silica having a
particle size range of about 4 nm to <1 mm, and the colloidal silica may be dissolved in
alkaline aqueous solution at pH > 10 or > 11.

[0017] The silicate ion may also be prepared from solid sodium silicate (powdered or
aggregated) having SiO2:Na20 in ranges between 1.6:1 to 3.75:1.

[0018] The silicate ion may also be prepared for example from amorphous
aluminosilicate materials.

[0019] A mat of bitumen may form on top of the layers, and this mat may comprise at
least 25%, 30%, 35%, 40%, 45% or 50% of the total initial bitumen content of the slurry.

-4 -
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[0020] In select embodiments, the middle layer contained 50-55 wt.% solids, and the
top layer contained ~5-8 wt% of solids (which were mainly clay particles in the nano-
size range). Several possible applications for the top layer are disclosed. In an
enhanced oil recovery (EOR) application, for example, the top layer was used after
dilution to 1wt% of solids and showed additional heavy oil recovery of 32.6% by 2 pore
volumes of nanoclay flooding after water flooding. In another exemplified application,
the top layer nanoclays may be used for formulizing complex fluids with improved
performance in construction, lubrication, and oil and gas industries.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a series of photographs illustrating a synergic effect of silicate
ions and alkali addition on flocculation of MFT, showing conditions: a) immediately after
flocculation, b) one day after flocculation, with formation of three distinct layers of
varying solids and bitumen content, c) in a top view, of bitumen mat on the surface of
MFT. As illustrated in frame (b), three distinct layers are formed after the treatment with
silicate ions and alkali, having varying solid content, compaction, strength level and
porosity.

[0022] Figure 2 is a photograph illustrating the added synergistic effect of
biopolymer addition in combination with silicate ion and alkali, where the segregation of
the top layer into two layers both containing nanoclays in respective concentrations of
0.5-1 wt% and 9-10 wt% is evident.

DETAILED DESCRIPTION

[0023] Processes are provided for using silicate ions in solution, optionally in
combination with bio-polymers, for the flocculation/treatment of slurries such as mature
fine tailings (MFT), as well as the extraction of residual bitumen contained within the
slurry or MFT structure. Methods are disclosed wherein the tailings clay solids are
sedimented in distinct layers of specific density and/or strength. In select embodiments,
processes provide for the liberation and accumulation of residual bitumen from the

-5-
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tailings water at the top of these layers. In typical circumstances, ultrafine/nanoclays
may be obtained from a top layer (for example with sizes in the range of 80~200 nm, as
extracted from MFT). These nanoparticles may for example be employed for formulizing
complex fluids with improved performance in construction, lubrication, and oil and gas
industries.

[0024] In an exemplified embodiment, methods are disclosed for removing solids
from an MFT slurry, comprising treating the MFT (for example having a solids content
ranging from 30-47 wt.%) using silicate ions in solution, optionally in combination with
bio-polymers, followed by the addition of alkali for pH adjustment purposes (such as
KOH, NaOH, Ca(OH)2, NHsOH or Na2CO:s). In this example, 80-100 gm of MFT was
mixed using an overhead stirrer at 500 RPM for 2 minutes after which 350-20,000 ppm
of silicate ions in solution (defined as grams of silicate ion per metric ton of dry tailings),
optionally in combination with 500-2000 ppm of biopolymer (defined as grams of
polymer per metric ton of dry tailings), was added to the MFT with continued mixing at
the same rate. A solution of alkali (for example NaOH) was added to the MFT while
mixing for additional 3 minutes in order to fix the final pH of the MFT suspension at
about 10.0. Fixing the pH of the tailings stream after the addition of silicate ion solution
to 10.0-10.5, in the exemplified case using 1M NaOH solution, initiates the
destabilization of the tailings stream.

[0025] As illustrated in Figure 1, three distinct layers (top, middle and bottom)
formed after about 1 day of aging under a force of about 1go (*9.8 m/s?), with varying
levels of compactness and strength (set out in Table 1). The bottom layer was
comprised of highly packed clay particles (~70-80 wi%) having in some cases strength
values (initial dynamic yield stress) on the order of 5.5 kPa. Initial dynamic yield stress
was quantified by performing an oscillatory stress sweep test. The tests were performed
on Anton Paar MCR 302 rheometer using 25mm sand blasted parallel plate geometry.
The test comprises applying a predetermined oscillatory stress at constant frequency of
1Hz with amplitude varying from low to high values in a logarithmic spread. Rheological
response to the applied stress is obtained in terms of storage (G’) and loss moduli (G”).

-6-
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Elastic and loss moduli show solid-like and liquid-like behavior of the material,
respectively. The yield point is estimated from the crossover stress where G’ is equal to
G” and where all initial network in the material is broken. Layers such as this having
relatively high strength are amendable to reclamation, for example without the need for
subsequent drying. The strength of the sediment in exemplified embodiments ranged
from 3.5-5.5 kPa, after about 2 days of gravity sedimentation, providing a relatively
dense structure comprising 75-80 wt.% solids.

[0026] For comparison purposes, Table 1 also shows the values of a PAM polymer
flocculated MFT, of significantly lower strength. The middle layer formed during the
treatment with silicate ions showed compaction of up to 55 wt% solids and had strength
values comparable to the PAM flocculated sediment (in the order of a few hundred Pa).
Finally, the top layer was a very dilute nanoclay dispersion of no measurable strength.
[0027] In the embodiment where silicate ion was used in combination with the
biopolymer to facilitate the MFT destabilization and sediment formation (Figure 2), the
bottom and middle layer were formed with the same compactness and strength as in
the case employing silicate ions alone. The synergistic effect of biopolymer addition was
observed through the top layer segregation into two layers of no measurable strength
and solids content of 0.5-1 and 9-10 wt% (layers Top 1 and Top 2 in Figure 2.)

[0028] A comparison was also performed to illustrate the stand alone effect of the
alkali (for example NaOH) addition to the MFT. No visible sedimentation and dynamic
yield strength was evident in the sample following only alkali addition, indicative of the
role of silicate ions as the primary flocculating agent for the exemplified treatment of
MFT.

[0029] In further aspects of the present process, methods are provided that enable
the extraction of the residual bitumen from MFT in accordance with treatment protocols
of the kind outlined above. In the exemplified embodiment, bitumen release was evident
after about 1 day of flocculation. This may be facilitated by mixing dynamics during
treatment, so as to result in relatively high mobility of free bitumen. The accumulation of
bitumen and subsequent coalescence resulted in the formation of a distinct bitumen mat

-7 -
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at the surface of the treated MFT. The total amount of the bitumen recovered from the
MFT sample in the form of the separate bitumen mat layer was 40-50 % of the initial
bitumen content. In addition to the bitumen separated as a distinct phase at the top of
the sample, some bitumen was still trapped in each of the layers formed, and the

5 amount of bitumen therein correlated inversely with the density of the sediment.
Bitumen content was measured after the full formation of the layers, where the top layer
contained the majority (1.1-1.2 wt. %) and the bottom layer containing the least residual
bitumen (0.15-0.2 wt. %), calculated per mass of the total layer tested (Table 1).

10 Table 1: Strength and compaction level of different layers forms after treating MFT with
silicate ions and alkali (NaOH).

) Bitumen Content
Sample Solids content (wt.%) Strength (kPa)
(wt.%)

Top Layer 05-10 1.1-1.2 -
Middle Layer 50-55 0.7-0.8 0.1-0.2
Bottom Layer 70-80 0.15-0.20 3.5-5.5
Control Sample No layer
(MFT+ NaOH formation/sedimentatio Unchanged Not applicable
(pH~10) n observed
PAM flocculated 45 ) ~03
MFT

[0030] In the exemplified embodiment, the source of silicate ion was from colloidal

silica prepared by a modified Stéber method (having particle sizes in the range of 4 nm

15  to <1 mm) or from commercially available solid sodium silicate. In the first embodiment,

-8-
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the colloidal silica can be dissolved in water at alkaline pH, in particular, the particles
were dissolved in a controlled atmosphere using 2M NaOH solution at pH-12. The
silicate ion generated in the dissolution process is H3SiO4" (based on a Pourbaix
diagram). In the second embodiment, the solid sodium silicate dissolution in water
naturally results in alkaline pH with HaSiO4" present in solution.

[0031] The present process illustrates effective segregation of layers without the
need for synthetic polymer flocculants, or other standard coagulants such as aluminate
or alum. Accordingly, aspects of the process involve the treatment of a slurry that is
substantially free of added polymers or coagulants other than silicate ions. This may be
of particular significance in respect to coagulants such as aluminate which may have
deleterious biological characteristics.

[0032] In a further aspect of the present processes, methods are provided for
segregating selected clay particles, having desired size, type, and crystallinity. In
particular, X-ray diffraction analysis of the clay particles from each layer formed in the
present examples showed that the bottom layer contains crystallized clay particles that
include kaolinite, chlorite and illite minerals. In contrast, the top layer is comprised of
relatively poorly crystallized clays, such as illite rich illite/smectite mixed layer clays,
kaolinite and illite. The top layer nanoclays exhibit amphiphilic behaviour and range in
size from 80 to 200 nm.

[0033] In an example of an EOR application for the top layer of nanoparticles
disclosed herein, a suspension of this material was diluted down from 5-10 wt.% to 1
wt.% using deionized water and used as follows to exemplify enhanced oil recovery. A
sand pack was first saturated with water followed by heavy crude oil of API gravity
=16.6°. This EOR example was performed at room temperature. The amount of
nanoclay suspension injected into the sand pack was fixed at 2 pore volumes. The oil-
charged sand pack was first flooded with water followed by the nanoclay suspension
and subsequently chased with water to recover heavy crude oil. The recovery of crude
oil from water flooding alone was 26.4 % whereas nanoclay suspension flooding

followed by water flooding resulted in 32.6% additional recovery of crude oil, providing

-9-
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~59% total oil recovery. it was found that the present nanoclays performed better than
alternative commercially available nanoparticles, such as SiOz, Al20s, TiO2, Fez04, NiO,
and CuO [13][14].

[0034] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. Numeric
ranges are inclusive of the numbers defining the range. The word "comprising" is used
herein as an open-ended term, substantially equivalent to the phrase "including, but not
limited to", and the word "comprises" has a corresponding meaning. As used herein, the
singular forms "a", "an" and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a thing"” includes more than one
such thing. Citation of references herein is not an admission that such references are
prior art to the present invention. The invention includes all embodiments and variations
substantially as herein before described and with reference to the examples and

drawings.
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CLAIMS:

1. A method for separating materials in a mixture comprising an intimately
dispersed mixture of water, bitumen, and fine clay particles, the method comprising:

adding a source of silicate to the mixture to form a silicate-treated mixture,
wherein the source of silicate acts as a flocculant;

adding an alkali to the silicate-treated mixture, wherein the alkali initiates
silicate polycondensation; and

allowing the silicate-treated mixture to separate into a plurality of layers having
distinct densities, wherein a lower layer comprises a higher density of particles than an
upper layer.

2. The method of claim 1, wherein the mixture comprises a mature fine tailing
(MFT) mixture.

3. The method of claim 2, wherein the MFT mixture separates into a plurality of
distinct layers having distinct densities within one day.

4, The method of claim 2 or 3, wherein the MFT mixture comprises a solids
content of 30 wt.% to 47 wt.%.

5. The method of claim 2 or 3, wherein the MFT mixture comprises a solids
content of 35 wt.% to 45 wt.%.

6. The method of claim 2 or 3, wherein the MFT mixture comprises a solids
content of 30 wt.% to 40 wt.%.

7. The method of any one of claims 1 to 6, wherein the mixture comprises a fine
fluid tailing (FFT) mixture.

8. The method of any one of claims 1 to 7, wherein the mixture comprises an
aqueous solution.

9. The method of any one of claims 1 to 8, wherein the mixture further comprises
a hydrocarbon.

10. The method of claim 9, wherein the hydrocarbon comprises bitumen.

13
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11. The method of any one of claims 1 to 10, wherein the mixture further

comprises a clay material.

12. The method of any one of claims 1 to 11, wherein the alkali comprises
Ca(OH),.

13. The method of any one of claims 1 to 12, wherein the alkali comprises KOH.

14. The method of any one of claims 1 to 13, wherein the alkali comprises NaOH.

15. The method of any one of claims 1 to 14, wherein the alkali comprises NH,OH.

16. The method of any one of claims 1 to 15, wherein the alkali comprises Na>COa.

17. The method of any one of claims 1 to 16, further comprising adding a
biopolymer to the mixture.

18. The method of claim 17, wherein the biopolymer is at a concentration of 500
ppm to 2000 ppm.

19. The method of claim 17, wherein the biopolymer is at a concentration of 750
ppm to 1750 ppm.

20. The method of claim 17, wherein the biopolymer is at a concentration of 1000
ppm to 1500 ppm.

21. The method of any one of claims 17 to 20, wherein the biopolymer comprises a
polysaccharide.

22. The method of any one of claims 1 to 21, wherein the pH of the silicate-treated
mixture is at least 9.

23. The method of any one of claims 1 to 21, wherein the pH of the silicate-treated
mixture is 9 to 10.5.

24. The method of any one of claims 1 to 21, wherein the pH of the silicate-treated

14
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mixture is 9.5 to 10.

25. The method of any one of claims 1 to 21, wherein the pH of the silicate-treated
mixture is 10 to 10.5.

26. The method of any one of claims 1 to 25, wherein the plurality of layers
comprises a layer of water.

27. The method of claim 26, wherein the layer of water comprises a calcium
concentration of about 15 ppm to about 30 ppm.

28. The method of claim 26, wherein the layer of water comprises a calcium
concentration of about 20 ppm to about 25 ppm.

29. The method of any one of claims 1 to 28, wherein the plurality of layers
comprises a bottom layer.

30. The method of claim 29, wherein the bottom layer comprises a dynamic shear
strength of 1 kPa to 5.5 kPa.

31. The method of claim 29, wherein the bottom layer comprises a dynamic shear
strength of 2 kPa to 5.0 kPa.

32. The method of claim 29, wherein the bottom layer comprises a dynamic shear
strength of 3 kPa to 4.5 kPa.

33. The method of claim 29, wherein the bottom layer comprises a dynamic shear
strength of 3.5 kPa to 4.0 kPa.

34. The method of any one of claims 29 to 33, wherein the bottom layer comprises
a solids content of 70 wt.% to 80 wt.%.

35. The method of any one of claims 29 to 33, wherein the bottom layer comprises
a solids content of 72 wt.% to 78 wt.%.

36. The method of any one of claims 29 to 33, wherein the bottom layer comprises
a solids content of 74 wt.% to 76 wt.%.

15
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37. The method of any one of claims 29 to 36, wherein the bottom layer comprises
a bitumen content of 0.15 wt.% to 0.20 wt.%.

38. The method of any one of claims 29 to 36, wherein the bottom layer comprises
a bitumen content of 0.16 wt.% to 0.19 wt.%.

39. The method of any one of claims 29 to 36, wherein the bottom layer comprises
a bitumen content of 0.17 wt.% t0 0.18 wt.%.

40. The method of any one of claims 1 to 39, wherein the plurality of layers
comprises a middle layer.

41. The method of claim 40, wherein the middle layer comprises a strength of 0.1
kPa to 0.2 kPa.

42. The method of claim 40, wherein the middle layer comprises a strength of 0.12
kPa to 0.18 kPa.

43. The method of claim 40, wherein the middle layer comprises a strength of 0.14
kPa to 0.16 kPa.

44, The method of any one of claims 40 to 43 wherein the middle layer comprises
a solids content of 35 wt.% to 55 wt.%.

45, The method of any one of claims 40 to 43, wherein the middle layer comprises
a solids content of 40 wt.% to 50 wt.%.

46. The method of any one of claims 40 to 43, wherein the middle layer comprises
a solids content of 50 wt.% to 55 wt.%.

47. The method of any one of claims 40 to 46, wherein the middle layer comprises
a bitumen content of 0.7 wt.% to 0.8 wt.%.

48. The method of any one of claims 40 to 46, wherein the middle layer comprises

a bitumen content of 0.72 wt.% to 0.78 wt.%.
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49, The method of any one of claims 40 to 46, wherein the middle layer comprises
a bitumen content of 0.74 wt.% to 0.76 wt.%.

50. The method of any one of claims 40 to 49, wherein the middle layer comprises
a dynamic shear strength of 50 Pa to 100 Pa.

51. The method of any one of claims 40 to 49, wherein the middle layer comprises
a dynamic shear strength of 60 Pa to 90 Pa.

52. The method of any one of claims 40 to 49, wherein the middle layer comprises
a dynamic shear strength of 70 Pa to 80 Pa.

53. The method of any one of claims 1 to 52, wherein the plurality of layers
comprises a top layer.

54. The method of claim 53, wherein the top layer comprises nanopatrticles.

55. The method of claim 54, wherein the nanoparticles are at a concentration of at
least 0.5 percent by weight.

56. The method of any one of claims 53 to 55, wherein the top layer comprises a
solids content of 5 wt.% to 10 wt.%.

57. The method of any one of claims 53 to 56, wherein the top layer comprises a
bitumen content of 1.1 wt.% to 1.2 wt.%.

58. The method of any one of claims 53 to 56, wherein the top layer comprises a
bitumen content of 1.12 wt.% to 1.18 wt.%.

59. The method of any one of claims 53 to 56, wherein the top layer comprises a
bitumen content of 1.14 wt.% to 1.16 wt.%.

60. The method of any one of claims 53 to 59, wherein the top layer comprises a
nanoclay.

61. The method of any one of claims 53 to 60, wherein the top layer comprises
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illite.

62. The method of any one of claims 53 to 61, wherein the top layer comprises
smectite.

63. The method of any one of claims 53 to 62, wherein the top layer comprises
kaolinite.

64. The method of any one of claims 1 to 63, wherein separation into the plurality
of distinct layers having distinct densities occurs within two days.

65. The method of any one of claims 1 to 64, wherein a bitumen mat is disposed
above the plurality of layers.

66. The method of claim 65, wherein the bitumen mat comprises at least 25% of
the total initial bitumen content of the mixture.

67. The method of claim 65, wherein the bitumen mat comprises 25% to 50% of
the total initial bitumen content of the mixture.

68. The method of claim 65, wherein the bitumen mat comprises 30% to 45% of
the total initial bitumen content of the mixture.

69. The method of claim 65, wherein the bitumen mat comprises 30% to 40% of
the total initial bitumen content of the mixture.

70. The method of any one of claims 1 to 69, wherein the source of silicate
comprises colloidal silica.

71. The method of claim 70, wherein the colloidal silica comprises a particle size of
4 nm to 999 nm.

72. The method of claim 70, wherein the colloidal silica comprises a particle size of
40 nm to 900 nm.

73. The method of claim 70, wherein the colloidal silica comprises a particle size of
400 nm to 800 nm.
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74. The method of any one of ¢laims 1 to 73, wherein the source of silicate
comprises sodium silicate.

75. The method of any one of claims 1 to 74, wherein the source of silicate
comprises a silicate ion.

76. The method of claim 75, wherein the silicate ion comprises H3SiO4.

77. The method of any one of claims 1 to 76, wherein the silicate-treated mixture
separates into a plurality of layers having distinct densities under a flocculation force of
1goto 2 go.

78. The method of any one of claims 1 to 76, wherein the silicate-treated mixture
separates into a plurality of layers having distinct densities under a flocculation force of
1.2 go t0 1.8 go.

79. The method of any one of claims 1 to 76, wherein the silicate-treated mixture
separates into a plurality of layers having distinct densities under a flocculation force of

1.4 go 10 1.6 go.

80. The method of any one of claims 1 to 79, further comprising extracting a
bitumen layer from the mixture.
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