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PROCESS FOR TAILINGS STREAM SEDIMENTATION AND SEGREGATION

BACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Provisional Patent Application Serial

No. 63/128,639, filed Dec. 21, 2020, the content of which is incorporated herein by reference in its

entirety.

Field of the Invention (Technical Field):

[0002] The present invention relates to the field of mineral processing or mineral
separation, in particular separation, sedimentation, and segregation of polydisperse-sized
solid minerals from water present in waste tailings streams (e.g. mining, mineral, oil, coal, or
industrial waste tailings streams, sometimes referred to herein as “mining” or “mined” or
“‘mine”). Embodiments of the present invention also relate to nanoclay compositions and

methods, specifically nanoclays extracted from oil sands.

Background:

[0003] Mining operations around the world are environmentally disruptive. A huge
amount of slurry waste from mined minerals is generated once valuable minerals are
extracted and processed from mined ore. The slurry waste is commonly deposited in tailings
ponds. Large numbers of tailings are produced every day around the world because of the
increase in global demand for raw materials. In Chile, for example, approximately 1.6 million
tons of tailings are produced every day from mining operations. In Canada, mining of
bitumen from oil sands has resulted in 340 billion gallons of contaminated wastewater in the
form of tailings. Therefore, the management of tailings is a significant issue within the
mining industry worldwide.

[0004] A major challenge with tailings ponds is the destabilization and consolidation
of the mineral particles present in the slurry to release the trapped water. For example, the
mature fine tailings (MFT) slurry from oil sands comprises fine clay minerals which are
responsible for the water holding capacity of the tailings. Typically, an MFT comprises a
stable colloidal suspension with a gel-like consistency made up of fine silt, clay, bitumen,
and a very small amount of sand. This gel-like consistency is responsible for the poor
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dewatering characteristics of the MFT. Water is released on top of the tailings and this
process of solid liquid separation is called sedimentation as the particles in the tailings settle.
Once sedimentation is completed, a consolidation process starts that leads to further
increases in the solids content of the sediment and improvement in the sediment strength.
An understanding of the sedimentation of tailings can provide a solid foundation for

management and reclamation of tailing ponds.

[0005] Sedimentation of solid particles in liquid materials is caused by gravitational
force which pulls down high-density particles. Sedimentation is generally classified into four
types: (1) discrete particle settling, (2) flocculent settling, (3) hindered settling, and (4)
compression settling. In discrete particle settling, the particles settle individually without
interaction with one another. Discrete particle settling usually occurs with low solid
concentrations and larger particles. In flocculent settling, particles form flocculants or “flocs”
by sticking together and settling at a faster speed. Flocculent settling is normally achieved
using a polymeric flocculant. Under hindered settling, there is significant interaction between
particles and individual particle settling cannot take place. The whole suspension settles as
a blanket and there is an upward flow of water movement through the spaces between
particles. Finally, compression settling takes place when particles are in contact with each
other at very high concentrations and water is squeezed out of the matrix resulting in an
adjustment in the solid fraction within the matrix. In most of the mine tailings slurries, the
particle concentration is high enough (small particle-particle distance) to cause significant
attraction between particles so that hindered settling takes place. Therefore, in such slurries
the sedimentation velocity is considerably lower than the terminal velocity of individual

particles under free settling condition. This results in a slower settling rate in tailings slurries.

[0006] Fine clay mineral particles are universally present in most mine tailings. The
surface interaction between clay particles affects the dewatering characteristics of mine
tailings. The anisotropic clay minerals have a complex surface chemistry where the basal
faces carry a pH-independent negative charge and the edges carry a pH-dependent charge.
Clay particles can interact to form edge-edge (EE), edge-face (EF) and face-face (FF)
aggregate structures based on the charge heterogeneities between clay faces and edges.
For example, the clay minerals in tailings slurry have been typically described to possess an
EF association of particles, resulting in a card house configuration that develops a 3D
network of particles during the settling process.

[0007] This 3D network or mesh of clay particles prevents free particle settling or

segregation. Settling occurs as a single unit or blanket while allowing upward flow of water
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and results in hindered settling. Sedimentation can thus be prevented by a 3D network of

particles with sufficient yield strength.

[0008] Suspensions with a yield stress behave as a solid until a minimum threshold
stress is applied to make them flow. The yield stress of the fluid may offset the
sedimentation and segregation unless exceeded by its shear stress. An example of this
excessive shear stress is shear stress within a mineral pipeline. A suspension with yield
stress can be classified as a glass suspension, wherein high-solid loadings cause particles
to crowd each other and impart elasticity to the fluids. A suspension with a yield stress can
also be classified as a gel suspension, wherein strong interparticle interactions between
particles form a space-filling network with sufficient elasticity. Clays fall under the colloidal
glass suspensions and can impart significant yield stress to the fluids to prevent
sedimentation. Therefore, it is possible to trap larger particles in a space-filling network of
interacting particles with sufficient yield stress. For example, the yield stress in cement
slurry is desirable to avoid sedimentation and segregation of coarse elements present in the
concrete.

[0009] Another example is the extremely slow rate of settling in mature fine tailings in
the bitumen mining process due to the presence of highly charged, ultrafine clay minerals
(<300 nm) that form a gel-like structure. These ultrafine clay particles are responsible for
forming a stable dispersion of gel-like solids with a high water-holding capacity. Coarse
solids and bitumen are embedded within the dispersion. Although these ultrafine clay
particles account for a small fraction of the MFT solids, they alone are responsible for the
slow dewatering and colloidal stability of MFT solids. The resulting clay water suspension
can take decades to settle out and poses a huge environmental liability.

[0010] Industrial utilization of nano sized materials has grown in the past decade.
Nanomaterials possess unique properties because of their high surface area and nanoscale
size and may be incorporated into products to provide enhanced performance using less raw
material. The energy and construction sectors in particular have capitalized on the use of
nanomaterials in several applications including drilling fluids, nanofluids for enhanced oil
recovery, and as a reinforcing material in cement and asphalt binders. The waste tailings
material produced by the mining industry is a significant source of nanomaterials. Recycling
waste tailings material by extracting nanomaterials can contribute to the sustainability of the
mining sector and reduce penalties imposed on waste producers. For instance, the
extraction of bitumen from mineable oil sands deposits in northern Alberta, Canada,

produces a wet waste stream of tailings. The tailings slurry is comprised primarily of sand,
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fines (silt and clay), and ultrafine clay particles (<300 nm). Reprocessing these tailings to
extract nanoclay (“NC”) can be a cost-effective method approach in comparison to
processing of virgin materials. Furthermore, the extraction of nanoclays will help mining
companies to transform existing tailings into thriving habitats while having an opportunity to
use the mine waste as a valuable material.

[0011] The mature fine tailings (“MFTs”) generated during oil sands mining is a
complex mixture of clay minerals, silt, and sand along with several other valuable minerals
such as titanium. The ultrafine fraction of the MFT, i.e., clay particles with size ranges of
between 0.02 ym to 0.3 pm, exhibit high surface area, clay activity, and are responsible for
the high water-holding capacity of the MFT. The high water-holding capacity is because the
ultrafine fraction forms a gel network that entraps the solids present in the MFT. Moreover, a
sizeable fraction of the ultrafine fraction exhibits bi-wettable behaviour due to the presence
of strongly bounded organic material. The ultrafine fraction particles in MFTs may be a
source of nanoclays that can then be used as additives for cement, asphalt binders,
preparing polymer nanocomposites, as emulsion and foam stabilizers, and/or nanofluid for
enhanced oil recovery.

[0012] Clays are widely used in the modification of polymer matrices to improve the
mechanical, thermal and barrier properties. The organic treatment of clays renders
hydrophilic clays hydrophobic, thus improving their interaction with a wide spectrum of
polymer matrices, which are hydrophobic in nature. The most common organic treatment of
clays is done using an alkyl ammonium compound with variety of chain lengths and a
primary, secondary, tertiary, or quaternary amine. The organic treatment allows dispersion
of NCs into polymer matrices via a melt intercalation process to form polymer
nanocomposites with enhanced properties. Their bi-wettable nature has been exploited for
compatibilization of polymer blends by selective localization of NCs at their interface.
Significant improvement in mechanical properties can be achieved by localizing low loadings
of NCs at the interface of polymer blends with droplet and co-continuous morphology. Melt
processing is an industrially preferred method of introducing nanoclays into polymer matrices
because it is a solventless process, cost effective, and simple to implement at large scale.

[0013] One such example of a NC-modified polymer composites is a polyamide-6
clay nanocomposite used to replace a metal component near vehicle engine blocks to
reduce weight. The clay in this automotive application improved the heat distortion
temperature of the material. In addition, polymer functionalization with polar groups is often
employed to enhance interaction between polymers and nanoclays. The examples of
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improvement of morphological, rheological, mechanical, thermal, and gas barrier
characteristics of the nanocomposites have been reported for various polymer matrices.
The other examples include polymer-clay nanocomposites for flame retardant and gas
barrier applications.

[0014] NCs have also been explored as a low-cost alternative to polymers for
preparing modified asphalt binders and can either be introduced into the hot asphalt mix or
used in asphalt emulsions to make a nanomodified asphalt binder. NC modification has
been reported to enhance mechanical properties such as creep and fatigue resistance.
Montmorillonite modified asphalts have been shown to have higher viscoelastic properties
and rutting resistance. Clay-stabilized asphalt emulsions are already a known technology for
non-paving applications. Asphalt emulsified with clay provides an alternative route to
preparing clay-modified asphalt composites for low energy road building and maintenance

applications.

[0015] NC particles have also been used for enhancing the mechanical performance,
resistance to chloride penetration, and reduction and permeability of concrete. For example,
the organo-modified montmorillonites (“OMMT”) have been employed in cement mortars.
Addition of nano-montmorillonite in cement paste has increased cement paste compressive
strength by 12.24% and reduced the permeability coefficient by 49.95%. The addition of the
nano-clay particles also simulates the pozzolanic reaction where silicates and water react
with calcium hydroxide to form a Calcium-Silicate-Hydrate bond (“C-S-H”). Oil well cement
slurry with nano-bentonite has also exhibited higher compressive and tensile strength.

[0016] NCs have been used as emulsifier. One use has been to improve the
recovery of heavy oil with polyacrylamide. Additionally, CO, foams prepared with nanoclay
exhibit excellent stability and foamability. For example, sodium-montmorillonite stabilized
Pickering emulsions possessing high viscosities and elasticities at high salinities have
potential uses a conformance control agent in reservoirs. Montmorillonite-stabilized
emulsions exist at a wide range of pH (3.3-11) and salinity (0%-20% NaCl). NC has also
been used as a superior fluid loss control additive for drilling muds.

[0017] The increased demand for NCs has led to decreased supply. While product
property improvements with introduction of NCs have been demonstrated, their cost is the
limiting factor to capitalizing on their potential in various applications. What is needed is a
method to extract large quantities of NCs for use in applications incorporating NCs.
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BRIEF SUMMARY OF THE INVENTION

[0018] The present invention relates to a method for destabilizing tailings, the

method comprising: contacting the tailings with a deflocculant, wherein the tailings comprise
a clay; adjusting a pH level of the tailings; adsorbing the deflocculant onto the clay; and
segregating the tailings into a plurality of layers. In another embodiment, at least one of the
plurality of layers comprises layers having a greater density disposed below layers having a
lesser density. In another embodiment, at least one of the plurality of layers comprises a
bitumen layer. In another embodiment, the plurality of layers comprises ultrafines. In
another embodiment, the deflocculant comprises an inorganic deflocculant. In another
embodiment, the deflocculant comprises an inorganic deflocculant. In another embodiment,
adsorbing the deflocculant onto the clay creates an electrostatic repulsive force. In another
embodiment, adsorbing the deflocculant onto the clay creates an electro-steric repulsive
force. In another embodiment, the method further comprises contacting the tailings with an
alkali. In another embodiment, the pH is adjusted to a range of about pH 7 to about pH 10.
In another embodiment, the method further comprises dewatering the tailings. In another
embodiment, the method further comprises extracting a nanoclay from the tailings. In
another embodiment, extracting a nanoclay from the tailings comprises contacting the
tailings with a reagent. In another embodiment, the concentration of the deflocculant is in

the range of about 1000 ppm to about 9000 ppm.

[0019] The present invention also relates to a method for dewatering ultrafines
comprising: contacting the ultrafines with a cation, wherein the cation has a pH value less
than about 7; and contacting the ultrafines with a filter to dewater the ultrafines. In another
embodiment, the cation is derived from a benzyl trimethyl ammonium cation. In another
embodiment, contacting the ultrafines with a cation coagulates the ultrafines.

[0020] The present invention also relates to a nanoclay cement composition
comprising: a nanoclay extracted from a tailing and cement. In another embodiment, the
cement comprises Portland cement. In another embodiment, the cement comprises

magnesium oxide cement.

[0021] The present invention relates to the sedimentation and segregation of the
tailings mixture by reducing the yield stress of the mineral slurry using an inorganic or

organic deflocculant/dispersant.

[0022] The present invention also relates to the methods and compositions using oil
sands extracted NCs for a variety of purposes including, but not limited to, construction
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materials, enhanced oil recovery, polymers, nanofluids, stabilizers for emulsions and foams,
and drilling fluids. The method comprises extracting nanoclays from hydrocarbon and non-
hydrocarbon sources. Hydrocarbons may comprise mature fine tailings, thin fine tailing,
extraction tailings, whole tailings, or a combination thereof. Non-hydrocarbons may
comprise phosphates and coal. In one embodiment the nanoclays are extracted using a
reagent. In another embodiment the nanoclays are extracted using mechanical separation.
In one embodiment the tailings comprise mature fine tailings and/or oil sands. In another
embodiment, the nanoclays are extracted from clay ultrafines. The nanoclays may comprise
surface modifications. NC compositions may comprise nanoclays extracted from tailings
and a material.

[0023] The NCs extracted from tailings may be used in industrial applications
including, but not limited to, as a cement, asphalt, and/or additive, or for enhanced oil and/or
hydrocarbon recovery, emulsions, foams, nanofluids, polymer nanocomposites or a
combination thereof.

[0024] In one embodiment, processes are disclosed for the treatment of a tailing’s
mixture from oil sands, e.g., mature fine tailings with a solid content greater than about 30%.
The MFT is a mixture of sand, fine silt, clay particles and bitumen with a pH ranging from
about 7 to about 8.5. Upon addition of a deflocculant/dispersant to the MFT mixture,
sedimentation and segregation of solids takes place. The bottom sediment consists of sand,
silt, and clay minerals with a solids content of about >60% one week after deflocculation.
The released water preferably comprises ultrafine clay minerals (“ultrafines”) (about 5-7% by
wt.) one week after the treatment. The sedimentation of ultrafines is slower and happens
gradually over time. The top layer of the tailing mixture comprises a fine layer of released

bitumen.

[0025] In one embodiment, NCs extracted from tailings may be contacted with
cement to form a nanoclay and cement composition. The nanoclay and cement composition
may have increased compressive and flexural strength compared to a cement composition
without nanoclays. The cement may comprise Portland or magnesium oxide-based cement.

Depending on the NCs loadings, they can serve as an additive or cement replacement.

[0026] In one embodiment, nanoclays extracted from tailings may be used to form a
nanoclay and cement composition (“NC cement”). The nanoclay and cement composition
may have increased compressive and flexural strength compared to a cement composition

without nanoclays. The cement may comprise Portland or magnesium oxide cement (*MGO
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cement” or “MCO”). The nanoclay may also partially replace Portland or magnesium oxide-

based cement.

[0027] In another embodiment, nanoclays extracted from tailings may be contacted
with an oil and water mixture to form a nanoclay-stabilized oil and water emulsion (“NC
emulsion”). Nanoclays extracted from hydrocarbon tailings are contacted with a hydrophobic
fluid to form an NC-stabilized foam (“NC foam”). The nanoclays extracted from hydrocarbon
tailings may comprise surface modifications. The NC emulsion and NC foam may be used
to recover hydrocarbons. The NC emulsion may be used to stabilize bitumen and/or asphalt
for paving and non-paving applications. The NC-asphalt emulsions may improve viscoelastic
properties and rutting resistance of asphalt binder. In another embodiment, nanoclays
extracted from hydrocarbon tailings may be suspended in a fluid to form a nanofluid. The
nanofluid may be used for enhanced oil and/or hydrocarbon recovery.

[0028] In another embodiment, nanoclays extracted from hydrocarbon tailings may
be used to form an oil and water mixture to form a nanoclay-stabilized oil and water
emulsion (“NC emulsion”). Nanoclays extracted from hydrocarbon tailings are used with a
hydrophobic fluid to form an NC-stabilized foam (“NC foam”). The nanoclays extracted from
hydrocarbon tailings may comprise surface modifications. The NC emulsion and NC foam
may be used to recover hydrocarbons. The NC emulsion may be used to stabilize bitumen
and/or asphalt for paving and non-paving applications. In another embodiment, nanoclays
extracted from hydrocarbon tailings may be suspended in a fluid to form a nanofluid. The
nanofluid may be used for enhanced oil and/or hydrocarbon recovery.

[0029] In another embodiment, nanoclays extracted from hydrocarbon tailings may
be contacted with a polymer to form polymer nanocomposites. The nanoclays polymer
nanocomposites may improve the mechanical, thermal, and barrier properties. The
nanoclays extracted from hydrocarbon tailings may comprise surface modifications. In
another embodiment, NCs extracted from hydrocarbon tailings can be used as polymer
blend compatibilizers to refine polymer blend morphology and improve mechanical, flame
retardant, air barrier properties. In another embodiment, nanoclays extracted from
hydrocarbon tailings may be contacted with drilling and/or kill mud to form a nanoclay and
drilling and/or kill mud composition (“NC drilling mud”). The NC drilling mud may comprise
saline water. Nanoparticles for these applications are either too expensive to be deployed at
large scale or would require extensive surface modification to change the surface properties.
Nanoclays extracted from hydrocarbon tailings are less expensive and/or require less
surface modification compared to nanoparticles.
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[0030] In another embodiment, nanoclays extracted from hydrocarbon tailings may
be used to form polymer nanocomposites. The nanoclays extracted from hydrocarbon

tailings may comprise surface modifications. In another embodiment, nanoclays extracted
from hydrocarbon tailings may be used with drilling and/or kill mud to form a nanoclay and
drilling and/or kill mud composition (“NC drilling mud”). The NC drilling mud may comprise

saline water.

[0031] Objects, advantages and novel features, and further scope of applicability of
the present invention will be set forth in part in the detailed description to follow, taken in
conjunction with the accompanying drawings, and in part will become apparent to those
skilled in the art upon examination of the following, or may be learned by practice of the
invention. The objects and advantages of the invention may be realized and attained by
means of the instrumentalities and combinations particularly pointed out in the appended
claims (if any).

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0032] The accompanying drawings in the attachment, which are incorporated into
and form a part of the specification, illustrate one or more embodiments of the present
invention and, together with the description, serve to explain the principles of the invention.
The drawings are only for the purpose of illustrating one or more embodiments of the

invention and are not to be construed as limiting the invention. In the drawings:

[0033] Fig. 1 is a process flow diagram showing alternate methods for the

segregation and separation of ultrafine clay materials;

[0034] Fig. 2 is a process flow diagram showing alternate methods for the rapid

dewatering of MFTs with coagulation;

[0035] Figs. 3A and 3B are a photo and a diagram showing a MFT treated with
sodium silicate and CaO, showing solid sedimentation with the bottom sediment comprising

sand, silt, and clay, and upper layers comprising released water with ultrafines;

[0036] Fig. 4 is a graph of net water release using vacuum filtration with and without

treatment with benzyl trimethyl ammonium cation;
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[0037] Fig. 5 is a graph of MFTs treated with different dosages of benzyl trimethyl
ammonium hydroxide;

[0038] Fig. 6 is a graph of net water release using vacuum filtration without treatment

with benzyl trimethyl ammonium cation;

[0039] Fig. 7 are graphs showing the effect of centrifugal force and time on

dewatering of benzyl trimethyl ammonium hydroxide treated MFT;

[0040] Fig. 8 shows the effect of sodium silicate on MFT sedimentation and
segregation using a centrifuge at 1400 g for 5 minutes;

[0041] Fig. 9 is a graph showing the dewatering efficiency of benzyltrimethyl
ammonium chloride on MFT with and without pretreatment with CO2;

[0042] Fig. 10 is a graph showing the compressive strength for Portland cement vs.
Portland cement with 2% by weight NC;

[0043] Fig. 11 is a graph showing the flexural strength for Portland cement vs.
Portland cement with 2% by weight NC;

[0044] Fig. 12 is a graph showing the compressive strength for magnesium oxide
cement (“MOC”) vs. MOC with 2% by weight NC;

[0045] Fig. 13 is a graph showing the flexural strength for MOC vs. MOC with 2% by
weight NC;

[0046] Fig. 14 is a diagram of a sand pack system used for an enhanced oil recovery
test;

[0047] Fig. 15 is a graph showing oil recovery, water cut percentage, and pressure

drop vs. pore injected and time;

[0048] Fig. 16 is a graphic of clay coating oil droplet surfaces, and a fluorescent
microscopy image showing oil droplets stabilized in a water phase;

10
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[0049] Fig.17 is a graph showing NC viscosity vs. shear rate;

[0050] Fig. 18 is a series of reflectance microscopy images showing dispersion of

NCs with or without organo-maodification;

[0051] Fig. 19 is a graph showing the viscosity vs. shear rate profile for a NC in 5%
KCI, bentonite in distilled (“DI”) water, and bentonite in 5% KCI;

[0052] Fig. 20 is a graph showing the viscosity vs. shear rate profile for a NC in 25%
NacCl, bentonite in DI water, and bentonite in 25% NacCl;

[0053] Fig. 21 is a photo showing the viscosity vs. shear rate profile for a NC in 30%
CaCl2, bentonite in DI water, and bentonite in 30% CaCl2;

[0054] Fig. 22 is a photo of an oil in water emulsion prepared with nanoclays where
oil droplets (shown in a lighter shade) are stabilized in a water phase (shown in a darker

shade); and

[0055] Fig. 23 is a diagram showing foams prepared with 0.3% surfactant alone in
NaCl brine compared to foams prepared with 0.3% surfactant and NCs in NaCl brine.

DETAILED DESCRIPTION OF THE INVENTION
[0056] The present invention relates to a method using deflocculants to reduce the

yield stress of the tailing mixtures, for example MFTs, to cause destabilization and
sedimentation of the solids present in the tailing mixture as well as remove residual bitumen
trapped within the tailing mixture. Methods are disclosed herein where tailings solids are
sedimented and segregated based on the size, with coarser fractions settling at the bottom
and ultrafine clay minerals remaining at the top of the segregated mixture. Residual bitumen
liberated from the tailing mixture accumulates on top of the released water. The bottom
sediment and ultrafines undergo consolidations as time progresses. Tailing mixtures are
segregated by contacting a tailing mixture with a dispersant or deflocculant. Ultrafines or
tailings are dewatered to increase solids concentration. Ultrafines or tailings are dewatered
through contact with a cation. The cation may be an inorganic or organic cation. The cation

may be derived from a hydroxide.

[0057] The present invention also relates to methods and compositions using oil
sands extracted NCs for a variety of purposes including, but not limited to, construction

11
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materials, enhanced oil recovery, polymers, nanofluids, stabilizers for emulsions and foams,
and drilling fluids. The method comprises extracting nanoclays from hydrocarbon and non-
hydrocarbon tailings and contacting the nanoclays with a material. Hydrocarbons may
comprise mature fine tailings, thin fine tailings, extraction tailings, whole tailings, or a
combination thereof. Non-hydrocarbons may comprise phosphates and coal. The
nanoclays extracted from tailings may be suspended in solution, dried, crushed,
agglomerated, powdered or combination thereof. The nanoclays extracted from tailings may
comprise a slurry, solution, homogenous mixture, heterogenous mixture, Newtonian fluid,
non-Newtonian fluid, or a combination thereof. The nanoclays may be extracted using a

reagent.

[0058] The terms “slurry” and “mixture” are defined to include, but not be limited to,
mineral tailings from mining operations. Non-limiting examples of minerals tailing include

mature fine tailings, thin fine tailings, and laterite tailings.

[0059] The terms “tailings” or “tailing” are defined to include, but not be limited to,
residual material from mineral processing operations. The terms encompass all categories
of tailings, including, but not limited to, mature fine tailings and thin fine tailings. Non-limiting
examples of mineral processing operations include operations for oil, gas, coal, metal, sand,

clay, and hard rock mining.

[0060] The terms “ultrafines” or “ultrafine” are defined to include, but not be limited

to, clays separated from tailings.

[0061] In one embodiment the bottom sediment comprises a solids content of
about 10%-15% by weight, about 15%-20% by weight, about 20%—-25% by weight,
about 25%-30% by weight, about 30%—-35% by weight, about 35%—-40% by weight,
about 40%-45% by weight, about 45%—-50% by weight, about 50%-55% by weight,
about 55%-60% by weight, about 60%—-65% by weight, about 65%—-70% by weight,
about 70%-75% by weight, about 75%—-80% by weight, about 80%—-85% by weight,
about 85%—-95% by weight, or about 95%—100% by weight.

[0062] In another embodiment the bottom sediment comprises a solids content of
about 10%-30% by weight, about 30%—-45% by weight, about 45%—-60% by weight,
about 60%—75% by weight, about 75%—-90% by weight, or greater than about 90% by
weight.
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[0063] In another embodiment the bottom sediment comprises a solids content of
about 10%-45% by weight, about 45%—-60% by weight, about 60%—85% by weight, or
greater than about 85% by weight.

[0064] In another embodiment the ultrafines comprise a solids content of about 1%—
5% by weight, about 5%—-10% by weight, 10%—15% by weight, about 15%-20% by weight,
about 20%-25% by weight, about 25%—-30% by weight, about 30%-35% by weight,

about 35%-40% by weight, about 40%—-45% by weight, about 45%-50% by weight,

about 50%-55% by weight, about 55%—-60% by weight, about 60%—65% by weight,

about 65%—-70% by weight, about 70%—-75% by weight, about 75%-80% by weight,

about 80%—-85% by weight, about 85%—-95% by weight, or about 95%—-100% by weight.

[0065] In another embodiment the ultrafines comprise a solids content of about 1%—
10% by weight, about 10%—-30% by weight, about 30%—45% by weight, about 45%-60% by
weight, about 60%—75% by weight, about 75%—90% by weight, or greater than about 90%
by weight.

[0066] In another embodiment the ultrafines comprise a solids content of
about 10%-45% by weight, about 45%—-60% by weight, about 60%—85% by weight, or
greater than about 85% by weight.

[0067] In another embodiment, the concentration of the deflocculant/dispersant is
about 1000 ppm to about 1500 ppm, about 1500 ppm to about 2000 ppm, about 2000 ppm
to about 2500 ppm, about 2500 ppm to about 3000 ppm, about 3000 ppm to about 3500
ppm, about 3500 ppm to about 4000 ppm, about 4000 ppm to about 4500 ppm, about 4500
ppm to about 5000 ppm, about 5000 ppm to about 5500 ppm, about 5500 ppm to about
6000 ppm, about 6000 ppm to about 6500 ppm, about 6500 ppm to about 7000 ppm, about
7000 ppm to about 7500 ppm, about 7500 ppm to about 8000 ppm, about 8000 ppm to
about 8500 ppm, about 8500 ppm to about 9000 ppm, about 9000 ppm to about 9500 ppm,
or about 9500 ppm to about 10000 ppm.

[0068] In another embodiment, the concentration of the deflocculant/dispersant is
about 1000 ppm to about 2000 ppm, about 2000 ppm to about 3000 ppm, about 3000 ppm
to about 4000 ppm, about 4000 ppm to about 5000 ppm, about 5000 ppm to about 6000
ppm, about 6000 ppm to about 7000 ppm, about 7000 ppm to about 8000 ppm, about 8000
ppm to about 9000 ppm, or about 9000 ppm to about 10000 ppm.
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[0069] In another embodiment, the concentration of the deflocculant/dispersant is
about 1000 ppm to about 3000 ppm, about 3000 ppm to about 5000 ppm, about 5000 ppm
to about 7000 ppm, about 7000 ppm to about 9000 ppm, or greater than about 9000 ppm.

[0070] In another embodiment, the ultrafines are dewatered by about 5%—10%,
about 10%-15%, about 15%—20%, about 20%—-25%, about 25%—-30%, about 30%—-35%,
about 35%-40%, about 40%—-45%, about 45%-50%, about 50%—55%, about 55%—-60%,
about 60%—-65%, about 65%—70%, about 70%-75%, about 75%—80%, about 80%—-85%,
about 85%—90%, about 90%—95%, or about 95%—100% relative to their initial water content.

[0071] In another embodiment, the ultrafines are dewatered by about 5%—15%,
about 15%-25%, about 25%—35%, about 35%—45%, about 45%—-55%), about 55%—65%,
about 65%—75%, about 75%—85%, about 85%—95%, or greater than about 95% relative to

their initial water content.

[0072] In another embodiment, the ultrafines are dewatered by about 5%—-30%,
about 30%—-55%, about 55%—-80%, or greater than about 85% relative to their initial water

content.

[0073] In another embodiment, the size of the ultrafines is less than 300 nm. In
another embodiment bottom sediment preferably comprises a solid content of about 70% or
greater and an ultrafines sediment solid content of about 40% or greater within three months

following deflocculant treatment and consolidation.

[0074] The deflocculating action of the reagents can either be via electrostatic
repulsive force or through electro-steric repulsive forces. The dispersants modify the
sedimentation behaviour by reducing the viscosity and the yield stress of the tailing slurry.
For example, the deflocculating action of sodium silicate arises from condensation of silicate
ions and precipitation on the surface of clays. Silicate ion precipitation on clay surfaces
increases the negative charge on the clay surface and the deflocculating action to reduce
the viscosity and yield stress of the mixture or slurry. Similarly, for sodium
hexametaphosphate, the deflocculating action arises from the absorption of phosphate ion
on clay surfaces. Sodium hexametaphosphate absorbs to clay surfaces by forming an inner
sphere complex involving AP ions of the clay surface and oxygen from the
hexametaphosphate. Organic deflocculants such as polyacrylates deflocculate the mixture

or slurry via adsorption of polymeric anions on the clay particles. Organic deflocculants
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reduce the interaction between particles responsible for formation of 3D structures with high

yield stress.

[0075] The deflocculant/dispersants can either be inorganic or organic deflocculants.
Non-limiting examples of inorganic deflocculants include sodium silicate, aqueous alkali
alumino silicate, sodium hexametaphosphate, sodium carbonate, polyphosphates, oxalates
or any combination thereof. Non-limiting examples of organic deflocculants include
polyacrylates, acrylic derivatives, polycarbonates, or any combination thereof. In some
embodiments, combinations of inorganic deflocculant and an alkali (NaOH, CaO, KOH) may
be added to improve the deflocculant/dispersant action. In some embodiments a

combination or inorganic and organic dispersants is also used.

[0076] The pH of the treated mixture or slurry ranges from about 7—10 depending on
the pH of the deflocculant being used. MFTs treated with sodium silicate are at about pH 9
or greater. MFTs treated with sodium hexametaphosphate are at a pH of about 7-8.
Organic deflocculants including, but not limited to, Darvan 811, Darvan 7, Dolapix PC 29,
Dolapix PC 67, may also be used.

[0077] Another embodiment of the invention includes dilution of the MFT using
process water to reduce the MFT solids content. MFT solids content is reduced by at least
about 5-15% by weight to mimic thin fine tails (TFT). Diluted MFTs are deflocculated using

organic and inorganic deflocculants to cause sedimentation and segregation of minerals.

[0078] Another embodiment of the invention includes a method for dewatering clay
ultrafines comprising adding a cation with a basic or neutral pH to the clay ultrafines, and
using a filter to remove water and retain the ultrafines. The cation is preferably benzyl
trimethyl ammonium cation, which is preferably derived from benzyl trimethyl ammonium
hydroxide.

[0079] The benzyl trimethyl ammonium cation uses the ionic exchange capacity of
clays, resulting in simultaneous particle size neutralization and coagulation and renders
clays hydrophobic to achieve greater dewatering. Fig. 14 shows water recovery from
ultrafine suspension with and without treatment with benzyl trimethyl ammonium cation.
Fig. 14 shows that treatment with benzyl trimethyl ammonium cation is highly effective in

dewatering ultrafine clay minerals.
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[0080] Another embodiment of the invention includes a method for dewatering MFTs
comprising adding an organic cation with a basic or neutral pH to MFTs. The cation is
preferably tetra butyl ammonium hydroxide and tetra butyl phosphonium hydroxide.
Optionally, the cation may be benzyl trimethyl ammonium hydroxide.

[0081] The reagent may comprise flocculant or coagulant that agglomerates the
nanoclays and allows water and nanoclay separation. The reagent can be an anionic,
cationic polymer, non-ionic or amphoteric such as polyacrylamide, polyethyleneimine,
polydiallyldimethylammonium chloride, natural biopolymers such as chitosan, starch, guar
gum, carboxymethyl cellulose etc., and inorganic salts of multivalent metals such as
aluminium, iron. Salts of quaternary alkyl salts such as ammonium, phosphonium (example,
benzyltrimethylammonium chloride, tetrabutylammonium chloride, tetrabutyl phosphonium
chloride) that coagulates the clay and makes them hydrophobic can also be employed. lonic
liquids comprising such cation can also be used for coagulating and extracting nanoclays,
Examples include trihexyltetradecylphosphonium chloride, n-octylammonium oleate, n-
butylammonium acetate, etc. Reducing the pH of the nanoclays slurry for coagulations
using acids or CO2 can also be employed for extraction.

[0082] The nanoclays may be extracted using mechanical separation. Mechanical
separation may comprise centrifugation, decanting, filtration, pressure vacuuming,
electrocoagulation, collecting a supernatant, or a combination thereof. The mechanical
methods can be applied standalone or in combination with the reagents discussed above.
The tailings comprise mature fine tailings, oil sands, fine tailings, crude oil deposits, or a

combination thereof. The nanoclays may also be extracted from clay ultrafines.

[0083] NC compositions may comprise nanoclays extracted from tailings and a
material. The material may comprise a construction material, a polymer, a fluid, or a
combination thereof. The construction material may comprise concrete and/or asphalt. The
polymer may comprise a polymer matrix and/or a nanocomposite. The fluid may comprise a
hydrocarbon, an organic solvent, a surfactant, drilling fluid and/or kill mud, a hydrophobic
fluid or solution, a saline fluid, an electrolytic solution, a bring, or a combination thereof.

[0084] The NCs extracted from tailings may be used in industrial applications
including, but not limited to, cement, asphalt, steel, and/or additive, or for enhanced oil
and/or hydrocarbon recovery, emulsions, foams, nanofluids, polymer nanocomposites or a
combination thereof.
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[0085] NCs extracted from tailings may be contacted with cement to form a nanoclay
and cement composition (“NC cement composition”). The NC cement composition may have
increased compressive and flexural strength compared to a cement composition without
nanoclays. The NC cement composition may comprise Portland or MGO cement. The NC
may also be used to partially replace cement.

[0086] NCs may comprise a concentration of at least about 0.1%, about 0.1% to
about 0.5%, about 0.5% to about 1.0%, about 1.0% to about 1.5%, about 1.5% to about
2.0%, about 2.0% to about 2.5%, about 2.5% to about 3.0%, about 3.0% to about 3.5%,
about 3.5% to about 4.0%, about 4.0% to about 4.5%, about 4.5% to about 5.0%, or about
5.0% by weight.

[0087] The NC cement composition may be resistant to high humidity conditions,
including but not limited to, at least 75% RH, about 75% relative humidity (“RH”) to about
80% RH, about 80% RH to about 85% RH, about 85% RH to about 90% RH, about 90% RH
to about 95% RH, about 95% RH to about 100% RH, or about 100% RH.

[0088] The NC cement composition may be resistant to high humidity conditions,
including but not limited to, at least 75% RH, about 75% RH to about 80% RH, about 80%
RH to about 85% RH, about 85% RH to about 90% RH, about 90% RH to about 95% RH,
about 95% RH to about 100% RH, or about 100% RH.

[0089] The NC cement composition may be cured. The curing may occur at a
temperature of at least about 10°C, about 10°C to about 11°C, about 11°C to about 12°C,
about 12°C to about 13°C, about 13°C to about 14°C, about 14°C to about 15°C, about 15°C
to about 16°C, about 16°C to about 17°C, about 17°C to about 18°C, about 18°C to about
19°C, about 19°C to about 20°C, or about 20°C. The curing may also occur at an RH of at
least about 10% RH, about 10% RH to about 15% RH, about 15% RH to about 20% RH,
about 20% RH to about 25% RH, about 25% RH to about 30% RH, or about 30% RH.

[0090] The NC cement composition may have compressive strength compared to
Portland cement without NCs. The NC cement composition may have greater flexural
strength compared to Portland cement without NCs. The NC cement composition may
exceed the compressive strength of Portland cement without NCs by at least about 4%,
about 4% to about 6%, about 6% to about 8%, about 8% to about 10%, about 10% to about
12%, about 12% to about 14%, about 14% to about 16%, about 16% to about 18%, about

18% to about 20%, or about 20%. The NC cement composition may exceed the

17



10

15

20

25

30

35

WO 2022/133600 PCT/CA2021/051865

compressive strength of Portland cement without NCs by at least about 4%, about 4% to
about 6%, about 6% to about 8%, about 8% to about 10%, about 10% to about 12%, about
12% to about 14%, about 14% to about 16%, about 16% to about 18%, about 18% to about
20%, or about 20%. The NC cement composition may exceed the flexural strength of
Portland cement without NCs by at least about 5%, about 5% to about 10%, about 10% to
about 15%, about 15% to about 20%, about 20% to about 25%, about 25% to about 30%,
about 30% to about 35%), about 35% to about 40%, or about 40%. The NC cement
composition may have an 38% greater compressive strength compared to MGO cement
without NCs. The NC cement composition may have at least a 225% greater flexural
strength compared to MGO cement without NCs. The NC cement composition may exceed
the compressive strength of MGO cement without NCs by at least about 10%, about 10% to
about 15%, about 15% to about 20%, about 20% to about 25%, about 25% to about 30%,
about 30% to about 35%, about 35% to about 40%, about 40% to about 45%, about 45% to
about 50%, about 50% to about 55%, about 55% to about 60%, or about 60%. The NC
cement composition may exceed the flexural strength of MGO cement without NCs by at
least about 100%, about 100% to about 125%, about 125% to about 150%, about 150% to
about 175%, about 175% to about 200%, about 200% to about 225%, about 225% to about
250%, about 250% to about 275%, about 275% to about 300%, or about 300%.

[0091] Nanoclays extracted from hydrocarbon or other tailings may be contacted
with an oil and water mixture to form a nanoclay-stabilized oil and water emulsion (“NC
emulsion”). The NC emulsion may comprise NC at a concentration of at least about 0.1%,
about 0.1% to about 0.2%, about 0.2% to about 0.4%, about 0.4% to about 0.6%, about
0.6% to about 0.8%, about 0.8% to about 1.0%, about 1.0% to about 1.2%, about 1.2% to
about 1.4%, about 1.4% to about 1.6%, about 1.6% to about 1.8%, about 1.8% to about
2.0%, about 2.0% to about 2.2%, about 2.2% to about 2.4%, about 2.4% to about 2.6%,
about 2.6% to about 2.8%, about 2.8% to about 3.0%, about 3.0% to about 3.2%, about
3.2% to about 3.4%, about 3.4% to about 3.6%, about 3.6% to about 3.8%, about 3.8% to
about 4.0%, about 4.0% to about 4.2%, about 4.2% to about 4.4%, about 4.4% to

about 4.6%, about 4.6% to about 4.8%, about 4.8% to about 5.0%, or about 5.0% by weight.
The oil may comprise paraffin oil, dodecane, fats, organic oils, hydrophobic organic solvents,
plant oils including but not limited to olive oil, palm oil, rapeseed oil, and hemp oil, liquid
volatile hydrocarbons including but limited to methane, ethane, propane and butane, and oils
derived from minerals including but not limited to bitumen and crude oil or a combination

thereof.

18



10

15

20

25

30

35

WO 2022/133600 PCT/CA2021/051865

[0092] The NC emulsion may comprise an oil to water ratio of at least about 2:10,
about 2:10 to about 2:9, about 2:9 to about 2:8, about 2:8 to about 2:7, about 2:7 to about
2:6, about 2:6 to about 2:5, about 2:5 to about 2:4, about 2:4 to about 2:3, about 2:3 to about
2:2, about 2:2 to about 2:1, or about 2:1. The NC emulsion may be used to recover
hydrocarbons. The NC emulsion may comprise a pH of at least about 3, about 3 to about 4,
about 4 to about 5, about 5 to about 6, about 6 to about 7, about 7 to about 8, about 8 to
about 9, about 9 to about 10, about 10 to about 11, or about 11. The NC emulsion may
comprise a salinity of at least 0%, 0% to about 5%, about 5% to about 10%, about 10% to
about 15%, about 15% to about 20%, or about 20% NaCl by weight. Nanoclays extracted
from hydrocarbon or other tailings may be contacted with a spinodally decomposing fluid to

arrest bicontinous interfacially jammed emulsion gels (bijels).

[0093] Nanoclays extracted from tailings may be contacted with a hydrophobic fluid
to form an NC-stabilized foam (“NC foam”). The NC foam may comprise NC at a
concentration of at least about 0.1%, about 0.1% to about 0.2%, about 0.2% to about 0.4%,
about 0.4% to about 0.6%, about 0.6% to about 0.8%, about 0.8% to about 1.0%, about
1.0% to about 1.2%, about 1.2% to about 1.4%, about 1.4% to about 1.6%, about 1.6% to
about 1.8%, about 1.8% to about 2.0%, about 2.0% to about 2.2%, about 2.2% to about
2.4%, about 2.4% to about 2.6%, about 2.6% to about 2.8%, about 2.8% to about 3.0%,
about 3.0% to about 3.2%, about 3.2% to about 3.4%, about 3.4% to about 3.6%, about
3.6% to about 3.8%, about 3.8% to about 4.0%, about 4.0% to about 4.2%, about 4.2% to
about 4.4%, about 4.4% to about 4.6%, about 4.6% to about 4.8%, about 4.8% to about
5.0%, or about 5.0% by weight.

[0094] The hydrophobic fluid may comprise a surfactant. The surfactant may be
anionic, cationic, non-ionic, or zwitterionic. The surfactant may comprise an alpha olefin
sulfonate surfactant, a betaine such as cocamidopropyl betaine, an alkyl-ammonium such as
cetrimonium bromide, or alkylphenol ethoxylates.

[0095] The hydrophobic fluid may comprise a concentration of at least about 0.1%,
about 0.1% to about 0.2%, about 0.2% to about 0.3%, about 0.3% to about 0.4%, about
0.4% to about 0.5%, about 0.5% to about 0.6%, about 0.6% to about 0.7%, about 0.7% to
about 0.8%, about 0.8% to about 0.9%, about 0.9% to about 1.0%, or about 1.0% by weight.

[0096] The NC foam may further comprise a salt solution. The solution may
comprise a brine. The salt solution may comprise NaCl, KCI, CaCl,, MgCl», or a combination
thereof. The brine may comprise a salt concentration of at least about 1%, about 1% to
about 5%, about 5% to about 10%, about 10% to about 15%, about 15% to about 20%,
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about 20% to about 25%), about 25% to about 30%, about 30% to about 35%, about 35% to
about 40%, or about 40% by weight.

[0097] The NC foam may have increased foamability compared to foam without
nanoclays. The NC foam may remain stable immediately after mixing and/or at least about 1
hour, about 1 hour to about 2 hours, about 2 hours to about 5 hours, about 5 hours to about
10 hours, about 10 hours to about 15 hours, about 15 hours to about 20 hours, about 20
hours to about 25 hours, about 25 hours to about 30 hours, or about 30 hours after
preparation.

[0098] The NC foam may further comprise an oil. The oil may comprise a paraffin
oil, dodecane, fat, organic oil, hydrophobic organic solvent, plant oil including but not limited
to olive oil, palm oil, rapeseed oil, and hemp oil, liquid volatile hydrocarbon including but
limited to methane, ethane, propane and butane, and oil derived from a mineral including but
not limited to bitumen and crude oil or a combination thereof. The NC foam may comprise a
gas, including, but not limited to, N>, CO», natural gas, butane, steam, or a combination
thereof.

[0099] The nanoclays extracted from tailings may comprise surface modifications.
The surface modifications may comprise organo-modifications, or surface modifications to
improve colloidal stability in high ionic strength fluids. The organo-modifications may
comprise ammonium compounds, sulfanilic acid or a combination thereof. The ammonium
compounds may comprise di(hydrogenated tallow)dimethylammonium chloride, dimethyl
ditallow ammonium chloride, hexadecyl trimethyl ammonium bromide,
octadecyltrimethylammonium, tetra-n-butylammonium bromide,
hexadecyltributylphosphonium, tetrabutylphosphonium, butyltriphenylphosphonium.

[00100] The nanoclays extracted from tailings may be dispersed into a polymer.
Dispersing the nanoclays extracted from tailings into the polymer may form a nanocomposite
material. The polymer may comprise, polyolefins (e.g., polyethylene, polypropylene),
polyamides, polystyrene, polyvinylchloride, acrylonitrile butadiene styrene,
polymethylmethacrylate, polyphenylene sulfide (PPS), polyethylene terephthalate (PET),
ethylene-vinyl acetate copolymer, polyacrylonitrile, polycarbonate, polyethylene oxide (PEO),
epoxy resin, polyimide, polylactide, polycaprolactone, phenolic resin, poly p-phenylene
vinylene, polypyrrole, rubber, polyurethane, and polyvinylpyridine. The polymer may
comprise a reactive and nonreactive compatibilizer. The reactive compatibilizer may
comprise maleic anhydride, glycidyl methacrylate, glycerol monostearate, or acrylic acid
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ionomer. Non reactive copolymer compatibilizers may include ethylene-ethylacrylate
copolymer, ethylene-butylacrylate copolymer, ethylene methacrylate copolymer or styrenic
block copolymer. The polymer nanocomposite may comprise a concentration of at least
about 0.5% to about 10% by weight.

[00101] Nanoclays may also be employed in immiscible polymer blends as a solid
compatibilizer and nanofiller. Nanoclays refine the droplet size of the dispersed minor
phase, stabilise it against coalescence during melt mixing, and ensure strong interfacial
adhesion between the phases, thereby improving the final mechanical properties.
Depending on the extent of organomodification, nanoclays may also effectively pin the
interface of polymer blends or create network within one of the phases to arrest the co-
continuous morphology, which is particularly interesting because of their unique property of
having two continuous phases. The co-continuous structures can also be achieved using
spinodal decomposition of low molecular weight polymers or fluids arrested through
nanoclays jammed at interface or networked within one of the phases for preserving the co-
continuous morphology. The polymer blend nanocomposite may comprise a concentration
of at least about 0.2% to about 4%, about 4% to about 6%, about 6% to about 8%, about 8%
to about 10%, or about 10% by weight.

[00102] Organo-modified nanoclays extracted from tailings may be contacted with
organic and inorganic pollutants to enable their successful removal from wastewaters.

[00103] Nanoclays extracted from tailings may be suspended in a fluid to form a
nanofluid. The nanofluid may be used for enhanced oil and/or hydrocarbon recovery. The
nanofluid may be contacted with oil and may enhance oil recovery. The nanofluid may
enhance oil recovery by at least about 10%, about 10% to about 15%, about 15% to about
20%, about 20% to about 25%, about 25% to about 30%, about 30% to about 35%, about
35% to about 40%, about 40% to about 45%, about 45% to about 50%, or about 50%

compared to recovery without the nanofluid.

[00104] Nanoclays extracted from hydrocarbon tailings may be contacted with drilling
and/or kill mud to form a nanoclay and drilling and/or kill mud composition (“NC drilling
mud”). The NC drilling mud may comprise NCs at a concentration of at least about 1.0%,
about 1.0% to about 2.0%, about 2.0% to about 3.0%, about 3.0% to about 4.0%,

about 4.0% to about 5.0%, about 5.0% to about 6.0%, about 6.0% to about 7.0%, about
7.0% to about 8.0%, about 8.0% to about 9.0%, about 9.0% to about 10.0%, or about 10%
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by weight. The NC drilling mud may also comprise NCs at a concentration of about 6.3% by

weight.

[00105] The NC drilling mud may comprise a salt solution. The solution may
comprise a brine. The salt solution may comprise NaCl, KCI, CaCl,, MgCl, or a combination
thereof. The brine may comprise a salt concentration of at least about 1%, about 1% to
about 5%, about 5% to about 10%, about 10% to about 15%, about 15% to about 20%,
about 20% to about 25%), about 25% to about 30%, about 30% to about 35%, about 35% to
about 40%, or about 40% by weight. NC drilling mud may be free of settled material
immediately after preparation or for at least about 6 hours, about 6 hours to about 12 hours,
about 12 hours to about 18 hours, about 18 hours to about 24 hours, about 24 hours to
about 30 hours, about 30 hours to about 36 hours, about 36 hours to about 42 hours, about
42 hours to about 48 hours, or about 48 hours after preparation. The NC drilling mud may
comprise saline water. Nanoparticles for these applications are traditionally either too
expensive to be deployed at large scale or would require extensive surface modification to
change the surface properties. Nanoclays extracted from hydrocarbon tailings may be less

expensive and/or require less surface modification compared to nanoparticles.

[00106] Tailings may be filtered to produce a sludge of ultrafines. Filtration may be
performed about 10 psi, about 10 psito about 50 psi, about 50 psi to about 100 psi, about
100 psi to about 500 psi, about 500 psi to about 1000 psi, or about 1000 psi. Optionally, the
tailings may be CO, preconditioned to reduce the tailings’ pH to about 6 to about 6.5.
Preconditioning may comprise contact with CO,. Ultrafines may be coagulated and/or
dewatered by contacting the tailings with benzyltrimethyl ammonium chloride. The
concentration of the benzyltrimethyl ammonium chloride may be about 1000 ppm to about
2000 ppm, about 2000 ppm to about 3000 ppm, about 3000 ppm to about 4000 ppm, about
4000 ppm to about 5000 ppm, about 5000 ppm to about 6000 ppm, about 6000 to about
7000 ppm, about 7000 ppm to about 8000 ppm, about 9000 ppm to about 10000 ppm, or
about 10000 ppm. The tailings may also be coagulated and/or dewatered by centrifugation.
Centrifugation may be performed at a gravity of at least about 25 g, about 25 g to about 100
g, about 100 g to about 300 g, about 300 g to about 500 g, about 500 g to about 700 g,
about 700 g to about 900 g, about 900 g to about 1100 g, about 1100 g to about 1400 g,
about 1400 g to about 2000 g, about 2000 g to about 5000 g, about 5000 g to about 10000
g, or about 10000 g. Centrifugation may be performed for at least about 1 min, about 1 min
to about 5 min, about 5 min to about 50 min, about 50 min to about 500 min, about 500 min
to about 5000 min, or about 5000 min.
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[00107] Another aspect of the invention includes treatment of the laterite slurry with a
polymeric dispersant to cause segregation and sedimentation of the mineral particles in the

slurry.

[00108] Turning now to the figures, Fig. 1 is a process flow diagram showing alternate
methods for the segregation and separation of ultrafine clay materials. Tailings may be
contacted with a deflocculant, e.g., MFTs, to deflocculate the tailings. Deflocculated tailings
may be either separated into layers by sedimentation, including and ultrafines suspension
and bottom, or separate into fractions by a centrifuge. Ultrafines from the separated tailings
may be contacted with an organic coagulant in a mixer. The ultrafines may be dewatered

with a filter press.

[00109] Fig. 2 shows a process flow diagram showing alternate methods for the rapid
dewatering of MFTs with coagulation. Tailings may be contacted with an organic coagulant
and dewatered by a centrifuge. Alternatively, tailings may be contacted with an organic

coagulant and dewatered with a filter press.

[00110] Figs. 3A and 3B show MFT treated in accordance with the present invention
and is representative of the results obtained. Destabilized ultrafines layer 10 rests below
ultrafines layer 5. Bottom sediment 15 rests below destabilized ultrafines layer 10. The
Examples and Figures herein show varying degrees of separation of layers 1, 5, 10, and 15
depending on the reagents, operating conditions, processing steps, and time. For example,
this particular degree of separation resulted from the addition of sodium silicate and CaO,
three weeks after treatment, showing solid sedimentation with the bottom sediment
comprising sand, silt, and clay mineral over 300 nm in size and released water with an
ultrafines concentration of 2% by weight. Bottom sediment 15 comprises mineral particles

greater than 300 nm.

[00111] Fig. 4 shows a graph of net water release using vacuum filtration with and
without treatment with benzyl trimethyl ammonium cation. Treatment with benzyl trimethyl
ammonium cation increases the percent of net water released compared to ultrafines without
benzyl trimethyl ammonium cation treatment.

[00112] Fig. 5 shows a graph of MFTs treated with different dosages of benzyl
trimethyl ammonium hydroxide. Increased dosage of benzyl trimethyl ammonium hydroxide
results in increased water release and solids content in MFTs.
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[00113] Fig. 6 shows a graph of net water release using vacuum filtration without
treatment with benzyl trimethyl ammonium cation. Approximately 70% net water release is
achieved after 30 minutes with vacuum filtration.

[00114] Fig. 7 shows the effect of centrifugal force and time on dewatering of benzyl
trimethyl ammonium hydroxide treated MFT. Treatment of MFT with benzyl trimethyl
ammonium hydroxide resulted in 60.6, 66.8, and 69.6 percent water release after 5 minutes,
10 minutes, and 15 minutes of centrifugation, respectively. Treatment of MFT with benzyl
trimethyl ammonium hydroxide resulted in 47, 51.3, and 54 percent water release after 5
minutes, 10 minutes, and 15 minutes of centrifugation, respectively.

[00115] Fig. 8 shows the effect of sodium silicate on MFT sedimentation and
segregation using a centrifuge at 1400 g for 5 minutes. Treatment of MFT with sodium
silicate resulted in greater sediment solids content after 