Office de la Proprieté Canadian CA 2578873 C 2012/12/11

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 578 873
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2004/10/15 (51) CLInt./Int.Cl. C70G 1/04(2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/04/20 C10C 3/02(2006.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2012/12/11 OPHUS. KEVIN. CA
(85) Entréee phase nationale/National Entry: 200//02/28 L
) o (73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: CA 2004/001826 US OIL SANDS INC.. CA

(87) N° publication PCT/PCT Publication No.: 2006/039772 (74) Agent: BENNETT JONES LLP

(54) Titre : SUPPRESSION D'HYDROCARBURES CONTENUS DANS DES PARTICULES SOLIDES
54) Title:. REMOVAL OF HYDROCARBONS FROM PARTICULATE SOLIDS

10

| TARSAND | FEED HOPPER ﬂumﬁﬁ% 12

sl Bk, A s—— I A P, A NP e i

' J
L]

4‘l.\

b

»

L 3 ]
13

LI
.

‘.

l--
-
1] -. - “
d . . §r‘ 3 Ar 4
. -i L ‘.\ !
i O ATl J 0o S |
va ‘-’_' ""/.-_'-'
- . -

“t T
1

4 .. >
r

(57) Abréegée/Abstract:

A process and composition for removing heavy oll and bitumen from oll sands Is disclosed. The composition comprises an
emulsion of d-limonene and water, with an anionic surfactant as an emulsifying agent. The emulsion Is contacted with an oll sand
slurry until the agueous and hydrocarbon phases separate. The process may take place at temperatures less than about 80° C.
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(57) Abstract: A process and composition for removing heavy oil and bitumen from oil sands is disclosed. The composition com-

prises an emulsion of d-limonene and water, with an anionic surfactant as an emulsifying agent. The emulsion is contacted with an

oil sand slurry until the aqueous and hydrocarbon phases separate. The process may take place at temperatures less than about 80° C.
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REMOVAL OF HYDROCARBONS FROM PARTICULATE SOLIDS

FIELD OF THE INVENTION

The present invention relates to a composition and a process for removing
hydrocarbons from solid particulate matter. In particular, the present invention relates to a
composition and process for separating heavy oil or bitumen from sand. The present
invention also relates to a plant where the process may be implemented and the light"oil

product which is recovered.

BACKGROUND OF THE INVENTION

Considerable o1l reserves around the world are locked in the form of oil sands, also
called tar or bitumen sands. Particularly large deposits are known to exist in the Athabasca
and Cold Lake regions of Alberta and smaller deposits are found in many areas in the United
States including Utah. Oil sands are typically surface mined and the contained bitumen 1is
separated from the sand and recovered using what is commonly referred to as the Clark hot
water extraction process. The hot water extraction process is the standard process for
recovering bitumen from the sand and other material in which it is bound. The bitumen is

then upgraded to obtain a synthetic crude oil.

In the hot water extraction process using existing extraction facilities, tar sand 1s first
conditioned in large conditioning drums or tumblers with the addition of caustic soda (sodium
hydroxide) and hot water at a temperature of about 8§0° Celsius. The nature of these tumblers

is well known in the art. The tumblers have means for steam injection and further have

retarders, lifters and advancers which create violently turbulent flow and positive physical
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action to break up the tar sand and mix the resultant mixture vigorously to condition the tar

sands. This causes the bitumen to be aerated and separated to form a froth.

The mixture from the tumblers is screened to separate the larger debris and is passed to a
separating cell where settling time 1s provided to allow the aerated slurry to separate. As the
mixture settles, the bitumen froth rises to the surface and the sand particles and sediments fall
to the bottom to form a sediment layer. A middle viscous sludge layer, termed middlings,
contains dispersed clay particles and some trapped bitumen which is not able to rise due to
the viscosity of the sludge. The froth 1s skimmed off for froth treatment and the sediment
layer 1s passed to a tailings pond. The middlings 1s often fed to a second stage of froth
floatation for further bitumen froth recovery. The water/clay residue from this second stage is

combined with the sediment layer from the separating cell for disposal 1n the tailing ponds.

This conventional hot water technique 1s energy intensive in part because of the
clevated temperature of the initial hot water. Additionally, the process produces an
environmental 1ssue in the form of the tailings byproduct which comprises a mixture of water,
sand, silt and fine clay particles. Fast-settling sand particles are used to construct mounds,
dikes and other stable deposits. However, the leftover muddy liquid, consisting of slow-
settling clay particles and water, are the fine tailings and are difficult to dispose of. Fine.
tailings take a very long time to settle and are produced in significant volumes. Therefore,
tailings management 1s a significant issue that must be addressed by any plant using a hot

water bitumen separation process.

Therefore, there 1s a need 1n the art for compositions and methods for separating and

recovering bitumen from particulate solids which may mitigate the difficulties of the prior art.

SUMMARY OF THE INVENTION

In one aspect, the invention may comprise a process for removing heavy oil or
bitumen from o1l sands and reducing the density of the heavy oil or bitumen, comprising the

steps of contacting the o1l sands with an aqueous emulsion of a monocyclic terpene to form a

22 -
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mixture, agitating the mixture, allowing the aqueous and hydrocarbon phases to separate, and
recovering the hydrocarbon phase. Preferably, the recommended oil is a light oil having an

API density of at least about 22 degrees.

The monocyclic terpene preferably comprises d-limonene and is formed into an
emulsion with an emulsifying agent which 1s preferably an anionic surfactant such as an alkyl

aryl sulfonate.

In another aspect, the invention may comprise a composition for cleaning heavy oil or
bitumen from solid particles, comprising an emulsion of d-limonene and water, stabilized by

an emulsifying agent comprising an anionic surfactant.

In another aspect, the invention may comprise a plant for processing feedstock
comprising o1l sand or contaminated soil to separate hydrocarbons from solid particles,
comprising:

(a) a feed hopper for feeding feedstock into a mixing vessel;

(b) the mixing vessel having an inlet for adding a cleaning emulsion as described or
claimed herein to the mixing vessel to form a slurry;

(c) means for agitating the slurry until the emulsion breaks;

(d) an o1l skimmer for recovering hydrocarbons;

(e) means for recovering the solids, substanﬁally free of hydrocarbons.

The plant preferably comprises at least one recovery tower for receiving the slurry from the
mixing vessel and which comprises the oil skimmer. The plant may further comprise means

for recovering the aqueous phase and recycling the aqueous phase into the mixing vessel.

In another aspect, the invention may comprise an oil product produced as a result of
the processes described herein. In one embodiment, the oil product comprises a mixture of a
monocyclic terpene such as d-limonene and a heavy o1l or bitumen, substantially free of water

and particulate solids. Preferably, the light o1l product has an API density of at least about
22° C.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of an exemplary embodiment with
reference to the accompanying simplified, diagrammatic, not-to-scale drawings. In the

drawings:
5 Figure 1 is a schematic representation of one embodiment of the present invention.
Figure 2 1s a graph showing residual hydrocarbon content in the sand.
Figure 3 1s a graph showing bitumen recovery.
Figure 4 1s a graph showing solids in the water phase.

Figure 5 1s a graph showing pentane insolubles (asphaltenes) remaining in the water

10  phase.
Figure 6 1s a graph showing asphaltenes in the residual hydrocarbon in the sand.
Figure 7 1s a graph showing asphaltene content in the produced oil.

Figure 8 1s a graph showing API gravity of the recovered product at different

concentrations of the cleaning emulsion.

15 Figure 9 1s a graph showing API gravity of the recovered product at different

temperatures.
Figure 10 is a graph showing solids 1n the water phase.

Figure 11 is a graph showing pentane insolubles (asphaltenes) remaining in the water

phase.
20 Figure 12 1s a graph showing residual hydrocarbon content in the sand.

Figure 13 1s a graph showing bitumen recovery.
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Figure 14 is a graph showing asphaltene content in the residual hydrocarbon in the

sand.

Figure 15 is a graph showing asphaltene content 1n the produced oil.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides for a process and composition for separating heavy oil
and bitumen from solid particulate matter. Additionally, a plant for implementing the process
as well as the recovered o1l product are described. When describing the present invention, all

terms not defined herein have their common art-recognized meanings.

The present invention is described herein with reference to cleaning heavy oil or
bitumen from o1l sands or tar sands. The invention may equally be applicable to removing
hydrocarbons from any solid particulate matter and may be useful, for example, in cleaning

oil-contaminated soul.

As used herein, an "emulsion" refers to a mixture of two liquids, where droplets of a
first liquid are dispersed in a second liquid where 1t does not dissolve. The particles or
droplets may be on a micron scale, or smaller. The dispersed liquid 1s said to form the

disperse phase, while the other liquid 1s said to form the continuous phase.

O1l ranges in density and viscosity. Light oil, also called conventional o1l, has an API
gravity of at least 22° and a viscosity less than 100 centipoise (cP). Heavy o1l is an asphaltic,
dense (low API gravity), and viscous o1l that 1s chemically characterized by its content of
asphaltenes. Although variously defined, the upper limit for heavy oil 1s generally considered
to be about 22° API gravity and a viscosity of greater than 100 cP. Heavy o1l includes
bitumen, also called tar sands or o1l sands, which 1s yet more dense and viscous. Natural

bitumen is oil having a viscosity greater than 10,000 cP.

Viscosity is a measure of the fluid's resistance to flow and is expressed in centipoise
units. The viscosity of water is 0.89 centipoise and the viscosity of other liquids 1s calculated

by applying the follow formula:
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Vs = Ds (fts) (Vw ) / (Dw) (ftw)

Where:

Vs = viscosity of sample

Ds = density of sample

fts = flow time for sample

Vw = viscosity of water = 0.89 centipoise (25 °C)
Dw = density of water =1 g/mL

ftw = flow time for water.

Density 1s a measure of mass per unit volume and 1s an indicator of yield from
distillation. O1l density may be expressed in degrees of API gravity, a standard of the
American Petroleum Institute. API gravity is computed as (141.5/spg) - 131.5, where spg 1s
the specific gravity of the oil at 60° F. API gravity 1s inversely related to density.

The present invention comprises a cleaning emulsion which removes the heavy oil or
bitumen from the sand particles and allows 1t to substantially separate from the water phase.
In one embodiment, the composition comprises a mixture of water and a terpene, which is
preferably a monocyclic terpene such as d-limonene, with an effective amount of an

emulsifying agent. The emulsifying agent may preferably be an oil-soluble surfactant.

Preferred surfactants include anionic surfactants, including sulfonates, and alkylaryl

sulfonates in particular. In one specific embodiment, the surfactant i1s an alkyl aryl sulfonate
marketed by Akzo Nobel Surface Chemistry as Witconate P-1059™ (isopropylamine

dodecylbenzenesulfonate).

As used herein, a "terpene" is an unsaturated hydrocarbon obtained from plants.
Terpenes include C, and C;s volatile organic compounds derived from plants. Terpenes are
empirically regarded as built up from isoprene, a CsHg diene, and are generally associated
with characteristic fragrances. Some terpenes are alcohols such as menthol from peppermint
oil, and some terpenes are aldehydes such as citronellal. Limonene commonly refers to a

monocyclic compound having the formula C;¢ H;¢ and the structural formula:

-6 -
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7N __CH,§
|

CH,

This compound's IUPAC name 1s (R)-4-1soprenyl-1-methylcyclohexene or p-mentha-
1,8-diene. The structure shown above 1s of d-limonene which has a pleasing citrus odor. Its
enantiomer l-limonene has a harsher odor more reminiscent of turpentine. The preferred
compound for the present invention comprises d-limonene of Brazilian origin. D-limonene is

also commonly sourced from Californian or Floridian origin.

In a preferred embodiment, the emulsion further comprises a defoaming agent to assist
in the mixing process. A suitable anti-foaming agent 1s available from Guardex PC-O-H

4625.

In a preferred embodiment, the cleaning emulsion 1s prepared by adding an aqueous
component to the d-limonene, emulsifying agent and anti-foaming agent, resulting in a
relatively stable emulsion. In a preferred embodiment, the emulsion is an oil-in-water

emulsion.

The aqueous portion of the composition may be purified, deionized or distilled water,
or various other aqueous solutions including those commonly referred to as hard water,
chlorine water, or soda water. Hard water comprises water high in dissolved minerals,
primarily calcium and magnesium. Chlorine water 1s a mixture of chlorine and water, where
only a part of the chlorine introduced actually goes into solution, the major part reacting
chemically with the water to form hydrochloric acid and hypochlorous acid. Soda water

comprises a weak solution of sodium bicarbonate. The inventor has found that different

-7 -
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aqueous forms may be more suitable than others in specific applications. A person skilled in
the art will be able to test and choose an approprnate aqueous component with minimal
experimentation. In a preferred embodiment for cleaning oil sands, soda water has been

found to be suitable.

In one embodiment, a batch of the emulsion 1s prepared with about 40% (v:v) d-
limonene, about 0.2% alkyl aryl sulfonate, and about 60% soda water. The water is added to
the d-limonene and oil-soluble emulsifying agent with vigorous mixing, resulting in a slightly
thickened emulsion, which resembles cow's cream in consistency and colour. In the
applicant's experience, the emulsion is sufficiently mixed when a steel shaft is dipped into the
emulsion and a visible film 1s left on the shaft. In one embodiment, the mixture may be
mixed for about 24 to 48 hours. The proportion of d-limonene in the emulsion may be varied,

for example, from about 10% to about 50% by volume.

In use, the cleaning composition 1s used by combining it with the oil sand in an
aqueous slurry with agitation. The mixture then separates into o1l and water phases, with the
solids settling out with the water phase. Without being restricted to a theory, it is believed
that the disperse phase of d-limonene 1n the emulsion contacts the sand or soil particles and
coalesces with the hydrocarbons bound to the particles. The emulsion in the cleaning
composition breaks as a result and the two phases separate. During this process, the heavy oil
and water associated with the sand or soil particles also separate, with the heavy o1l

dissolving in the d-limonene.

In one embodiment, the cleaning composition may be used 1n a continuous oil sand or
soil cleaning process. Figure 1 illustrates a schematic of a plant designed to implement the
cleaning process of the present invention. The o1l sand 1s processed into a small crush (10),
preferably about a %" crush, with a crusher or other suitable means and mixed with water to
form a slurry in a slurry tank (12). An effective amount of the cleaning composition is then
added and the slurry 1s vigorously agitated using conventional mixers or mixing pumps (not
shown). The slurry is then sent to a first recovery tower (14) where the phases begin to
separate, with the hydrocarbons rising to the surface. The hydrocarbons are skimmed from

the surface and removed to an o1l storage tank (16). The aqueous and solids phases may then

-8 -
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be sent to a second recovery tower (18), where further agitation continues the cleaning
process. The concentration of the cleaning emulsion may be topped up with the addition of
fresh emulsion at this stage. Again, hydrocarbons are recovered from the top of the tower and
sent to the oil storage tank. The aqueous phase and solids, substantially free of hydrocarbons,
are then sent to a third tower (20) where the aqueous phase 1s recovered and disposed of, or
recycled in the process. A solids separation unit (22), such as a shaker or a hydrocyclone,

may then be used to collect and dry the sand (24).

The cleaning emulsion may also be used in a batch process, as will be appreciated by

those skilled 1n the art.

The process of the present invention has 2 main vaniables which affect the efficiency
of the operation: the concentration of the d-limonene and the temperature of the process.
Generally, the higher the temperature and the higher the d-limonene concentration, the better
results may be obtained. Therefore, in one embodiment, the process includes use of the
cleaning emulsion 1n a concentration greater than about 4% by volume and at temperatures
greater than about 20° C. More preferably, the solvent may be used in a concentration greater
than about 6%, and most preferably greater than about 8%. Preferably, the process 1s

operated at a temperature greater than about 30° C and most preferably greater than about 40°

C.

The recovered o1l product becomes diluted with the d-limonene as a result of the
cleaning process and is therefore less viscous and lighter than heavy o1l. The actual viscosity
and density of the end product is dependent on the feedstock used and the concentration of d-
limonene used 1n the process. In one embodiment, the recovered o1l product has an API
density of at least about 22°, and more preferably greater than about 24°. If necessary, the d-
limonene has a boiling point of about 178° C and may be separated from the recovered oil

product by distillation or a similar process.
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Examples

The following examples are intended to 1llustrate embodiments of the claimed

invention and not to limit the claimed invention 1n any manner.
1. Formation of the Cleaning Emulsion

A cleaning emulsion of the present invention was formed from 410 litres of d-
limonene mixed with 2 litres of Witconate P-1059™ (Akzo Nobel Surface Chemistry) and
about 20 ml of an anti-foaming agent. Approximately 600 litres of water was then added and
the mixture agitated between about 24 to 48 hours to form a relatively stable emulsion,

similar to cow's cream 1n colour and consistency.
2. Effect of Solvent Concentration

Batch extraction runs were performed using o1l sands from Utah to determine
effectiveness of the cleaning emulsion in removing the hydrocarbons from the sand. Batch
extraction runs at various temperatures and with various concentrations of the solvent were

conducted and various data collected. The data indicated the following:

(a) As shown 1n Figures 2 and 12, there 1s little difference in the residual
hydrocarbon content 1n the sand between 40 C and 60 C. The hydrocarbon

content increases progressively below 40 C and at solvent concentrations

below 6%.

(b) As shown 1n Figures 3 and 13, there 1s little difference in bitumen recovery
between 40 C and 60 C. Recovery does drop off at lower temperatures and at

solvent concentrations below 6%.

(¢) As shown 1n Figures 4 and 10, solids in the water phase tend to decrease at

temperatures greater than 40 C and with a decrease in solvent concentration.

(d) As shown 1n Figures 5 and 11, pentane insolubles (asphaltenes) in the water

phase rises as the process temperature drops but shows little difference above

40 C;
- 10 -
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As shown in Figures 6 and 14, asphaltene in the hydrocarbon recovered from

sand is highest at a solvent concentration of 8% and increases with

ftemperature,

As shown in Figures 7 and 15, asphaltene in the produced oil tends to mncrease

with increased temperature and at higher solvent concentrations; and

As shown in Figures 8 and 9, API product density increases with an increase in

solvent concentration with no clear effect from varying temperatures.

The raw testing data is shown below in the following Tables. References to "catalyst"

is a reference to the cleaning emulsion described herein.

Table #2; Batch Extraction Run @60°C

Catalyst pH Before | pH After Product Water Phase (mg/kg) Qilin Sand | Ot
Mix Vol % | Processing | Processing | Density - (drz basis) | Recovery
66\/1;)1’ Solids Pentane Wiz | (dry basis)
Insolubles W%
10 | 7 7 | 256 034 | 97.90
g 7 7 2474 | 233 0.9 0.40 | 97.58
6 7 7 | 18.87* | 342 | 1.8 | 037 | 97.73
6 7 7 17.93* | 316 1.9 0.41 | 97.50
i I R
I S 1 __[____ R .

*Emulsion or froth in oil layer starting to form.

-11 -

Asphaltene | Asphaltene
in Qil | in
Recovered | Produced
{ from Sand | Oil (dry
(dry basis) | basis) Wt
Wt% %
11.98 13.63
34.34 11.15
39.09 0.94
43.11 10.19
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Table #3: Batch Extraction Run @ 50°C

Catalyst pH Before | pH After Product | Water Phase (rng/kg)ﬁ Qil in Sand i Asphaltene | Asphaltene
Mix Vol % | Processing | Processing | Density — | (dry Dbasis) Recovery in . Qil| in
°API : Wit% . Recovered | Produced
60/60F | Sohds  Pentane (dry basis) | from Sand | Oil  (dry
Wi% (dry basis) | basis) Wt
Insolubles ’ Wt% %
I
10 7 7 30.51 193 2.0 0.29 | 98.22 11.76 12.43
] N
27.21 242 1.1 0.35 07.86 28.40 11.27

72419 | 313 13 | 038 | 9765 | 35.11 | 8.69

5 7 7 ¥ 416 | 15 | 041 | 9752 | 2595 | 921 |
4 717 | * | 281 | 1.8 067 | 9590 | 19.63 | 9.65

*Heavy froth and emulsion in the oil layer. Unable to perform raw density.

Table #4; Batch Extraction Run @ 40°C

" Catalyst —I pH Before | pH After | Product Water Phase (mg/kg) Oil in Sand | O1I Asphaltene | Asphaltene
Mix Vol % | Processing ‘ Processing | Density - | (dry basis) | Recovery in Qil | in
°API . Wt% Recovered | Produced
60/60F | Souds  Pentane (dry basis) | from Sand | Oil (dry
W% (dry basis) | basis) Wt
Insolubles ‘Wt% %
I
I | -
| 10 7 7 25.05 | 257 3.0 033 | 9799 | 25.56 | 11.54
8 | 7 1 7 | 2527 | 254 30 | 032 | 98.07 | 3571 | 11.26
6 7 7 26.85 | 226 32 | 035 | 97.87 | 36.63 | 11.35
4 7 7 | 20 204 7.5 064 | 96.10 | 3025 | 7.80
- I N P | |
3 7 7 * | 470 0.5 121 j 0255 | 16.52 | 9.68
2 7 7 * 560 | 10.0 126 | 9223 | 10.44 | 10.26
R EE SN S

*Heavy froth and emulsion formed in the oil layer. Unable to perform raw density.
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Table #5: Batch Extraction Run @ 30°C

| Catalyst F}m
t Mix Vol % { Processing
!

10

8

6 7

5

pH After Product Water Phase (mg/kg)
Processing | Density -
ZQ/EBF Solids Pentane
Insolubies
305 5.0
390 5.6
7 24.32% 374 8.9
7 20.60%* 327 14.4
I

*Heavy froth and emulsion formed in the oil layer,

**Emulsion or froth in oil layer starting to form.

Table #6; Batch Extraction Run

20°C

Catalyst
Mix Vol %

pH Before
Processing

pH After
Processing

Product
Density
API

§0/60F Solids

10 7 7 28.62
ERE 7 | 27.49
- 7 7 25.46% | 421
5 | 7 7 20.26% | 422
4 | 7 7 . 436
|

*Heavy froth and emulsion formed in the oil layer. Unable to perfor;ﬂ raw density.

Pentane

Insolubles

~ CA 02578873 2010-08-18

(dry basis)

Wt%

Oil in Sand | O1I Asphaltene | Asphaltene
' Recovery in Oil { in
Recovered | Produced

(dry basis) | fiom Sand

Wit% (dry Dbasis)
Wt%

Oil (dry
- basis) Wt
%

1.03

1.52

Water Phase (mg/kg)

1.93

03.64 | 11.11 | 10.26

9.62

10.28

12.44

Q1] in Sand
(dry basis)
Wt%

24.9

35.6

Asphaltene
in Oil
| Recovered |
from Sand
(dry basis)

Wt%

Asphaltene

in
Recovery Produced
Oil  (dry
basis) Wt
%

393 — 8445 | 2135 | 9.34

Sy

4.15

5.65

78.54 | 11.00 8.08
| 73.69 | 10.00 -

63.58 9.18 9.98

12
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Table #7; Batch Extraction Run @ 13°C

Catalyst | pH Before | pH After | Product Water Phase (mg/kg) Oil in Sand | O1l Asphaltene
Mix Vol % | Processing | Processing | Density | (dry basis) | Recovery in Qil
°AP] . | Wt% . Recovered
60/60F | Solids  Pentane (dry basis) | from Sand
o (dry basis)
' Insolubles thA’ Wt%
16.8 2.95 81.50 6.13
| — A
23.9 3.41 78.53 7.32
6 7 7 * 479 24.8 443 71.80 7.57
r T f
*Heavy froth and emulsion formed in the oil layer.-Unable to perform raw density.
Table #8; Batch Extraction Data for 10% Catalyst Concentration
| Catalysf | pH Before | pH  After Product | Water Phase (mg/kg , Oilin Sand | O1 Asphaltene
Mix Vol % | Processing | Processing | Density | (dry basis) | Recovery in Qil
°API : Wit% | Recovered
60/60F Solids Pentane (dry basis) | from Sand
| ‘
wtO (dr)’ baSIS)
Insolubles - & Wt%

60 [ 7
50 7
40 7
30 7
20 7,
13 7

7

7 1 3051 | 193 | 2.0 0.29 | 98.22

7 25.05 | 257 3.0 033 | 97.99

7 | 2456 | 305 I 50 | 1.03

7 377 m 2.42

7 2792 | 474 | 168 | 295 | 81.50 | 6.13 | 774
S R S

Asphaltene
in
Produced
Oil (dry
basis) Wt
%

7.74

e h

7.84 |

7.55

Asphaltene
in.
Produced
Oil (dry

basis) Wt
%

12A




Table #9: Batch Extraction data for 8% Catalyst Concentration

CA 02578873 2010-08-18

g

Catalyst pH Before | pH After | Product Water Phase (ing/kg) Oil in Sand 1 Asphaltene | Asphaltene
Mix Vol % | Processing | Processing | Density (dry basis) | Recovery in Oil | in
°API : Wt% | | Recovered | Produced
i ' l 60/60F Solids ~ Pentane (dry basis) | from Sand | Oil (dry
Wit% (dry basis) | basis) Wt
Insolubles i Wt% %
60 7 7 24.74 233 0.9 0.4 97.58 34 84 11.15
50 | 7 7 27.21 242 | 1.1 0.35 07.86 28.4 11.27
40 7 7 2527 | 254 3 | 032 | 98.07 | 3571 | 11.26
30 7 7 25.19 390 5.6 1.52 90.62 | 36.31 9.62
20 7 | 2749 | 393 | 122 | 249 | 8445 | 2135 | 9.34
13 7 7 24.88 463 239 341 78.53 7.32 7.84
Table #10; Batch Extraction Data for 6% Catalyst Concentration
Catalyst pH Before pH After | Product Water Phase (mg/kg) Oil in Sand | Ot Asphaltene | Asphaltene
Mix Vol % | Processing | Processing | Density | (dry basis) Recovery in Oil | in
“API . Wit% Recovered | Produced
60/60F Solids  Pentane (dry basis) | from Sand | Oil (dry
Wt% (dry basis) | basis) Wt
l | Insolubles Wt% %
7 7 | 1887 | 342 | 1.8 037 | 97.73 | 39.09 | 9.94
50 7 7 24.19 | 313 1.3 038 | 97.65 | 35.11 | 8.69
40 7 26.65 226 3.2 035 | 97.87 | 36.63 | 11.35
30 7 7 2432 | 374 3.0 193 | 88.03 | 19.36 | 10.28
20 ’ 7 7 1 25.46 | 421 14 3.41 | 78.54 11
13 7 7 7 479 248 | 4.43 71.8 7.57

13
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As indicated in the tables, there was an incomplete separation of the phases after
treatment at certain concentrations of the emulsion and at certain temperatures. Generally,

these conditions are not suitable as it is preferred that the o1l and water phases completely

separate in the process.

As will be apparent to those skilled in the art, various modifications, adaptations and
variations of the foregoing specific disclosure can be made without departing from the scope
of the invention claimed herein. The various features and elements of the described invention

may be combined in a manner different from the combinations described or claimed heren,

without departing from the scope of the invention.

13A



CA 02578873 2012-05-15

WHAT IS CLAIMED I8:

1. A process for removing heavy oil or bitumen from oil sands and reducing the density of
the heavy oil or bitumen, comprising the steps of forming an aqueous emulsion of a monocyclic
terpene and an emulsifying agent, forming an aqueous slurry of the oil sands, mixing the slurry
with the emulsion to form a mixture, and agitating the mixture, allowing aqueous and

hydrocarbon phases to separate, and recovering the hydrocarbon phase having an API density of

at least 22 degrees.

2. The process of claim 1 wherein the monocyclic terpene comprises d-limonene.

3. The process of claim 1 wherein the emulsifying agent comprises an anionic surfactant.

4. The process of claim 3 wherein the anionic surfactant comprises an alkyl aryl sulfonate.
5. The process of claim 4 wherein the emulsion further comprises a defoaming agent.

6. The process of claim 1 wherein the emulsion is a oil-in-water emulsion.

7. The process of claim 2 wherein the emulsion comprises 40% d-limonene by volume and

the mixture comprises at least 4% emulsion by volume.

8. The process of claim 7 wherein the process is operated at a temperature of greater than
20°C and less than 80°C.,

9. The process of claim 8 wherein the process is operated at a temperature greater than 40°C
and less than 60°C.

10. A composition for cleaning heavy oil or bitumen from solid particles, comprising an
emulsion of d-limonene and water, stabilized by an emulsifying agent comprising an anionic

surfactant.

14 -
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11.  The composition of claim 10 wherein the anionic surfactant is an alkyl aryl sulfonate. '

12, The composition of claim 11 comprising 40% d-limonene, less than 1% alkyl aryl

sulfonate, and 60% water or an aqueous solution.

13. The composition of claim 12 wherein the aqueous solution comprises a solution of

sodium bicarbonate.

14, A plant for processing feedstock comprising oil sand or contaminated soil to separate

hydrocarbons from solid particles, comprising:

(a) a feed hopper for feeding feedstock into a mixing vessel;

(b) an inlet for adding the composition according to claim 10, 11, 12, or 13 to the mixing
vessel to form a slurry;

(c) means for agitating the slurry until the emulsion breaks;

(d) an oil skimmer for recovering hydrocarbons;

(e) means for recovering the solids, substantially free of hydrocarbons.

15.  The plant of claim 14 further comprising at least one recovery tower for receiving the

slurry from the mixing vessel and which comprises the oil skimmer.

16.  The plant of claim 15 further comprising means for recovering an aqueous phase and

recycling the aqueous phase into the mixing vessel.

17. A hydrocarbon product comprising a monocyclic terpene and a heavy oil or bitumen, said

product resulting from the process of any one of claims 1 to 9.

WSLegal\055846\00005\7803414v2 =1 -
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FIG. 2
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