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(54) Title: SEPARATION OF TAILINGS THAT INCLUDE ASPHALTENES

(57) Abstract: Various systems and methods are described that can be used as part of a process to separate bitumen from oil sands.
The process may include adding a hydrocarbon solvent to a bitumen containing extract. The tailings from this process may contain
a significant amount of solvent. The solvent may be recovered from the tailings with a tailings solvent recovery unit that utilizes
negative pressure to significantly reduce the cost of the process in comparison to a conventional steam stripping unit. In one em-
bodiment, the tailings may also separated prior to entering the tailings solvent recovery unit with a gravity separation apparatus or a
cyclonic separation apparatus, such as a hydrocyclone.
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SEPARATION OF TATUINGS THAT INCLUDE ASPHALTENES
CROSS-REFURENCE TO RELATED PATENT APPLICATIONS

This patent application is a continuation-in-part of (LS. Patent Application No.
327, ensitled “Processing Asphaltene-Containing Tailings” filed on 7 March 2006,
published on 13 September 2007 as U8, Patent Application Publication No. 2007/0209971

‘{re arred to herein as the 327 Application), the contents of which are hereby woorporated by

OTHER RELATED PATENTS

(90627 U.S. Patent No. 6,007,709 {the 709 Patent), entitled “Extraction of Bitumen From
Hitumen Froth Generated From Tar Sands,” issued on 28 December 1999, is hereby incorporated

v reference herein in its entirety.

{80631 In the event of a conflict, the subject matier explicitly recited or shown herein
comtrols over any subject matter incorporated by reference.  All definitions of a term {express of
implied) contained in any of the subject matier incorporated by reference herein are hereby
disclaimed only to the extent that such definitions are inconsistent with oy narrower than the
understanding of the term as used herein. The paragraphs shortly before the claims dictate the
meaning 1o be given to any term explicitly recited herein subject to the disclaimer in the

preceding sentence.

BACKGROUND

.

0G4} {3l sands, tar sands, or bituminous sands are common names of geological formations
that contain bitumen, an extremely heavy type of crude oif. O sands can have a variety of
compositions but typically include, 1n addition o the bitumen, water and mineral solids. The
sineral solids can include coal and inorganic solids such as coal, sand, and clay. Significant

deposits of oil sands can be found in North America. One of the largest oil sands deposits is in

1 3800687_4D0C
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the Athabasca region of Alberta, Canada. In the Athabasca region, the ol sands formation can

M

be found at the surface, although i may be buried as deep as two thousand fest below the surface
overburden, The oif sands deposits are messured in barrels equivalent of il It is estimated that
the Athabasca oil sands deposi containg the equivalent of about 1.7 to 2.3 trillion barrels of il
Global oil sands deposits have been estimated 1o contain up to 4 irilion barrels of oil. By way of

comparison, the proven worldwide ofl reserve is estimated to be about 1.3 trillion barrels.

[6005] The bitumen content of oil sands varies from approximately 5wt % to 21 wi%s, with
a typical content of approximately 12 wi.%. Oil sands also inclede approximately § wt % to 16

wi % water. The remainder is mineral matter such as coal, sand, and clay. Bitumen i3 best

described as a thick, sticky form of crude ol that is so heavy and viscous that it will not flow

i

gnless heated or difuted with lighter hydrocarbons. At room teraperature, bitumen is much lke

{10061 in the past, bitumen has been extracted from oil sands using a number of

technologies. Typical oil sands extraction processes can be divided into two categories: ine-sity

b

processes and mining processes. The in-sita provesses don’t require removal of the vil sands to a

3

procsssing facility, Instead, bitumen is extracted directly from the oil sands. Typical iu-situ
}

processes invoive heating the il sands by injecting steam or in some other suitable manner and

then pumping the bitumen out like conventipnal crude oil.

oy

80487) Mining processes require excavation and removal of the ol sands to a processing

P

facility where the bitumen is extracted. For example, a typical mining process may include
excavating the oil sands and mixing them with heated water and, optionally, a process aid such
as caustic soda (NaOH) which is then piped as a slurry to the extraction plant. Alternatively, the
oil sands may be trucked to the extraction plant where the oreis mixed with heated water andfor
one or more process aids. Once at the plant, the mixture Is agitated to form a bitumen enriched

Y

froth. The combination of hot water and agitation releases bitumen from the tar sand, and allows

small air bubbles to attach to the bitumen droplets. The bitumen froth Hoats to the top of

separation vessels and is sepavated for further processing. The bulk of the mineral solids are

33
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removed from the bottom of the separation vessels for forther processing or disposal. In some

;..

processes, middlings may also be removed from a nud-portion of the separation vessels for

further processing to isolate bitumen.

{EHE The bitumen froth is treated further to remove air from the froth and to separate the
bitamen from residual mineral solids, water, etc. The air may be removed by heating the froth.

he bifnmen product may be separated from the Soth using the counter-curent decantation

2 3

=

(CCD) process described in the 7709 Patent, or alternatively with centsifuges. A hydrocarbon
solvent s typically added to modify the viscosity of the bitumen and to otherwise facildate

separation of the bifumen. Separation of the froth yields a bitumen product that can be refined

z

i
1

stmilarly to conventional crude off and tailings that include mineral solids, water, solvent,

a
precipitated asphaltenes, and some residual Bitumen.

HRH The tailings undergo further processing to separate as much solvent as is feasible.
The recovered solvent can either be recycled back to the process or otherwise disposed. As agn
example, the tailings {i.¢, the underflow from the CCD cirenit) fom a process such as the one
descrtbed in the 2700 Patent can inciude 0.5 wi% to 10wt % solvent, or, more likely, 0.75 wit.%
o 2 wt%. The amount of solvent in the talings may represent aig}gamximateij\! Twtlnio 0wt
of the total solvent used to separate the bilumen. It is desirable to separate as much soivent as
possible in order to incrsass the sconomics of the process and to meet savironmental regulations

3

governing the disposal of the tailings. 1t should be noted in this regard, that the solvent in the
tailings includes free solvent that is not chemically or physically bound to any other component
and bound solvent that is chemically and/or physically bound to other componemts such as
asphaltenes. Therefore, it should be recognized that it s desirable to recover as much of the

remaining saivent as possible sven while recognizing that some amount of solvent will remain

bound to and discharged with the asphalienes

R EREE] Current techniques for processing the tailings suffer from a sumber of deficiencies.
For example, in many situations, the tailings are initially separated to remove some of the

mineral solids. Unfortunately, these separation operations do not remove a5 much of the mineral

[ 2]
o
o
jor]

28,
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solids as would be desirable. The mineral solids that remain in the water and solvent mixture can
adversely impact downstream unit operations such as steam siripping units used to recover the
sofvent. The abrasive mineral solids in the tailings often lead to extremely high component weat

rates of the steam stripping unit, which results in frequent maintenance and high operating costs.

189 The use of steam stripping to recover the solvent presents & host of other problems
Steam stripping is very energy intensive and expensive to operate. The steam stripping process
may aceount for as much as 5% to 40% of the total operation extraction operating costs. Much
of this expense arises from heating the tailings. Another problem associated with conventional
tatlings solvent recovery units is that they may not filly separate the solvent resulting in
significant amounts of sobvent beiﬁg tost. In some situations, there is so much solvent leR in the

tailings that the tailings pond is at risk of catching fire. Another potential problem is that after
being stripped, the asphaltenes may readily reabsorh the solvent. It would be desirable to
increase the solvent recavery rate and thereby reduce the amount of solvent i the final disposed

tatlings.

{0013} Another source of problems is the presence of precipiiated asphaltenes in the tailings.
Asphaltenss are bigh molecular weight hydrocarbons having a chemical structure that can
incfude stacks of candensed aromatic rings. Due to their high molecular weight, asphaitenes can
he found within the lesst volatile fraction of the bitumen. The problems associated with
precipitated asphaltenes can be overcome by using a solvent that doss not appreciably precipitate
the asphaltenes such as naphthae. However, this presents it own set of problems due to the
difficulty of separating naphtha from the iailings, ¥ i desirable to use a more volatile

hydrocarbon sofvent so that separation of the solvent is easier and less energy intensive.

SUMMARY

{6813} A variety of embodiments are described herein of systems and methods for extracting
bitumen from oil sands. In particular, an improved system and process is disclosed for treating

and recovering solvent from the tailings generated during the extraction of the bitumen It

4 3BOAGEZ 4. DOC
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should be appreciated that the techniques, systems, and processes described herein may be
applicable to any of a number of aspects of bitumen extraction. For example, the systems and
processes described as being uvsefid to treat the tailings may also be useful to treat other streams
generaied as part of the process of extracting the bitumen. It should be appreciated that the
techniques, systems, and processes described herein may be applicable to both conttnuous, batch,

the term stream is meant 10 encompass material that is processed

b3

or semi-hgtch processes. Also
either continuously or batch-wise and is not meant to imply & contimuous process. Thus the term

stream can apply 1o continuons, bateh, and semi-batch processes.

HEHEY in one smbodiment, the bitumen iy extracted from the oif sands using 8 CCEr process
simtilar to that described in the “709 Patent. The process may include mixing oif sand with wateyr
to form a bitumen froth. The bitumen froth may be removed and separated into a bitumen
product stream and 2 tatliogs stream using a CCD cirenit. The tailings may be separated using
one or mare cvelonic separation apparstuses and/or gravity separation apparatus. The cyclonie
separation apparatuses and/or the gravily separation apparatuses may output threg components:
{1} & “clean” mineral solids component that also includes some water, {2} an asphaitene
component that includss the bound solvent and some water, and (3} a light component that
includes most of the free solvent and some water. The asphaitene component mav go to further
processing for selvent andfor oil recovery. The light component is processed with & tailings

solvent recovery umit to isalate and recycle the solvent in the Hght component.

{B015] The system may inchude a cyclonic separation apparatus and/or g gravity separation
apparatus to separate mineral solids such as coal, sand, and clay from the tailings. For example,
a cyclonic separation apparatus, such as a hydrocyclone, may be used to initially separate the
mineral.  Additional cyclonic or gr&vit y separation apparatuses may be positioned in series with
the initial oyclonic separation appar o further separate the Hght or heavy component. In
general, the cyclonic and/or gravity separation agaaiame% may be wsed to divide the talings into
a Hght component that includes those components having a specific gravity greater than 1 {e.g.,

mineral sofids such as sand, clay, and coal) and 8 heavy component that inclodes those

5 3800882 4DOC
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1 .o

components having a spemific

5

avity less than or equal to | {eg., water, asphaltenes, and
! i‘ 4

¥
&

sodvent).

{3816} The light component ~ primarily a mixture of water solvent — 15 eventually fed to a
tatlings solvent recovery unit (TSRU) to separate and recover the solvent. The talings solvent

a vacuam dissillation unit

7]

recovery unit may include a negative pressore separation unit such a
or & vacuum stripping unit. Other suitable negative pressure separation units may be used such
as vacuum filters (helt filter, plat and frame flters, etc.) and the like. The pressure in the

negative pressure separation unit s lowered to below atmospheric pressure to facilitate
volatilization of the solvent. The negative pressure separation umit may provide significant

savings in comparison to other technologies such a3 steam stripping.

~

{80171 The initial separation process performed on the tailings, preferably a cyclonic
separation process, may be used fo separate the tatlings into o light component snd a heavy
component. The light component may include a majority of the free solvent from the tailings
and the heavy component may include mineral solids. The lght component may be further

separated with another cvclonic separation apparatus and/or gravity separation apparatus. The
heavy compongnt may also be further separated with another cyclonic separation apparatus

X

andfor gravity separation apparatus.

{0018 it should be appreciated that multiple cyclonic and/or gravity separation apparatuses
may be positioned in serigs to facilitate greater separation of the tailings prior o being fed to the
tailings solvent recovery unit.  For example, two oyclonie separation apparatuses may be
positioned in series or one cyclonic separation apparatus and one gravity separation apparatus
may be positioned in series. Depending on the size, the cyclonic and/or gravity separstion
apparatuses may also be positioned in paraliel o process large quantities of tailings. At each
separation apparatus, most of the free solvent reports to the light component and at least a
portion of the mineral solids report to the heavy component. This separation can be repeated on
one or both the light component or the heavy component with each subseguent step providing a

greater degree of separation,
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{5819 in one embodiment, the solvent may caose a fraction of the asphalienes to precipitate,
In this embodiment, the light component from the initial separation process may inchude a
majority of the free solvent from the tailings and a majority of the asphaltenes from the tailings.
The light component may be separated further using a cyclonic separation apparaius OF & gravity

separation apparatus to obtain another light component that includes & majority of the fee

solvent and a heavy component that includes # majority of the asphaltenes.

106281 In one embodiment, the method may include separating tailings resulting from a
process for recovering bitumen from oil sands into a first light component and @ first heavy
coimponent with a oyclonic separation apparatus or & gravity separation apparatus. The fivst light
component includes a majority of free hydrocarbon solvent in the tailings and a majorty of
asphaltenes in the tailings and the first heavy component includes mineral solids. The method
further inchudes separating the first light component into a second light component and a second
heavy compenent with a cyclonic separation apparatus or a gravity separation apparatas. The
second light component includes & majority of the free hydrocarbon solvent in the first light

component and the second heavy component ncluding a majority of the asphaltenes n the first
-+ 3 = . & E

light component.

k3

{62y fn another embodiment, the method may include separating a sturry that 1§ part of @
vrocess for recovering bitumen from ofl sands with a hydrocyclone.  The sturry includes
asphaltenes, 2 majority of which have precipitated. In yet another &mbmﬁmen‘t, the method may
include separating bitumen from oll sands and thereby forming failings which may then be
separated into a light component and a heavy component with a hydrocyclone. In yet another
embodiment the method includes separating a stream that is part of a process for recovering
bitumen from off sands with a hydrocyelone. The stream inciudes a hydrocarbon solvent that is
at least SO wi % paraffinic bydrocarbons having five to sight carbon atoms. One embodiment of
a system may include one or more separation apparatuses configured to receive and separate
hitumen from oil sands and thereby produce tailings that include hydrocarbon solvent and
precipitated asphaltenes. The system may also inchide a hydrocyclone positioned to recetve the

tailings and separate the tailings into g Bght component and 2 heavy component.
Eey X e

ABOVBZ_4 DOC
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100221 It should be appreciated that the separation systems described herein may be used to
make virtually complete separations between mixtures of solvent, water, and mineral solids (and

any diluted bitumen that may be present). The method separates tailings with cyclonie and/or
gravity separation apparatuses into a solids enriched heavy fraction {precipitated asphaltenes
snd/or mineral solids) and & free solvent enriched light fraction. Suitable cyclonic separation
apparatuses include hydrooyclones or hydroclones and suitable gravity separation apparatuses
include settiers, clarifiers, certain filters, and the Hke, Vadlous known fiter separation
apparatuses may slso be sustable. In the case of & gravity separation apparatus, the tailings are
separated by allowing gravity settiing of the components to form a solids enriched heavy fraction
{precipitated asphaltenes and/or mineral solids), a water fraction with fine suspended mineral
solids, and a free solvens enriched Hght component. The free solvent enriched light component

can be easily recovered or further separated 1o increase the purity of the recovered solvent for s

PrOCESS ¥ a,:}-'e‘;ie_

160231 The forspoing and other features, utilities, and advantages of the subject matter

described herein will be apparent from the following more particaler description of certain

embodiments as illustrated in the accompanying drawings.

DRAWINGS

18824}  FIG 1 is a schematic diagram representing embodiments of a method ang & system
for recovering solvent or diluent from tailings produced using a Low Temperature froth

Treatment Frocess (LTFT)

{3025] FIG. 2 s a schematic diagram representing embodiments of & method and a system

¢ from a High temperature Froth

Loy

for recovering solvent ar diluent from tailings produced usin

Treatment Process (HIFT).

10026]  FIG. 3 {8 2 schematic diagram representing embodiments of a method and a system
for removing solids from tailings prior 1o separating the soivent with & distillation apparatus such

e

35 a steam siripping apparatuis of vacuum stripping apparatus.

3800982_4.00C
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16027 FIG. 4 is o schematic diagram representing embodiments of a method and 2 system

(osr]

or recovering solvent from tailings by gravity separation in a settler or clanfier. The
concendrated solvent layer is removed (continyous process) and may be further refined for

solvent recovery with a distiliation apparatus.

DETAILED DESCRIFTION

{8028} Unless otherwise explained, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which thus
disclosure befongs. The singular terms “a,” “an,” and “the” should be understood to include
phural referents unless the context clearly indicates otherwise.  Sunilarly, the word “or” i
intended to include “and” unless the context cleasly indicates otherwise. The term “mchsdes”
means “comprises.” The method steps described herein, such as the separation steps and the
mixing steps, can be partial, substantial or complete unless indicated otherwive. All percentages

recited herein gre dry weight percentages unless indicated otherwise.

{6429} 01l sands represent a valuable sowrce of hydrocarbons in a world where such sowrces
are becoming increasing scarce.  Extraction of these hydrocarbons represents a significant
opporturity to meet the ever increasing global demand for ofl, gasoling, and other hydmear‘bon
based products {e.g., plastic, ete.}. It should be appreciated that the terms oil sands and tar sands

o used interchangeably to refer to a variety of compositions that include both bitumen and
mineral solids. il sands typically include bifumen, water, and mineral solids such as coal, sand,
and clay. The bitumen in oil sands typically includes & vafit:-.ty of relatively heavy hvdrocarbons,
resins, and asphaltenes. Depending on the composition, oil sands can have varying levels of

hardness, Some ofl sands ave in the form of 2 rock-like ore. Other oil sands are generally

e

sranuiar and free-flowing.  Upon separation from the mineral components of the oil sands,

hitumen has many useful applications, especially as a feedstock for refining off, gasoline, and

cther valuable commmodities

G 3800082 400G
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R ERIH The following disclosure describes a nomber of embodiments of a system and method
that can be used to sepasate tallings from a biiumen extraction process. The tailings may
originate from any suitable process for extracting bitumen from oil sands.  Preferably, the
tailings are the underflow or heavy component from a CCD process such as that described in the
709 Patent. ln a CCD process, the o sands ore is initially mixed with water in 2 flotation
separation system to form a bitumen froth. The froth typically includes bitumen (including
precipitated and unprecipitated asphaltenes), water, mineral solids, and precipitated asphalienes

Phe concentration of bitumen in the froth may be about 20 wi % to 80 wi % or about 0 wt Y to

70 wi %, The concentration of water in the froth may be about 10 wi% to 75 wi% or about 15

94 1o 40 wi %%, The concentration of mineral solids in the froth may be about 5 wi% to 45
wit.% or about 5 wt.% to 20 wt.%. The concentration of asphaltenes in the froth may be about i
wt% to 25 % or aboat § wt¥ to 15 wt%. A typicst froth may inchide about 60 wt%

bitumen {asphaltenes make np about 18 wi% of the bitumen), about 25 wit%% water, about 11}

wt % mineral solids and sbout 8 wi % asphaltenes.

{8831} The froth is separated, deasrated {e.g, by heating), and mixed with a solvent that
solvates most of the bitumen 1o enable it to be recovered from the oil sands ore. The solvent also
causes some of the asphaltenes to precipitate {e.g, €5 asphaltenes are those asphaltenes that
precipitate in pentang; C7 asphaltenes are those asphalienes that precipitate in heptane). The
mixture iy separated with a CCD cireuit to isolate the bitumes product (commonly referred to as
dilbit, which is short for diluted bitumen; the dilbit is primarily a mixtwre of solvent and

bitumen}.

5

8032]  The CCD circnit involves subjecting the solvent and the froth to multiple setthng
stages in a counter current fashion — 1.e.. the solvent is introduced at the settling stage where the
tailings are removed and the froth is introduced at the setiling stage where the diluted bitumen is
removed. The bitumen product may be sent to & solvent recovery unit where the solvent &
separated from the bitumen to be recycled back to the process. The final brumen product may
be hydrocracked to break complex organic hydrocarbons into lighter hydrocarbons that are more

suitable for further processing. The tailings from the CCD cirouit include precipitated

| 3800962_4.00C
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asphaltenes, water, and mineral solids, as well as a small amount of residual bitumen.  The

tailings are processed to recover the sobvent and then sent to a tailings pond.

100331 Any suitable organic solvent may be used to exiract the bitumen. In one embodiment,

o x

the solvent reay tnclude paraffinic hydrocarbons having four to eight carbon atoms.  The

paraffinic hvdrocarbons may include cycloalkanes and isoalkanes. In another embodiment,

suitable solvents may inclade one or more alkanes having 3 to 10 carbon atoms or, desirably, one

or move alkanes having 4 to & carbon atoms. For example, the solvent may include n-pentane, 2-
methyibutane,  2,2-dimethylpropane, vhexane, Z-methylpentane, 3-methylpemtane,  23-

i~

dimethylbutane, 2.2-dimethylbutane, n-heptane, 2-methythexane, 3-methylhexane, 2,2-
dimethylpentane, 2 3-dimethylpentane,  24-dimethylpentane, 3 3-dimethyipemtane,  3-
sthyipentane, and/or 2.2.3-trimethylbutane. The solvent may also include cycloalkanes and 1s0-
alkanes. Preferably, the solvent includes n-pentane, 2-methylbutane, n-hexang, Z-methyipentane,
J-methyipentane, andfor n-heptane. o one embodiment, the solvent may include 25 wt% o-
pentane, 25 wi.% Z-methyibutane, 25 wt % 2Z-methylpentane, and 235 wi%s3-methylpentane. The
ratio of solvent to bitumen may be 6:1 to 21 or, preferably, 4:1 to 311, & should be appreciated

that the solvent may be distinguished from the bitumen material based on characteristics such as

o

molecular weight, boiling point, ete. Thus, the solvent is generally considered a sepavate

{

component from the larger bitumen compounds.

T

00341 The tailings are further processed to remove and recover the solvent that is present. I
is desirable to separate the solvent from the tailings for a variety of reasons. Separating the
solvent allows it 1o be recycled back fo the bitumen extraction process. Also, enviroamental
regulations Himis the amount of solvent that can be discharged to the environment. Any exce

solvent must be recoversd from the tailings before it is discharged. The taiﬁings may include
about } wt.% to 20 wit % solvent or 2 wi.% 10 5 wt.% solvent. As already mensioned above, the
solvent in the tailings can be classified as free solvent or bound solvent. The bound solvent 15
solvent that is coupled to the precipitated asphalienes and/or, to a much lesser extent, other

mineral solids. The bound solvent is generally recovered along with the precipitated asphaltenes,

Free solvent is generally recovered with the tailings solvent recovery umt.

11 3800682 4.DAT
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$O35] The following describes a variety of embodiments of systems and methods for
10638} 8 3 \

separating the failings.  Although the following subject matter is described primarily in the
context of separating tailings, it should be understood that the concepts and features described

g of

herein may be applicable to and used in a vagety of settings and sitmations during processin
oif sands. Alse, it should be understood, that the features, advantages, characteristics, eie. of one
embaodiment may be applied to any other embodiment to form an additional embodiment unles

o

noted otherwise.

00361 The various embodiments for separsting the failings may provide a number of
advantages. For example, the lailings solvent vecovery umit may use a negative presswre
separation apparatus instead of 8 conventional steam stripping usit. The energy demands and
high equipment wear rates of steam stripping made i expensive to operate. The energy demands
required by steam stripping arise from the need to generate enough steam o not only strip the
volatite organic solvent from the remainder of the phases (¢ g., aqueous and asphaltenes t phase),

but also o preheat the stream and the stripping medium to the boiling point. The elimingtion of
the steam stripping unit results in significant operating cost savings. Also, the tailings solvent

recovery unit may experience much less wear than 2 conventional steam stripping unit thereby

further deoreasing maintenance and equipment costs

{6037} Tn order to increase the solvent recovery or reduce the amount of solvent reporting to
the {ails to be discharged inte the tailings pond or otherwise improve the sconomics of the

process, the tailings may be separated one or more times in series with a cyclonic separation

apparatus and/or a gravity separation apparatus. This may result in a solvent recovery C}f, for
example, at feast about 90 wt.%, at lpast about 95 wt %, or, desirably, at least about 87 wi%. In

multiple stages these process can achieve solvent revovery of at least about 99 wt.%. Bue to the
higher {nitial separation, the steam stripping may be substiruted with a less expensive solvent
recovery process such as vacuum stripping. In comparison to the conventiopal tailings solvent
recovery units, these separation apparatuses typically require significantly less heat and many

can be carried out at ambient temperatures. The tailings (primarily water) that exut after the

Yovi
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solvent is recovered may generally have a temperature of about 28 °C to 43 °C, which s nwch

fower than the temperature achieved from conventions! processing.

{8038} The cyclonic separation apparatus may be used {o separate the tailings into a light
component that is enriched with the free solvem, precipitated asphaitenes, and includes most of
the water contained in the foed. The heavy component is generally enriched with the mineral
olids and contains & minimum amount of water, Alternatively, the tailings may be separated
with & cvclonic separation apparatus so that the heavy component is enriched with the
precipitated asphaltenes. In this embodiment, the lght component is enriched with the free
solvent and contains some water and some small amount of precipitated asphaltenes while the
heavy component is enriched with the mineral solids and the precipitated asphalienes. in some
embodiments, the light component and/or the heavy component obtained from the initial
separation apparatus may be subjected to one or more stages of further cyclonic or gravity
separation at a different cut size to soparate the different materials, e.g., separate asphaltene
phase and water pluy solvent phase. The water plis solvent may be separated in a gravity
separation apparatus such as a settler to allow separation of the two immiscible Hquids. The
solvent layer is clean ennugh to be reeyeled back to the process without any further separation.
The water phase may be sent ihrough the tailings solvent recovery unit o remove residual

quantities of solvent.

150391 it should be appreciated that any of a number of cyclonic separation apparatuses

and/or gravity separation apparatuses may be used. One example of & cyclonic separation

\

apparatus may include a hydrocyclone or hydroclone. In some implementations, the separations

3

are custonsized to the special characteristics of the mixture being processed. For example
various chavacteristics of the ivdrocycione such as the cyclone size, vortex finder, and apex, can
be modified to slter which materials are sent to the light component and which materials are sent
to the heavy component. Thus, the particular hydrocyclone can be matched to any particular
starry to ensure the optimum separation is achieved and that the solvent is concentrated for
recovery. The separations also can be customized to accommodate any suitable processing

scheme such as contimzous, batch, or senu~bateh processing,

13 3BO0SE2_4.D00
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100401 A cyclonic separation apparatus is configured to induce or facilitate cyclonic spinning
of one or more source streams in a vessel, which i3 typically conically shaped. The resulting
radial or cemirifugal force causes the heavier or denser matevials suspended in the stream fo
olfect in & heavy component or underflow and the lighter or lzss dense materials in the stream to
collect in a lght component or overflow. It should be appreciated that the user of the terms
overflow and underflow are not necessaxiiy meant to signify the location of where the stream

exits the separation apparatus, but instead are meant a3 commonly understood proxy terms for
light component and heavy component. Mineral solids can be separated from the water and/or
other materials in the heavy component by, for sxawmple, a gravily separation process such as
settiing. The water then can be recycled back into the process or disposed of  The light

component can be separately routed for collection or further processing,.

N

18041} In one embodiment, the cyclonic separation apparatus may include a gas-sparged
hydrocyclone. Like other cyclonic separation apparatuses, gas-sparged bydrocyclones involve
spioning the stream through the apparatus cyclonically. Gas-sparged hydrocyclones, however,
can also inchide introducing fine gas bubbles into the source stream while centrifugal force 13
being applied. The bubbles can be introduced through fine holes in the wa alls of a pipe positioned

T

vertieally in the center of the hydrocyclone.

w»

Introducing these bubbles further promotes
separation by the flotation principles discussed herein. The gas can be, for example, @I OF an

inert gas such as ntrogen.

{6042} The cyclonic separation apparatus can be used, for example, to remove mineral solids
and/or other heavy materials from a stream prior to separating the solvent from the other liquid
components in the tailings. As shready mentioned, separating the minesal solids at various points
may facilitate improved operation of downstream equipment. When performed on the tailings,
the heavy component exiting the cyclonic separation apparatus can include mineral solids and
water or alternatively can include mineral solids, precipitated asphaltenes, and water. In one
smbodiment, the tailings described above may be separated so that the heavy componest

) P

nclides about 40 wt% to 70 wi% mineral solids, about 0.1 wi% to 14 wt% asphaltenes

3

{depending on whether & is desired for asphaltenes to be sent to the heavy component), no more

IBONGET_4.D0C
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than about 0.5 wt.% free solvent {solvent that is not bound to the asphaltenes or mineral solids),

e .}Q =) a1 1o i""‘,‘-' 1 Th Yeorht o 13 + a3 T2 b criirmmt and rafar o N 1Y ;
and the remainder is water. The light component may include solvent and water or alterngtively,
solvent, water, and precipitated asphaltenes (depending on whether i is desired for asphaltenses
1o report to the light component). In one embodiment, the light component may include about O
wt% to § wi% mineral solids, about 10 wt% to 40 wi% precipitated asphaltenes, about 0.5

wi. % to 20 wi% solvent, and the remainder 1 waler.

10643} Some disclosed embodiments include one or more gravity separation processes.
Typically, the gravity separation processes are used afler the tailings have been separated in a

g
cyclonic separation process. However, it s contemplated that the gravity separation processes
may be used on the tailings before any cyclonic separation processes are used.  Gravily
separation apparatuses can be used, for example, to separate the failings fnto a light component
that includes a majority of the free solvent and a heavy component that includes the mineral
solids. Gravity separation apparatuses may be used in series to provide effective yet inexpensive
separation of the tailings, Reageuts can be added to enhance the separation of the two phases.
Agtrition serubbing can be used to clean the miners! surfaces, thereby enhancing the separation.
Useful reagents for separating the tailings include, for example, dispersams, surfactants and
solvents. These reagents facilitate the separation, for example, by surface charge alteration and
dispersion. In some embodiments, the dispersant comprises a silicate, s phosphate, a citrate, 8
lignin sulfonste, or @ combination or derfvative thereof Suitable gravity separstion apparatuses

clude settlers, clarifiers, flotation apparatuses, focculation, hydroseparator, and the like.

0044 Ome embodiment of a gravity separation process is a flotation process. In general,
§'§ ' 2 7 2+ dff -.Qﬁ-);-\h n ety d t\ {34 ‘%E «‘h.» oo
flotation can cover a varisty of different processes such as separaiion doe {0 iMMISCIvIe Phases,
froth generation, ste. A fotation apparatus can be used to separate precipitated asphalienes and

-

certain target minerals from other materialy in the tailings, The target minerals can inchude
Ky 1

valuable minerals, such as titania, imentte and zirconia, as well as minerals that may de harmfuld

to the environment, such as sulfur-containing minerals.

-y
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{8048  Muitiple flotation stages can be used to increase the recovery of the targeted material
For exaniple, some embodiments include a rougher stage to effect an initial or rough separation
targeting high recovery, 3 scavengsr stage to scavenge any remaining hydrophobic component
and a cleaner stage to clean any one of the rougher or scavenger stage products of the
hydrophobic component to higher purity.  Each successive stage can be configured and
optimized to the recovery of diminishing concentrations of one or more hydrophobic
components. Reciroulation, recycle or re-frestment of some streams and products also can be

inchuded.

{6046} As a final step, the tailings solvent recovery unit may be used to separate g solvent
and water mixture obtained Srom the various oyclonic separation apparatuses andfor gravity
separation apparatuses. In one embodiment, the tatlings solvent recovery unit may be a negative
pressure separation apparstus such as & vacuum distillation apparatus or & vatuum stripping
apparatus. The &dvamage of vacuum siripping is that the volatile organic solvent volatilizes at 8
fower temperature when the pressure is reduced, The negative pressure separation apparatus
may also include one or more vacwum filters {e.g., belt filter, plat and frame filter, ct¢.) 1t shonid

be appreciated that in addition to the primary unit operations described above, embodiments of
the disclosed method and system can include secondary unit operations, such as pumps, plenums

and reguiators.

18647} Turning now o the FIGS., &t should be appreciated that the tailings 110 originate

from a CCD extraction process such as that described in the "709 Patent even though the details
of the extraction process are not explicitly described herein (althongh the entire “709 Patent is
incorporated herein by reference). The tallings include precipitated asphaltenes, solvent, mineral
solids, and water, as described above. Turning to FIG. 1, it should be appreciated that the
process shown therein {s particularly suitable for separating the tailings from a low temperature
froth treatment system (froth freatment process operated at sn ambient temperature of
approximately 2 “C). OF course, the process shown in FIG. 1 may also be used to treat tailings

£

from any suitable process.

16 3800882_4.00C
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{0048} The tailings 110 thar exit the extraction process can be routed directly into a first
separation apparatus 112, such as @ hydrocyclone. The separation apparatus 112 can be uselil,
for example, to separate mineral solids 114 (also referred to hersin as coarse solids) from the
tailings 110 to produce & first light component or first overflow 116 that is enviched with solvent
and precipitated asphaltenes. A first heavy corapovent or first underflow 118 enviched with the
heavy materials such as the mineral solids exits the separation spparatus 112 and is routed to &

second Separation apparatus 120, The second separation apparatus is preferably a hydrocyelone
but may be any other suitable cyclonic separation apparatus or gravily separation apparatus. The
second separation apparatus 120 divides the stream into a second light component or second
overflow 122 aid a second heavy component or second underflow that bs primanly minersl
solids 114 that are disposed of The second light component 122 is recombined with the first
fight component 116 and both are routed to a third separation apparatus 124, which may be a
hydrocyelone, or to 2 setfler/clarifier 125 1o separate the precipitated asphaltenes 126 from the
water 128 and the solid residue 130, The solvent-water phase can then be treated in a recovery
wiit 132 for the recovery of solvent 134, The recovery unit 132 may be g segative pressure

3.
separation apparaius. For example, the recovery onit 132 may be & vacuum stripping wnit. The

R X Lo d

asphaltenes 126 may be processed further as described in the 327 Application. The inorganie
solids 114 may also be passed through a recovery unit 132 such as a vacuum stuipping unit to

O

groduce a final taltings product that has no more than 500 ppm solvent.

{49 FIG. 2 shows another embodiment of g process that may be used 1o recover solvent
from tailings. This process may be especially useful in connection with tailings obtained from a
high temperature froth treatment process (froth trestment process opersted st an elevated

temperature of approximately 70 °C). As shown in FIG. 2, the tailings 110 can be routed into a

o

first separation apparatus 210, such ay a hydrocyclone. In this embodiment, the separation
apparatus 210 is configured to separate the tailings so that the asphaltenes 214 and mineral solids

212 are enriched in the heavy component. The solvent s enriched in the first light component or

>y

first overflow 216, The light component 216 may be routed to another gravily separation

apparatus 218 to further separate the water 222, The separalion apparatus 218 may be a

IBOOHST_A.D0C
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hvdrooyclone, settler, or clarifier. The solvent 324 can be recovered using a recovery unit 226,

which may be similar to the recovery unit 132

180354} With reference to FIG. 3, the tailings 110 can, alternatively, be routed divectly into a
separation apparatas 310, such as g hydrocyclone. The separation apparatus 310 can be used to
separate mineral solids 312 and asphalienes from the tailings 110 to the heavy component. Thas
embodiment is more applicable to oil sands processing where the asphaltenes are coarse and or
coated onto minevals and hence have a natural tendency to be readily free sestling The hght
component 314 can be routsd to another separstor {not depicted), such as a hydrocyclone, or

settier/clarifier {not de;azcted} 1o remove fine suspended solids and produce a solvent-water

stream.  The solvent 316 can be recovered from the waler stream 318 through the use of a
recovery uiit 320 that s similar to the recover units deseribed in connection with FIGS. | and 2.

{68511  Turning fo FIG. 4, the twilings 110 can be routed directly into a separation apparatus

410 can be useld, for

e

410 that is a gravily separation apparatus. The separation spparatu
example, to separate nuneral solids 412, asphalienes, and water from the tstings 110, The
separation apparatus 410 provides a weful way io remove these materials before sending the
solvent/water strearn to the recovery unit 414, The heavy component 412 from the separation
apparatus 410 can exit the sep_amtion apparatus and be routed to a gravily separation apparatus
{not depicted) to scavenge any remaining solvent and asphaltenes. The light component from
this sepsration apparatus can be recombined with the light component from the separation

apparatus 410 and both rovted to the recovery unit 414 for the recovery of the sobvent 416,

F0082 It should be appreciated that the number and configuration of the separation
apparatuses may be varied in a number of different ways. For example, multiple separation
apparatuses may be placed in series or in parallel to provide the desired purtty of the solvent.
Also, any of the embodiments shown in the FIGS. may be modified to mnclude additional
cyclonic separation apparatuses andfor gravity separation apparatuses to further facilitate

separation of the solvent.

3800582 4000
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{00541 The following examples are provided to further iHustrate the subject matter disclosed
herein. The examples describe lab scale tests of some of the embodiments of the separation
system disclosed herein.  The lab scale tests demounsirate the feasibilty of efficiently and
effectively separating solvent from oil sands tailings that include precipitated asphaltenes. The
taitings tested in the following examples were obtained from the underflow of & €CI process
described above. The solvent used in the CCD process was a C5-C6 solvent {e.g, pentane,
hexane, and the like). The higher volatility solvent {{5-C6 solvent} was removed from the
tatlings and replaced with a lowsr volatility solvent {C7 solvent) to make it easier (o run the tests

on a lab scale. The examples should not be considered as being Hmiting in any way.
10035]  Examplel

{561 A hydrocyclone was used to separate solvent from the tailings generated as part of the

o

process of recovering hydrocarbons from off sands. The tailings included approximately 5 wi%

(]

heptane {the solvemt) 25 wt % solids, and the renwinder was water. The solids inchude
asphaltenss and mineral solids {the ratio of asphaltenes to mineral solids was approximately 1.1}
as well as clay. The heptane precipitated the asphalienes so that they were part of the solids

fraction of the tailings.

~

The tailings were inftially separated with a Krebs 2 inch hydrooyclone {model U2-

o

16657

GMAX),  This bench scale hydrocyclone was ysed to demonstrate the feasibility of this

ey

approach. It should be appreciated, of cowrse, that larger, ceramic lined hydrocyclones may be

used at a commercial levell The tailings were stored in a closed vessel that functioned as the
feed storage tank. A centrifugal pump was connected to a vasiable frequency drive to feed the

\

tailings into the hydrooyelone at & pressure of 10 pst to 20 psi. Additional vessels were provided
o collect the Ndmcvcime products (light component or overflow and heavy component or

-

underflow). Each test was run with 20 Hters of tailings.

38008838 _4.DQC

[
e
p



WO 2009/089112 PCT/US2009/030048

{0058} The hvdrocyclone was configured to separate the free solvent and asphaltenes (te,

the hydrocarbon components) o the light component and the mineral solids into the heavy
component. The results are shown in Table [ and Table 2 below. The solvent recovery for the
run shown in Table 1 is 90% to the Hght compenent. It should be noted, bowever, that the
taitings wsed in this run were “aged” longer than tailings from a tvpical oil sands recovery
orocess. Over prolonged contact times, the asphaltenes absorbs and physically binds increasing

e

gmounts of solvent. The test results shown in Table 2 wsed tallings that were aged for an amount

of time that is closer to the actual contact time of asphalienes and solvent In a typical oif sand
recovery process. The resolts show that the separation efficiency for these runs is greater than
that of the aged tailings despite the relatively low levels of solvent used. It can also be seen that

the separation efficiency generally increases with incrzased solvent concentration in the feed.

b

Table | — Aged Tailings Separation 333-*{3

Y ST 1% B eovery F8
Mass Conposition {wt. Recovery (%6}
Splis (%%} P e - e s T :
oitds Casbon  {Heptane | Water | Solids | Casbon | Heplane
Feed 10D 191 28 0.65 {100 100 100 100
Light 88.5 143 36 0.66 94 66 &1 90
Heavy 113 56.4 14 56 6 34 1o i0
Table 2 ~ Tailiugs Separation Data 7
ok Water - R 05
o Heptane {wt %} Heptane Recovery (Y
Mass ) Recovery (¥8)
Split (%)
Ran2 [Run3 [Rund | All Runs Run? [Run3 | Rund
Feed 100 10.58 $5.63 .65 100 | 100 100 160
0 3o000EE_4.DGC
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Light R8.S 061 1066 066 |94 Toz 94 89
Heavy 115 .42 0.35 3.42 6 8 & il
100591 Example 2
10060] A Krebs | inch hydrocyclone was used to further separate the asphaltenes and solvent

from the mineral solids in the heavy component obtained in Example 1. It should be appreciated

i

that the feed incluodes some additional water that was added after the initial separation. It is

desirable to separate the asphaltenes so that the solvent bound to the asphaltenes can be separated

from the mineral solids. The results of this separation operation are shown in Table 3 below.

The combination of hydrocyclones from Example 1 and 2 in series result in approximately 99%

recovery of the sobvent.

Table 3 -~ Separation Data of the Heavy Component from Example 1

Mass Composition {wt %} Recovery {36)

Split (%) Sohds Carbon  [Heptane | Water | Solids carbon | Heptane
Feod 109 18 14 0.56 100 100 100 100
Light &6 10 26 $.58 44 48 86 92
Heavy 14 56 3 (.32 & 52 14 8

18061 Exampl

10062]

and water in the light component obtained in Example 1. The feed stream was diluted with

A Krebs 1 inch hydrocyclone was used 1o separate the asphaltenes from the solvent
Some

additional water used 1o rinse the equipment from Example I to recover all of the solvent. The

3500862_4.DCC
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. .

results of this separation operation are shown in Table 4 below. It should be noted that as the
solvent content of the feed increases the solvest recovery efficiency also increases due to the fact
that the asphalienes absorb a background threshold amount of solvent. The amount of solvent in
the heavy component remains at g level of 0.37-0.41 in the elevated feed solvent content tests,

which is comparable to that of the lower solvent content feed Examples 1 and 2.

Table 4 ~ Separation Data of the Light Component from Example 1
f _ o Water Heptane
Heptane (wi.%)

¥ cppvpon iy (ﬂ(z’ : N s P Qf
Sofids (%) Recovery (30 | Recovery (%)

Run 3 Run & Al Runs Run S Run 6
Feed 100 12.5 2.6 100 L0 1GO
Light 87.5 8.5 12.2 3.8 70 o8 95
Heavy 32.5 185 0.41 0.37 30 i 5

60631 Hiustrative Enshodimsnts

3

{6064} Reference is made it the following to a number of Hlustrative embodiments of the
subject matter described herein. The following embodiments illustrate only a few selected
smbodiments that may inclode the various features, characteristics, and advaniages of the subject
matter as presently described. Accordingly, the following embodiments should not be considered
as being comprehensive of all of the possible embodiments. Also, features and charactesistics of
one embodiment may and should be interpreted o equally apply to other smbodiments or be
used {n combination with any sumber of other features from the varions embodiments to provide
further additional smbodiments, which may describe subject matter having a scope that varies
{e.g., broader, etc.} from the particular embodiments explamed below. Accordingly, any

combination of any of the subjecs matter desceribed herein is contemplated.

3800982_4.00C
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{0665} According to one embodiment, a method comprises; separating tailings resuliing from
3 process for recovering bitumen from oil sands into a first light component and « fivst heavy
component with a cyclonic separation apparatus or a gravity separation apparatus, the first light
component inchuding & majority of fres hydrocarbon solvent in the tailings and a majority of

%

asphaltenes in the tailings and the first heavy component incloding mineral solids; and separating
the first light component into a sscond Hght component and a second heavy component with a
cyclonic separation apparatus of a gravity separation aspparatus, the second light component

actuding a majority of the free hydrocarbon solvent in the first Hght component and the second

i

heavy component including a majority of the asphalienes in the first light component. A
najority of the asphaltenes in the talings have precipitated. The hydrocarbon splvemt reay
include at least 50 wt.% paraffinic hydrocarbons. The paraffinic hydrocarbons may have five to
eight catbon atoms. The method may comprise separating the failings into the first Hght
component and the first heavy component with a hydrocycione. The method may comprise
separating the first light componemt into a second light component and a second heavy
component with a hydrocyclone.  The method may comprise separating the firat heavy
component into a third Hght component and a third heavy componest with a oyclonic separation
apparatus or a gravity aeparanor apparatus, the third light component inclading & majority of the
free hydrocarbon solvent in the frst heavy component and a majority of the asphaltenes 1n the
first heavy component. The method may comprise separating the hydrocarbon solvent from the
second lght componens with & distillation apparatus.  The distillation apparatus may be 2
negative pressure distillation apparatus. The wethod may comprise separating the hydrocarbon

solvent from the second Hght component with a negative pressure separation apparatus.

JR66] Acaarﬁiﬂg t¢ another embodiment, a method comprises: separating & slurry that is
fw - sonatte g o 'i(’ e aliirew ined P

part of a process for recovering bitumen from oil sands with a hydrocyclone, the sharey including
asphaltenes; wherein a wajority of the asphalienes in the sturry have precipitated. The slurry
may include hydrocasbon solvent that is at least 50 wit% paraffinic hydrocarbons. The sturry
may include hydrocarbon solvent that has 8 boiling point of no more than 120 °C. At least 80

1 2

wt.% of the asphaltenes in the sturry have precipitated. The shurry may be separated into a light

27 38009824 DGC
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component that includes a majority of fee hydrocarbon solvent and a heavy component. The
sturry may be separated into a plurality of components by the hydrocyclone and wherein at least

one of the plurality of components is separated further by another hydrocyclone.

66T According fo another embodiment, a method comprises: separating bitumen from oil
sands and thereby forming tailings; separating the tailings into a Hght component and a heavy
component with a hydrooyclone  The tailings may be a slurry.  The tailings may nclode
precipitated asphaltene.  The method may comprise separating the light component with a
hydrocyelone. The method may comprise separating the heavy component with 2 hydrocyclos

The light component miay include a majority of free hydrocarbon solvent in the tailings and a
majority of precipitated asphaltenes in the tailings and the heavy component inclades mineral

solids.

{0068} According to ancther embodiment, a method comprises: separating a stream that is
part of 2 process for recovering bitamen from ofl sands with & hydrocyclone, the stream
including & hydrocarbon solvent; wherein the hydrocarbon solvent includes at least 50 wi%
varaffinic hydrocarbons having five to eight carbon atoms. The hydrocarbon solvent may have a

boiling point that is no more than 120 °C. The hydrocarbon solvent may have a boiling point
that is no more than 100 °C. The hvdrocarbon solvent may include at least 30 wit % of o-
pentane, 2-methylbutane, n-hexane, 2-methylpentane, I-methylpentane, and/or n-heptane. The
stream may include precipitated asphaltenes.  The stream wmay be separated into a Hght
component that includes a majority of the hydrocarbon solvent that is free and a heavy

component. The strean may be separated into a plurality of components by the hydrocyclone

b
Frors
5
=53

and wherein at least one of the plurality of components may be separated further by another

hydrocyelone.

{3069} According to another embodiment, a separation system COmpPrises. one of move
separation apparatuses configured to receive and separate bitumen from oif sands and thereby
produce tailings that include hydrocarbon solvent and precipitated asphaltenes; and a

hvdrocyelone positioned to receive the tailings and separate the tailings into 2 light component
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and & heavy component. The Hght component may inchude a majority of free hydrocarbon

solvent in the tailings. The hydrocarbon solvent may include at least 50 wt% paraffinic
hydrocarbons.  The paraffinic hydrocasbons may have five to eight carbon atoms.  The
separation system may comprise another hydrocyclone positioned to receive the Hght component
and separate the Hight component into another light component and 2 another heavy component.
The separation system may comprise another hydrocyclone positioned to recsive the heavy
component and separate the heavy component into another light component and snother heavy
component. The separation system may comprise a distillation apparatus positioned fo receive
the light component and sepsvate the hydrocarbon selvent from the light component. The
distillation column may be a vacunm digtillation apparatus, The sep&z‘ﬁtim SUStem may comprise
a negative pressure separation apparatus positioned to receive the light component and separate

the hydrocarbon solvent from the hight component,

(80781 As used herein, spatial or divectional terms, such as "leff," "right,” "fromt," "back,"
and the like, relate fo the subject matter as it is shown in the drawing FIGS. However, it is to be
understood that the subject matier described herein may assume various alternative orientations
and, accordingly, such terms are not to be considered as fimiting  Furthermore, as used heretn

¥ u i

(e, in the claims and the specificationy, articles such as “the, 7 and “an’” can connote the

22,

singular or plural. Also, as nsed herein, the word “or” when used without a preceding “either”

{or other similar language indicating that “or” is unsguivocally meant to be exclusive - e.5., only
one of x or v, etc.) shall be interpreted 1o be inclusive {s.g, "X or y means one or both x or ¥}
Likewise, as used herein, the term “snd/or” shall also be interpreted to be inclusive {eg, ™

¥

and/or v" means ong or both x or v). In situations where “and/or” or “or” are used as

£

conjunction for a group of three or reove items, the group should be interpreted to mchide one
stem alone, all of the items togethes, or any combination or sumber of the items. Moreover,
terms used in the specification and claims such as have, having, include, and including should be

construed to be synonymous with the terms comprise and comprising.

{B874 Unless otherwise indicated, all numbers or expressiong, such as those expressing

dirsensions, physical characteristics, ste. used in the specification {other than the claims) are

&
3
3
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undersiood as modified in all instances by the term “approximately.” At the very least, and oot
as an attempt to lHmit the application of the doctrine of equivalents 1o the claims, each numerical
parameter recited in the specification or claims which is modified by the term “approximately”
should at least be construed in light of the number of recited significant digits and by applying
ordinary rounding techniques. Moreover, all ranges disclosed herein are to be understoed to
encompass and provide support for claims that recite any angd all subranges or any aad all
individual values subsumed therein. For example, 8 stated range of 1 to 10 should be considered
to include and provide support for claims that recite any and all subranges or individual values
that are between and/or inclusive of the mintmum value of 1 and the maximum value of 10; that
is, all subranges beginning with a minimum value of 1 or more and ending with a maximum

value of 10 or less {e.g., 5.510 10, 2.34 to 3.56, and so forth) or any values from 1 to 10 {e.g., 3,

whn
ca
)

G.0004, and 8o forth).
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WHAT 1§ CLAIMED I8

1§ A method comprising

separating tailings resulting from a process for recovering bitumen from ofl sands wto a
first light component gnd a first heavy component with a cyclonic separation spparatus or a
gravity sepacation apparatus, the first light component including a majority of free hydrocarbon
solvent in the tailings and a majority of precipitated asphaltenes in the tatlings and the first heavy
component including mineral solids; and

separating the first light component into a second light component and a second heavy
component with a cyclonic separation apparatus of a gravity separation apparatus, the second
light component including s majority of the free hydrocarbon solvent in the first light component
and the second heavy compontent including a majority of the precipitated asphaltenss in the first

light component,

Z. The method of claimm 1 wherein the free hvdrocarbon solvent includes at least 5O wi¥%

8T
paratfinic hydrocarbons

3. The method of claim 2 wherein the paraffinic hydrocarbons have five to sight carbon
atams.
4. The method of claim 1 comprising separating the tatlings into the first light component

and the first heavy component with a hydrocyclone.

5. The method of elaim 1 comprising separating the first light coraponent into a second hight

component and a second heavy component with 2 hydrocyclone.

o

8. The method of claim | comprising separating the first heavy component into a third light

¥

component and a third heavy component with a cyclonic separation apparatus, a gravity
separation apparatus, and/or a negative pressure separation apparatus, the third light component

including & majority of the free hydr

bon solvent in the first heavy component and a majority

froc
of the precipitated asphaltenes in the first heavy component,

1
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7. The method of claim 1 comprising separating the free hvdrocarbon solvent fom the

3

second light component with a negative pressure separation apparatus.

o

P43

8. The method of claim 7 whevein the negative pressure separation apparatus 18 a negative

Pressure stripping apparatus.

. A method comprising:
separating a shurry that i part of a process for recovering bitumen from oil sands with a
hydrocyeione, the slurry including free hydrocarbon solvent and asphalienes;

wheren a majority of the asphaltenes in the slorry have preciprtated.

1 The method of claim 9 wherein the hydrocarbon solvent inclodes at least 30 wi%

paraffinic hydrocarbons.

11, The method of clam & wherein the hvdrocarbon solvent has a boiling point of no more

than 120 °C.

12, The method of clamm © wherein the shury 13 separated into a light component that

includes a majority of the free hydrocarbon solvent and a heavy component.

~

13, The method of claim 9 wherein the slurry is separated into a plurality of components by
the hydrocyclone and wherein at least one of the plurality of components is separated further by

another hvdrooyelone

i4.  The method of claim 9 wherein the shury i3 separated into a lght component that
meludes a majority of the free hydrocarbon solvent and & heavy component; the method
omprising separating the {ree hydrocarbon solvent from the Hght component with a negative

pressure separation apparatus.

13 The method of claim 14 wherein the negative pressure separaiion apparatus is a negative

=

pressure siripping apparatus

FOONREZ_4.D0C
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16, A method comprising:

separating bitumen from oil sands and thereby forming tailings which include free
hydrocarhon solvent and precipitated asphaltenes;

separating the tailings iato a hght component and a beavy component wih a

hydrocyelone,

17 The method of claim 16 vomprising separating the hight component with a hvdrocyclone
18, The method of claim 16 comprising separating the bheavy component with a
hydrocyelone.

19, The method of claim 16 wherenn the light component includes & majority of free

fivdrocarbon solvent in the tailings and a majority of precipiiated asphaltenes in the tatlings and

the heavy component includes mineral solids.

20, The method of claim 16 wherein the light component that includes a majority of the free
hydrocarbon solvent; the method comprising separating the free hydrocarbon solvent from the

fight component with a negative pressuse separation apparatus,

21, The method of ¢lairm 20 wherein the negative pressure separation gpparstus is a negative

Dressure siripping apparatus.

22 A method comprising:

separating bitumen from ot sands and thereby forming taiings which include free
hvdrocarbon solvent and precipitated asphalienes;

separating the tatlings into a2 Hght component that mcludes a majority of the free
hydrocarbon aolvent and & heavy component;

separating the free hydrocarbon solvent from the light component with a negative

pressure separation apparatus.

23, 1wd of claim 22 wherein the negative pressure separation apparatus i a negative

Ve

P

f.,oJ
Vs

18 met

pressure stripping apparatus,
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24, The method of claim 22 comprising separating the heavy component with a negative

pressure separation apparatis 1o remove additional hydrocarbon solvent from the heavy

component.

25 The method of claim 22 comprising separating the tailings into the fight component and
i g g P

the heavy component with a hydrocyclone.

26, A separation system comprising:

onie Or more separation apparatuses configured to receive and separate bitumen from oil

sands and thereby produce tatlings that include free hydrocarbon solvent and precipitated
asphaltenes; and

& hydrocyelone positioned to receive the tailings and separate the tailings into a light

camponent and g heavy componsnt,

~
!

2 The system of claim 26 wherein the lght component includes a majority of the free
hydrocarbon selvent from the tailings, the systemn comprising 2 negative pressure separation

appasatus that 1 configured 1o separate the free hydrocarbon solvent frony the lght component.

20 BRO0SE2_4.D0C
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