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ABSTRACT

A process for removing contaminants, namely water and particulate solids, from
hydrocarbon diluent-diluted bitumen froth ("dilfroth") is provided to produce
hydrocarbon diluent-diluted bitumen ("dilbit"), comprising subjecting the dilfroth to
gravity settling in a primary settler to produce an overflow stream of primary raw
dilbit, comprising bitumen containing water and some fine solids, and an underflow
stream of primary tails, comprising solids, water and residual bitumen; removing the
overflow stream of primary raw dilbit and subjecting it to gravity settling in a clarifier
vessel for sufficient time to produce an overflow first stream of cleaned dilbit and an
underflow stream of clarifier sludge; diluting the primary tails with hydrocarbon
diluent and subjecting the diluted primary tails to gravity settling in a secondary
settler to produce an overflow second stream of cleaned dilbit and an underflow
stream of secondary tails; and removing the clarifier sludge and diluting the clarifier
sludge with a hydrocarbon diluent, if necessary, and subjecting the clarifier sludge to

gravity separation to produce a third stream of cleaned dilbit.
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METHOD FOR TREATING BITUMEN FROTH WITH HIGH BITUMEN RECOVERY
AND DUAL QUALITY BITUMEN PRODUCTION

FIELD OF THE INVENTION

The present invention relates generally to a bitumen froth treatment process for
removing contaminants, namely water and particulate solids, from hydrocarbon
diluent-diluted bitumen froth having reduced water and solids without unacceptable
losses of bitumen. In one embodiment, two separate clean diluted bitumen streams
are produced, a first stream comprising heavy bitumen having an API| gravity less
than about 10 and a second stream comprising lighter bitumen having an API gravity

greater than about 10.

BACKGROUND OF THE INVENTION

"Qil sand, as known in the Athabasca region of Alberta, Canada, comprises water-

wet, coarse sand grains having flecks of a viscous hydrocarbon, known as bitumen,
trapped between the sand grains. The water sheaths surrounding the sand grains
contain very fine clay particles. Thus, a sample of oil sand, for example, might
comprise 70% by weight sand, 14% fines, 5% water and 11% bitumen. (All % values
stated in this specification are to be understood to be % by weight.) The bitumen
recovered from Athabasca oil sand is generally very viscous and has an API gravity
of less than 10 due to the large amount of heavy ends, such as kerosenes and

asphaltenes. For a typical oil sand ore bitumen, with a density of 1002 kg/m3 at
20°C, the API gravity is 9.3.

For the past 25 years, the bitumen in Athabasca oil sand has been commercially
recovered using a water-based process. In the first step of this process, the oil sand
Is slurried with process water, naturally entrained air and, optionally, caustic (NaOH).
The slurry is mixed, for example in a tumbler or pipeline, for a prescribed retention
time, to initiate a preliminary separation or dispersal of the bitumen and solids and to
Induce air bubbles to contact and aerate the bitumen. This step is referred to as

"conditioning”.

WSLegal\053707:00220\4386796v2 |
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The conditioned slurry is then further diluted with flood water and introduced into a
large, open-topped, conical-bottomed, cylindrical vessel (termed a primary
separation vessel or "PSV"). The diluted slurry is retained in the PSV under
quiescent conditions for a prescribed retention period. During this period, aerated
bitumen rises and forms a froth layer, which overflows the top lip of the vessel and is
conveyed away in a launder. Sand grains sink and are concentrated in the conical
bottom. They leave the bottom of the vessel as a wet tailings stream containing a
small amount of bitumen. Middlings, a watery mixture containing solids and

bitumen, extend between the froth and sand layers.

The wet tailings and middlings are separately withdrawn, combined and sent to a
secondary flotation process. This secondary flotation process is commonly carried
out in a deep cone vessel wherein air is sparged into the vessel to assist with
flotation. This vessel is referred to as the TOR vessel. The bitumen recovered by
flotation in the TOR vessel is recycled to the PSV. The middlings from the deep
cone vessel are further processed in induced air flotation cells to recover contained

bitumen.

The froths produced by the PSV and flotation cells are combined and subjected to
cleaning, to reduce water and solids contents so that the bitumen can be further
upgraded. More particularly, it has been conventional to dilute this bitumen froth
with a light hydrocarbon diluent, for example, with naphtha, to increase the
difference in specific gravity between the bitumen and water and to reduce the
bitumen viscosity, to thereby aid in the separation of the water and solids from the
bitumen. This diluent diluted bitumen froth is commonly referred to as "dilfroth". It is
desirable to "clean” dilfroth, as both the water and solids pose fouling and corrosion
problems in upgrading refineries. By way of example, the composition of naphtha-
diluted bitumen froth typically might have a naphtha/bitumen ratio of 0.65 and

contain 20% water and 7% solids.

Separation of the bitumen from water and solids may be done by treating the dilfroth

In a sequence of scroll and disc centrifuges. Alternatively, the dilfroth may be
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subjected to gravity separation in a series of inclined plate separators ("IPS") in
conjunction with countercurrent solvent extraction using added light hydrocarbon
diluent. However, these treatment processes still result in bitumen often containing

undesirable amounts of solids and water.

More recently, a staged settling process for cleaning dilfroth was developed as
described in U.S. Patent No. 6,746,599, whereby dilfroth is first subjected to gravity
settling in a splitter vessel to produce a splitter overflow (raw dilbit) and a splitter
underflow (splitter tails) and then the raw dilbit is further cleaned by gravity settling in
a polisher vessel for sufficient time to produce an overflow stream of polished dilbit
and an underflow stream of polisher sludge. Residual bitumen present in the splitter
tails can be removed by mixing the splitter tails with additional naphtha and
subjecting the produced mixture to gravity settling in a scrubber vessel to produce
an overhead stream of scrubber hydrocarbons, which stream is recycled back to the
splitter vessel. However, the polisher sludge may still contain a substantial amount
of bitumen (up to about 15% to about 20% of the total feed bitumen). It is
suggested In U.S. Patent No. 6,746,599 that the polisher sludge may be mixed with
the diluted splitter tails prior to feeding the splitter tails to the scrubber vessel in an

attempt to capture this remaining bitumen.

The very viscous bitumen produced with any of the above naphtha-based froth
treatment processes is generally not suitable for most conventional North American
refineries, as it has an API gravity of less than 10, i.e., generally around 8-9, and
substantial heavy ends content (e.g., about 15-20% asphaltenes). Thus, most
bitumen recovered from oil sands extraction must be upgraded in non-conventional
refineries, for example, those that might use coking as a first step in the refining
process, since most conventional refineries were designed to process much lighter
crude olls. Paraffinic-based froth treatment processes can produce a more suitable
dry, lighter bitumen but these processes experience high bitumen losses that can

significantly affect overall recoveries, primarily due to asphaltene losses.
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Further, the bitumen produced with any of the above naphtha-based froth treatment
processes generally does not meet pipeline specifications due to its high APl and

viscosity.
SUMMARY OF THE INVENTION

It was discovered that when practicing the staged settling process for cleaning
dilfroth as described in U.S. Patent No. 6,746,599 on a continuous basis, the mixing

of the polisher sludge with the splitter tails could, in some instances, eventually

~ cause problems in overall bitumen recoveries and the quality of the final product

(dilbit). Without being bound to theory, it was believed that the degradation in
process performance was likely due to the continuous transfer of large amounts of
fines from the polisher sludge. These fines, with typical dsg of about 10 microns,
may exacerbate the formation of the rag layer in the scrubber vessel, which may
result in an increase in bitumen loss from the process to the scrubber underflow.
Further, when demulsifiers (flocculants) are used in the polisher to aid in the
clarification of the diluted bitumen, these demulsifiers will report to the polisher

sludge and may also affect the rag layer formation in the scrubber.

However, due to the substantial amounts of bitumen still remaining in the polisher
sludge, it is still desirable to be able to recover the bitumen remaining in the in the
polisher sludge as cleaned diluted froth. It was discovered that the staged settling
process could be modified to overcome these problems while still maintaining

acceptable bitumen recoveries.

It was further discovered that the staged settling process could be used to produce
two separate cleaned diluted bitumen streams, where each stream would comprise
bitumen having different physical properties. In particular, a first stream comprising
heavy bitumen having an API gravity less than about 10 could be produced for
upgrading in non-conventional refineries and a second stream comprising lighter
bitumen having an APl gravity greater than about 10 could be produced for
upgrading in more conventional refineries. Thus, the overall process could be

manipulated to meet either requirement. For example, in instances where the oil
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sands plant is operating overcapacity, i.e., producing too much of the first stream
comprising heavy bitumen for the plant upgrader, e.g., cokers, to handle, it may be
desirable to remove the second stream comprising lighter bitumen, which is normally
recycled back to the staged settling process, to sell to conventional refineries for

5 upgrading.

Broaadly stated, in one aspect of the invention, a modified staged settling process is
provided to produce cleaned diluted bitumen having reduced water and solids
without unacceptable losses of bitumen. More particularly, a process for removing
contaminants, namely water and particulate solids, from hydrocarbon diluent-diluted

10 bitumen froth ("dilfroth") is provided, comprising:

o subjecting the dilfroth to gravity settling in a primary settler to produce an
overflow stream of primary raw dilbit, comprising bitumen containing water and some
fine solids, and an underflow stream of primary tails, comprising solids, water and

residual bitumen:

15 e removing the overflow stream of primary raw dilbit and subjecting it to gravity
settling in a clarifier vessel for sufficient time to produce an overflow first stream of

cleaned dilbit and an underflow stream of clarifier sludge;

e diluting the primary tails with hydrocarbon diluent and subjecting the diluted
primary tails to gravity settling in a secondary settler to produce an overflow second

20 stream of cleaned dilbit and an underflow stream of secondary tails; and

e removing the clarifier sludge and diluting the clarifier sludge with a hydrocarbon
diluent if necessary and subjecting the clarifier tails to gravity separation to produce
a third stream of cleaned dilbit.

In one embodiment, the dilfroth has a diluent/bitumen ratio of about 0.4:1 to about
25 1.2:1. In another embodiment, the diluent/bitumen ratio is about 0.5:1 to about
0.7:1. In another embodiment, the primary tails are diluted with hydrocarbon diluent
to give a diluent/bitumen ratio greater than about 2:1 and, in one embodiment,

between about 4:1 to about 10:1. In another embodiment, the clarifier sludge is
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diluted with hydrocarbon diluent to give a diluent/bitumen ratio of at least about 1:1.

In one embodiment, the hydrocarbon diluent is naphtha.

In another embodiment, the secondary tails are mixed with the clarifier sludge and,
optionally, additional hydrocarbon diluent is added, if needed, to give a
diluent/bitumen ratio of at least about 1:1 prior to subjecting the combined mixture to
gravity separation to produce the third stream of cleaned dilbit. Hence, any bitumen
still remaining in secondary tails can also be recovered. Further, at lower
diluent/bitumen ratios, some of the precipitated asphaltenes present in the

secondary tails will be redissolved and thus can also be recovered.

In one embodiment the clarifier sludge is subjected to gravity separation in a
centrifuge, for example, a disc centrifuge, a scroll centrifuge or a series of disc
and/or scroll centrifuges. In another embodiment, other gravity separation means
known in the art can be used such as hydrocyclones, cycloseparators, propelled
vortex separators and the like. In another embodiment, the underflow stream of
secondary tails can be first mixed with the clarifier sludge to provide the naphtha
required to reach the target dilution ratio prior to gravity separation. In the

alternative, fresh naphtha can be used.

It is understood that the three streams of cleaned dilbit can be pooled to give a
single product of cleaned dilbit or, in the alternative, each stream of cleaned dilbit
can be treated separately. In one embodiment, all or some of the second stream of
cleaned dilbit can be recycled back to the primary settler. In another embodiment,
the second stream of cleaned dilbit, which comprises lighter bitumen, can be

removed for upgrading in conventional refineries.

In another broad aspect of the invention, a process is provided for producing two
separate cleaned diluted bitumen ("dilbit") streams, a first stream comprising heavy
bitumen having an API gravity less than about 10 and a second stream comprising
lighter bitumen having an API gravity greater than about 10, which lighter bitumen is
a suitable refinery grade feed stock. More particularly, a process is provided for

removing contaminants, namely water and particulate solids, from hydrocarbon

WSLegal\053707\00220\4386796v2 6



10

15

20

235

CA 02638120 2008-07-21

diluent-diluted bitumen froth ("dilfroth") to produce two separate streams of diluted

bitumen ("dilbit"), comprising:

e subjecting the dilfroth to gravity settling in a primary settler to produce an
overflow stream of primary raw dilbit, comprising bitumen containing water and some
fine solids, and an underflow stream of primary tails, comprising solids, water and

residual bitumen;

e removing the overflow stream of primary raw dilbit and subjecting it to gravity
settling in a clarifier for sufficient time to produce an overflow first stream comprising
heavy bitumen having an API gravity less than about 10 and an underflow stream of

clarifier sludge; and

e diluting the primary tails with a sufficient amount of hydrocarbon diluent to
precipitate a portion of the asphaltenes contained therein and subjecting the diluted
primary tails to gravity settling in a secondary settler to produce an overflow second
stream comprising light bitumen having an API gravity of greater than about 10 and

an underflow stream of secondary tails.

It was surprisingly discovered that when primary tails were treated with hydrocarbon
diluent such as naphtha at increasingly high diluent/bitumen ratios, for example,
from about 2:1 to about 10:1 or higher, a significant amount of solids and water
separated from the residual bitumen in the primary tails. Further, as the ratio of
diluent/bitumen increased, more asphaltenes were being rejected (i.e., precipitated
out), resulting in a drier and lighter bitumen product having an API gravity greater
than about 10. For example, at a naphtha/bitumen ratio of between about 8:1 to
about 9:1, approximately 3% of the asphaltenes are rejected and the API gravity of
the bitumen in the overflow stream is thus increased to about 14, as compared to the
APl gravity of whole bitumen, which is generally around 9. Further, in some
Instances, the water and solids content of this stream are significantly reduced to

less than about 0.5% and 0.125%, respectively.

WS Legal\053707\00220\4386 7962 7
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Thus, this lighter bitumen containing stream is considered a fungible bitumen
stream, /.e., of a pipelineable quality bitumen stream, which is suitable for upgrading

in most conventional refineries.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic showing one embodiment of the components and steps of the

process.

FIG. 2 is a graph showing the effects of naphtha/bitumen (N/B) ratios on the

asphaltene content and microcarbon residue of secondary settler overflow.

FIG. 3 is a graph showing the effect of naphtha/bitumen (N/B) ratios on the solids

content of secondary settler overflow.

FIG. 4 is a graph showing the effect of naphtha/bitumen (N/B) ratios on the water

content of secondary settler overflow.

FIG. 5 is a graph showing the effect of naphtha/bitumen (N/B) ratios on bitumen

recovery from clarifier sludge and secondary settler tails and the % by weight of

“bitumen remaining in the final tailings.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In one aspect, the invention is concerned with a process for cleaning hydrocarbon
diluent-diluted bitumen froth by reducing the content of contaminants, specifically

water and solids. In the embodiment shown in Figure 1, the hydrocarbon diluent is

process naphtha.

Bitumen froth is initially received from an extraction plant (not shown) for extracting
bitumen from oil sand using a water extraction process known in the art. The froth,
as received, typically comprises 60% bitumen, 30% water and 10% solids. With
reference now to Figure 1, naphtha is mixed with the froth, for example, in a mixer

(not shown) to provide diluent-diluted bitumen froth. In one embodiment, the naphtha

WSLegal\053707\00220\4386796v2 8
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may at least partly be supplied by recycling secondary settler naphtha, produced as

described below.

The naphtha is supplied in an amount such that the naphtha/bitumen ratio of the
diluent-diluted froth ("dilfroth") is preferably in the range 0.5-0.8, most preferably
about 0.65.

The dilfroth 38 is fed into the chamber of a gravity settler vessel, referred to as
primary settler 2, for example, through an inlet means (not shown). In this
embodiment, the primary settler 2 has a conical bottom 5. It has underflow and
overflow outlets 7, 6 at its bottom and top ends, respectively. The diluted bitumen
froth is temporarily retained in the primary settler 2 for a sufficient length of time to
allow a substantial potion of the solids and water to separate from the diluted
bitumen (referred to as raw dilbit). Line 9 withdraws a stream of primary settler tails
13 through the underflow outlet 7. Primary settler overflow line 10 collects an

overflow stream of raw dilbit.

The rate at which dilfroth 38 is fed to the primary settler 2 and the diameter of the
cylindrical section 11 of the primary settler 2 are selected to ensure a preferred flux
of <6 m/h, for example, in a range between about 3 to about 6 m/h. The bottom
layer 12 of primary settler tails 13 comprises mainly sand and aqueous middlings,
said tails containing some hydrocarbons, and the top layer 19 of raw dilbit 20
comprises mainly hydrocarbons containing some water and fines (clay particles).
Preferably, the incoming dilfroth 38 may be introduced into the middlings 15 across
the cross-section of the primary settler 2, at an elevation spaced below the top layer

of raw dilbit 20 and well above the underflow outlet 7.

Preferably, the rates of feeding dilfroth 38 and withdrawing primary vessel tails 13
are controlled to maintain the elevation of the interface generally constant. It is of
course desirable to keep the interface away from the bottom of the primary settler 2,
to minimize hydrocarbon losses with the primary settler tails 13. For example, one

may monitor the composition of the primary settler tails 13 and vary the rates with
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the objective of keeping the primary settler tails hydrocarbon content below a

predetermined value, usually less than 15%.

The raw dilbit 20 produced through the primary settler overflow outlet 6 is pumped
through line 10 to a preferably flat-bottomed, vapor-tight tank, referred to as the
"clarifier” 22, and subjected to gravity settling therein. A demulsifier may be added to
the raw dilbit 20 as it moves through the line 10. The clarifier 22 has a bottom

underflow outlet 23 and a top overflow outlet 24.

The raw dilbit and optional demulsifier mixture is temporarily retained for a prolonged
period (for example, 24 hours) in the clarifier chamber 25. Water droplets coalesce
and settle, together with fines. Clarifier dilbit 39 is removed as an overflow stream
from the clarifier 22 through line 26. The clarifier dilbit 39 is found to comprise
hydrocarbons, typically containing <3.0 wt. % water and <1.0 wt. % solids. Clarifier
sludge 27, comprising water, solids and typically between about 15-20%
hydrocarbons, is removed from the clarifier 22 as an underflow stream through line
28.

The primary settler tails 13 produced through the primary settler underflow outlet 7
are pumped through line 9, optionally first to a mixer (not shown), and naphtha is
added to the primary settler tails 13 (in the mixer) to produce a secondary settler
feed preferably having a naphtha/bitumen ratio in the range 4:1 to 10:1, more
preferably about 6:1 to about 8:1 or greater. The primary settler tails 13 are then
introduced into secondary settler 32. The primary settler tails are then temporarily
retained in the secondary settler 32 (for example for 20 to 30 minutes) and subjected

to gravity settling therein.

When the primary settler tails are diluted with naphtha at high enough
naphtha/bitumen ratios, it was surprisingly discovered that the asphaltenes present
in the primary vessel tails bitumen begin to precipitate out. Figure 2 is a plot of the
7% abs of asphaltenes in product bitumen as a function of naphtha/bitumen ratio

(w/w) when naphtha is added to the bitumen.
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As can be seen in Figure 2, the amount of asphaltenes present in the bitumen is
fairly constant up to a ration of naphtha/bitumen of about 4:1. However, above
naphtha/bitumen ratios of 4:1, a continuous trend is observed in which the
asphaltenic matter decreases from approaching about 18% by mass to a value
approaching 15% by mass. Thus, when the product bitumen is diluted with
hydrocarbon diluent such as naphtha to a diluent/bitumen ratio of about 4:1 or
greater, the concentration of asphaltenes is significantly reduced. At
naphtha/bitumen ratios of about 8:1, the decrease in asphaltenes is about 3%,
thereby resulting in a significantly lighter bitumen stream. It is understood that
higher naphtha/bitumen ratios, e.g., 10:1 or greater will result in even more
asphaltene precipitation/removal from the bitumen, however, overall bitumen
recovery will drop. Thus, precipitation of asphaltenes results in overflow stream 33
comprising much lighter bitumen having an APl gravity of greater than about 10, for
example, about 13-14, and is much lighter than "whole" bitumen which includes the

asphaltenes fraction.

Also shown in Figure 2 is that the amount of microcarbon residue (MCR), which is
an indication of the coking potential of the bitumen, versus naphtha/bitumen ratio.
MCR also reduced with higher naphtha/bitumen ratios, further indicating that the
product bitumen stream is more suitable for upgrading in conventional upgrading

refineries.

Further, overflow stream 33 has significantly reduced solids and water, which also
makes it a desirable stream for conventional upgrading refineries. Figure 3 is plot
showing the total solids present versus naphtha/bitumen ratio in such a product
bitumen stream. At about 2:0 to about 8:1 N/B ratio, the wt% of solids was reduced
to below 0.4% and was less than 0.2% at a N/B ratio of 8:0. Further, Figure 4 shows

that such a product bitumen stream has reduced wt% water, falling steadily from a

naphtha/bitumen ratio of about 2:1 to about 8:1. At N/B ratio of 8:1, the water
content was about 0.8 wt%.

WSLegal\053707\00220\4386796v2 11
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The secondary settler overflow stream 33 of hydrocarbons, mainly comprising
naphtha and lighter bitumen, is removed through an overflow outlet 34 and in one
embodiment may be recycled through line 35 to primary settler 2. In another
embodiment, a slip stream of overflow stream 33 may be removed to be used as a
lighter bitumen product for upgrading in conventional refineries. The amount of
overflow stream 33 that is removed for upgrading versus the amount of overflow
stream 33 that is recycled back to the primary settler 2 will depend upon the overall
productivity of the plant. For example, when an excess amount of heavy bitumen is
being produced, the upgrading facilities which process heavy bitumen may be
overcapacity. Thus, instead of interrupting the production of dilbit, a portion of the
lighter bitumen stream can be removed for upgrading at other conventional

refineries.

Secondary settler underflow stream of secondary settler tails 36, comprising water
and solids containing some hydrocarbons, is removed via line 38 and may be mixed
with clarifier sludge 27 in mixer 40 for further processing. As mentioned, there is a
significant amount of hydrocarbons still present in the clarifier sludge 27. While the
amount of bitumen present in the secondary settler tails 36 is significantly less,
nevertheless, secondary settler tails can be mixed with clarifier sludge 27 to capture
some of the bitumen still remaining therein. Further, mixing the clarifier sludge 27
with the secondary settler tails 36 provides additional diluent (e.g., naphtha) to the

clarifier sludge. It is understood, however, that additional naphtha could also be
added.

Figure 5 illustrates the effectiveness of dilution centrifugation on bitumen recovery
from clarifier sludge mixed with secondary settler tails (tailings). In particular, it can
be seen that most of the bitumen is recovered (i.e., 96.5%) at a fairly low
naphtha/bitumen ratio of about 0.5:1. However, at higher naphtha/bitumen ratios,
e.g., 2:1 or greater, bitumen recovery approached 99% or better. Further, it can be
seen that the amount of bitumen remaining in the centrifuge tailings could be

reduced to less than 1% at higher naphtha/bitumen ratios.
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The bitumen in the combined underflows can be removed by gravity separation in a
gravity separator such as disc centrifuge 42. Of course, other gravity separators
known in the art can also be used. Further, a series of gravity separators can be
used. The diluted bitumen product 44 can be pooled with clarifier dilbit 39 or can

remain a separate stream for further upgrading.

Example 1

A pilot plant simulating the embodiment as shown in Figure 1 was tested and the
material balance data recorded during steady state conditions using bitumen froth
comprising 64% bitumen, 26% water and 11% solids. The resulting data is shown in
Table 1. The pilot plant was operated at an overall N/B of about 1.2:1 and the N/B
ratio in the secondary settler was about 9. Also, a portion of the secondary settler
overflow was recycled back to the primary settler to provide diluent to give a diluted
bitumen froth (dilfroth) having an N/B ratio of about 0.6:1 and an overall N/B ratio of
about 1.2:1. It is understood, however, that the amount of secondary settler
overflow that is recycled is also dependent upon the amount of light product that is
used directly for upgrading at any given time during bitumen froth processing. It is
understood that some of the light stream can be withdrawn as product with the

remainder recycled to the primary settler feed to provide appropriate dilution of the
froth.

The secondary settler and clarifier underflows were processed via dilution
centrifugation to recovery the remaining bitumen therein, which bitumen was then
blended with the clarifier overflow product. To maintain the integrity of the bitumen,
the centrifugation process was run at an N/B ratio of less than 2 to optimize recovery
while avoiding asphaltene rejection. The requisite dilution is in part provided from
the naphtha in the secondary settler tails. Additional make-up naphtha may be

required to optimize bitumen recovery.
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O/F = Overﬂow'

U/F = Undertlow

DC = dilution centrifuge

Table 1
[ 1° [1° T1° T[22 122  TClarifier | Clarifier | DC | DC | DC
| Settler Settler Settler Settler Settler O/F U/F Feed Tails Product
Feed O/F U/F O/F U/F
| | | — N N |
Naphtha | 28.17 [3538 [11.99 [8937 |[5.47 36.37 26.39 19.76 | 2.82 59.3
%
| Bitumen | 4698 | 5899 |200 [100 [061 |6066 |440 | 9.88 1.41 29.65
%
Water | 17.28 | 5.0 4484 |05 61.68 | 2.3 29.3 4833 | 6548 | 8.29
%
| Solids | 7.57 |0.63 23.16 | 0.125 [3223 10.66 0.31 2203 ]30.58 |[2.07
% ]

The quality of the blended clarifier product (clarifier overflow + DC product)
comprised 39.45% naphtha, 56.5% bitumen, 3.1% water and 0.85% solids, which

meets current upgrading specifications on water and solids content (for non-

conventional upgrading). The N/B is approximately 0.7, which is slightly higher than

current centrifuge plant operations.

From the foregoing description, one skilled in the art can easily ascertain the

essential characteristics of this invention, and without departing from the spirit and

scope thereof, can make various changes and modifications of the invention to

adapt it to various usages and conditions.

WSLegal\053707\002204386796v2
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WHAT IS CLAIMED:

1. A process for removing contaminants, namely water and particulate solids,
from hydrocarbon diluent-diluted bitumen froth ("dilfroth”) to produce hydrocarbon

diluent-diluted bitumen ("dilbit"), comprising:

subjecting the dilfroth to gravity settling in a primary settler to produce an
overflow stream of primary raw dilbit, comprising bitumen containing water and
some fine solids, and an underflow stream of primary tails, comprising solids,

water and residual bitumen;

removing the overflow stream of primary raw dilbit and subjecting it to gravity
settling in a clarifier vessel for sufficient time to produce an overflow first stream

of cleaned dilbit and an underflow stream of clarifier sludge;

diluting the primary tails with hydrocarbon diluent and subjecting the diluted
primary tails to gravity settling in a secondary settler to produce an overflow
second stream of cleaned dilbit and an underflow stream of secondary tails; and

removing the clarifier sludge and diluting the clarifier sludge with a
hydrocarbon diluent, If necessary, and subjecting the clarifier sludge to gravity
separation to produce a third stream of cleaned dilbit.

2. The process as claimed in claim 1, wherein the dilfroth has a hydrocarbon

diluent/bitumen ratio of about 0.4:1 to about 1.2:1.

3. The process as claimed in claim 2, wherein the dilfroth has a hydrocarbon
diluent/bitumen ratio of about 0.5:1 to about 0.7:1.

4. The process as claimed in claim 1, wherein the primary tails are diluted

with hydrocarbon diluent to give a diluent/bitumen ratio greater than about 2:1.

S. The process as claimed in claim 1, wherein the primary tails are diluted
with hydrocarbon diluent to give a diluent/bitumen ratio between about 4:1 to about
10:1.

WSLegal\053707\00220\4386796v2 15
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6. The process as claimed in claim 1, wherein the clarifier sludge is diluted

with hydrocarbon diluent to give a diluent/bitumen ratio of at least about 0.5:1.

7. The process as claimed in claim 1 further comprising mixing the secondary
settler tails with the clarifier sludge prior to subjecting the clarifier sludge to gravity

separation.

8. The process as claimed in claim 1, wherein the clarifier sludge is

subjected to gravity separation in a centrifuge.

9. The process as claimed In claim 8, wherein the centrifuge is a disc

centrifuge, a scroll centrifuge or a series of disc and/or scroll centrifuges.

10. The process as claimed in claim 1, wherein the clarifier sludge is
subjected to gravity separation in a gravity separator selected from the group
consisting of hydrocyclones, cycloseparators, propelled vortex separator and

combinations thereof.

11. The process as claimed in claims 1 to 10, wherein the hydrocarbon diluent
iS naphtha.
12. A process for removing contaminants, namely water and particulate solids,

from hydrocarbon diluent-diluted bitumen froth ("dilfroth") to produce two separate
streams of diluted bitumen ("dilbit"), comprising:

subjecting the dilfroth to gravity settling in a primary settler to produce an
overflow stream of primary raw dilbit, comprising bitumen containing water and
some fine solids, and an underflow stream of primary tails, comprising solids,
water and residual bitumen;

removing the overflow stream of primary raw dilbit and subjecting it to gravity
settling in a clarifier vessel for a sufficient time to produce an overflow first stream
comprising heavy bitumen having an API gravity less than about 10 and an

underflow stream of clarifier sludge; and

WSLegal\053707\00220\4386796v2 16
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diluting the primary tails with a sufficient amount of hydrocarbon diluent to
precipitate a portion of the asphaltenes contained therein and subjecting the
diluted primary tails to gravity settling in a secondary settler to produce an
overflow second stream comprising light bitumen having an API gravity of greater

than about 10 and an underflow stream of secondary tails.

13. The process as claimed in claim 12, wherein the primary tails are diluted
with hydrocarbon diluent to give a diluent/bitumen ratio from about 2:1 to about 10:1

or higher.

14. The process as claimed in claim 12, wherein the primary tails are diluted
with hydrocarbon diluent to give a diluent/bitumen ratio from about 5:1 to about 9:1

or higher.

15. The process as claimed in claim 12, wherein the primary tails are diluted

with hydrocarbon diluent to give a diluent/bitumen ratio from about 8:1 to about 9:1.

16. The process as claimed in claims 12 to 15, wherein the hydrocarbon

diluent is naphtha.

WS Legal\053707\00220\4386796v2 17
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