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ABSTRACT

A method for extracting hydrocarbons from a poor processing bitumen froth is
provided comprising subjecting a bitumen, solids and water slurry to flotation in a flotation
device to produce the poor processing bitumen froth; optionally subjecting the poor processing
bitumen froth to centrifugation to remove a portion of the water from the poor processing
bitumen froth; and subjecting the poor processing bitumen froth to supercritical extraction in a

pressure vessel using a supercritical fluid to produce a hydrocarbon stream suitable for further

upgrading,
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NS-411

TREATMENT OF POOR PROCESSING BITUMEN FROTH USING SUPERCRITICAL
FLUID EXTRACTION

FIELD OF THE INVENTION

The present invention relates to a method for treating poor processing bitumen froth.

More particularly, supercritical fluid extraction is used to extract high quality (fungible) bitumen

from poor processing bitumen froth, such as bitumen froth obtained from fluid fine tailings
(FFT).

BACKGROUND OF THE INVENTION

Oil 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 o1l 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

welght).

For the past several decades, the bitumen in Athabasca o1l sand has been commercially
recovered using a water-based process. In the first step, 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 1s referred to as "conditioning".

The conditioned slurry 1s 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
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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 fine 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 Tailings Oil Recovery (TOR) vessel. The bitumen recovered by flotation in the TOR
vessel 1s recycled to the PSV. The middlings from the deep cone vessel, termed as flotation
tailings are sent to tailings pond. The underflow from the deep cone vessel, i.e., the coarse§
tailings, i1s pumped through pipeline to the tailings deposition areas. In the alternative, a series of

flotation cells can be used to recover the bitumen remaining in the wet tailings and/or middlings
from the PSV.,

The bitumen froths produced by the PSV are subjected to cleaning, to reduce water and
solids contents so that the bitumen can be further upgraded. A typical bitumen froth obtained
from the PSV comprises about 60-65 wt% bitumen, about 25-30 wt% water and about 10 wt%
solids. There are currently two different types of PSV bitumen froth treatment processes which
are used in the o1l sands industry. One type of froth treatment process i1s the naphthenic process,
which has been used commercially for several decades. The other type of froth treatment process
is the paraffinic process, which has been developed more recently. Both types of froth treatment

use a solvent to produce a diluted bitumen product (i.e., dilbit) which 1s diluted with the solvent.

More particularly, with respect to the naphthenic process, bitumen froth is diluted with
the light hydrocarbon diluent, 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 i1s desirable to "clean" dilfroth, as both the water and solids pose fouling and
corrosion problems in upgrading refineries. By way of example, the composition ot naphtha-
diluted bitumen froth typically might have a naphtha/bitumen ratio of 0.65 and contain 20%
water and 7% solids. It is desirable to reduce the water and solids content to below about 3%

and about 1%, respectively, to make it amenable to further upgrading. Separation of the bitumen
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from water and solids may be done by treating the dilfroth in a sequence of scroll and disc
centrifuges. Alternatively, the dilfroth may be subjected to gravity separation in a series of

inclined plate separators ("IPS") in conjunction with countercurrent solvent extraction using

added light hydrocarbon diluent.

[n the paraffinic process, a paraffinic solvent is used to dilute the bitumen contained in
the bitumen froth. A paraffinic solvent consists of or contains significant amounts of one or more
relatively short-chained aliphatic compounds (such as, for example, C4 to C8 aliphatic
compounds). Asphaltenes generally exhibit less solubility in paraffinic solvents than in naphtha

solvents, and asphaltenes tend to exhibit greater solubility in longer chain paraffinic solvents

than in shorter chain paraffinic solvents.

In the paraffinic process, the addition of the paraffinic solvent to the bitumen froth
appears to destabilize the asphaltenes contained 1n the bitumen froth, some of which precipitate
out as clusters or aggregates while simultaneously trapping maltenes, solid mineral material and
water within the clusters and aggregates. The precipitation of asphaltenes therefore has the effect
of separating solid mineral material and water from the bitumen, while the increased difference
in specific gravity between the phases which results from the dilution of the bitumen (including
both maltenes and un-precipitated asphaltenes) by the paraffinic solvent enhances the separation
of the remaining solid mineral material and water from the diluted bitumen. Typically, the
paraffinic process i1s performed in a manner so that between about 40 percent and about 50
percent by weight of the asphaltenes contained in the bitumen froth are precipitated in order to

produce a diluted bitumen product which has a relatively low solids and water content.

However, when bitumen froths are obtained from more non-traditional sources, €.g., from
oil sand tailings, fluid fine tailings, middlings, and the like, the composition of these froths are
not amenable to conventional froth treatment processes. For example, a typical bitumen froth
obtained from fluid fine tailings using flotation based technologies comprises about 10-20%

bitumen, about 60-70 wt% water and about 20% solids. Therefore, there i1s a need for a froth

treatment process that can be used to extract fungible bitumen from low grade bitumen froth.
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SUMMARY OF THE INVENTION

The current application is directed to a froth treatment process that can be used to extract
fungible bitumen from poor processing bitumen froth. It was surprisingly discovered that
supercritical fluids could be used as solvents for extracting bitumen present in poor processing
bitumen froths, which would result in a "clean" bitumen product that could be further upgraded
to valuable products. As used herein, a "poor processing bitumen froth" generally means a froth
obtained from secondary sources such as oil sand tailings, mature fine tailings, middlings and the
like, which has a substantially lower wt% bitumen, higher wt% water and higher wt% solids than
primary bitumen froth obtained from flotation of an oil sand slurry, for example, 1n a PVS.

Typically, poor processing bitumen froth comprises about 10-30% bitumen, about 50-70 wt%

water and about 20% solids or more.

A supercritical fluid is any substance at a temperature and pressure above its critical
point, where distinct liquid and gas phases do not exist. Thus, it can effuse through solids like a
gas and dissolve materials like a liquid. For example, supercritical CO, has been used in the
coffee industry to remove caffeine from coffee beans. Every fluid has a unique pressure and
temperature requirement to become supercritical. For CO,, the minimum temperature and

pressure is 32 °C (305K) and 7.4 Mpa (74 bar), respectively, to reach the supercritical state.

The present application uses a supercritical fluid as a solvent for extracting bitumen from
bitumen froth, in particular, poor processing bitumen froth. In one embodiment, both the water
and bitumen are dissolved into a supercritical fluid (solvent), leaving behind the solids as well as
a portion of asphaltenes as a dry granular residue. The bitumen is then removed through one or
more stages of pressure and/or temperature reduction. In one embodiment, bitumen can be
removed in one stage or can be removed in two stages as light and heavy fractions. In one
embodiment, water is removed in another stage. The solvent used in the process 1s condensed

back into its original state for storage or are reheated and pressurized for immediate recycling.

In one embodiment, the solvent is selected from the group consisting of CO;, pentane and

hexane. In another embodiment, more than one solvent can be used, for example,

pentane/hexane and CO,.
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In one aspect, a method of extracting bitumen from poor processing bitumen froth is

provided, comprising:

o subjecting a bitumen, solids and water slurry to flotation in a flotation device to
produce the poor processing bitumen froth;

. optionally subjecting the poor processing bitumen froth to centrifugation to remove a

portion of the water from the poor processing bitumen froth; and

° subjecting the poor processing bitumen froth to supercritical extraction in a pressure
vessel using a supercritical fluid to produce a hydrocarbon stream suitable for further

upgrading.
BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings wherein like reference numerals indicate similar parts
throughout the several views, several aspects of the present invention are illustrated by way of

example, and not by way of limitation, in detail in the figures, wherein:

FIG. 1 1s a schematic showing, in general, one embodiment of a poor processing bitumen

froth treatment process using supercritical fluid(s).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The detailed description set forth below in connection with the appended drawings is
intended as a description of various embodiments of the present invention and 1s not intended to

represent the only embodiments contemplated by the inventor. The detailed description includes

specific details for the purpose of providing a comprehensive understanding of the present
invention. However, it will be apparent to those skilled in the art that the present invention may

be practiced without these specific details,

The present invention relates generally to a method of extracting bitumen from a poor
processing bitumen froth using supercritical fluid(s). The poor processing bitumen froth can be
obtained from a variety of sources, for example, from the tailings produced during conventional

o1l sands water-based bitumen extraction processes. In one embodiment, the tailings can be

tailings produced during conventional PSV bitumen froth cleaning by naphthenic or paraffinic
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froth treatments. In another embodiment, fluid fine tailings, such as those found in tailings

reservoirs, can be used.

FIG. 1 is a general schematic of a poor processing bitumen froth treatment process using
supercritical extraction. A bitumen/water/solids slurry 10 (e.g., tailings), generally comprising
about 0.1-5% bitumen with varying solids and water contents, is subjected to flotation 1n a
flotation device 20 known in the industry. For example, the flotation device can be a stationary
settling vessel, a flotation cell, and the like such as a flotation column and a Jameson cell. The
poor processing bitumen froth produced from the flotation device generally contains about 10-
20% bitumen, about 60-70 wt% water and about 20% solids. The bitumen froth 30 1s removed
and, optionally, the bitumen froth 30 can be further treated 1n a centrifuge 40, wherein some of
the water is separated from the bitumen, as most of the bitumen appears to be adhered to the fine

solids such as clays. This is particularly true when the feedstock used 1s fluid fine tailings.

After centrifugation, dewatered bitumen froth 50, which in some instances may be in the
form of a paste, is introduced into a pressurized vessel 60. Solvent 70, such as CO,, propane,
pentane, hexane, and the like, or combinations thereof, 1s also introduced into the pressurized
vessel. It is understood that bitumen froth 30 can be fed directly into the pressurized vessel to
produce cleaned bitumen. Two separate streams were formed; a residue stream 80 comprising
primarily clays and asphaltenes (or other coal-type hydrocarbons) and an extraction stream 90

comprising fungible bitumen.

Example |

In the present example, packing is placed in a 100 ml 10,000 psi pressure vessel. The
pressure vessel was pressurized to 9000 psi and the temperature was controlled to 100 °C. In this
example, CO, was used as the solvent. The extraction unit, in addition to the pressure vessel,
further comprises a high pressure pump and a pre-heater for the carbon dioxide. The extracted

material flows out of the pressure vessel and into a collection vessel.

In this example, the feedstock used was poor processing bitumen froth obtained from
fluid fine tailings (also referred to as mature fine tailings) from an o1l sand tailings pond using

flotation based technologies. In this example, the bitumen froth was centrifuged to remove a
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portion of the water, which water contained very little bitumen. Most of the bitumen was found
in the solid paste-like phase and this paste was used as the feedstock for the extraction unit.
Centrifugation proved to be an effective means of reducing the volume of feed to the
supercritical unit and also created a single phase feed. A single phase feed at full scale ensures
that all feed has the same residence time and there 1s no short circuiting. Furthermore, volume
reduction by a factor of 2 or 3 reduces the required supercritical equipment size and capital cost.

The centrifuged paste-like feedstock (42.14 g) was forced between the spaces of the packing in

the vessel and the flow of carbon dioxide was 41, per minute.

In this example, primarily short chain hydrocarbons were removed (light bitumen).

Recovery using CO, was approximately 30% of high quality oil.

Example 2

In this example, the aim was to extract both short and longer chained hydrocarbons from
poor processing bitumen froth. The feedstock used was the same as Example 1. Pentane at 2000

or 5000 psi and 120 °C was used. The recovery calculations for the tests with pentane are shown

in Table 1.

Table 1 ~ Recovery Calculations for Tests with Pentane

Test lFName | Mass | Tag # ' c | H S N | ¢l H] s | N
Conditions 1 @® | (%) | () | (%) | (%) | @ | ® | @ | @
| Feed |29.07 | E97697 | 83.2 [ 10.1[6.76 | 0.53 [24.19 1294 [1.97 |0.15
Pentane/2000 | Tail | 16.81 | E97695 | 458 |4.96 (42406 [7.19 [0.83 [0.71 [0.10
Psi/120°C | | F-T |70% | 72% |64% | 35%
! [ L [ eRee] I R N
Feed |29.07 | E97697 [ 832 [10.1 [6.76|0.53 |24.19 [ 2.945 | 1.9651 [ 0.154 ,'
| Pentane/5000 | Tail | 11.38 | E97694 | 35 [2.87[4.21]0.5 |3.983 |0.327 | 0.4791 | 0.057 |
| Psi/125°C | F-T | 84% | 89% | 76% | 63%
b | %Rec ] .
I .
N Feed |29.07 [ £97697 [ 83.2[10.1]16.76 [ 0.53 [24.19[2.945]1.9651]0.154 |
| Pentane/5000 | Tail | 11.89 | E97693 | 332 [2.45[42 [ 0.5 [3.947]0.291 | 0.4994 | 0.059 |
| Psi/120°C | | F-T184% | 00% | 75% | 61%
J | || %Rec]| S
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As shown 1n Table 1, the best test results were with 5000 psi pentane and 120 °C. The
tests were duplicated at 125 °C and the results matched very well. A carbon extraction of about
84% and a hydrogen extraction of about 90% indicated a bitumen recovery in excess of 90%.
Residue assays showed 34% C and 2.7% H, which, based on the atomic weights of each, resulted
in a one to one ratio. This suggests that most of the hydrocarbons left behind are in the less
desirable form of asphaltenes and coal type hydrocarbons. Pentane at 120 °C and 2000 psi
showed carbon extraction of about 70% and hydrogen extraction of about 72%, indicating a
bitumen recovery in excess of 72% but significant losses of heavy hydrocarbons and

hydrocarbons containing sulfur and nitrogen.

Product quality tests showed that solids contamination of the extracted hydrocarbons
were at or below the detection limit. Thus, products from this process would be considered
fungible bitumen that has less asphaltenes than typical bitumen obtained from conventional

extraction processes.

Example 3

Experiments were repeated using CO; with hexane and/or pentane as co-solvents. The
results were significantly better than with CO; alone, as the hexane/pentane were able to extract
the longer chained hydrocarbons. From visual inspection of the residue, almost all of the

bitumen and other hydrocarbons were stripped away from the clay substrate.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same 1s to be considered as illustrative and not restrictive in character,
it being understood that only the preferred embodiments have been shown and described. The

scope of the claims should not be limited by the preferred embodiments set forth in the
examples, but should be given the broadest interpretation consistent with the description as a

whole. In addition, all references cited herein are indicative of the level of skill in the art.
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WE CLAIM:

l. A method for extracting hydrocarbons from a poor processing bitumen froth obtained
from a non-traditional bitumen, solids and water slurry including oil sand tailings, fluid fine

taillings and middlings, comprising:

subjecting the non-traditional bitumen, solids and water slurry to flotation in a

~ {lotation device to produce the poor processing bitumen froth;

optionally subjecting the poor processing bitumen froth to centrifugation to remove a

portion of the water {rom the poor processing bitumen froth; and

subjecting the poor processing bitumen froth to supercritical extraction in a pressure
vessel using essentially only a supercritical fluid selected from the group consisting of carbon
dioxide (CO2), propane, pentane, hexane, and combinations thereof, to produce a hydrocarbon

stream suitable for further upgrading.

2, The method of claim 1, wherein the supercritical fluid is pentane.,

3, The method of claim 2, wherein the pressure vessel is pressurized to about 2000 psi to

about 5000 ps1 and is operated at a temperature of about 120 °C or higher.

4, The method of claim 1, wherein the supercritical fluid is CO;.

5. The method of claim 4, wherein the pressure vessel is pressurized to about 9000 psi

and 1s operated at a temperature of about 100 °C or higher.

6. The method of claim 1, wherein the supercritical fluid is a combination of CQO, and

pentane or hexane,
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7. The method of claim 1, wherein the poor processing bitumen froth comprises about

10-30 wt% bitumen, about 50-70 wt% water and about 20 wt% solids or more.

8, The method of claim 1, wherein the non-traditional bitumen, solids and water slurry is

o1l sand tailings.

9, The method of claim 1, wherein the non-traditional bitumen, solids and water slurry 1s

fluid fine tailings.

10, The method of claim 1, wherein the non-traditional bitumen, solids and water slurry is

fluid fine tailings obtained from a tailings pond.

11, T'he method of claim 1, wherein the non-traditional bitumen, solids and water slurry is

a middlings stream obtained from a primary or secondary separation vessel.
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