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(57) Abrege(suite)/Abstract(continued):

an absorber to contact the gas with an amount of liguid hydrocarbon sufficient to absorb some of the organosulfur compounds,
producing an organosulfur enriched liguid hydrocarbon. The system includes a separator that accepts the organosulfur enriched
iquid hydrocarbon and an emulsion that includes water and the bitumen-based liquid. The separator separates produced water
from a bitumen-based mixture of organosulfur enriched liquid hydrocarbon and bitumen-based liguid. The system adds an amount
of additional liquid hydrocarbon to separate the produced water from the bitumen-based mixture when the amount of liquid

hydrocarbon added Is less than the amount of liquid hydrocarbon needed to separate the produced water from the bitumen-based
mixture.
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ABSTRACT

The present disclosure provides a process and system for removing at least a portion of
organosulfur compounds from an oil sands produced gas and transferring the organosulfur
compounds to a bitumen-based liquid. One example of the system includes an absofber to
contact the gas with an amount of liquid hydrocarbon sufficient to absorb some of the
organosulfur compounds, producing an organosulfur enriched liquid hydrocarbon. The
system includes a separator that accepts the organosulfur enriched liquid hydrocarbon and
an emulsion that includes water and the bitumen-based liquid. The separator separates
produced water from a bitumen-based mixture of organosulfur enriched liquid hydrocarbon
and bitumen-based liquid. The system adds an amount of additional liquid hydrocarbon to
separate the produced water from the bitumen-based mixture when the amount of liquid
hydrocarbon added is less than the amount of liquid hydrocarbon needed to separate the
produced water from the bitumen-based mixture.
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FIELD
[0001] The present disclosure relates generally to processes and systems for treating
oll sands produced gases and liquids. More particularly, the present disclosure relates to

processes and systems for removing organosulfur compounds from an oil sands produced

gas.
BACKGROUND
[0002] Heavy olil from oil sands may be recovered using a thermal in-situ recovery

process, such as. steam-assisted gravity drainage (SAGD), expanding solvent steam-
assisted gravity drainage (ES-SAGD), cyclic steam stimulation (CSS), steamtlooding,
solvent-assisted cyclic steam stimulation, toe-to-heel air injection (THAI), or a solvent aided
process (SAP).

[0003] (Gas produced from oil sands recovery processes often contains sulfur in the
form of H,S and organosulfur compounds, as well as CO,, naphthenes, and aromatics. It is
desirable to remove at least a portion of the sulfur, for example, in order to meet regulatory
requirements for reducing emissions. .
[0004] The selection of suitable sulfur removal processes for gases produced during
oil sands production of heavy oil is challenging due to the complex nature of the organosulfur
species present in the heavy oil. Organosulfur compounds are compounds that include a
thiol (-SH) chemical functionality. These compounds are also known as mercaptans.
Examples of organosuifur compounds that are found in gases produced during oll sands
production of heavy oil include: methylmercaptan, ethylmercaptan, and propylmercaptan.
[0005] Specific process conditions may reduce the effectiveness of a sulfur removal
process. Amine/Claus technology is the conventional technology selection for sulfur inlet gas
rates above 10 to 20 tonnes/day. Claus Plant performance requires a minimum H,S
concentration to sustain combustion in the reaction furnace. Oil sands produced gas often
has high ratios of CO,:H,S which may preclude the use of this technology.

[0006] Non-regenerable scavengers of H,S have been used with mixed success.
However, the operating costs are prohibitive and significant solid or liquid waste is
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generated. These processes are typically not attractive at sulfur removal rates above 100-
200 kg/day for typical plant sizes.

[0007] A liquid reduction-oxidation (redox) process is typically used for sulfur removal
In the range of 100 kg/day to 10 tonne/day; however, the contaminants in oil sands produced
gases pose some challenges for quuid redox processes. Organosulfur compounds absorbed
from the gas by a lean liquid redox solution may exit the system in the oxidizer vent, creating
unwanted emissions, or be converted into disulfides (RS-SR compounds) that exit the
system with the sulfur product. The formation of disulfides has the pofential to impact liquid
redox solution performance and pose undesirable odor and exposure issues when the sulfur
product is handled.

10008] U.S. Patent 7,674,444 to Mak discloses a process in which H,S and other
sulfur species are absorbed in a lean hydrocarbon liquid. The sulfur species are subjected to
catalytic conversion into disuifides, which are removed from the hydrocarbon liquid. The
sulfur free hydrocarbon liquid is regenerated in a distillation column and/or refinery unit, and
light components are recycled to the absorber. Selective separation of H,S and mercaptan
components via distillation can be difficult, distillation columns can be expensive to build,

and/or distillation columns can require large amounts of energy to operate.

SUMMARY

{0009] In a first aspect, the present disclosure provides a process for removing at
least a portion of organosulfur compounds from an oil sands produced gas and transferring
the organosulfur compounds to a bitumen-based liquid. The process includes: contacting the
oil sands produced gas with an amount of liquid hydrocarbon sufficient to absorb at least a
portion of the organosulfur compounds, thereby generating an organosulfur depleted gas and
an organosulfur enriched liquid hydrocarbon; adding the organosulfur enriched liquid
hydrocarbon to an emulsion comprising water and the bitumen-based liquid to separately
generate produced water and a bitumen-based mixture of organosulfur enriched liquid
hydrocarbon and bitumen-based liquid; and when the amount of liquid hydrocarbon used to
absorb the organosulfur compounds from the oil sands produced gas is less than the amount
of liquid hydrocarbon needed to separate the produced water from the bitumen-based
mixture, adding a sufficient amount of additional liquid hydrocarbon to separate the produced

water from the bitumen-based mixture.
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[0010] The additional liquid hydrocarbon may be added to: the emulsion comprising
water and bitumen-based liquid; the organosulfur enriched liquid hydrocarbon; the
organosulfur enriched liquid hydrocarbon and bitumen-based liquid mixture; or any
combination thereof.

[0011] The organosulfur enriched liquid hydrocarbon and additional liquid
hydrocarbon may be added in amounts sufficient to result in the density of the bitumen-
based mixture being from about 920 to about 990 kg/m®. In some embodiments the bitumen-
based mixture has a density from about 940 to about 960 kg/m®.

[0012] The liquid hydrocarbon, additional liquid hydrocarbon, or both may have a
density in the range of about 690 to about 720 kg/m°.

[0013] The liquid hydrocarbon, the additional liquid hydrocarbon, or both may be a
mixture of hydrocarbons, for example a C;-C;y hydrocarbon or a C4-C, hydrocarbon.

[0014] The liquid hydrocarbon, the additional liquid hydrocarbon, or both may be an
oll sands condensate, a synthetic hydrocarbon blend, naphtha, butane, or any combination
thereof.

[0015] The hquid hydrocarbon may be the same as the additional liquid hydrocarbon.
[0016] Separately generating produced water and the bitumen-based mixture may

Include separating at least a portion of the water in the emulsion from the bitumen-based
mixture. Separating at least a portion of the water in the emulsion from the bitumen-based
mixture may include using: heat, gravity segregation, electric current, a chemical additive, or
any combination thereof, to break or reduce the emulsion. Separately generating produced
water and the bitumen-based mixture may also include degassing the bitumen-based mixture
to produce separated gas.

[0017] The temperature of the oil sands produced gas provided to the absorber may
be in the range of about 5 to about 60 °C. In particular examples, the oil sands produced gas
temperature I1s about 40°C. To prevent condensation of a compound that may contribUte to
foaming, for example organosulfur compounds, the temperature of the liquid hydrocarbon
provided to the absorber may be at least 5 °C higher than the temperature of the oil sands
produced gas provided to the absorber.

[0018] The oil sands produced gas may be contacted with the liquid hydrocarbon at a
pressure between about 200 and about 2,500 kPag, for example at a pressure between
about 500 and about 700 kPag.
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[0019] The oil sands produced gas provided to the absorber, along with any
separated gas recycled to the absorber, may be contacted with the liquid hydrocarbon in a
liquid/gas ratio of about 0.0001 to about 0.015 actual m® liquid hydrocarbon / standard m®

gas.
[0020] In particular examples, the absorber may be operated at about 0.0004 to
about 0.007 actual m? liquid hydrocarbon / standard m® gas.

[0021] The process may exclude distillation of the organosulfur enriched liquid
hydrocarbon.

[0022] According to another aspect of the present disclosure, there Is provided a

system for removing at least a portion of organosulfur compounds from an oil sands
produced gas and transferring the organosulfur compounds to a bitumen-based liquid.

[0023] The system includes: an absorber that contacts the oll sands produced gas
with an amount of liquid hydrocarbon sufficient to absorb at least a portion of the
organosulfur compounds, producing an organosulfur depleted gas and an organosulfur
enriched liquid hydrocarbon; a separator that accepts the organosulfur enriched liquid
hydrocarbon and an emulsion comprising water and the bitumen-based liguid and separates
produced water from a bitumen-based mixture of organosulfur enriched liquid hydrocarbon
and bitumen-based liquid; and a controller that adds a sufficient amount of additional liquid
hydrocarbon to separate the produced water from the bitumen-based mixture when the
amount of liquid hydrocarbon used to absorb the organosulfur compounds from the oil sands
produced gas is less than the amount of liquid hydrocarbon needed to separate the produced
water from the bitumen-based mixture.

[0024] The controller may add the additional liquid hydrocarbon to: the emulsion, the
organosuifur enriched liguid hydrocarbon, the organosulfur enriched liquid hydrocarbon and
bitumen-based liquid mixture, a product stream from a component of the separator, or any '
combination thereof.

[0025] The controller may add additional liquid hydrocarbon in an amount sufficient to
result in the density of the bitumen-based mixture being from about 920 to about 990 kg/m?®.
In some embodiments the controller may add additional liquid hydrocarbon in an amount

sufficient to result in the density of the bitumen-based mixture being from about 940 to about
960 kg/m”°.
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[0026] The controller may be in communication with a sensor or detector that signals
to the controller to add additional liquid hydrocarbon when the density of the bitumen-based

mixture Is outside a desired density range.

[0027] The liquid hydrocarbon, additional liquid hydrocarbon, or both, may have a
density in the range of about 690 to about 720 kg/m”.

[0028] The liquid hydrocarbon, the additional liquid hydrocarbon, or both may be a
mixture of hydrocarbons, for example a C3-C;q hydrocarbon or a liquid C4-C,o hydrocarbon.
[0029] The liquid hydrocarbon, the additional liquid hydrocarbon, or both may be an
oll sands condensate, a synthetic hydrocarbon blend, naphtha, butane or any combination
thereof.

[0030} The liquid hydrocarbon may be the same as the additional liquid hydrocarbon.
[0031] The separator may include: an inlet degasser that degasses the emulsion to

produce a separated gas; an outlet degasser that degasses the bitumen-based liquid to
produce a separated gas; or both.

[0032] At least a portion of the separated gas produced from the separator may be
directed back to the absorber.

[0033] The separator may include a liquid/liquid separator that includes: a free water
knock out, a treater, any other separator which may be used to break or reduce the
emulsion, a plurality of any of the above, or any combination thereof.

[0034] - The liquid/liquid separator may include a free water knock out and a treater.
[0035] The temperature of the oil sands produced gas provided to the absorber may
be in the range of about 5 to about 60 °C. In particular examples, the oll sands produced gas

temperature is about 40°C. To prevent condensation of a compound that may contribute to

foaming, for example organosulfur compounds, the temperature of the liquid hydrocarbon
provided to the absorber may be at least 5 °C higher than the temperature of the oil sands
produced gas provided to the absorber.

[0036] The absorber may be operated at a pressure between about 200 and about
2,500 kPag, for example at a pressure between about 500 and about 700 kPag.

[0037] The absorber may contact the oil sands produced gas, along with any
separated gas returned to the absorber, with the liquid hydrocarbon in a liquid/gas ratio of
about 0.0001 to about 0.015 actual m® liquid hydrocarbon / standard m?® gas.
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[0038] In particular examples, the absorber may be operated at about 0.0004 to
about 0.007 actual m?® liquid hydrocarbon / standard m® gas.

[0039] The system may exclude a distillation apparatus that purifies liquid
hydrocarbon from the organosulfur enriched liquid hydrocarbon.

[0040] Other aspects and features of the present disclosure will become apparent to
those ordinarily skilled in the art upon review of the following description of specific

embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Embodiments of the present disclosure will now be described, by way of
example only, with reference to the attached Figures.

[0042] Fig. 1 is an illustration of a system according to the present disclosure.

[0043] Fig. 2 is an illustration of an example separator which may be used in a
system according to the present disclosure.

[0044] Fig. 3 is an illustration of an example low pressure system according to the
present disclosure.

[0045] Fig. 4 is an illustration of an example high pressure system according to the
present disclosure.

[0046] Fig. 5 is a graph showing the mass % recovery of organosulfur compounds at
different pressures and different fractions of organosulfur enriched liquid hydrocarbon to total
liquid hydrocarbon.

[0047] Fig. 6 is a graph showing the mass % recovery of contaminant compounds at
different pressures and different fractions of organosulfur enriched liquid hydrocarbon to total
liquid hydrocarbon.

[0048] Fig. 7 is an illustration of a process according to the present disclosure.

DETAILED DESCRIPTION

{0049] Generally, the present disclosure provides a system and process for removing
at least a portion of organosulfur compounds from an oil sands produced gas and
transferring the organosulfur compounds to a bitumen-based liquid.

[0050] The oil sands produced gas may be a gas produced via steam-assisted

gravity drainage (SAGD), expanding solvent steam-assisted gravity drainage (ES-SAGD),
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cyclic steam stimulation (CSS), steamflooding, solvent-assisted cyclic steam stimulation, toe-
to-heel air injection (THAI), a solvent aided process (SAP), or any combination thereof. The
oll sands produced gas used in the process or system according to the present disclosure
does not need to be received directly from the production well. The oil sands p'roduced gas
may be processed befdre being used according to the present disclosure. For example, the
oll sands produced gas may be treated to remove one or more sulfur compounds, such as by
an amine treatment.

[0051] The process may use infrastructure already being used to treat liquids and/or
gases produced during oil sands recovery processes. Similarly, the system may incorporate
infrastructure already being used to treat liquids and/or gases produced during oil sands
recovery processes.

[0052] One example of a system according to the present disclosure is illustrated in
FIG. 1. The system (10) includes an absorber (12) that contacts the oil sands produced gas
(14) with an amount of liquid hydrocarbon (16) sufficient to absorb at least a portion of the
organosulfur compounds, producing an organosulfur depleted gas (18) and an organosulfur
enriched liquid hydrocarbon (20). The amount of liquid hydrocarbon (16) sufficient to absorb
at least a portion of the organosulfur compounds may be a function of the pressure in the
absorber (12), the type of organosulfur compounds to be absorbed from the oil sands
produced gas (14), the quantity of organosulfur compounds to be absorbed from the oil
sands produced gas (14), or any combination thereof.

[0053] The system (10) also includes a separator (22) that accepts the organosulfur
enriched liquid hydrocarbon (20) and an emulsion (24) comprising water and the bitumen-

based liquid and separates produced water (26) from a mixture of organosulfur enriched

liquid hydrocarbon and bitumen-based liquid. In some example processes, the bitumen-
based mixture (28) is unsaturated in organosulfur compounds.

[0054] The system (10) includes a controller that adds a sufficient amount of
additional liquid hydrocarbon (30) to separate the produced water (26) from the bitumen-
based mixture (28) when the amount of liquid hydrocarbon (16) used to absorb the
organosulfur compounds from the oil sands produced gas (14) is less than the amount of
liguid hydrocarbon needed to separate the produced water (26) from the bitumen-based
mixture (28). The amount of additional liquid hydrocarbon (30) that is added may be a
function of: the desired density of the bitumen-based mixture (28), the density of the
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emulsion (24) comprising water and the bitumen-based liquid, the density of the liquid
hydrocarbon (16), the density of the additional liquid hydrocarbon, or any combination
thereof. The amount of additional liquid hydrocarbon (30) that is added may be controlled, for
example, by manually opening and closing a valve, or by automatically adjusting the amount
based on detected system conditions.

[0055] The bitumen-based liquid and the water in the emulsion often have similar
densities (around 1,000 kg/m®), making them difficult to separate. Adding organosulfur
enriched liquid hydrocarbon and additional liquid hydrocarbon to the emulsion reduces the
density of the bitumen-based mixture. The reduced density of the bitumen-based mixture
makes it easler to separate the bitumen-based mixture from the water. The organosulfur
enriched liquid hydrocarbon and additional liquid hydrocarbon are added in sufficient
quantities to achieve a desired density of the bitumen-based mixture. The organosulfur
enriched liquid hydrocarbon and additional liquid hydrocarbon may be added in amounts
sufficient to result in the density of the bitumen-based mixture being from about 920 to about
990 kg/m°>. In some embodiments the bitumen-based mixture has a density from about 940
to about 960 kg/m”.

[0056] The controller may be manual or automatic, and could include, for example: a
valve, a pump, a dispenser, or any combination thereof. The controller could be actuated to
add or stop adding the additional liquid hydrocarbon, so that the sufficient amount of
additional liquid hydrocarbon is added. For example, the controller may be in communication
with a sensor or detector that signals to the controller to add or stop adding the additional
liquid hydrocarbon. The sensor or detector may, for example: measure the density of the
bitumen-based mixture and add additional liquid hydrocarbon until the bitumen-based
mixture has a density from about 940 to about 960 kg/m°, or measure the density of the
emulsion and organosulfur enriched liquid hydrocarbon and add additional liquid
hydrocarbon until the bitumen-based mixture has a density from about 940 to about 960
kg/m”.

[0057] The liquid hydrocarbon may be a mixture of different hydrocarbons. The liquid
hydrocarbon may be a Cs-C3p hydrocarbon mixture. In particular examples, the liquid
hydrocarbon is a C4 hydrocarbon. In other examples, the liquid hydrocarbon is a C4-Cyg

hydrocarbon mixture. The liquid hydrocarbon may be an oil sands condensate, a synthetic
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hydrocarbon blend, naphtha (e.g., a Cs-C, hydrocarbon mixture), or butane. The liquid
hydrocarbon may have a density in the range of about 690 to about 720 kg/m°.

[0058] The liquid hydrocarbon used to absorb the organosulfur compounds may be
the same as, or different from, the additional liquid hydrocarbon added to separate the
produced water from the bitumen-based mixture.

[0059] The separator separates produced water from the bitumen-based mixture.
The separator may also separate: gasses from the liquids, solids from the liquids, or both.
Separation of gasses from liquids, or solids from liquids, may be achieved using the same
liquid/liquid separating unit that separates produced water from the bitumen-based mixture.
In some systems according to the present description, the separator may include one or
more liquid/liquid separators.

[0060] One example of a separator (22) which may be used in a system according to
the present disclosure is illustrated in FIG. 2. The separator may include an inlet degasser
(32) that degasses the emulsion (24) and produces a separated gas (34). The separated gas
(34) may be treated with liquid hydrocarbon, for example by being directed to the absorber
(12). '

[0061] The separator accepts the emuilsion (24) and the organosulfur enriched liquid
hydrocarbon (20) and includes a liquid/liquid separator (36) to separate the produced water
(26) from the bitumen-based mixture (28). The liquid/liquid separator (36) may include: a free
water knock out, a treater, any other separator which may be used to break or reduce the
emulsion, a plurality of any of the above, or any combination thereof.

[0062] A “free water knock out” would be understood to refer to a separator which
may be used to separate hydrocarbon-based liquids, and any free water and hydrophilic
compounds. After separation, the liquids may be then passed into a separate vessel, such as
a treater. A free water knock out may also separate gasses from the liquids.

10063] A “treater” would be understood to refer to a separator that uses, for example:
mechanical, centrifugal type, heat, gravity segregation, electric current, a chemical additive,
or any combination thereof, to break or reduce the emulsion. A treater may also separate
gasses from the liquids.

[0064] If the amount of organosulfur enriched liquid hydrocarbon (20) is insufficient to
separate the produced water (26) from the mixture of organosulfur enriched liquid
hydrocarbon and bitumen-based liquid, then additional liquid hydrocarbon (30) is added. The
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additional liquid hydrocarbon (30) may be added to: the emulsion (24), the organosulfur
enriched liquid hydrocarbon (20), the organosulfur enriched liquid hydrocarbon and bitumen-
based liquid mixture, a product stream from a component of the separator, or any
combination thereof.

[0065] Volatile compounds produced by the liquid/liquid separation may be treated
with liquid hydrocarbon, for example by being directed back to the absorber (12). Volatile
compounds may be directed back to the absorber with, for example, the separated gas (34)
from the inlet degasser (32). One or more components of the separator may be operated at
an elevated pressure to keep volatile compounds in the liquid stream. The elevated pressure
may be the system pressure. In such systems, the separator may include an outlet degasser
(38) that degasses the bitumen-based mixture, producing gas which may also be treated with
liquid hydrocarbon. An outlet degasser may be included in separators that are operated at
atmospheric pressure. Outlet degassers may be operated at a reduced pressure. As
llustrated In FIG. 2, the gas produced by the outlet degasser is mixed with the separated gas
(34) and directed back to the absorber (12).

[0066] Changing the chain length of the liquid hydrocarbon may affect the sulfur
removal process. For example, increasing the chain length of the liquid hydrocarbon may
change the efficiency of removal of the organosulfur compounds from the oil sands produced
gas, reduce losses of the liquid hydrocarbon into a gas stream, or both.

[0067] The liquid hydrocarbon used in the absorber to remove at least a portion of
the organosulfur compounds from the oil sands produced gas may be a C;-Csy hydrocarbon
mixture. Some systems or processes acCording to the present disclosure may use a C4-Cy
hydrocarbon mixture in the absorber.

[0068] The absorber may be operated at pressures between about 200 and about
2,500 kPag. Operation at a lower pressure may be desirable in order to eliminate the capital
cost of compression. Operation at a higher pressure may enhance removal of the
organosulfur compounds from the oil sands produced gas but may increase the requirement
to recycle lighter components in the system and may impact the size of vapour recovery
equipment required for the outlet degasser vapour stream. In particular examples, the
absorber is operated at pressures between about 500 and about 2,500 kPag. The absorber
may be operated at a plurality of different pressures. For example, the absorber may include

both high and low pressure contactors.

210 -
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{0069] The temperature of the oil sands produced gas provided to the absorber may
be In the range of about 5 to about 60 °C. In particular examples, the oil sands produced gas
temperature is 40°C based on the assumptions of an upstream air cooler and summer
ambient temperatures. Alternatively, the oil sands produced gas temperature may be cooier
depending on the availability of alternate cooling sources such as diluent, make-up water or
refrigerant. The temperature of the liquid hydrocarbon provided to the absorber should
preferably be at least 5 °C higher than the temperature of the oil sands produced gas
provided to the absorber to prevent condensation of a compound that may contribute to
foaming, for example organosulfur compounds, which could cause foaming or fouling in the
absorber.

[0070] As the liquid/gas ratio is increased in the absorber, the absorption efficiency of
the organosulfur compounds increases. However, more H,S and methane are also absorbed
iInto the liquid hydrocarbon, which results in a larger amount of gas from the separator. A
larger volume of H,S and methane, if separated from the bitumen-based mixture, may
reduce the efficiency with which organosulfur compounds are removed. The larger volume of
H,S and methane may need to be directed back into the system upstream of the absorber,
may increase the size of the vapour recovery system required, and may reduce the ratio of
hydrocarbon liquid to gas (which includes oil sands produced gas and separated gas).
[0071] It may be advantageous in some systems or processes according to the
present disclosure to operate the absorber at a liquid/gas ratio of about 0.0001 to about
0.015 actual m? liquid hydrocarbon / standard m® gas.

[0072] In particular examples, the absorber may be operated at about 0.0004 to
about 0.007 actual m® qu'uid hydrocarbon / standard m® gas.

[0073] The process was simulated as shown in FIGs. 3 and 4. FIG. 3 represents an
example of a low pressure system (100) according to one embodiment. The system (100)
comprises an absorber (112) which may be substantially similar to the absorber (12)
discussed above. Qil sands produced gas (114) passes through a slug catcher, control valve,
cooler and a gas separator en route to the absorber (112). Separated gas (134) from a
separator (122) is also provided to the absorber (112) along with the oil sands produced gas
(114). The absorber (112) is provided with liquid hydrocarbon (116), and produces an
organosulfur depleted gas (118) and an organosulfur enriched liquid hydrocarbon (120). The
separator (122) receives the organosulfur enriched liquid hydrocarbon (120) and an emulsion

-11 -
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(124). In the illustrated example, the separator (122) comprises an inlet degasser, a free
water knock out, and one or more treaters. The separator (122) outputs produced water
(126) and the bitumen-based mixture (128) as described above. Additional degassing may
also be performed downstream from the separator (122).

[0074] In the system (100) of FIG. 3, the pressure of the absorber depends on the
system inlet pressure profile (reflecting the pressures of the emulsion (124) and oil sands
produced gas (114) streams, also indicated with diamonds 1 and 2, respectively, and the
upstream pressure drop from control valves, cooler, etc.). The simulated absorber pressure
was 500 kPag. In this low pressure example, there is no compression equipment (e.g.,
including a compressor, cooler or discharge separator). in the illustrated low pressure
configuration there are two inlet streams: oil sands produced gas (114) and emulsion (124).
Alternatively, both streams could enter the system as one.

[0075] F1G. 4 represents a high pressure system (100A) according to another
embodiment. The system (100A) of FIG.4 is substantially similar to the system (100) of FIG.
3, except that the pressure of the gas provided to the absorber (112) is increased by the
addition of compression equipment (115). The compression equipment may, for example,
iInclude a compressor, aftercooler and discharge separator. In the high pressure example,
both 2,000 kPag and 2,500 kPag absorber pressures were evaluated, as discussed below.
[0076)] By simulation, the liquid hydrocarbon to gas ratio was varied at each absorber

pressure (500, 2,000, and 2,500 kPag) to create the three curves shown in each of FIGs. 5
and 6. Key simulation parameters included:

1) an absorber modelled with 10 theoretical stages;
2) use of the Peng Robinson fluid package;

3) normal boiling point hypotheticals (NBPs) created based on assay information from

condensate diluent analysis;
4) sulfur speciation based on a typical plant produced gas analysis; and
5) Inlet streams defined assuming a plant steam to oil ratio (SOR) of 1.8 and a gas to all
ratio (GOR) of 11.
[0077] The amount of organosulfur compounds removed from an oil sands produced
gas is illustrated in FIGs. 5 and 6. FIG. 5 is a graph showing the mass % of organosulfur
compounds (y-axis) removed as a function of the fraction (as mass %) of organosulfur

enriched liquid hydrocarbon to total amount of liquid hydrocarbon used to separate the
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produced water from the bitumen-based mixture in the separator (x-axis). That is, the fraction
= (mass of liquid hydrocarbon used in the absorber) / (mass of liquid hydrocarbon used in the
absorber + additional liquid hydrocarbon). FIG. 5 illustrates the absorber at three different
operating pressures: 500 kPag, 2,000 kPag and 2,500 kPag.

[0078] FIG. 6 is a graph showing the mass % of organosulfur, aromatic and
naphthenic compounds (y-axis) removed as a funcﬁon of the fraction (as mass %) of
organosulfur enriched liquid hydrocarbon to total amount of liquid hydrocarbon used to
separate the produced water from the bitumen-based mixture in the separator (x-axis). That
IS, the fraction = (mass of liquid hydrocarbon used in the absorber) / (mass of liquid
hydrocarbon used in the absorber + additional liquid hydrocarbon). FIG. 6 illustrates the
absorber at three different operating pressures: 500 kPag, 2,000 kPag and 2,500 kPag.
[0079] Both FIGs. § and 6 indicate that at higher pressures less liquid hydrocarbon is
needed to absorb the organosulfur compounds. This is reflected by the reduction in the
required fraction of organosulfur enriched liquid hydrocarbon to total amount of liquid
hydrocarbon as the pressure is raised from 500 kPag to 2,500 kPag. .

[0080] Material balance data for the highest point on each curve in FIGs. 5 and 6 is
shown in Tables 1 (500 kPag), 2 (2,000 kPag), and 3 (2,500 kPag). The stream numbers
across the tops of Tables 1-3 refer to the reference numerals in diamonds in FIG. 3 (in the
case of Table 1) and FIG. 4 (in the case of Tables 2 and 3).

[0081] Table 1 (500 kPag) provides a molar balance for the system utilizing 81.4
mass % liquid hydrocarbon at a mass flow rate of 36,000 kg/h to the absorber, achieving
97.8 mass % removal of organosulfur compounds and 99.2 mass % removal of organosulfur,
aromatic and naphthenic compounds.

[0082] Table 2 (2,000 kPag) provides a molar balance for the system utilizing 28.3
-mass % liquid hydrocarbon at a mass flow rate of 12,000 kg/h to the absorber, achieving '

97.4 mass % removal of organosulfur compounds and 99.1 mass % removal of organosulfur,

aromatic and naphthenic compounds.

[0083] Table 3 (2,500 kPag) provides a molar balance for the system utilizing 25.9
mass % liquid hydrocarbon at a mass flow rate of 11,000 kg/h to the absorber, achieving
98.1 mass % removal of organosulfur compounds and 99.3 mass % removal of organosulfur,
aromatic and naphthenic compounds.
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[0084] The concentration of organosulfur compounds in the oil sands produced gas
may be as high as 10 mol % and varies depending on the reservoir or processing stream
from which the gas is produced or provided, respectively. The GOR may be from about 5 to
about 30 standard m® gas / standard m® bitumen. Oil sands produced gas may be accepted
into systems according to some embodiments at a rate of about 11 standard m® gas /
standard m® bitumen. The absorber is designed to accommodate a total absorber inlet gas
comprised of oil sands produced gas and separated gas. The volume of separated gas is a
function of the absorber pressure and the ratio of liquid hydrocarbon to absorber inlet gas.
The concentration of organosulfur compounds absorbed into the bitumen-based liquid may
be approximately 100 ppm (by mass) in some embodiments, but is dependent on the amount
of organosulfur compounds to be removed. In some examples, the produced bitumen-based
mixture may be unsaturated in organosulfur compounds.

[0085] One example of a process according to the present disclosure is illustrated in
FIG. 7. The process includes: contacting the oil sands produced gas with an amount of liquid
hydrocarbon sufficient to absorb at least a portion of the organosulfur compounds (210),
thereby generating an organosulfur depleted gas and an organosulfur enriched liquid
hydrocarbon. The process also includes: adding the organosulfur enriched liquid
hydrocarbon to an emulsion comprising water and the bitumen-based liquid (212) to
separately generate produced water and a mixture of organosulfur enriched liquid
hydrocarbon and bitumen-based liquid (214). When the amount of liquid hydrocarbon used to
absorb the organosulfur compounds from the oil sands produced gas is less than the amount
of liquid hydrocarbon needed to separate the produced water from the bitumen-based
mixture, the process includes adding a sufficient amount of additional liquid hydrocarbon to
separate the produced water from the bitumen-based mixture (216).

[0086] The temperature of the oil sands produced gas provided to the absorber may
be in the range of about 5 to about 60 °C. In particular examples, the oil sands produced gas
temperature i1s 40°C. The temperature of the liquid hydrocarbon provided to the absorber
should preferably be at least 5 °C higher than the temperature of the oil sands produced gas
provided to the absorber to prevent condensation of a compound that may contribute to
foaming, for example organosulfur compounds, which could cause foaming or fouling in the

absorber.
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[0087] The oil sands produced gas may be contacted with the liguid hydrocarbon at
an absorber pressure between about 200 and about 2,500 kPag.

[0088] Separately generating produced water and the bitumen-based mixture would
be understood to refer to separating at least a portion of the water in the emulsion from the
bitumen-based mixture. Separating at least a portion of the water in the emulsion from the
bitumen-based mixture may be achieved by using, for example: heat, gravity segregation,
electric current, a chemical additive, or any combination thereof, to break or reduce the
emulsion. The separation may be achieved using, for example, a liquid/liquid separator such
as:. a free water knock out, a treater, any other separator which may be used to break or
reduce the emulsion, a plurality of any of the above, or any combination thereof.

[0089] Separating at least a portion of the water in the emuision from the bitumen-
based mixture may also include separating gas from the liquids. The separated gas may be
contacted with liquid hydrocarbon, for example by adding the separated gas to the oll sands
produced gas.

[0090] The additional liquid hydrocarbon may be added to: the emulsion comprising
water and bitumen-based liquid; the organosulfur enriched liquid hydrocarbon; the
organosulfur enriched liquid hydrocarbon and bitumen-based liquid mixture; or any
combination thereof. The additional liquid hydrocarbon may be added in a sufficient quantity
to achieve a desired density of the bitumen-based mixture. The organosulfur enriched liquid
hydrocarbon and additional liquid hydrocarbon may be added in amounts sufficient to result
In the density of the bitumen-based mixture being from about 920 to about 990 kg/m?®. In
some embodiments the bitumen-based mixture has a density from about 940 to about 960
kg/m?°.

[0091] Separately generating produced water and the bitumen-based mixture may
Include degassing the emulsion and contacting the separated gas with liquid hydrocarbon,
for example by adding the separated gas to the oil sands produced gas.

[0092] Separately generating produced water and the bitumen-based mixture may
Include separating produced water from the bitumen-based mixture at a higher pressure to
keep volatile compounds in the liquid stream and then degassing the liquid stream. The
higher pressure may be the system pressure. Separately generating produced water and the
bitumen-based mixture may include separating produced water from the bitumen-based

mixture at atmospheric pressure and then degassing the liquid stream at a lower pressure.
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The separated gas may be contacted with liquid hydrocarbon, for example by adding the
separated gas to the oil sands produced gas.

[0093] The liquid hydrocarbon may be a mixture of different hydrocarbons. The liquid
hydrocarbon may be a C;-C3o hydrocarbon mixture. In particular examples, the liquid
hydrocarbon is a C4-C,o hydrocarbon mixture. The liquid hydrocarbon may be an oil sands
condensate, a synthetic hydrocarbon blend, naphtha, or butane. The liquid hydrocarbon may
have a density in the range of about 690 to about 720 kg/m°.

[0094] The liquid hydrocarbon used to absorb the organosulfur compounds may be
the same as, or different from, the additional liquid hydrocarbon added to separate the
produced water from the bitumen-based mixture.

[0095] In the preceding description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the examples. However, it will
be apparent to one skilled in the art that these specific details are not required.

[0096] The above-described examples are intended to be examples only. Alterations,
modifications and variations can be effected to the particular exémples by those of skill in the

art without departing from the scope, which is defined solely by the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A process for removing at least a'portion of organosulfur compounds from an oill
sands produced gas and transferring the organosulfur compounds to a bitumen-based liquid,
the process comprising:

contacting the oll sands produced gas with an amount of liquid hydrocarbon sufficient
to absorb at least a portion of the organosulfur compounds, thereby generating an
organosulfur depleted gas and an organosulfur enriched liquid hydrocarbon;

adding the organosulfur enriched liquid hydrocarbon to an emulsion comprising water
and the bitumen-based liquid to separately generate produced water and a bitumen-based
mixture of organosulfur enriched liquid hydrocarbon and bitumen-based liquid; and

when the amount of liquid hydrocarbon used to absorb the organosulfur compounds
from the oil sands produced gas is less than the amount of liquid hydrocarbon needed to
separate the produced water from the bitumen-based mixture, adding a sufficient amount of

additional liquid hydrocarbon to separate the produced water from the bitumen-based

mixture.

2. The process according to claim 1, wherein the additional liquid hydrocarbon is added
to:

the emulsion comprising water and bitumen-based liquid;

the organosulfur enriched liquid hydrocarbon;

the organosulfur enriched liquid hydrocarbon and bitumen-based liquid mixture; or

any combination thereof.

3. The process according to claim 1, wherein the organosulfur enriched liquid

hydrocarbon and additional liquid hydrocarbon are added in amounts sufficient to result in
the density of the bitumen-based mixture being from about 920 to about 990 kg/m°.

4 The process according to claim 1, wherein the organosulfur enriched liquid
hydrocarbon and additional liquid hydrocarbon are added in amounts sufficient to result in
the density of the bitumen-based mixture being from about 940 to about 960 kg/m°.

-0 .
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5. The process according to claim 1, wherein the liquid hydrocarbon, additional liquid
hydrocarbon, or both has a density in the range of about 690 to about 720 kg/m”°.

6. The process according to claim 1, wherein the liquid hydrocarbon, the additional

liquid hydrocarbon, or both are a C;-C3y hydrocarbon mixture.

7. The process according to claim 1, wherein the liquid hydrocarbon, the additional

liquid hydrocarbon, or both are a C4-C,o hydrocarbon mixture.

8. The process according to claim 6,‘wherein the liquid hydrocarbon, the additional
liquid hydrocarbon, or both comprise an oil sands condensate, a synthetic hydrocarbon

blend, naphtha, butane, or any combination thereof.

9. The process according to claim 1, wherein the liquid hydrocarbon is the same as the
additional liquid hydrocarbon.

10. The process according to claim 1, wherein separately generating produced water and
the bitumen-based mixture comprises separating at least a portion of the water in the

emulsion from the bitumen-based mixture.

11. The process according to claim 10, wherein separating at least a portion of the water
In the emulsion from the bitumen-based mixture comprises using: heat, gravity segregation,
electric current, a chemical additive, or any combination thereof, to break or reduce the

emulsion.

12. The process according to claim 1, wherein separately generating produced water and

the bitumen-based mixture further comprises degassing the bitumen-based mixture.

13. The process according to claim 12, wherein degassing the bitumen-based mixture

produces a separated gas, at least a portion of which is directed back to the absorber.
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14. The process according to claim 1, wherein the oil sands produced gas and separated

gas have a temperature between about 5 and about 60 °C.

15. The process according to claim 1, wherein the temperature of the liquid hydrocarbon
s at least 5 "C higher than the temperature of the oil sands produced gas and separated

gas.

16. The process according to claim 1, wherein the oil sands produced gas is contacted
with the liquid hydrocarbon at a pressure between about 200 and about 2,500 kPag.

17. The process according to claim 1, wherein the oil sands produced gas is contacted
with the liquid hydrocarbon at a pressure between about 500 and about 700 kPag.

18. The process according to claim 1, wherein the oil sands produced gas is contacted
with the liquid hydrocarbon in a liquid/gas ratio of about 0.0001 to about 0.015 actual m?

liquid hydrocarbon / standard m?® gas.

19. The process according to claim 1, wherein the oil sands produced gas is contacted
with the liquid hydrocarbon in a liquid/gas ratio of about 0.0004 to about 0.007 actual m?
liquid hydrocarbon / standard m?® gas.

20. The process according to claim 1, wherein the process excludes distillation of the

organosulfur enriched liquid hydrocarbon.

21. A system for removing at least a portion of organosulfur compounds from an oil sands
produced gas and transferring the organosulfur compounds to a bitumen-based liquid, the
system comprising:

an absorber that contacts the oil sands produced gas with an amount of liquid
hydrocarbon sufficient to absorb at least a portion of the organosulfur compounds, producing

an organosulfur depleted gas and an organosulfur enriched liquid hydrocarbon;
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a separator that accepts the organosulfur enriched liquid hydrocarbon and an
emulsion comprising water and the bitumen-based liquid and separates produced water from
a bitumen-based mixture of organosulfur enriched liquid hydrocarbon and bitumen-based
liquid; and

a controller that adds a sufficient amount of additional liquid hydrocarbon to separate
the produced water from the bitumen-based mixture when the amount of liquid hydrocarbon
used to absorb the organosulfur compounds from the oil sands produced gas is less than the
amount of liquid hydrocarbon needed to separate the produced water from the bitumen-

based mixture.

22. The system according to claim 21, wherein the controller adds the additional liquid
hydrocarbon to: the emulsion, the organosulfur enriched liquid hydrocarbon, the organosulfur
enriched liquid hydrocarbon and bitumen-based liquid mixture, a product stream from a

component of the separator, or any combination thereof.

23. The system according to claim 21, wherein the controller adds additional liquid
hydrocarbon in an amount sufficient to result in the density of the bitumen-based mixture
being from about 920 to 990 kg/m?.

24. The system according to claim 21, wherein the controller adds additional liquid
hydrocarbon in an amount sufficient to result in the density of the bitumen-based mixture
being from about 940 to 960 kg/m?.

25. The system according to claim 21, wherein the controller is in communication with a
sensor or detector that signals to the controller to add additional liquid hydrocarbon when the
density of the bitumen-based mixture is outside a desired density range.

20. The system according to claim 21, wherein the liquid hydrocarbon, additional liquid
hydrocarbon, or both, has a density in the range of about 690 to about 720 kg/m°.

27. The system according to claim 21, wherein the liquid hydrocarbon, the additional
liguid hydrocarbon, or both are a C3-C3y hydrocarbon mixture.
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28. The system according to claim 21, wherein the liquid hydrocarbon, the additional

liquid hydrocarbon, or both are a C4-Coo hydrocarbon mixture.

29. The system according to claim 27, wherein the liquid hydrocarbon, the additional
liquid hydrocarbon, or both are an oil sands condensate, a synthetic hydrocarbon blend,

naphtha, butane or any combination thereof.

30. The system according to claim 21, wherein the liquid hydrocarbon is the same as the

additional liquid hydrocarbon.

31. The system according to claim 21, wherein the separator comprises:
an inlet degasser that degasses the emulsion;
an outlet degasser that degasses the bitumen-based mixture;

or both, to produce separated gas.

32. The system according to claim 31, wherein at least a portion of the separated gas Is

directed back to the absorber.

33. The system according to claim 21, wherein the separator comprises a liquid/liquid
separator comprising. a free water knock out, a treater, any other separator which may be
used to break or reduce the emulsion, a plurality of any of the above, or any combination

thereof.

34. The system according to claim 33, wherein the liquid/liquid separator comprises a

free water knock out and a treater.

35. The system according to claim 21, wherein the oil sands produced gas and separated

gas are at a temperature between about 5 and about 60 °C.
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36. The system according to claim 21, wherein the temperature of the liquid hydrocarbon
IS at least 5 °C higher than the temperature of the oil sands produced gas and separated

gas.

37. The system according to claim 21, wherein the absorber is operated at a pressure
between about 200 and about 2,500 kPag.

38. The system according to claim 21, wherein the absorber is operated at a pressure
between about 500 and about 700 kPag.

39. The system according to claim 21, wherein the absorber contacts the oil sands
produced gas with the liquid hydrocarbon in a liquid/gas ratio of about 0.0001 to about 0.015
actual m? liquid hydrocarbon / standard m® gas.

40. The system according to claim 21, wherein the absorber contacts the oil sands
produced gas with the liquid hydrocarbon in a liquid/gas ratio of about 0.0004 to about 0.007
actual m® liquid hydrocarbon / standard m?® gas.

41. The system according to claim 21, wherein the system excludes a distillation

apparatus that purifies liquid hydrocarbon from the organosulfur enriched liquid hydrocarbon.
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(210)

Contact an oil sands
produced gas with liquid

hydrocarbon to absorb an
organosulfur compound

(212)

Add the organosulfur
enriched liquid hydrocarbon
to an emulsion that includes
water and a bitumen-based

liquid

(214)

Separately generate
produced water and a
mixture of organosulfur-
enriched liquid hydrocarbon
and bitumen-based liquid

(216)

Add additional liquid
hydrocarbon when the
amount of liquid
hydrocarbon Is insufficient to

separate the produced water
from the bitumen-based
mixture

FIG. 7
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