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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTMUS2017/041391

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

X
(]

4. O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. [ forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

L1 on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. U furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:
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INTERNATIONAL SEARCHING AUTHORITY PCTMUS2017/041391

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-10
No: Claims
Inventive step (1S) Yes: Claims
No: Claims 1-10
Industrial applicability (1A) Yes: Claims 1-10
No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 6 743 764 B1 (WALLICK DAVID E [US] ET AL) 1 June 2004
(2004-06-01)

D2 WO 01/08793 A1 (DOW CHEM CO) 8 February 2001 (2001-02-08)

D3 US 5203 411 A (DAWE ROBERT D [US] ET AL) 20 April 1993
(1993-04-20)

D4 WO 97/10320 A1 (CLOROX CO [US]) 20 March 1997 (1997-03-20)

D5 US 2009/078414 A1 (HORVATH SZABO GEZA [CA] ET AL) 26 March

2009 (2009-03-26)cited in the application

1 Novelty :

1.1 Since none of the documents cited in the search report disclose all the
features of independent claim 1, it is considered that said claim as well as
dependent claims 2-3 and claims 4-10 are novel over said prior art

documents.
2 Inventive step :
2.1 Document D1 considered as being the closest prior art document for present

claim 1, discloses concentrated compositions comprising a blend of (di)alky!
diphenyloxide (di)sulfonic acids used as surfactants blend (see claims).

In particular, the mixture DADS and MADS is predominant in the blend (see
col.4 1.1-10), since present at more than 85%.

The specific ratio of DADS alone, in the blend, is not disclosed.

The pH is also not indicated for the aqueous solution.

Said composition are then used to be mixed with water (see col. 7 1.37-41)
Document D2 seems also relevant as closest prior art, since disclosing the
same kind of compositions,

Hence, present claim 1 seem to differ by :

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/041391

- an amount of DADS equal or greater than 50 wt%, based on the weight of
the (di)alkyl diphenyloxide (di)sulfonate blend.
- the value of the pH equal or greater than 7

At this stage of the proceedings it is not clear which specific technical effect,
or technical problem, is solved by the amount of DADS of at least 50wt% in
the surfactant blend and/or of having a pH of at least 7.

It appears that no comparative examples are present with lower amounts of
DADS, showing any negative impact on the composition.

Hence, the objective technical problem to be solved, is considered to provide
an alternative composition.

The choice of the amounts of the components is considered as a
straightforward possibilities of the skilled person, in particular with the
teaching given in D1, that DADS and MADS are predominantly present in the
blend.

For the same reason, the choice of a suitable pH is considered as obvious for
the skilled person.

Therefore, present claim 1, considered as an obvious alternative, is not
considered as being inventive over the cited documents.

2.2 Present independent claim 4 is directed to a method for recovering oil from a
reservoir using said foam forming composition.

Document D3 discloses a method of enhanced oil recovery based on the
injection of a foam forming aqueous composition, comprising (see claims ;
col.4 1.60-65) one or more alkylated diphenyl sulfonates combined to
amphoteric surfactant to improve the mobility reduction factor, with a gas or
gas/aqueous fluid mixture.

The alkylated diphenyl sulfonates can in particular be (see formula on col. 5/
claims) (di)alkyl diphenyloxide (di)sulfonates.

Hence, the use of mixture of (di)alkyl diphenyloxide (di)sulfonates in foaming
composition for use in EOR is already known to the skilled person.

Present claim 4 differs from the disclosure of D3 by :

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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AUTHORITY (SEPARATE SHEET) PCT/US2017/041391

- an amount of DADS equal or greater than 50 wt%, based on the weight of
the (di)alkyl diphenyloxide (di)sulfonate blend.
- the value of the pH equal or greater than 7

Again, no technical effect seems to be linked to this specific amount of DADS
present or to this specific pH range.

Hence, the objective technical problem to be solved, is considered to provide
an alternative method for recovering oil, based on an alternative foaming
composition.

The choice of the amounts of the components is considered as a
straightforward possibilities of the skilled person.

For the same reason, the choice of a suitable pH is considered as obvious for
the skilled person.

Therefore, present claim 4, considered as an obvious alternative, is not
considered as being inventive over the cited documents.

2.3 Dependent claims 2-3 and 5-10 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT with respect to inventive step.

In particular cyclic steam stimulation (CSS) or steam assited gravity drainage
(SAGD) are well-known enhanced oil recovery methods.

Re ltem Vil

Certain defects in the international application

1 The units "psi" on page 11 are not additionally expressed in terms of the units
stipulated by Rule 10.1/(a)/and/(b) PCT. This should be corrected.

2 The used expression "incorporation by reference”, as mentioned on page 9 in
the present description, is not recognised in the PCT and should be deleted.

Re ltem Vil

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/041391

Certain observations on the international application

3 The compounds represented by the formulas in present independent claim 1
are (di)alkyl diphenyloxide (di)sulfonates and not (di)sulfates.
Hence, the wording used in claim 1, stating that the mixture comprising the
"dialkyl diphenyloxide disulfate (DADS) in an amount equal to or grater than
50 wt%... the monoalky! diphenyloxide disulfate (MADS)...." appears to lack
clarity under Art. 6 PCT.

4 The same objection is raised, mutatis mutandis, for present independent
claim 4 since the same wording is used.

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

X
(]

4. O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. [ forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

L1 on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. U furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:
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Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-10
No: Claims
Inventive step (1S) Yes: Claims
No: Claims 1-10
Industrial applicability (1A) Yes: Claims 1-10
No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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INTERNATIONAL SEARCHING
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 6 743 764 B1 (WALLICK DAVID E [US] ET AL) 1 June 2004
(2004-06-01)

D2 WO 01/08793 A1 (DOW CHEM CO) 8 February 2001 (2001-02-08)

D3 US 5203 411 A (DAWE ROBERT D [US] ET AL) 20 April 1993
(1993-04-20)

D4 WO 97/10320 A1 (CLOROX CO [US]) 20 March 1997 (1997-03-20)

D5 US 2009/078414 A1 (HORVATH SZABO GEZA [CA] ET AL) 26 March

2009 (2009-03-26)cited in the application

1 Novelty :

1.1 Since none of the documents cited in the search report disclose all the
features of independent claim 1, it is considered that said claim as well as
dependent claims 2-3 and claims 4-10 are novel over said prior art

documents.
2 Inventive step :
2.1 Document D1 considered as being the closest prior art document for present

claim 1, discloses concentrated compositions comprising a blend of (di)alky!
diphenyloxide (di)sulfonic acids used as surfactants blend (see claims).

In particular, the mixture DADS and MADS is predominant in the blend (see
col.4 1.1-10), since present at more than 85%.

The specific ratio of DADS alone, in the blend, is not disclosed.

The pH is also not indicated for the aqueous solution.

Said composition are then used to be mixed with water (see col. 7 1.37-41)
Document D2 seems also relevant as closest prior art, since disclosing the
same kind of compositions,

Hence, present claim 1 seem to differ by :

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/041391

- an amount of DADS equal or greater than 50 wt%, based on the weight of
the (di)alkyl diphenyloxide (di)sulfonate blend.
- the value of the pH equal or greater than 7

At this stage of the proceedings it is not clear which specific technical effect,
or technical problem, is solved by the amount of DADS of at least 50wt% in
the surfactant blend and/or of having a pH of at least 7.

It appears that no comparative examples are present with lower amounts of
DADS, showing any negative impact on the composition.

Hence, the objective technical problem to be solved, is considered to provide
an alternative composition.

The choice of the amounts of the components is considered as a
straightforward possibilities of the skilled person, in particular with the
teaching given in D1, that DADS and MADS are predominantly present in the
blend.

For the same reason, the choice of a suitable pH is considered as obvious for
the skilled person.

Therefore, present claim 1, considered as an obvious alternative, is not
considered as being inventive over the cited documents.

2.2 Present independent claim 4 is directed to a method for recovering oil from a
reservoir using said foam forming composition.

Document D3 discloses a method of enhanced oil recovery based on the
injection of a foam forming aqueous composition, comprising (see claims ;
col.4 1.60-65) one or more alkylated diphenyl sulfonates combined to
amphoteric surfactant to improve the mobility reduction factor, with a gas or
gas/aqueous fluid mixture.

The alkylated diphenyl sulfonates can in particular be (see formula on col. 5/
claims) (di)alkyl diphenyloxide (di)sulfonates.

Hence, the use of mixture of (di)alkyl diphenyloxide (di)sulfonates in foaming
composition for use in EOR is already known to the skilled person.

Present claim 4 differs from the disclosure of D3 by :

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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AUTHORITY (SEPARATE SHEET) PCT/US2017/041391

- an amount of DADS equal or greater than 50 wt%, based on the weight of
the (di)alkyl diphenyloxide (di)sulfonate blend.
- the value of the pH equal or greater than 7

Again, no technical effect seems to be linked to this specific amount of DADS
present or to this specific pH range.

Hence, the objective technical problem to be solved, is considered to provide
an alternative method for recovering oil, based on an alternative foaming
composition.

The choice of the amounts of the components is considered as a
straightforward possibilities of the skilled person.

For the same reason, the choice of a suitable pH is considered as obvious for
the skilled person.

Therefore, present claim 4, considered as an obvious alternative, is not
considered as being inventive over the cited documents.

2.3 Dependent claims 2-3 and 5-10 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT with respect to inventive step.

In particular cyclic steam stimulation (CSS) or steam assited gravity drainage
(SAGD) are well-known enhanced oil recovery methods.

Re ltem Vil

Certain defects in the international application

1 The units "psi" on page 11 are not additionally expressed in terms of the units
stipulated by Rule 10.1/(a)/and/(b) PCT. This should be corrected.

2 The used expression "incorporation by reference”, as mentioned on page 9 in
the present description, is not recognised in the PCT and should be deleted.

Re ltem Vil
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Certain observations on the international application

3 The compounds represented by the formulas in present independent claim 1
are (di)alkyl diphenyloxide (di)sulfonates and not (di)sulfates.
Hence, the wording used in claim 1, stating that the mixture comprising the
"dialkyl diphenyloxide disulfate (DADS) in an amount equal to or grater than
50 wt%... the monoalky! diphenyloxide disulfate (MADS)...." appears to lack
clarity under Art. 6 PCT.

4 The same objection is raised, mutatis mutandis, for present independent
claim 4 since the same wording is used.
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FOAM-FORMING COMPOSITION FOR STEAM ASSISTED OIL RECOVERY

FIELD OF THE INVENTION

This invention relates to a foam-forming composition and method of use thereof for
foam steam assisted oil recovery process. Specifically, the foam-forming composition

comprises primarily a dialkyl diphenyloxide disulfonate.

BACKGROUND OF THE INVENTION

The present invention relates to a composition and method for enhancing the
recovery of crude oil and/or bitumen.

A common way of categorizing petroleum deposits is by density. Light oil, also
known as "conventional oil", has an API gravity of greater than 22° and a viscosity less than
100 centipoise (cP). Heavy oil, by contrast, is an asphaltic, dense (low API gravity), and
viscous hydrocarbon that is chemically characterized by its content of asphaltenes.
Although definitions vary, the upper limit for heavy oils is usually an API gravity of 22°
and a viscosity of more than 100 cP. Extra-heavy crude oil or bitumen has an API gravity
of less than 10°.

In the recovery of conventional oil from reservoirs, the use of primary production
techniques (i.e., the use of only the initial reservoir pressure to recover the crude oil)
followed by the secondary recovery technique of waterflooding, recovers only a portion of
the original oil present in the formation. Moreover, the use of certain enhanced oil recovery
(EOR) techniques is also known in the art. These enhanced oil recovery techniques involve
injection of any suitably tailored composition of fluids for example, water with tailored
salinity, re-injection of hydrocarbon gases produced from the formation, in cases of heavy
oil thermal methods can be used by increasing the enthalpy of injected fluid e.g., utilizing
steam, and injection of chemicals like surfactants and polymers to enhance performance of
any of these recovery techniques.

Usually heavy oil from an oil-bearing formation and/or bitumen from oil sands are
produced by reducing the viscosity of the oil enough to make it flow. Viscosity reduction
can be achieved by applying heat, often in the form of steam, and/or adding solvents to

partially dilute the oil. There are several different EOR steam utilization techniques for
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extracting heavy oil and/or bitumen, for example: cyclic steam simulation (CSS), steam
flood, steam assisted gravity drainage (SAGD), foam-assisted SAGD, and vapor extraction
process (VAPEX). These methods employ injecting high temperature steam in the
formation to reduce the oil viscosity followed by driving of the mobilized oil to the
producer well either using a negative pressure, for example CSS, or positive pressure, for
example steam flood.

In CSS, the same well acts as the injector and the producer and is also known as a
huff and puff method. Steam is injected into a well at a temperature of 300-340°C for a
period of weeks to months. The well is allowed to sit for days to weeks to allow heat to
soak into the formation, and, later, the hot oil is pumped out of the well for weeks or
months. Once the production rate falls off, the well is put through another cycle of steam
injection, soak and production. This process is repeated until the cost of injecting steam
becomes higher than the money made from producing oil. Recovery factors are around 20
to 25%, but the cost to inject steam is high.

In steam flood, also known as steam drive, steam is injected into the formation
through one vertical well; the heat of the steam helps lower the viscosity of the oil, and
forces the mobilized oil to flow towards vertical producer wells located at certain distance
from the producer. Although a promising technology, in steam floods after the initial
injection breakthrough, the probability of steam bypassing the oil increases. With time, the
active steam zone in the reservoir tends to bypass, or channel, the oil-bearing regions and
limits the total amount of the formation that is effectively swept by the steam.

SAGD uses at least two horizontal wells--one at the bottom of the formation and
another about 5 meters above it. Steam is injected into the upper well, the heat reduces the
viscosity of the heavy oil, which allows it to drain by gravity into the lower well, where it is
pumped to the surface. SAGD is cheaper than CSS, allows very high oil production rates,
and recovers up to 60% of the oil in place.

VAPEX is similar to SAGD, but instead of steam, hydrocarbon solvents are injected
into an upper well to dilute heavy oil which enables the diluted heavy oil to flow into a
lower well.

Surfactants have been proposed as a means for generating foam in reservoir
formations to reduce channeling. See, for example, USP 4,380,266; 4,540,049; 4,739,831,
4,860,828; 5,052,478; 5,005,644; 5,502,538; US Patent Application Nos. 2009/0078414,
2009/0218099, and 2014/0216739; WO 2014/160563, WO 2014/099466; and PCT/US

2
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15/021253. The purpose of this foam is to block channeling and divert the flow of the
steam into that portion of the formation containing high oil saturation.

Aqueous anionic surfactant systems are known to be particularly efficient as
foaming agents. Such an anionic surfactant system is a substantially homogeneous aqueous
liquid composition that may comprise a solution, a microemulsion, or a micellar dispersion
of anionic surfactant molecules and/or micelles. The water-solubilities and oil-solubilities
of the surfactants in such a system are such that those materials tend to remain along an
oil/water interface, rather than being completely dissolved or dispersed within either the
water-phase or oil-phase of the system. The anionic surfactants comprise surface active
salts or soaps of organic acids.

In a process for displacing oil, the surfactants in an aqueous anionic surfactant
system can be pre-formed or formed within permeable material such as a subterranean
reservoir. USP 3,174,542 describes oil displacing processes in which acidic materials are
injected ahead of basic materials so that surfactant systems are formed in situ.

Although aqueous anionic surfactant systems are generally efficient oil-displacing
fluids, they have relatively low tolerances to multivalent cations. Such cations are
commonly encountered in waters or brines in subterranean reservoirs that contain solutions
of calcium or magnesium salts, or the like. The multivalent cations tend to react with the
anionic surfactants or the components of anionic surfactants or the components of anionic
surfactant systems to form precipitates, to cause phase separations, or the like.

Multivalent cation tolerance problems typical of aqueous anionic surfactant systems
are discussed in patents such as USP 3,508,612 and 3,675,716. Those patents suggested
improving the multivalent cation tolerance by dissolving co-surfactant such as alkoxy-
alcohol sulfates in the systems. USP 3,799,264 suggests using surfactant systems that
contain sulfated aliphatic anionic surfactants, nonionic surfactants, and a water-soluble
guanidine salt, in order to provide an improved tolerance to multivalent cations.

It is taught that improved aqueous anionic surfactant systems can be employed in
displacing oil within remotely located permeable subterranean reservoirs in USP 3,945,437,
4,013,569; and 4,393,937. For example, it is taught in USP 4,393,937 that a steam foam
drive process can be employed in displacing oil within a subterranean reservoir.

In view of the fact that high foaming, thermally stable, brine and divalent ion
tolerant surfactants are desirable for use in displacing oil from subterranean reservoirs, it

would be highly desirable to provide such surfactants.
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There is a continued need for an enhanced oil recovery technique that can be
performed at elevated temperatures typically used in steam applications to further increase

or maintain the recovery yields by chemical means, but not reduce the energy spent on

recovery of heavy oils.

SUMMARY OF THE INVENTION

The present invention is a foam-forming composition and method of use in a steam
assisted oil recovery process wherein the composition comprises an anionic surfactant
10  wherein the anionic surfactant is a mixture of (di)alkyl diphenyloxide (di)sulfonate

compounds having the formula:
SO3 SOy X'
O,
SO; X* SO; X*

(<D :

SOy X"

N S R

SOa X"
O

where R is a Cs to Co4 alkyl group, preferably a Cis group and X is H, an alkali metal,

15

20  divalent metal e.g., calcium, magnesium, and the like, alkaline earth metal, or ammonium,
wherein the aqueous mixture of (di)alkyl diphenyloxide (di)sulfonate compounds has a pH

equal to or greater than 7 and contains I, the dialkyl diphenyloxide disulfate (DADS), in an
4
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amount equal to or greater than 50 weight percent with the remaining 50 weight percent or
less comprising one or more of II, the monoalkyl diphenyloxide disulfate (MADS), 111, the
dialkyl diphenyloxide monosulfate (DAMS), and/or IV, the monoalkyl diphenyloxide
monosulfate (MAMS), weight percent based on the combined weight of mixture of (di)alkyl
diphenyloxide (di) sulfonate compounds.

Another embodiment of the present invention is a method for recovering oil from a
reservoir formation that is penetrated by at least one injection well and one production well,
comprising: (a) selecting a foam-forming composition comprising an aqueous mixture
comprising two or more (di)alkyl diphenyloxide (di)sulfonate disclosed herein above, (b)
injecting the foam-forming composition with steam into the injection well and forming a
stable foam in the reservoir; (c) lowering a viscosity of oil in the reservoir formation; and
(d) producing oil having the lowered viscosity from the reservoir formation.

In one embodiment of the present invention, in the foam-forming composition
disclosed herein above R is a Cis alkyl group and X is sodium.

In another embodiment of the present invention the foam-forming composition
disclosed herein above further comprises one or more additive selected from a nonionic
surfactant, an ionic surfactant, a corrosion inhibitor, a scale inhibitor, an antioxidant, a
nonionic surfactant, an alcohol, another anionic surfactant, different from (i), a cationic
surfactant, a foaming agent, and mixtures thereof.

In one embodiment of the method of the present invention described herein above,
the injection well and the production well are the same well, preferably the method is cyclic
steam stimulation (CSS).

In one embodiment of the method of the present invention described herein above,
the injection well and the production well are not the same well, preferably the method is

steam assisted gravity drainage (SAGD).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of the experimental apparatus used to determine foam

stability.

FIG. 2 is a plot showing foam height for Example 1 versus time.



10

15

20

25

30

WO 2018/013488 PCT/US2017/041391

DETAILED DESCRIPTION OF THE INVENTION

Described herein are methods for removal of heavy oils from underground
reservoirs. The term "heavier crudes"” is any source or form of viscous oil. For example, a
source of heavier crudes includes tar sand. Tar sand, also referred to as oil sand or
bituminous sand, is a combination of clay, sand, water, and bitumen. The thermal recovery
of heavier crudes is based on the viscosity decrease of fluids with increasing temperature.
Once the viscosity is reduced, the mobilization of fluids by steam, hot water flooding, or
gravity is possible. The reduced viscosity makes the drainage quicker and therefore directly
contributes to the recovery rate.

In one aspect, the method comprises recovering oil from a reservoir formation that is
penetrated by at least one injection well and one production well comprising the steps of
injecting into the reservoir (i) a foam-forming composition which comprises, consists
essentially of, or consists of a mixture of (di)alkyl diphenyloxide (di)sulfonate compounds
and steam, (ii) lowering a viscosity of oil in the reservoir formation, and (iii) removing the
oil from the reservoir.

In one embodiment of the method of the present invention the injection well and the
production well are the same well.

In another embodiment of the method of the present invention the injection well and
the production well are not the same well, but are two different wells.

Steam techniques known in the art for removing heavier crudes can be used herein,
including, but not limited to CSS, steam flood, SAGD, FA-SAGD, and VAPEX. In
general, steam is injected into the underground reservoir thereby heating the oil, reducing its
viscosity making it more mobile, and recovering at least a fraction of reservoir
hydrocarbons. After the initial injection steam breakthrough, the probability of steam
bypassing the oil increases, which limits the total amount of the formation that is effectively
swept by the steam. Next, surfactants, with or without a non-condensable gas (e.g.,
nitrogen), and steam are introduced into the injection well either periodically or
continuously. The oil may be recovered in a production well separate from the injection
well.

The SAGD process, invented by Butler in the early 80's (e.g., USP 4,344,485) has
been the most popular thermal recovery process used to date in the production of heavy oil

and bitumen. In the SAGD process, at least two horizontal wells are drilled, one over the
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other, and steam is injected into the upper well. The hot steam creates an expanding steam
chamber, where the heat is transferred from the condensation of the steam mobilizes the oil,
which then gravity drains around the edge of the steam chamber into the lower well along
with any condensed water. The heat is transferred, by both conduction and convection, first
to the condensate that flows along the edge of the steam chamber, and then the adjacent oil.
As the oil is removed and more steam is injected, the boundary of the steam chamber
expands upwards and sideways, and new oil is mobilized. The advantage of the SAGD
process is its high oil production rate, recovering as much as 60-70% of the oil in place.

In one embodiment of the present invention is a method of producing oil by SAGD,
said method comprising the steps of providing in an oil formation a horizontal injection well
and a horizontal production well beneath said horizontal injection well, wherein said
injection well and said production well are in fluid communication with each other;
injecting steam and a foaming agent comprising an anionic surfactant, described herein
below, into said injection well for a first period of time; collecting a production fluid from
said production well.

The method of the present invention is not limited to SAGD and other such gravity
drainage methods. The method of the present invention can be used in any known or
invented steam-based enhanced oil production methods. Thus, the method can be used with
toe to heel steam production methods, steam flooding techniques using vertical wells, cyclic
steam stimulation (CSS), steam and gas push (SAGP), steam flooding, and the like, as well
as in any of the hybrid methodologies, such as expanding solvent-SAGD (ES-SAGD),
solvent aided process (SAP), and the like. Furthermore, the method can be used after any of
the existing EOR methods.

The choice of water for use in the method of the present invention is typically the
produced water, e.g., from the reservoir, but the source may be different, based upon the
requirements of the reservoir to be treated, economics, and compatibility of the composition
upon dilution, for example fresh water, aquifer water, or reservoir brine produced from the
well. This invention will find particular applicability with brines having a total dissolved
solids (TDS) content of from O up to 18 weight percent, preferably with O up to 15, and
more preferably O up to 12 weight percent.

In another embodiment of the present invention, gases can be co-injected with the
steam and surfactant. Suitable gases include, but are not limited to air, oxygen, hydrogen,

nitrogen, methane, carbon dioxide, carbon monoxide, hydrogen sulfide, propane, butane,
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natural gas, and flue gas. Gases may come in the form of a gas/liquid mixture; including
natural gas liquids containing propane, butane, pentane, and hexane.

The foam-forming composition employed in the present invention comprises one or
more anionic surfactant, preferably comprising a mixture of alkyl aryl-sulfonate
compounds. Suitable alkyl aryl-sulfonate compounds are products based on mono- and di-
alkylated diphenyl oxide mono- and di-sulfonates (mono- and di- alkylates herein after
referred to as (di)alkylates and mono- and di- sulfonates herein after referred to as
(di)sulfonates). Preferred (di)alkyl diphenyloxide (di)sulfonate compounds are described by

one or more of the following formulas:
SO3 SOy X'
Db,
SO5 X' SO5” X"

(<5 :

SO, X*

B,

SOa X"
O

where R is a Cs to Co4 alkyl group, preferably a Cis group and
X is H, an alkali metal, alkaline earth metal, divalent metal, preferably calcium or
magnesium, or ammonium.

Structure I represents a dialkyl diphenyloxide disulfonate (DADS), Structure II
represents a monoalkyl diphenyloxide disulfonate (MADS), Structure III represents a

dialkyl diphenyloxide monosulfate (DAMS); and Structure IV represents a monoalkyl
8
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diphenyloxide monosulfate (MAMS). Preferably the mixture of (di)alkyl diphenyloxide
(di)sulfonate compounds contains DADS in an amount equal to or greater than 50 weight
percent of DADS with the remaining 50 weight percent or less comprising one or more of
MADS, DAMS, and/or MAMS, weight percent based on the combined weight of the
mixture of (di)alkyl diphenyloxide (di)sulfonate compounds. More preferably the mixture
of (di)alkyl diphenyloxide (di)sulfonate compounds contains DADS in an amount equal to
or greater than 70 weight percent of DADS with the remaining 30 weight percent or less
comprising one or more of MADS, DAMS, and/or MAMS, weight percent based on the
combined weight of the mixture of (di)alkyl diphenyloxide (di)sulfonate compounds. Most
preferably the mixture of (di)alkyl diphenyloxide (di)sulfonate compounds contains DADS
in an amount equal to or greater than 85 weight percent of DADS with the remaining 15
weight percent or less comprising one or more of MADS, DAMS, and/or MAMS, weight
percent based on the combined weight of the mixture of (di)alkyl diphenyloxide
(di)sulfonate compounds.

In one embodiment, the mixture of (di)alkyl diphenyloxide (di)sulfonate compounds
comprise MADS in an amount of 0.05 to 15 weight percent, DAMS in an amount of 0 to 10
weight percent, MAMS in an amount of 0 to 5 weight percent, and DADS in an amount of
equal to or greater than 50 to 90 weight percent, wherein higher alkylates of mono- and di-
sulfonates makes up the balance of the mixture.

In another embodiment, the mixture of (di)alkyl diphenyloxide (di)sulfonate
compounds comprise MADS in an amount of 0.05 to 15 weight percent, DAMS in an
amount of 0 to 7.5 weight percent, and MAMS in an amount of O to 2 weight percent,
wherein DADS makes up the balance of the mixture with the proviso that it is present in an
amount equal to or greater than 50 weight percent, weight percent based on the combined
weight of the mixture of (di)alkyl diphenyloxide (di)sulfonate compounds.

Suitable (di)alkyl diphenyloxide (di)sulfonates of the present invention can be
prepared by methods recognized in the art. For example, attention is directed towards USP
4,860,828 to Oswald et al. which is incorporated herein by reference.

The mixture of (di)alkyl diphenyloxide (di)sulfonate compounds may be added neat
or preferably in solution, preferably an aqueous solution having a pH equal to or greater
than 7, more preferably equal to or greater than 7.5, more preferably equal to or greater than

8, and more preferably equal to or greater than 8.5.
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The (di)alkyl diphenyloxide (di)sulfonate compounds are added down hole and/or to
the steam neat and/or diluted with water to form an aqueous solution and then added, such
that the amount of the (di)alkyl diphenyloxide (di)sulfonate compounds in the steam present
down-hole is from 0.0001 to 0.5 weight percent. Preferably, the amount of anionic
surfactant in the down-hole water is equal to or greater than 0.0001 weight percent, more
preferably equal to or greater than 0.001 weight percent, more preferably equal to or greater
than 0.01 weight percent, more preferably equal to or greater than 0.05 weight percent, and
even more preferably equal to or greater than 0.08 weight percent. Generally, the amount of
the anionic surfactant is present in the water pumped down-hole in an amount equal to or
less than 0.5 weight percent, preferably equal to or less than 0.3 weight percent, preferably
equal to or less than 0.2 weight percent.

In some embodiments, foam-forming compositions of the present invention may
include other additives. For example, the composition may further include one or more
ionic surfactant, one or more nonionic surfactant, one or more alcohol, corrosion inhibitors,
scale inhibitors, mixtures thereof, as well as other additives. In some embodiments, the
total amount of the additives added to the compositions of the present disclosure is not

greater than about 5 weight percent.

EXAMPLES

Preparation of (di)alkyl diphenyloxide (di)sulfonate compound.

Example 1 is a (di)alkyl diphenyloxide (di)sulfonate compound prepared in three
steps: (a) alkylation of diphenyl oxide (DPO), (b) sulfonation of the alkylated product, and
(c) neutralization using caustic solution.

Alkylation of DPO with olefin of specific chain length is done in the presence of
aluminum chloride catalyst between 50°C to 100°C. The Friedel-Crafts alkylation reaction
generates isomeric mixture of mono-, di-, and higher poly-alkylates from competitive
reactions of olefins around the aromatic rings. Alkylation is carried out in presence of
excess DPO to control relative amounts of monoalkylated DPO, dialkylated DPO, and
higher alkylate DPOs.

Sodium hydroxide solution is then added to the reaction mixture to neutralize the
aluminum chloride catalyst. This is followed by phase separation of the mixture by using a

decanter. The crude product is then subjected to distillation to separate out the unreacted

10
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DPO, the unreacted olefins, and the final alkylated product. The alkylated end product is
then distilled further to concentrate dialkylated and higher alkylated DPOs to greater than
50%.

The distilled alkylated product is then subjected to sulfonation by sulfur trioxide,
which results in primarily the disulfonated products. The level of sulfonation is greater than
80%. While the sulfonation reaction is highly exothermic, the reaction is kept under
isothermal conditions at or below room temp. Following sulfonation, water is added to
remove any unreacted SOs. The aqueous acid solution is then neutralized using caustic
soda to get a final product with pH of equal to or greater than 7.

The resulting active product comprises 1 wt% monoalkyl diphenyloxide
monosulfate (MAMS), 10 wt% monoalkyl diphenyloxide disulfate (MADS), 7. wt %
dialkyl diphenyloxide monosulfate (DAMS), 75 wt % dialkyl diphenyloxide disulfate
(DADS), and the rest being higher alkylates of mono- and di-sulfonates.

Foam Stability Test.

The experimental set up is shown in FIG. 1. Initially, an empty JERGUSON19-T-
32 series level gauge 1 is pressurized to 950 psi. The oven 2 is then heated up to 250°C.
The pressure is maintained to 950 psi via the back pressure regulator (EQUILIBAR ULF-2)
3 at the exit line of the JERGUSON level gauge. 50 mL of a 0.5 wt% aqueous solution of
Example 1 is prepared and its pH adjusted to 9.1 with a sodium hydroxide solution. 50 mL
of this solution 4 is loaded into the JERGUSON level gauge via pump 2 5. The system is
allowed to equilibrate to 250°C for an hour. An accumulator (TOBUL 030AT30-1VA19) 6
is used to pump in nitrogen into this solution through a sparger having a 10 micron sintered
metal filter element 7. Water is pumped into the accumulator at 2.7855 mL/min from pump
1 8 to achieve a flow rate of 180 sccm into the JERGUSON level. Pressure is maintained at
950 psi with the back pressure regulator. 0.2 mL/min of water is replenished through pump
2 § since the system loses water at approximately this rate due to evaporation. As nitrogen
flows into the chemical solution, foam 9 starts to rise up inside the glass cylinder 10 in the
JERGUSON level gauge. The cylinder is open at top and bottom. Once the foam reaches
the top of the level gauge, the nitrogen flow is stopped. The foam slowly decays. The foam

height from the foam generation to collapse is recorded and is shown in FIG. 2.

11
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What is claimed is:

1. A foam-forming composition for use in an oil recovery process comprising an
aqueous mixture comprising

(i) two or more (di)alkyl diphenyloxide (di)sulfonate compounds having the

SOy X' S0y X!
SOy X" SOy X*
SO, X*
SOy X'

where R is a C; to Cas alkyl group
and
15 X is H, an alkali metal, alkaline earth metal, a divalent metal, or ammonium,
wherein the aqueous mixture of (di)alkyl diphenyloxide (di)sulfonate compounds
has a pH equal to or greater than 7 and contains I, the dialkyl diphenyloxide
disulfate (DADS), in an amount equal to or greater than 50 weight percent with the
remaining 50 weight percent or less comprising one or more of II, the monoalkyl
20 diphenyloxide disulfate (MADS), 111, the dialkyl diphenyloxide monosulfate
(DAMS), and/or IV, the monoalkyl diphenyloxide monosulfate (MAMS), weight
12
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percent based on the combined weight of the mixture of (di) alkyl diphenyloxide
(di)sulfonate compounds.
2. The foam-forming composition of Claim 1 wherein R is a Ci¢ alkyl group and X is
sodium, calcium, or magnesium.

5 3. The foam-forming composition of Claim 1 further comprises one or more additive
selected from a nonionic surfactant, an ionic surfactant, a corrosion inhibitor, a scale
inhibitor, an antioxidant, a nonionic surfactant, an alcohol, another anionic surfactant,
different from (i), a cationic surfactant, a foaming agent, and mixtures thereof.

4. A method for recovering oil from a reservoir formation that is penetrated by at
10  least one injection well and one production well, comprising
(a) selecting a foam-forming composition comprising
(i) an aqueous mixture comprising two or more (di)alkyl diphenyloxide

(di)sulfonate compounds having the formulas:

SO; X" SO;" X*

15
SO;” X' SO, X*
SO;” X'
. QO@R I
SO;” XV
20

where R is a C; to Cx4 alkyl group

13
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and
X 1s H, an alkali metal, alkaline earth metal, a divalent metal, or ammonium,
wherein the aqueous mixture of (di)alkyl diphenyloxide (di)sulfonate
compounds has a pH equal to or greater than 7 and contains I, the dialkyl
diphenyloxide disulfate (DADS), in an amount equal to or greater than 50
weight percent with the remaining 50 weight percent or less comprising one
or more of II, the monoalkyl diphenyloxide disulfate (MADS), III, the
dialkyl diphenyloxide monosulfate (DAMS), and/or IV, the monoalkyl
diphenyloxide monosulfate (MAMS), weight percent based on the combined
weight of the mixture of (di) alkyl diphenyloxide (di)sulfonate compounds;
(b) injecting the foam-forming composition with steam into the injection well
and forming a stable foam in the reservoir;
(c) lowering a viscosity of oil in the reservoir formation;
and
(d) producing oil having the lowered viscosity from the reservoir formation.
5. The method of Claim 4 wherein R is a Cis alkyl group and X is sodium, calcium,
or magnesium.
6. The method of Claim 4, where the a foam-forming composition further comprises
one or more additive selected from a corrosion inhibitor, a scale inhibitor, an antioxidant, a
nonionic surfactant, another anionic surfactant, different from (i), a cationic surfactant, a
foaming agent, and mixtures thereof.
7. The method of Claim 4 where in the injection well and the production well are the
same well.
8. The method of Claim 7 is cyclic steam stimulation (CSS).
9. The method of Claim 4 where in the injection well and the production well are not
the same well.

10. The method of Claim 9 is steam assisted gravity drainage (SAGD).

14
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