wo 2016/135113 A1 [N 000 00O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/135113 Al

1 September 2016 (01.09.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
COIK 8/584 (2006.01) E21B 43/16 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Tat tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCT/EP0L6/053711 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
23 February 2016 (23.02.2016) KZ, IA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
- . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
15156394.7 24 February 2015 (24.02.2015) Ep (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SHELL GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
INTERNATIONALE RESEARCH MAATSCHAPPILJ TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
B.V. [NL/NL]; Carel van Bylandtlaan 30, 2596 HR The TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Hague (NL). DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant (for US only): SHELL OIL COMPANY LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
[US/US]; Shell Plaza 1, Houston, Texas 77252-2463 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
’ ’ ’ GW, KM, ML, MR, NE, SN, TD, TG).
(72) Inventors: SOUTHWICK, Jeffrey, George; Kessler Park . )
1, 2288GS Rijswijk (NL). NELSON, Richard, Charles; D¢clarations under Rule 4.17:
P.O. Box 2559, Sun Valley, ID 83353 (US). VAN — as to applicant’s entitlement to apply for and be granted a
BATENBURG, Diederik, Willem; Kessler Park 1, patent (Rule 4.17(ii))
2288GS Rijswijk (NL). Published:
(74) Agent: MATTHEZING, Robert, Maarten; PO Box 384, __ | .0 . ional search report (Art. 21(3))
2501 CJ The Hague (NL).
(54) Title: SURFACTANT COMPOSITION

(57) Abstract: A surfactant composition comprising compound I according to formula I and/or a salt thereof and compound II ac -
cording to formula IT and/or a salt thereof wherein the ratio of compound I to compound II (weight : weight ) is of from 1 : 10to 10 :
1 and in which formula I and II are as follows Ri- (CH;-CH (CHzs) -O-) x SO:H (I) and Rs- (CH,-CH;-O-) y SOsH (IT) in which in
which R; is an alkyl group containing of from 1 to 20 carbon atoms and is linear or is branched by containing one or more methyl
side-groups, x is of from 2 to 20, R is an alkyl group containing of from 1 to 20 carbon atoms and is linear or is branched by con -
taining one or more methyl side- groups and y is of from 1 to 20.



10

15

20

25

30

WO 2016/135113 PCT/EP2016/053711

SURFACTANT COMPOSITION

This application claims the benefit of European Patent
Application No. 15156394.7 filed February 24 2015, which is
incorporated herein by reference.

Field of the Invention:

The present invention relates to surfactant composition
and to a process for mineral oil production with the help of
such composition.

Background of the Invention:

In natural mineral o0il deposits, mineral o0il is present
in the cavities of porous formation rocks which are sealed
toward the surface of the earth by impermeable top layers.
The cavities may be very fine cavities, capillaries, pores or
the like. As well as mineral o©0il, including fractions of
natural gas, a deposit generally also comprises water with a
greater or lesser salt content.

In mineral oil production, a distinction is drawn
between primary and subsequent production such as secondary
and/or tertiary production.

In primary production, after commencement of drilling of
the deposit, the mineral o0il flows of its own accord through
the borehole to the surface owing to the autogeneous pressure
of the deposit. The autogeneous pressure can be caused, for
example, by gases present in the deposit, such as methane,
ethane or propane. The autogeneous pressure of the deposit,
however, generally declines relatively rapidly on extraction
of mineral o0il, such that usually only a limited amount of
the mineral 0il present in the deposit can be produced by
means of primary production. Thereafter, the autogeneous
pressure is no longer sufficient to produce mineral oil.

After primary production, enhanced oil recovery can be

applied. One enhanced 0il recovery method utilizes surfactant
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or a combination of surfactant and polymer to flood an oil-
bearing formation to increase the amount of 0il recovered
from the formation. An aqueous solution of a surfactant, and
optionally a polymer is injected into an oil-bearing
formation to increase recovery of oil from the formation,
either after primary recovery or after a secondary recovery
water flood. Without wishing to be bound by a theory, it is
thought that the surfactant enhances recovery of oil from the
formation by lowering interfacial tension between oil and
water phases in the formation thereby mobilizing the oil for
production. Additionally, alkali can be present in the
surfactant composition to assist in forming socap with acids
in the 01l and/or to reduce the adsorption of surfactant to
the mineral surface of the formation. Polymer preferably is
present in the surfactant composition to increase its
viscosity, typically to the same order of magnitude as the
0il in the formation in order to force the mobilized oil
through the formation for production by the polymer
containing flood.

It has now been ffound that the use of a novel
surfactant composition can increase oil production in oil
recovery applying water of high total dissolved solids
content (TDS), more specifically if used after primary and
secondary water assisted oil production.

Summary of the Invention:

Therefore, the present invention relates to a surfactant
composition comprising compound I according to formula I
and/or a salt thereof and compound II according to formula II
and/or a salt thereof wherein the ratio of compound I to
compound II (weight : weight) is of from 1 : 10 to 10 : 1 and
in which formula I and II are as follows
R;— (CH,-CH (CH;5) -0—) x SOsH (I) and
R;— (CH,—CH,—0-)y SOsH (II)



10

15

20

25

30

WO 2016/135113 PCT/EP2016/053711

in which R; is an alkyl group containing of from 1 to 20
carbon atoms and is linear or is branched by containing one
or more methyl side—-groups, x is of from 2 to 20, Ry is an
alkyl group containing of from 1 to 20 carbon atoms and is
linear or is branched by containing one or more methyl side-
groups and y is of from 1 to 20.

Detailed Description of the Invention:

A surprising advantage of the present invention is that
the composition was found to give good o0il production while
only applying water having a high TDS such as from 10,000 to
60,000, more specifically sea-water having a TDS of from
20,000 to 50,000 ppm. The surfactant composition of the
present invention makes it possible to recover a relatively
high percentage of o0il from the formation without having to
reduce the TDS of water used in the recovery. This is an
important advantage over known surfactant compositions which
tend to require lowering the TDS concentration of water used
for recovering oil.

A further aspect of the invention is a process for
mineral o0il production, which process comprises injecting a
surfactant composition according to the invention into a
mineral o0il formation. Preferably, this process further
comprises subsequently injecting into the formation a polymer
containing solution having a TDS content of from 10,000 to
60,000, more specifically water having a TDS of from 20,000
to 50,000 ppm. The TDS concentration is in addition to any
polymer and/or surfactant which is present.

The organic sulfate compounds for use of the present
invention contain an alkyl group, an alkylene oxide block and
a sulphate group. It will be clear to the person skilled in
the art that the length of the alkyl group and the number of
alkylene oxide groups in the alkylene oxide block is the

average of the molecules in question. For the present
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invention, each of these is the number average. It is
preferred that each compound I and compound II 1s present as
a salt, more specifically the sodium salt. However, it 1is
possible to convert the acid into the salt Jjust before or
during use in o0il production.

Furthermore, it will be clear to somecone skilled in the
art that Compound I can contain a minor amount of ethylene
oxide derived units and Compound II can contain a minor
amount of propylene oxide derived units. Preferably, Compound
I contains less than 5 %wt of ethylene oxide derived units
and Compound II contains less than 5 $wt of propylene oxide
derived units based on total amount of compound. Most
preferably, Compound I consists of an alkyl group, propylene
oxide derived units and a sulphate group while Compound IT
consists of an alkyl group, ethylene oxide derived units and
a sulphate group.

Preferably, compound I according to the present
invention is a compound or salt according to formula (I) in
which R; is an alkyl group containing at least 5 carbon
atoms, more preferably at least 8 carbon atoms, more
preferably at least 10 carbon atoms, most preferably at least
11 carbon atoms. The alkyl group of compound I can be
straight or branched by containing one or more methyl groups.
Preferably, a substantial amount of the alkyl groups of the
compound according to formula (I) is branched in that the
alkyl group contains one or more methyl side-groups. If R; is
branched, R; solely contains methyl side-groups. R; does not
contain side—-groups other than methyl. Preferably, at least
40 % of the alkyl groups of compound I is branched, more
preferably at least 60 %, more preferably at least 80 %, all
based on number averages. Furthermore, this alkyl group
preferably contains at most 20 carbon atoms, more

specifically at most 18 carbon atoms, most specifically at
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most 15 carbon atoms. Compound I has been propoxylated and
preferably contains at least 3 units derived from propylene
oxide, more preferably at least 5 of such units, more
preferably at least 6 of such units. Furthermore, compound I
contains preferably at most 20 of such units, more preferably
at most 15, more preferably at most 12 and most preferably at
most 9 of such units. Most preferably, compound I is ENORDET
J771 surfactant commercially available from Shell Chemicals.
ENORDET is a Shell trade mark.

Preferably, compound II according to the present
invention is a compound or salt according to formula (II) in
which R; is an alkyl group containing at least 5 carbon
atoms, more preferably at least 7 carbon atoms, more
preferably at least 8 carbon atoms, most preferably at least
10 carbon atoms. The alkyl group of compound II can be
straight or branched which means that the alkyl group
contains one or more methyl side-groups. If R, is branched, Ry
solely contains methyl side-groups. R; does not contain side-
groups other than methyl. Preferably, the compound according
to formula (II) is mostly linear which means that a minority
of the compounds according to formula (II) contains an alkyl
R, having one or more methyl side-groups. Preferably, at most
40 % of the alkyl groups of compound II are branched, more
preferably at most 30 %, more preferably of from 10 to 30 %,
all based on number averages. Furthermore, this alkyl group
preferably contains at most 20 carbon atoms, more
specifically at most 18 carbon atoms, most specifically at
most 17 carbon atoms. Compound II has been ethoxylated and
preferably contains at least 1 unit derived from ethylene
oxide, more preferably at least 2 of such units, more
preferably at least 3 of such units. Furthermore, compound II
contains preferably at most 15 of such units, more preferably

at most 10, more preferably at most 8 and most preferably at
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most 5. Most preferably, compound I is STEOL CS-370
surfactant commercially available from Stepan Company or is
derived by sulfonation from NEODOL 25-3 ethoxylated alcohol
as commercially available from Shell Chemicals.

Compound I and Compound II can be mixed together at any
time. It is preferred to mix the compounds such that the
ratio of the compounds i1s substantially similar throughout
the composition which will be brought into contact with the
formation. The weight ratio of compound I to compound IT
preferably is of from 1:1 to 10:1, more preferably of from
1:1 to 6:1.

The surfactant composition which will be used in
treating the o0il formation additionally comprises water and
can additionally comprise one or more polymers besides the
surfactants according to the present invention. However,
these additional compounds can be added at a later stage such
as at the site of the actual o0il recovery.

As it 1s practical and advantageous to use either
formation water or sea-water, the surfactant composition of
the present invention to be contacted with the formation
generally will have a total dissolved salt concentration of
from 1000 to 80,000, more specifically to 60,000, parts per
million by weight (ppmw) of total dissolved solids measured
according to ASTM D5907, preferably at least 5000 ppmw, more
preferably at least 10,000 ppmw, more preferably at least
20,000 ppm and most preferably at least 30,000 ppmw based on
total amount of surfactant composition. This TDS is present
in the composition in addition to any surfactant and/or
polymer.

Preferably, the surfactant composition which will be
brought into contact with the formation will be an aqueous
composition comprising of from 0.1 to 2.0 %wt of compound I,

of from 0.05 to 2.0 %$wt of compound II and a TDS of from 1000
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to 80,000 ppm all amounts based on total amount of surfactant
composition.

The surfactant composition may contain one or more water
soluble polymers which increase its viscosity. These may be
selected from the group consisting of polyacrylamides;
partially hydrolyzed polyacrylamides; polyacrylates;
ethylenic co-polymers; biopolymers; carboxymethylcelloluses;
polyvinyl alcohols; polystyrene sulfonates;
polyvinylpyrrolidones; 2-acrylamide-methyl propane sulfonate
(AMPS); co-polymers of acrylamide, acrylic acid, AMPS, and n-
vinylpyrrolidone in any ratio; and combinations thereof.
Examples of ethylenic co-polymers include co-polymers of
acrylic acid and acrylamide, acrylic acid and lauryl
acrylate, and lauryl acrylate and acrylamide. Examples of
biopolymers include xanthan gum, guar gum, and scleroglucan.

The molecular weight average of the polymer in the
surfactant composition preferably is such as to provide
sufficient viscosity to the surfactant composition to drive
the mobilized 0il through the formation. The polymer may have
a molecular weight average of at least 10000 daltons,
preferably at least 50000 daltons, more preferably at least
100000 daltons. The polymer may have a molecular weight
average of from 10000 to 30000000 daltons, most specifically
from 100000 to 15000000 daltons. The quantity of the polymer
in the surfactant composition may be sufficient to provide
the surfactant composition with a dynamic viscosity at
formation temperatures on the same order of magnitude, or,
less preferably a greater order of magnitude, as the dynamic
viscosity of the o0il in the oil-bearing formation at
formation temperatures so the surfactant composition may push
the 0il through the formation. The gquantity of the polymer in
the surfactant composition may be sufficient to provide the

surfactant composition with a dynamic viscosity of at least 1



10

15

20

25

30

WO 2016/135113 PCT/EP2016/053711

mPa s (1 cP), or at least 4 mPa s, or at least 10 mPa s (10
cP), or at least 100 mpPa s (100 cP), or at least 1000 mPa s
(1000 cP) at 52°C or at a temperature within a formation
temperature range. The concentration of polymer in the
surfactant composition preferably is of from 250 ppm to 10000
ppm, more preferably from 500 ppm to 5000 ppm, and most
preferably from 1000 to 2000 ppm.

Optionally, a co-solvent may be included in the
surfactant composition to inhibit the formation of a viscous
emulsion upon deploying the surfactant composition in the
0il-bearing formation. The co-solvent may be a low molecular
weight alcohol including, but not limited to, methanol,
ethanol, and iso-propanol, isobutyl alcohol, secondary butyl
alcohol, n-butyl alcohol, t-butyl alcohol, or a glycol
including, but not limited to, ethylene glycol, 1,3-
propanediol, 1,2-propandiol, diethylene glycol butyl ether,
triethylene glycol butyl ether, or a sulfosuccinate
including, but not limited to, sodium dihexyl sulfosuccinate.
If present, the co-solvent may be present in an amount from
100 ppm to 50000 ppm, more specifically from 500 ppm to 5000
ppm based on total amount of the surfactant composition. The
surfactant composition may be free of a co-solvent.

The 01l contained in the oil-bearing formation or
formation may be a light oil or an intermediate weight oil
containing less than 25 wt%, or less than 20 wt%, or less
than 15 wt%, or less than 10 wt%, or less than 5 wt% of
hydrocarbons having a boiling point of at least 538°C
(1000°F) and having an API gravity of at least 20°, or at
least 25°, or at least 30°. The o0il of the o0il bearing-
formation may be a heavy o0il containing more than 25 wt% of
hydrocarbons having a boiling point of at least 538°C and

having an API gravity of less than 20°.
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The o0il contained in the oil-bearing formation may have
a dynamic viscosity under formation conditions (in
particular, at temperatures within the temperature range of
the formation) of at least 1 mPa.s (1 cP), or at least 10
mPa.s (10 cP), or at least 100 mPa.s (100 cP), or at least
1000 mPa.s (1000 cP), or at least 10000 mPa.s (10000 cP). The
0il contained in the oil-bearing formation may have a dynamic
viscosity under formation temperature conditions of from 1 to
10000000 mPa.s (1 to 10000000 cP).

Compounds to be used in the present invention are
commercially available from suppliers such as Shell Chemicals
and Stepan Company. Furthermore, the manufacture of Compound
I and Compound ITI is well known. A suitable method involves
alkoxylating an alcohol containing the suitable amount of
carbon atoms followed by sulfonation. The reaction
conditions, especially the selection of the catalyst, can
influence the molecular weight distribution of the
alkoxylates and the orientation of the alkylene oxide units
in a polyether chain.

The alkoxylates can be prepared, for example, by base-
catalyzed alkoxylation. For this purpose, the alcohol used as
the starting material can be admixed in a pressure reactor
with alkali metal hydroxides, preferably potassium hydroxide,
or with alkali metal alkoxides, for example sodium methoxide.
By means of reduced pressure and/or increase of the
temperature, water still present in the mixture can be
removed. Thereafter, the alcohol is present as the
corresponding alkoxide. This is followed by inertization with
inert gas such as nitrogen and, in a first step, stepwise
addition of the appropriate alkylene oxide at temperatures
such as of 60 to 180° C, preferably 130 to 150° C. The
addition is typically effected within 2 to 5 h. After the

addition has ended, the reaction mixture is appropriately
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allowed to continue to react, for example for 0.5 h to 1 h.

The alkoxylation can also be undertaken by means of
techniques which lead to narrower molecular weight
distributions than the base-catalyzed synthesis. For this
purpose, the catalysts used may, for example, be double
hydroxide clays as described in DE 43 25 237 Al. The
alkoxylation can more preferably be affected using double
metal cyanide catalysts (DMC catalysts). Typically, not more
than 250 ppmw of catalyst based on the mixture are used, and
the catalyst can remain in the product due to this small
amount.

The alkoxylation can additionally also be undertaken
under acid catalysis. The acids may be Bronsted or Lewis
acids. To perform the reaction, the alcohol used as the
starting material can be admixed with the catalyst, and the
mixture can be dewatered as described above and reacted with
the alkylene oxides as described. At the end of the reaction,
the acidic catalyst can be neutralized by addition of a base,
for example potassium hydroxide or sodium hydroxide, and
filtered off 1if required.

The surfactant composition according to the invention
can be used in a system comprising at least one production
borehole and at least one injection borehole which are sunk
into the mineral o0il deposit. In general, a deposit is
provided with several injection boreholes and with several
production boreholes.

In a preferred embodiment of the process, the surfactant
composition according to the invention is used after water
flooding of the formation. For this purpose, at first only
water or salt-containing water is injected into the mineral
0il formation through the said injection boreholes, and hence
mineral o0il is produced. This can proceed until significant

watering out of production is observed. “Watering out” of

10
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production is understood by the person skilled in the art to
mean that the proportion of water in the oil-water mixture
produced increases with increasing duration of water
flooding. The cause of this is that water flows
preferentially through already exploited regions of the
mineral oil deposit with low flow resistance with increasing
duration of water flooding. After the formation has been
treated with the surfactant composition according to the
present invention, the formation preferably is treated with
an agqueous solution containing polymer and water of
relatively high TDS and optionally co-solvent, each as
described above, in order to further increase the amount of
0il recovered.

The composition according to the invention is preferably
applied with mineral o0il deposits at a temperature of at most
90 °C, more preferably at most 80 °C, more preferably at most
70 °C, most preferably at most 60 °C. Typical deposit
temperatures are in the range from 20° C to 150° C. In
particular, the deposit temperature may be 35° C to 120° C,
preferably 40° C to 90° C, more preferably 45° C to 75° C
and, for example, 50° C to 70° C.

The injection of the surfactant composition according to
the present invention can be undertaken by means of customary
apparatus. The formulation can be injected into one or more
injection boreholes by means of customary pumps. The
injection boreholes are typically lined with cemented steel
tubes, and the steel tubes are perforated at the desired
site. The formulation exits through the perforation from the
injection borehole into the mineral o0il formation. The
pressure applied by means of the pumps, in a manner known in
principle, fixes the flow rate of the formulation and hence
also the shear stress with which the aqueous formulation

enters the formation.

11
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The rate of injection can be fixed by the person skilled
in the art according to the conditions in the formation.

The following examples only are to illustrate the
present invention.

EXAMPLES

A surfactant composition I according to the invention
was prepared comprising 0.45 %wt ENORDET J771 surfactant,
0.15 %wt of sulfonated NEODOL 25-3 ethoxylated alcohol and
0.25 %wt of Flopaam 3230 polyvacrylamide with the remainder
being sea-water containing about 33,000 ppm TDS.

ENORDET J771 surfactant is a sulfonated high purity
alcohol containing of from 12 to 13 carbon atoms with an
average of approximately 7 moles of propylene oxide per mole
of alcohol. NEODOL 25-3 is a high purity alcohol containing
of from 12 to 15 carbon atoms with an average of
approximately 3 moles of ethylene oxide per mole of alcohol.

Surfactant composition A is not according to the
invention and contained 0.36 $wt of ENORDET J771 surfactant
as described above, 0.24 %wt of ENORDET 0332 surfactant and
0.25 swt of Flopaam 3230 polyacrylamide.

ENORDET 0332 surfactant is an internal olefin sulfonate
having a carbon number chain length of from 15 to 18 and does
not contain a propylene oxide or ethylene oxide block.

The remainder of composition A was sea-water containing
about 33,000 ppm TDS.

Polymer composition B contains sea-water containing
about 33,000 ppm TDS and 0.25 %wt of Flopaam 3230
polyacrylamide.

ENORDET J771 surfactant, ENORDET 0332 surfactant and
NEODOL 25-3 ethoxylated alcohol are commercially available
from Shell Chemicals. ENORDET and NEODOL are trademarks of
the Shell group. Flopaam 3230 polyacrylamide is commercially

available from SNF.
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EXAMPLE 1

A core containing a known amount of o0il was first
flooded with water and subsequently composition I gradually
was injected until 0.4 times the pore volume of the core was
added. At this point in time, injection of composition I was
stopped and injection of polymer composition B started until
the total volume of aqueous solution injected was 3 times the
pore volume of the core.

EXAMPLE 2

A core similar to the one used in Example 1 was first
flooded with water and subsequently composition A gradually
was injected until 0.4 times the pore volume of the core had
been injected. At this point in time, injection of
composition A was stopped and injection of polymer
composition B started until the total volume of agqueous
solution injected was 3 times the pore volume of the core.
EXAMPLE 3

A core similar to the one used in Example 1 was first
flooded with water and subsequently composition A gradually
was injected until an amount of 0.4 times the pore volume of
the core had been injected. At this point in time, the use of
composition A was stopped and injection started of a 50:50
(weight:weight) mixture of composition B and deionized water
having a TDS of less than 1,000 ppm and 0.25 %Swt of Flopaam
3230 polyacrylamide. Injecting this mixture continued until
the total volume of polymer composition injected was 3 times
the pore volume of the core.

The 01l recovery was measured as percentage of the total
volume of 0il present in the core. Below are shown the o0il
recovery when the volume of aqueous solution injected was
equal to the pore volume of the core (1 PV) and when the
volume of aqueous solution injected was 3 times the pore

volume of the core (3 PV).

13
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Table 1
Example 1 Example 2 Example 3
Oil recovery 67 36 75
at 1 PV (%)
Oil recovery 80.5 43.5 80.5
at 3 PV (%)

It is clear from Table 1 that the present invention allows to
recover a high percentage of o0il from the formation without
requiring the use of fresh water or reducing the salt content

of sea-water as applied in Example 3.
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A surfactant composition comprising compound I
according to formula I and/or a salt thereof and
compound II according to formula II and/or a salt
thereof wherein the ratio of compound I to compound
IT (weight:weight) is of from 1 : 10 to 10 : 1 and in
which formula I and II are as follows

Ri— (CH,-CH(CH;3) -0—) x SOsH (I) and

R;— (CH;—CH,—0-), SO3H (ITI)

in which in which R; is an alkyl group containing of
from 1 to 20 carbon atoms and is linear or is
branched by containing one or more methyl side-
groups, x is of from 2 to 20, Ry, is an alkyl group
containing of from 1 to 20 carbon atoms and is linear
or 1s branched by containing one or more methyl side-
groups and y is of from 1 to 20.

A composition according to c¢laim 1 in which R,
contains of from 5 to 20 carbon atoms, x is of from 3
to 15, R, contains of from 5 to 20 carbon atoms and y
is of from 1 to 10.

A composition according to claim 2 in which R,
contains of from 8 to 18 carbon atoms, x is of from 3
to 12, Rycontains of from 7 to 18 carbon atoms and y
is of from 1 to 8.

A composition according to any one of claims 1 to 3
in which R;contains of from 11 to 15 carbon atoms, x
is of from 6 to 9, Rycontains of from 10 to 17 carbon
atoms and y is of from 2 to 5.

A composition according to any one of claims 1 to 4

for use in mineral oil production.
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10.

11.

12.

13.

14.

A composition according to any one of claims 1 to 5
in which the composition is an aqueous composition
comprising of from 0.1 to 2.0 Swt of compound I, of
from 0.05 to 2.0 $wt of compound II and a total
dissolved solids content (IDS, measured according to
ASTM D5907) of from 1000 to 80,000 ppmw.

A composition according to any one of claims 1 to 6
in which the TDS is of from 1000 to 60,000 ppm.

A composition according to any one of claims 1 to 7
in which the viscosity of the composition is at least
4 mPas (measured at 52° C).

A composition according to any one of claims 1 to 8
in which the ratio of compound I to compound II is of
from 1:1 to 10:1.

A composition according to claim 9 in which the ratio
of compound I to compound II is of from 1:1 to 6:1.

A composition according to any one of claims 1 to 10
which composition further comprises polymer.

Process for mineral oil production, which process
comprises injecting a surfactant composition
according to any one of claims 1 to 11 into a mineral
0il formation.

The process according to c¢laim 12 wherein water is
injected into the mineral oil formation in a step
preceding the injection of the surfactant
composition.

The process according to claim 12 or 13 which process
further comprises injecting a polymer containing
solution having a TDS content of from 10,000 to

60,000 after injection of the surfactant composition.
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