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glycols and/or 12 poly(oxyalkylene)glycols and poly(oxyalkylene)glycol
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13 BACKGROUND OF THE INVENTION

14  Crude oil production from oil in subterranean reservoirs may involve use of

15  various flooding methods as the natural forces that are used in the “primary
16  recovery” process become depleted, A large portion of the crude oil may

17  have to be driven out of the formation in “secondary” or “tertiary” recovery

18  processes. In addition, some reservoirs may not have sufficient natural forces
19  for oil production even by primary recovery processes. The production of

20 crude oil using such flooding methods is one example of enhanced oil

21 recovery processes.

22 One trend in the petroleum industry now is to plan exploitation of the oil field
23 at the beginning of the project. Injecting a displacing fluid or gas may begin
24 early, long before the complete depietion of the field by primary recovery

25 techniques. Methods for improving displacement efficiency or sweep

26 efficiency may be used at the very beginning of the first injection of a



WO 2004/101473 PCT/US2004/025203 1 displacing fluid or gas, rather
than under secondary and tertiary recovery 2 conditions. 3 The least
Wt%xgensive and easiest method of flooding a subterranean reservoir 4 for

%?Hﬂb@ﬁon of crude oil is by injecting a liquid or a gas intd-thESARa 55283

force the oil to the surface. Water flooding is the most widely used fluid. 6

owever, water does not readily displace oil because of the immiscibilit
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is well 9 known in the art. Surfactants are one class of chemical
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micro-emulsion phase. It is’at this mid-point salinity that the 24 surfactant
1éxhiBitd BigpPHiG deewirjirepiaiia foueneimrs v ifeualeths oBannels of the

1 gubtesgangap hydrocarbon reservoirs may vary a great deal, for example,
the 26 Minas oil field in Indonesia has total dissolved salts of between 0.2

and 27 0.3 weight percent. Other reservoirs may have salinities as high as
16r higHetaryl sulfonates have been used as surfactants for enhanced oil recovery.

15 They have been used in surfactant flooding, alone or in conjunction with

16 co-surfactants and/or sacrificial agents. Alkylaryl sulfonates are generally

17  used not only because they are able {0 lower the interfacial tension between
18  oil and water, but also because when used in conjunction with varying

19 amounts of sodium chloride they exhibit different phase behavior. Atlow .
20 salinity, alkylaryl sulfonates have a tendency to stay in the aqueous phase,
21 but at high salinity they tend to stay in the oil phase. Around mid-point

22 salinity, 2 micro-emulsion forms in which appreciable amounts of oil and brine
23 arein the micro-emulsion phase. ltis at this mid-point salinity that the

24 surfactant exhibits high oil recovery potential. The salinity of the water in

25  subterranean hydrocarbon reservoirs may vary a great deal, for example, the
26  Minas oil field in Indonesia has total dissolved salts of between 0.2 and

27 0.3 weight percent. Other reservoirs may have salinities as high as or higher
28 than 2.0 percent sodium chloride and over 0.5 percent calcium chioride and
29 magnesium chioride. !t is desirable to optimize the alkylaryl sulfonates for

R



28 than 2.0 percent sodium chloride and over 0.5 percent calcium chloride
and 29 magnesium chloride. It is desirable to optimize the alkylaryl
sulfonates for -2 WO 2004/101473 PCT/US2004/025203 1 surfactant
Wﬂ’o%’&#."é%? enhanced oil recovery for a particular reservoir BngéUSZ‘}Mmszm
determining the interfacial tension of the reservoir oil in an aqueous brine
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enhancing oil recoverfy of crude 0ils 8 containing high wax content.
Alkyl8RATAIFO¥RIRYS having a broad spectrum of 9 carbon chain lengths in
the alkyl group are more desirable for use to recover 10 waxy crude oils.
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for enhanced oil recovery. 15 EP 0 111 354 B1 discloses the use of
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discloses olefin sulfonate compositions comprising an 20 aqueous
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15 EP 0 111 354 B1 discloses the use of alkylxylene sulfonate compounds

16  derived from alkyl meta- and para-xylenes in methods for displacing oil from
17 reservoirs of relatively higher salinities than those to which the conventional
18  alkyl-ortho-xylene sulfonate compounds are limited.

19  EP 0 148 517 B1 discioses olefin sulfonate compositions comprising an

20 aqueous solution containing 15 to 35 weight percent of a biend of a C12-Cos
21 linear alpha-olefin and an alkylaryl sulfonate wherein the aryl group is a

22  benzene, toluene or xylene. The compositions are used in foam drive

23 processes for enhanced oil recovery.

24 EP 0 158 486 B1 discloses the use of polyalkyl aromatic sulfonates,
25  particularly dialkyl aromatic sulfonates in steam recovery methods for
26  enhancing oil recovery. The increase of the ratio of para-isomer to



25 particularly dialkyl aromatic sulfonates in steam recovery methods for

26 enhancing oil recovery. The increase of the ratio of pars-isomer to -3
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recovery operating conditions. 3 EP 0 413 374 131 discloses the use of
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flooding in enhanced oil recovery process. 23 The polyalkylene oxides
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14 U.S. Patent No. 3,601,198 discloses the use of oil-soluble anionic

15  surface-active agents or detergents, such as sulfonates, petroleum and

16  synthetic, for a hydraulic fracturing operation. The synthetic sulfonates are
17  alkaline earth metal salts of high molecular weight suifonic acids and are
18  produced using aromatics, such as benzene, toluene, xylene and

19  naphthalene. The molecular weights of the sulfonates are in the range

20  between 300 and about 750.

21 U.S. Patent No. 4,005,748 discloses the use of polyalkylene oxides as

22  sacrificial agents prior to surfactant flooding in enhanced oil recovery process.
23 The polyalkylene oxides have molecular weights of at least 1,200. The

24  surfactant flood is an aqueous slug containing a surfactant exhibiting a lower
25  molecular weight than that of the polyalkylene oxides. The sacrificial agent
26  may also be used along with the surfactant flooding, but its concentration is
27 lower than when used as a sacrificial agent.



25 molecular weight than that of the polyalkylene oxides. The sacrificial
agent 26 may also be used along with the surfactant flooding, but its

oncentration is 27 lower than when used as a sacrificial a = _
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discloses the use of sacrificial agents, polybasic 2 carboxylic acid or their
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with linear alpha-olefins 10 to favor a second-carbon attachment. The
sulfonates have a high oil 11 solubilization parameters and their phase
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su avihg a maximum of 14 carbon atoms, in surfactant

BsyseiaaiGH HREIISI R SIS eEB0Bi/ Proressuiain R BRITETRE oluens,
gsuriagtanl i»a PeYSieip s TAIR PBYING nESaHyEsRge Wit irsantiptighisfins
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mper’cne#?ﬁeegﬁe?{;%e'%dp %%g%ﬁiﬁgﬁqe){g@?)ﬁ?ga&fpoIyethylene 21 and
polypropylene glycols. 22 U.S. Patent No. 4,589,489 discloses the use of

1 3polyalsylear aiyes!s artheiro Akerpelymeradersudanisatimejrysalffxide,
14pref}|_‘%svriléggé %Exﬁrr}%fr%r(r)? Qarbon atoms, in surfactant systems for enhanced oil
15  recovery processes. The preferred surfactant is a petroieum sulfonate having
16  average equivalent weights in the range of about 325 to 500.

17  U.S. Patent No. 4,452,308 discloses the use of polyalkyiene glycols or

18  copolymers thereof having molecular weights between 100 and 1,200 with

19  chemical flooding. The concentration of the polyalkylene glycols used is

20 0.01-0.5 weight percent. The preferred polyalkylene glycols are polyethylene
21  and polypropylene glycols.

22 U.S. Patent No. 4,589,489 discioses the use of polyaltkylene glycols or their
23 copolymers for surfactant flooding or for preflushing. U is preferred to use
24  polyethylene glycol having a molecular weight of from 800 to about 1,100.
25  The concentration used is dependent on the subterranean formation, for
26  example, between 1-100 kilograms per cubic meter.



24 polyethylene glycol having a molecular weight of from 800 to about
1,100. 25 The concentration used is dependent on the subterranean

formation, for 26 example, between 1-100 kilograms per cuPbCic meterm-zk';203
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base, and utilizing the heat generated during 10 the neutralization
BeadliGitrordfRAERT tREAPSES Bresent in the reaction 11 mixture. The

resulting free flowing alkylaryl sulfonate powder is at least 12 90 percent
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sulfonates in an aqueous saline aqueous 22 solution. The improvement
comprises including intg the said solutions one gr 23 more,
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15 sulfonates in which a substantial portion of the alkyixylene sulfonate fraction
16  has the Cgs-Cqo substituents, positioned directly opposite to the sulfonate

17  moiety. Such compasitions are derived from para-xylene or isomer mixtures
18  comprising substantially para-xylene. These alkyixylene sulfonates are useful

19  as surfactants, particularly in enhanced oil recovery techniques.

20 U.S. Patent No. 4,832,473 discloses a process for enhanced oil recovery

21 employing one or more alkyltoluene sulfonates in an agueous saline agueous
22 solution. The improvement comprises including into the said solutions one or
23  more alkylpolysaccharide surfactants for enhancing the solubility of the

24  alkyltoluene sulfonate. The composition enhances calcium and sodium ion
25 tolerance of the alkyltoluene sulfonates.

26  U.S. Patent No. 6,022,834 discloses an improved alkali surfactant fiood
27  process with ultra-low interfacial tension. The surfactant system contains

28  {1) a mixture of anionic surfactants; (2) solvent(s); (3) a strong base; and

6



24 alkyltoluene sulfonate. The composition enhances calcium and sodium
ion 25 tolerance of the alkyltoluene sulfonates. 26 U.S. Patent No.
6,022,834 discloses an improved alkali surfactant flood 27 process with.
Wit oW fiterfacial tension. The surfactant system contain %g'ﬁi”é{‘“ 025203
mixture of anionic surfactants; (2) solvent(s); (3) a strong base; and -6
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1 class of alkylary! sulfonates derived from an alpha-olefin stream having a

15  broad distribution of even carbon numbers ranging from 12 to 58. The

16  aromatic hydrocarbons used to produce the alkylaryl sulfonates may be

17  benzene, toluene, xylene or mixtures thereof. The surfactant has ultra low

18 interfacial tension with waxy crude oils.

19 WO 01/98432 A2 discloses a surfactant blend for lowering the interfacial
20 tension between oil and aqueous fluid for enhanced oil recovery. The blend
21 comprises at least one synthetic polyisobutylene and at least one surfactant

22  consisting of sulfonate surfactanis, alcohols and non-ionic surfactants.

23 A general treatise on enhanced oil recovery is Basic Concepts in Enhanced

24  Oil Recovery Processes edited by M. Baviere (published for SCI by Elsevier
25  Applied Science, London and New York, 1991).




22 consisting of sulfonate surfactants, alcohols and non-ionic surfactants.
23 A general treatise on enhanced oil recovery is Basic Concepts in
Enhanced 24 Oil Recovery Processes edited by M. Baviere (published for
SCI by Elsevier 25 Applied Science, London and New York, 1991). -7
SUMMARY OF THE INVENTION There is disclosed an under-neutralized
alkylxylene sulfonic acid composition for enhanced oil recovery (EOR)
processes. There is alsg disclosed a method for enhancing the recovery
of oil from a subterrafiea STNNR IR INAARNANLS ploys the under-
neutralized alkylxylene sulfonic acid compositions of the present invention.
The.under; neutralized, alkylxylene sulfonic acid ¢ ositions may be..
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since the surfactants used for FOR in_the prior art are fully-neutralized

megiffolia MO LP UK e eRRIR o e R AT W ANE: AlGA ANt dapterhol
etharakpotiyelatedxyiene i sulisinie-acittatib g Rrese ALY PUBAGEATRINS e ) gl veols
th%reater than 70 percent 4-alkyl-1,2- dimethylbenzene isomer, the
aﬁ%’ylxylene sulfonic acid provides an FOR surfactant having low IFT. In
one aspect, there is provided an under-neutralized alkylxylene sulfonic
1 AEhEsmAosIiandonsOaNGRAPLLGRAYALY BredeeRes: WNGH COmBORtoe
IS a mixture of compounds having the genera ormula: 8
herzgo proviiey 3uPEPR) spdea200520@ A8 BH3compared to the fully-neutralized

allvixylene sulfonic acid. This result is surprising since the surfactants used for EFOR in

the prior art are fully-neutralized sulfonates.

It has also been discovered that when the alkvixylene used to make the alkylxylene
sulfonic acid of the present invention contains greater than 70 percent 4-alkyi-1,2-
dimethylbenzene isomer, the alkylxylene sulfonic acid provides an EQOR surfactant

having low IFT.

in one aspect, there is provided an under-neutralized alkylxyiene sulfonic acid
composition for enhanced oil recovery processes, which composition is a mixture of

compounds having the general formula:



MSO3 CH3 HO3S CH3 \\R R 1 (a) (b) 2 wherein R is an alkyl group
containing from about 10 to about 58 carbon 3 atoms, and M is a
mono-valent cation, and wherein the alkylxylene moiety in 4 compounds

WRPHHAWY tombined is alkyl-ortho-xylene in at least 85 per&&ri VB >3203

composition. 8 Prefer@hity, the alkylxylene moiety in comp

compound (a) is gfesen

percent bassok e totarumdeHneutralized alf§iTene sulfoﬂ
composition. More_pre ly, compound (a) is preseerane of
about 14 87 percenttgakgut 92 percent based on the total R

compound (@) is present in the range of about 80 percent to about 6 98
percent based on the total under-neutralized alkylxylene s&l_fonic acid 7
ufids (a) and

(b) is 9 alkyl-ortho-xylene in at least 95 percent of the total
i kylxylene sulfonic acid compositon=il Preferably,
the range of about 85 pergknt to abput 12 95

C 56/ 13

under-neutralized 15 alkylxylene sulfonic acid composition. 16 The
mono-valent cation in the neutralized alkylxylene sulfonic acid compound
17 (a) is an alkali metquPreferably, the alkali metal is sqgdium. The
mono-valent 18 cation in the neutralized alkylxylene sulfonic acid
compound may be an 19 ammonium ion or an organic ammonium ion. 20
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98 percent based on the total under-neutra y(l)xyfene sSlfomc acid

composition.

Preferably, the atkylxylene moiety in compounds (a) and (b) is
alkyl-ortho-xylene in at least 95 percent of the total under-neutralized
alkylxylene sulfonic acid composition.

Preferably, compound (a) is present in the range of about 85 percent to about
95 percent based on the fotal under-neutralized alkylxyiene sulifonic acid
composition. More preferably, compound (a) is present in the range of about
87 percent to about 92 percent based on the total under-neutralized
alkylxylene sulfonic acid composition.

The mono-valent cation in the neutralized alkylxylene sulfonic acid compound
(a)is an alkali metal. Preferably, the alkali metal is sodium. The mono-valent
cation in the neutralized alkylxylene sulfonic acid compound may be an

ammonium ion Or an organic ammonium ion.

The alkyl group in compounds {a) and (b) in the above under-neutralized

alkylxylene sulfonic acid composition is derived from a linear aipha olefin or

-0-



4 preferably, the alkyl group is derived from a linear alpha olefin or an 5

isomerized olefin containing from about 12 to about 30 carbon atoms. 6

The alkxlx lene moiety in compounds (a) and (b) combined.in the 7
Wihter e ¥ Palized alkylxylene sulfonic acid composition con?%’éﬂazr‘éﬂé{‘fmszm

than 8 about 70 percent of the 4-alkyl-1,2-dimethylbenzene isomer.

Preferably, the 9 alk | b
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OMEd: “é%&e ﬁe 3 ﬁ&ﬁ%.-slh%ymg BbIR £6TERBYRSEM Hore

) combine eutralize ylxylene sulfonic acid
éompt@‘@r@biyotﬁam@gﬁgm irdeg st Eent 6f linear alpha olefin or an

4-alkyl L 2sdHmelayiP RBRERS HeOnRh SR ST e ses ioBthearbon atoms.
4-alkyl-1,2-dimethylbenzene and the 3-alkyl-1,2-dimethylbenzene are

given 16 below. CH3 CH3 CH3 CH3 R R 17 4-alkyl-1,2dimethylbenzene
8-alkfivd ifiryéthgl meiezeﬁrecmamdmehmtfﬁfqhmaikyﬁgroﬁm to the

ui/]lg Qr%rfgeggltﬁgp ﬁ%pﬁw&ﬁé Qﬂ}m]r% ) capiined, %tQSrQQﬁ%reaier than

sulfonic acid 20 composition is aogosmons

Righepair trrecppsiidheatonlthé aikimetaifP anzenaitenerad peivehly. the

gf thg t idnderneutializad vy pnesyifeniscaeithe 40
2004/101473 PCT/US2004/025203 1composmon Preferabl
1BtadHTHBF GRS PGP T A HOTER R B GXNARS PGSy e

1than ébaﬁmw%ﬁl@Iﬂg131¢~alkyl-¢tmmrtmmw3éeaehé5meenmmﬁ1areferably.
Eotal 'ﬁ yix gr?c-l:-lzlggia%lk}/ é%]p?oﬁlrjllfo amg (b) combined in the

13 under-neutralized atkylxylene sulfonic acid composition contains at least

14 90 percent of the 4-alkyi-1,2-dimethylbenzene isomer. The structures for the

15 4-alkyl-1,2-dimethyibenzene and the 3-alkyl-1,2-dimethylbenzene are given

16 below.
CH
e , CHs
CH ‘
’ _ CHg
' R
R
17  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethyl benzene

18  The attachment of the alky! group to the xylene moiety in compounds (a) and
19 (b) combined in the above under-neutralized alkyixylene sulfonic acid

20 composition is at positions higher than the 2-position along the alkyt chain in
21  atleast 40 percent of the total under-neutralized alkyixylene sulfonic acid

-10-



4 composition. Preferably, the attachment of the alkyl group to the xylene

5 moiety is at positions higher than the 2-position along the alkyl chain in

at 6 least 60 percent of the total under-neutralized alkyixylene sulfonic
Wgc?aﬁ‘?”é}éi"ﬂf)osition. The structures for the various attachme%?yggﬁ?g?{g%ﬁﬁ

the 8 carbon chain of the alkyl group to the xylene moiety are given
below. CH3 CH3 CH3 CH3 CyH2y+1 H2x31 Cx CyH2y+1 CxHzx+1
DA ITER AR R S R e R R IR A
2abavieistiistatepsitiensohigisotxamritiy Aetesitiineathecattechind mheirtie at
11 alk up to the xyle oie ~arho in. F mple,for
% AT e e A O g B fome AR
4corresppositicto. tirefaratixchmearttastimertiRy toeorisvhotne BipdBRisH &re

sthef?slﬁ%kg?ggg%&aﬂ%g L Thus, J9% e ¥ Hlosidal AR NEeld #aghas at

knowing provides the 15 attachment of the alk?/l group to the
Exyldprshiictg e daredplorrsisg cairezedagrhe somedirtit G and
7C58 ok ndbacHky g5auR. M sesRPURdS dpd apd (R ke abenens on the
under-neutralized 18 alk¥lx§ene sug}%ni,c acid comgosition con%aips a
8pro5ar BRI AIIPEIRY 19 HRIT IEIIHE R MRt A HRETOUERR St
alkyl chain lengths comprise from 20 about 40 to about 80 percent C,2 to
C20. A more preferred distribution of alkyl 21 chain lengths comprise from

Mmpri & dp to 2 about 5 percent to about
alkyl groupsi preferably upper

CxH2x+1

Hax+1Cx CyHay+1

g  4-alkyl-1,2-dimethylbenzene ' 3,atkyl-1,2-dimethyl benzene

10 In the above structures, the values of x and y determine the attachment of the
11 alky! group to the xylene moiety on the carbon chain. For example, for a Cqz
12 alkyl group, the vaiue of x equal to 2 and y equal to 9 corresponds to the

13 attachment of the alky! group at the 3-paosition on the alkyl carbon chain.

14 Thus, for x+y+1 equal to between 10 and 58, knowing x and y provides the

15 attachment of the alkyl group 1o the xylene moiety for the corresponding chain
16 lengths between Cyg and Csa.

17  The alkyl group in compounds (@) and (b) in the above under-neutralized

18  alkylxylene sulfonic acid composition contains a broad distribution of alkyl

19  chain lengths. A preferred distribution of alkyl chain lengths comprise from
20  about 40 to about 80 percent Cia to Cos. A more preferred distribution of alkyl
21  chain lengths comprise from about 50 to about 70 percent C42 10 Coo. The

“41-



3 heavier range of alkyl chain lengths of C32 to C55 may comprise up to
about 4 8 percent to about 12 percent of the alkyl groups. 5 In another
waspegisilere is provided a method for recovering crude oil Befh&2904/025203
subterranean 6 hydrocarbon containing formation, which method
comprises: 7 8 (a) injecting into the formation an aqueous solution

1conipipintheaviSrameys bo iy whdei-Regidized allkyiRyieRr s elierisseidn to
210 C mpo§ition effectivg fO{ %ge re%gﬁvme%%fﬁcr %g oil wherein the 11
oSS BRI AR B0 A SRR e HRRE:
scl Ea@m ranhéSOAIGHENE0 BhatBt i5f IE321&> O it gm;ﬁiaeﬁxis t@;about
a r ntaini m to ut 15 58 carbon atoms, and M
4is gé c?%%g\?g?gn%%g%ﬁ?o i %%%éé%%hag}( yfé; gfffﬁ?(yiene moiety in
compounds (a) and (b) combined is alkyl- 17 ortho-xyiene in at least 85

enzepi-and sompoyad (a)hishiesentitndBihedangs f ahaut80RaIcaMbterranean

o about 98 percent based on the 19 total under-neutralized alkyixylene
CsuSAR GERYR GRRFERIRS Ao TR0 WS DB § PRI ISEST/US 2004/025203
71 (b) displacing the crude oil with the aqueous solution injected into 2 the
formation to thereby recover hydrocarbons from a 3 production well. 4 In
step (a) in the above method, the under-neutralized alkylxylene sulfonic 5
facid compositidh [8IBrESErPin the Riftdier arceruros swaliiopereataiRiNg an

gabout amount of an under-neutralizec alkyixyiene sulfonic acid
10 composition effective for the recovery of crude oil wherein the
11 composition is a mixture of compounds having of the gensral
12 formuta:
CH- Chis
|

[ \ i \1

e K
13 (i) {it)
14 wherein R is an alkyl group containing from about 10 1o about
15 58 carbon atoms, and M Is 2 mono-vaient cation, and wherein the
16 alkyixylene moiety in compounds {a) and {b) combined is alky:-
17 ortho-xyiene in at ieast 85 percent and compound (&) is present in
18 the range of about 80 percent to about 98 percent based on the
18 total under-neutraiizec alkyixylene sulfonic acid compesition; and

-12.



6 2.0 weight percent of the total weight of the aqueous solution.

Preferably, the 7 composition is present in the range of about 0.1 weight
Wpercent to about 8 1.5 weight percent of the total weight of the agueous

&?ﬂ‘ﬁ&ﬂﬁgﬁ. More 9 preferably, the composition is present RO ?3%%‘3%?3

about 0.3 weight percent 10 to about 1.0 weight percent of the total

weight of the agueous composition, 11 and most preferably the . . .
1composition. R pRERIAFREHE CHEE BF YABL1e 248 bsi SRMbCR Miggpd into
2about 0.8 weight iperehizicihe thiatebeightafdhieydrdarbeosisrom a

composition. 14 Preg{er blx wetlpe above method, the alkylxylene moiety in
3compounds 0] arfi®78q 8 In"'stép (a) is alkyl-ortho-xylene in at least 95

percent based on the total 16 under-neutralized alkylxylene sulfonic acid

490mp§@?%%9tﬁ?tngé§mlyni§tﬁE@,eihS@g(@wwrh@?ﬁrgm%ugﬂ@éms}%w@éc

IS present In the range or abou ercentio a X rcen e

oy B PO L AR A i B e TR B IS 2bout

sMoreprefefieoberc2atcstipoung @eigrstepi(a) isipeesertidhithe ratrgéeadbly, the
about 87 percent to about 92 percent t

S S A I R RS LA R A Boant o abou

8mondvadigiticaiosih dchipota @ dnisit i tadveiee apovweaéipad 1oaa

g4 ?z@r%%@@éﬂ%ﬁggﬁghgsa&f@géﬁﬁﬁkﬁ%H&%f%%&?@@ﬁ@@rﬂtpemem

cation in 25 step (a) may be an'’ammonium ion of an organic ammonium

10ion 12@bme ARyvextlPricspdheadeta) walehohteepisdrseraBesion.
11methid iso R HASEMM AR MNRAIRIRRARRIEhonaRdsemgsizedidetin

taining f -13 WO 2004/101473 PCT/US2004/025203 1 10
Pk M e o sl A s e o

13ineagaéphe otefipaaritamisomerized olefin containing from about 10 to 3
about 40 carbon atoms. More preferably, the alkyl group is derived from a

4 linear alpha olefin or an isomerized olefin containing from about 12 to
145pofeferably in the above method, the alkylxylene moiety in compounds (i) and

15 (i) in step (a) is alky!-ortho-xylene in at ieast 95 percent based on the total
16 under-neutralized alkylxylene sulfonic acid composition.

17  Preferably in the above method, compound (i) in step (a) is present in the
18  range of about 85 percent to about 95 percent based on the total

19  under-neutralized alkylxylene suifonic acid composition. More preferably,
20 compound (i) in step (a) is present in the range of about 87 percent to about
21 92 percent based on the total under-neutralized alkylxylene sulfonic acid

22  composition.

23  The mono-valent cation in compound (i} in step (&) in the above method is an
24  alkali metal. Preferably, the alkali metal is sodium. The mono-valent cation in

25 step (@) may be an ammonium ion or an organic ammonium ion.

26 The alkyl group in compounds (i} and (i) in step (a) of the above method is

27  derived from a linear alpha olefin or an isomerized olefin containing from

13-



5 30 carbon atoms. 6 The alkyxylene moiety in compounds (a) and (b)
combined in the 7 under-neutralized alkylxylene sulfonic acid composition
contains greater than 8 about 70 percent of the

Wg. é‘fﬁ 41 %3d|methylbenzene isomer. Preferably, the 9 alky&ElFéH%”r‘HﬂPéE%“
in compounds (a) and (b) combined in the 10 under- neutrallzed

alkylxylene suifonic acid composition cqntajns rea iﬁ( 11 about 80

Per et 110CBRRY ST RS TG R WH A YhaTagef deped

the atksyby laneamgistiy seforopannsisnie)iand dftocobimédrip fheril&bout 10 to

nder-neutralize alk Ix Ien sulfoni compasition contalns a

e i e AR R M G iR
for thieeabatpatkyiia] Mluraetiaymerize@@iaﬁd dawitaining from about 12 to about
% all% ﬁ? Ig)enzene are given 16 below. CH3 CH3 CH3 CH3 R

7 4-alky ri Imethylbenzene 3-alkyl-1,2-dimethyl benzene 18 In the
above method, the alkyl group in compounds (1) and (ii) combined in 19
stepTagist l@tbﬂﬂbﬁd todiaeyXyleoe:poaiety (aa);mﬁdiiﬁﬂs:bigb‘mem'antﬁ@e

%opo S e 20 %‘aq Z[%ah%k& jtgcn%aln 'f%r%l cfg%%bc%%‘%gu%é%terthan

tal' S Thd&r-he yIXy fene sul onlc acid composition.
®refatablly7 thpeatignt e & 2pg4) LOduTsiPdTRUSPE0am02T2(03rale@kip, the

§ at@%?&gii adheslens MmaistAkRQsitions highskiasdhe aposition 2

alon yl chainin at least 45 percent based on the total 3

t 9nd&nﬁ@waﬁ@dlmywawgamﬁ%%P&fbﬁﬁ%@ﬁﬁww@@r@f&f&ﬁr?r than
1the 4rkyboresrismabpgied Mkine 2yviphemaisiaimnosbers. Nigbes thetrably,
1}2 © the alkylxylene moiety in compounds (a) and (b) combined in the

13 under-neutralized alkylxylene sulfonic acid composition contains at least

14 90 percent of the 4-alkyl-1,2-dimethylbenzene isomer. The structures for the

15  4-alkyi-1,2-dimethylbenzene and the 3-alkyl-1,2-dimethylbenzene are given

16 below.

CH

> CH,
CH
: f ing
R

R

47  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethyl benzene

18  In the above method, the alkyl group in compounds (i) and (ii) combined in

19  step (a) is attached to the xylene moiety at positions higher than the 2-position
20 along the alkyl chain in at jeast 40 percent based on the total

21  under-neutralized alkylxylene sulfonic acid composition. Preferably, the alkyl

-14-



5 2-position along the alkyl chain in at least 60 percent based on the total
6 under-neutralized alkylxylene sulfonic acid composition. The structures
for 7 the various attachment positions on the carbon chain of the alkyl

Warati'i8'tié 8 xylene moiety are given below. CH3 CH3 CH{3HEpg04/025203
CyH2y+t HeX+tCX CyH2y+t CxH2x+t 9 4-alkyl-1,2-dimethylbenzene

OI th b truct th I
Lt R e RS e RS R 01 G g or
’n tfﬁaogrﬁmaﬂikﬁmhﬁonemmmﬂ 4foparcd? Hasatkphgitermttie value of

Xis 2,304, 'e?u? éon gﬁ élﬂfoqﬁ% ?ﬁéﬁ'&{ (gt At 5%% Sgpédé'%%iy, the

on the a car or X+y+ equa and
#novaliy @@w pﬂ@?ﬁ&@&aﬁ@dﬂam*ﬁéﬁtmmé alaoegitsus fighendrmees
Q‘O'eiyp@é;ﬁeﬁ 5%@%@&%@! ﬁ%aﬁ%%@é@’%&eﬁ%é&%h&&iﬂ?

alkyl group in compounds (i) and (ii) in step, (a) in the above method 17

@ontéﬁ#ﬁ&%ﬁ%'@%@r@ﬁ%ﬁi%ﬁ% fRMAIRACHERAS S HRsTerrEE alEtRbiTRSHC

pf lhalyhshaiadenathsrcompnisesitonabeibal i anoitiBe 9@3&@%@@1% the

%)C29 A 19m re referre %15’ stribution of alkyl chain lengths comprise
omxgi%ﬁ 55 a%gﬁp ercent Ct2 to C20. The upper heavier

range of alkyl chain lengths of 21 C32 to C58 may comprise from about 5

percent to about £&percent of the alkyl -15 WO 2004/101473

employs, conk with or subsequent to the

CyH2y+‘§

CxHaxe1

Hax41Cx CyHZyH

g  4-alkyl-1,2-dimethylbenzene 3-alkyl-1,2-dimethylbenzene

10 In the above structures, the values of x and y determine the attachment of the
11 alkyl group to the xylene moiety on the carbon chain. For example, for a Cqz
12  alkyl group, the value of x is 2 and y is 9 for the attachment of the alkyl group
13  at the 3-position on the alkyl carbon chain. Thus, for x+y+1 equal to 10 and
14 58, knowing x or y provides the attachment of the alkyl group 1o the xylene

15 moiety for the corresponding chain lengths between Cyg and Casg.

16 The alkyl group in compounds (i) and (ii} in step (a}) in the above method

17  contains a broad distribution of alkyl chain lengths. A preferred distribution of
18  alkyl chain lengths comprise from about 40 to about 80 percent Cyp 10 Cpp. A
19 more preferred distribution of alkyl chain lengths comprise from about 50 o
20  about 70 percent Cq2 10 Czo. The upper heavier range of alkyl chain lengths of
21 Capto Csg may comprise from about 5 percent to about 15 percent of the alkyl

15



4 injection of the aqueous solution in step (a), injecting into the formation
an 5 amount of polymer effective for driving the aqueous solution of step

(a) into 6 the formation to displace the crude oil to thereby recover .
WRHEEB6hs froma 7 production well. 8 In the above metﬁ&f%}é}m’ 025203
polymer may be any suitable polymer, such as a 9 polysaccharide, a

olyacrylamide or a partially hydrolyzed polyacrylamide. 10 The_gbove
e aERR R R SFABID e Rt 7095 B ELR BTED (R ASHE et e
the aaipechsebdtiporinzsem Ghdnjentitgdbtuthe iosmationfthe Ekghyooups.

of water effective for driving the aqueous solution of step (a) into the 13
formation to displace the crude oil to thereby recover hydrocarbons from a

34 proerhpiewsthes fuithabsipistnernRHFEHYMHD ¥, LhRaaventip the
Withiar34BS A UeS HIQLERL SLEKIRHIAN R the PolyERERJ MR HRE 1DkMENeN an
formation an amount of water 1{ effective for drivin%theka ueogs %C%thi n,t
ot SEFTATOR tREMBEUE ORI IR RS 2P RS BRHER D 18 LRSS Tl (2) 1o
grude eilderhesehy tesues hydracahohsftbmesn 1@ produblidronethod from a
gw the a(%%\:/e met Pd’ the hydrocarbon in the subterranean formation may

1

iRl %O\E/Wvg& crude oil. 22 The aqueous solution in step (a) in the
above method further employs a 23 co-surfactant having a molecular

%eiqu&mtasd? %ch%b,(?ﬂé r;@@lagmka%y% Jaﬁ%@u awgrwyrswfaotanam
the above method is an alco rimary, secondar tertiary or ,
o ARAHEI t SRURTUTP S TG BUDE &0 Aabeyamide
2004/101473 PCT/US2004/025203 | poly(oxyalkylene)glycol, a
1@°|VW%MWW&M@H§@P ShpIbysresHigrRphy 2 B8bsequent to the

poly(oxyalkylene)glycol ether may be any C1-C8 mono-alkyl ether, such 3
13s elRiREHRNG SREAMISO U RIHHRHG- 1RGP iiRE BAAG thpdprpation an

12 amount of water effective for driving the aqueous solution of step (a) into the
13 formation to displace the crude oil fo thereby recover hydrocarbons from a
14 production well.

15  The above method further employs, concurrently with or subsequent to the

16  injection of the polymer, injecting into the formation an amount of water

17  effective for driving the aqueous solution of step (a) or the above polymer into
18 the formation to displace the crude oil to thereby recover hydrocarbons from a
18 production well.

20  In the above method, the hydrocarbon in the subterranean formation may
21 include a waxy crude oil.

22  The aqueous solution in step (a) in the above method further employs a
23 co-surfactant having a molecular weight in the range of about 60 to about
24 1,200,

25  The co-surfactant in the above method is an alcohol (primary, secondary,
26 tertiary or mixtures thereof), an alcohol ether, a polyalkylene glycol, a

-16-



4 di-ethylene or di-propylene glycol mono-alkyl or mono-phenyl ether, a 5
tri-ethylene or tri-propylene glycol mono-alkyl or mono-phenyl ether, 6

olyethylene glycol mono-phenyl ether, polypropylene glycol mono-phenyl
i# %8t hixtures thereof. 8 Examples of the poIy(oxyalky‘l)grrfél)61’5’)@8"%%@3

poly(oxyethylene)giycol and 9 poly(oxypropylene)glycol, or mixtures

Tan RO SR P OGN B SBREIED PG eI S! herect

totalmeighiyobthalkleagpas stlatiamyRrefargily-Tiewmotafryitatitds, such
he ran f about 13 0.1 wejght percent to about 1.5 weight percent of
he G GARIA of BEPTPIG At EompelRa e s Rl 4

40-stiFiztbidiet ésindhpromytrnefolysalimen® 8 yetytpeseeheny! dioet. £.0
e PLaniE ol M BMRAN A b A e aoRmRealtanend

most pre Is in the range of 17 about 0.5 weight

Percenlyashuinig oBaerpaies 6ithe RNPRAYRNSIIhEcL B attdbReY!

gompgsition. 19BRIERDESRIPTION OF THE DRAWINGS 20 Figure 1 is
a chromatogram obtained by Gas Chromatography on a sample of 21 the

alkylxylene prepared using aluminum trichloride in Example 2. The weight
82 peErcmplekthitattachtmiyadodansigiyeosrionsoy (8 Medfidane fglyei 2nd

Qnd %&g(%%e%@%%%@%p@ be ealculated from the area under the

resolve h in the chromatogram. 25 Figure 2 is similar to
Figure 1 and was obtained on a sample of the 26 alkylxylene prepared
10singntiiit etovethatiogulfamp deidhie EoaombéethAt is 17 WORaRIE GDOT3

R a3 e o A R e A T A ACd e
12lkylRglesrais shiutiomcideeierp b draiogsivgf atgntyfeind prdpaasiahabout
15XaBPI&Feldin HErB0R 16 USR5 weight percent of the total weight of the

14 agueous composition. More preferably, the co-surfactant is in the range of
15  about 0.3 weight percent to about 1.0 weight percent of the total weight of the
16 aqueous composition, and most preferably the co-surfactant is in the range of
17  about 0.5 weight percent to about 0.8 weight percent of the total weight of the
18  aqueous composition.

19 BRIEF DESRIPTION OF THE DRAWINGS

20  Figure 1 is a chromatogram obtained by Gas Chromatography on a sample of
21 the alkylxylene prepared using aluminum trichloride in Example 2. The weight
22 percent of the attachment at carbon positions 2, 3, 4 and 4+ for Cyz2 and Cyy
23 carbon chains can be calculated from the area under the resoclved peaks

24  shown in the chromatogram.

25  Figure 2 is similar to Figure 1 and was obtained on a sample of the
26 alkylxylene prepared using trifluoromethane sulfonic acid in Example 1A.

A47-



4 trifluoromethane sulfonic acid as the alkylation catalyst). 5 Figure 4 is a

plot of the data collected using the Equilibrated Interfacial 6 Tension

Method, described below, on samples of alkylxylene sulfonic acids 7
Wﬁ’ré?)ﬁé%é&ﬂging alkylxylene prepared in Example 2 (using albiiaAy /025203

trichloride 8 as the alkylation catalyst). 9 DETAILED DESCRIPTION OF

THENVENTION, J0.AEFINTIONS. 14 Assed herain, e louing,

g meanings unless expressly stated to the
2ontfansiod Metithkdesaib eddiwionoprsaiupisasf aitkiierdnsrdfenisctacids

ihe consenialign PhIARSREM-alaky pne.siliprates ang e suionitg

acids described in the Ioresent_ 16 invention. The calculation of the activés
4ontEitrre@siipre SHoRiNssIE 85 theplrEnta@¥sslimmarized in
Table II. 18 19 The term "alkylate" as used herein refers to the

Ikylxylepe used t r fully-neutralized an e, jzed
PR ek R R )

Bsing sastrielasit dhedasanpridiety 22ncrEsuHs e ulediieoorialiong acids
FOmMA0OMEHQ,L0-R0AKN PR LA RAB NS, 23 Sl aRYsitRe IR AP B0 ride

olefin or isomerized olefin contains from about 24 10 to about 40 carbon
Gton?s, BRRMIRS RN from about 12 to about 25 30 carbon atoms.
26 27 The term "alkali metal” as used herein refers to Group IA metals of

ghe 28 Periodic Tapie & WM ENGESITHLIRRAAETNS L The

term "alkoxide" méans a compound Which can pe formed as the reaction

10 DEFINITIONS

11 As used herein, the following terms have the following meanings unless

12  expressly stated to the contrary:

13

14 The terms “aclive” or “actives” as used herein refers to the concentration of
15  sodium atkylxylene sulfonates and the sulfonic acids described in the present
16 invention. The calculation of the actives content is described in Example 4
17  and the data are summarized in Table Il.

18

19 The term “alkylate” as used herein refers 1o the alkylxylene used to prepare
20 the fully-neutralized and under-neutralized sulfonic acids of the present

21 invention. The alkylxylene was prepared using xylene and linear alpha olefin
22 orisomerized olefin containing from about 10 to about 58 carbon atoms.

23 Preferably, the linear alpha olefin or isomerized olefin contains from about
24 10 to about 40 carbon atoms, and more preferably from about 12 o about
25 30 carbon atoms.

26

27  The term “alkali metal” as used herein refers to Group |A metals of the

28  Periodic Table.
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2 product of an alcohol and a reactive metal. 3 The term "co-surfactant"
herein refers to nonionic surfactants that are used in 4 conjunction with
anionic surfactants in enhanced oil recovery processes. 5 Gene

rally,
Wibtishle &l factants have a somewhat higher tolerance to & ngy%%/&ﬂi'”m

ions, are water-soluble, and exhibit a wide range of low and stable 7

nteraci ions.hetween alkaline brin d crude oil. They may, also 8 .
Do A R e e SRR W 68 B e R i pcton
2il rgcodeeyobenEdRheBndairhsesive@iato 10 processes for enhancing
the recovery of hydrocarbons from subterranean 11 reservoirs.

Techniques for improving displacement efficiency or sweep 12 efficiency
nay 05 (SE0 67 L BRI O &7 BRI i ARSI B Rl e g
4luidscoiigasiantevitijectionivelisac attbearodriheoigh thereeseargiptocddses.
rodugi I N " Chromatogr " or "GC" as used
Perarererdtts ot Ea e R ANy e i ®
BisomeirelevlEfie. ascusatthepdiyirefens waibdlphddsetnghaiftas a8l stable
ﬁeemw@éegﬁ@ﬁ%im@%%MHE?BHEMM&%@%”&M@”ﬂﬂe?'?ﬁéﬂyaé}%
of 19 the distribution of the olefin sFeues present and/or the introduction

Bf 20" BMR RIRECREIR tReV RS En ait e Y Tad@Hhs “interfacial tension” or

"I FT" as used herein refer to the surface 22 tension between oil and

t . \ ‘ "’ i ;
e AT eEe) SEROR: ST AL IR A e
10esepiRictsepinitendanginthe reconpred hydiesarorns onraebigciahes:

11eNSigRSRERINERRIHAE I NS nIRIBRING SlERL IR ISRt S R ep

¥ known method for measuring

tension .26 may also be measured b){ an eth . .
1nteFHIGHTSY (RYIBR. UIRAROIBGXAIBTaHRNSE AN P Sl Ryispiegucing

13 displacing fluids or gas into injection wells to drive oil through the reservoir to
14 producing wells.

15 The terms “Gas Chromatography” or “GC” as used herein refer to Gas Liquid
16 Phase Chromatography.

17 The term “isomerized olefin” as used herein refers o an aipha olefin that has
18  been subjected to isomerization conditions which results in an alternation of
19 the distribution of the olefin species present and/or the introduction of

20  branching along the alkyl chain.

21  The terms “interfacial tension” or “IFT” as used herein refer to the surface

22 tension between oil and water. To achieve high enhanced oil recovery, itis
23  necessary to reduce the interfacial tension between the oil and the water in
24 the reservoir to about 0.01 dyne per centimster. These ultra-low interfacial
25 tensions are measured using a spinning drop tensiometer. interfacial tension
26 may also be measured by any known method for measuring interfacial

27  tension.
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1 The term "micro-emulsion” as used herein refers to a stable, micellar
solution 2 of oil, water, a surfactant and optionally one or more

electrolytes. 3 Micro-emulsions are defined as those emuIs&p @}{jﬂ%?@
. ) S v, 03
WQ\%P&&§%?FIIC|G 4 size of about a few nanometers in diameter. 51he

term "neutralized" as used herein refers to alkytxylene sulfonic acid 6

1ne aéiggrdmwitf}ca}gwinolrgsan'iqc gr M Q,%Pé‘fnb.%&ssfécg 861 ,%%%&@P&%'ﬂnon
hyd Xide, ofoe an%%r all?(OXI e, ammonia, an organic ammonium cation
2or ofanil atkatrol asurfeniant aadioptiorHix enere weterrRIArEalARS" or

3 Migpaint SAlintynas usadierein iside thastAamauy ahsltindBearticle

agueous phase required to minimize the interfacial 11 tension and
dmad #hord dlrmnanemetsrs e 4ameiBhder-neutralized" as used
herein refers to alkylxylene sulfonic acid 13 neutralized with an inorganic

r an, organic. bas wherein,t ini tralj :
SZIkil’T)i?y gﬁremsu{ii olﬁ% ﬁ% iséL a%; e%s?%r\%?eig @%%&fﬁ%‘%’%ﬁ%@?@% ea %gfal
Sweightibttlrehediitaaizdtbeiryine se Sitonie bete compasitihaak meal

Pererpiage.of peutalizationipsAeiingd-herein ds hie yaiobt-e{dhe Rassion or

used” 17 divided by the wei%ht of the base necessary to neutralize all the
SalkyBy RNl BBRIETEGE ©Rpressed as a percentage. 19 The term
"waxy crude oil" as used herein refers to crude oil usually consisting 20 of

oo o ) e e

102 cunpolsisatiuorihsaesnariaspradmsiompimize badipréacal
1 FPecifigshl REFReRIRBRSIREE dVRIghmearcent and the 24 pressure is

atmospheric pressure. 25 The present invention is directed to an
under-neutralized alkylxylene sulfonic 26 acid composition for enhanced
12il réte/Eyplotdssesuitdiaeduaprisiagiered ve® 2doatvtey e sulfonic acid

1é°CTr481§?a9%60%ﬁﬂ% inorganic or an organic base, and wherein the remaining

14  non-neutralized alkylxylene suifonic acid is at least 2 weight percent based on
15  the total weight of the neutralized alkyixylene sulfonic acid composition. The
16  percentage of neutralization as defined herein is the weight of the base used
17  divided by the weight of the base necessary to neutralize all the alkylxylene
18  sulfonic acid expressed as a percentage.

18 The term “waxy crude oil” as used herein refers to crude oil usually consisting
20 of a variety of light and intermediate hydrocarbons, such as paraffing and

21  aromatic hydrocarbons, wax paraffins and a variety of other heavy organic

22  compounds, such as resins and asphaltenes.

23 Unless otherwise specified, all percentages are in weight percent and the
24  pressure is atmospheric pressure.

25  The present invention is directed to an under-neutralized alkyixylene sulfonic

26  acid composition for enhanced oil recovery processes. It has surprisingly
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1 been discovered that the under-neutralized alkylxylene sulfonic acid 2
composition of the present invention provides a lower interfacial tension 3

compared_to the 100 percent neutralized alkylxylene sulfonic aci
Wt%é?[géﬂﬂfaecrease in interfacial tension is observed with a%fg%%%@grf] 23203
reduction in 5 neutralization of the alkylxylene sulfonic acids. This result

wasaunex ected 6 6]si ce prior art uses, of .alk Ia‘ Ilsqlfonate for surfactant

Yoo ﬁﬁj‘ PEARREE atf%ﬁ P@g rér}?/tfggﬂﬁ? %g%ﬁpﬁgﬁﬁﬂyqﬁtgu %lzed,

201 ceshopatitidnaiahd aseskst atlydatignspifoditeacidswanotesiacaldensios
esult was surprising jst r [ ine.floodi

T o RARaE e (o et cL e Ak AR LA R R

hydrsdts seandsedaciaidedsitisghegered WithouiHy Rateaness dgiiairdn
geaqt with e Raturaty gw&gieaé)éaﬁam@saéén ThistRes A8 Qiliexpected

produce surface active agents that reduce interfacial tension 13 (similarl

fo sEMEELRAR) BbHTEE S R Rh IR Th THE FEQENARPART Tor srhanced
ﬂlkMW%@éqﬂ@f!Nﬁ@&%@@Wﬂﬁ}f@i@@@ﬁfﬁparb?ﬂb@ﬁ@mﬁjwwer;ﬁasm
repared from xylene. Alkylation catalysts frifluoromethane sulfonic. agi _
R (BRSO TR SR GG AT AT 7 S S a R LT g !
XylersowlvsFibe matwse of thelaikyfatoimgatatysh plaps akaycmleinprocesses.
eterminin Ikylati iti he xyl I - .
Gt e St AT SRS R RN NETE il ~ded Wlng yeter
190 phrodingyésid m@@%mq,\gﬁaitﬁ@m?m%ﬂ@cumng arganic acids in
144-ald-grihe-dylgnehhased anthe Jolobamarty twd: fdlieaiinded@aetension

produced. On the other hand, when trifluoromethane 22 sulfonic acid is
18sedsiipdyryatfaptantaipaiveandip O beadike wasenig the reservoir.
dimethylbenzene (4-alkyl-ortho-xylene) and 3-alkyl-1,2-dimethylbenzene

4 (3-alkyl-arthos ' ined. Typi ' sallads1.2
186 T Ban e S e o Tt
1the tprapazschiissunysige AliysiRerainyatickilugromethane seifoaiacid

162s peersainlisinalidisranerachibat RS ynask Rl bz etk ltihg Igene.
sulfonic acids prepared using the 4-alkyl-1,2- ) .

17  The nature of the alkylation catalyst plays a key role in determining the

18  alkylation position on the xylene ring. BC.NMR analysis has shown that

19 aluminum trichloride typically gives more than 80 percent yield of the

20 4-alkyl-1,2-dimethylbenzene (4-alkyl-ortho-xylene) based on the total amount

21 of the alkylxylene produced. On the other hand, when triflucromethane

- 22 sulfonic acid is used as the alkylation catalyst, a mixture of 4-alkyi-1,2-

23  dimethylbenzene (4-alkyl-ortho-xylene) and 3-alkyl-1,2-dimethylbenzene

24  (3-alkyl-ortho-xylene) is obtained. Typically, the yield of the 3-alkyi-1,2-

25  dimethylbenzene (3-alkyl-ortho-xylene) is about 30 percent based on the total

26  amount of the alkylxylene produced.

27 From the IFT data, it has been surprisingly discavered that the
28 under-neutralized alkylxylene sulfonic acids prepared using the 4-alkyl-1,2-
29  dimethyibenzene (4-alkyl-ortho-xylene) gave lower |FT data than the IFT data

29



29 dimethylbenzene (4-alkyl-ortho-xylene) gave lower IFT data than the
IFT data -21 WO 2004/101473 PCT/US2004/025203 1 obtained for
under-neutralized alkylxylene sulfonic acids prepared usin

_ the <
w?—%ﬂ&‘%‘-[ilf?dimethylbenzene (3-alkyl-ortho-xylene). 3 Simil%};&fgézommzazos
surprising discovery was made from the IFT data that the 4 attachment
position along the carbon chain of the alkyl group.to the xylene 5 moie
1 1o FHRRER (L BRI ER FIOLM AR LG R ST RLRGTS e
2 to theixylene-diaietyyiderositieos-higylerrthandien2)position along the 7
alkyl carbon chain provides an FOR surfactant having lower IFT. It is 8

preferred that at least 40 percent of the total under-niﬁjfralize all%lxylene
3 9 ShiIfE AP EEIPEGIEFFRASHMAR ER SiaL Mo SitioRE AiGHE  tfian

4 thegt%ﬂnﬁmlsc :\'gl'b@@iiamgt@hg aﬁbygmmnr@mim éﬁaﬁﬁwgmawﬁmmw@@)
an | ~Nuclear via tiIc. Resona - wer t
6 de@ﬁﬁﬁé%@pﬁ%%a%ﬁ%%%{%%%i Y ggﬁggﬁig'a%%?égr %ﬁi c%ﬁg%%%yl
6 Ungdepettalizedesalionie et meiipositigheothaining morsiinnaiong the
7 PeigRl At atasnmetgiasiions RignaLthan s mpesiiigniatons the
chaln m

{
alky g‘ar on ay be obtained by the use of pre-isomerized

8 olefirafaropndimh glileeni4lBainiel Bondatal vrdws-pratetierf ahdnsne

g alsg gisacten o & metaar ionanfansingiharreavavitdBofighdiansa the
subterranean reservoir which method comprises injecting into th ﬁ'ig
10 orRrRRsiiah 2508408 SHVARHE EXRiPg G HEEHTE GAGRY IiFe 2

11 UunderneisiZR gHatisHRRe maan(Cacidurinpesiticreditthdeprasnard Bk
invention. The under-neutralized alkylxylene sulfonic acid composition is a

1227 ﬁ%i%&%%?‘éb?ﬁB‘8&rﬁi?%? ﬁ%ﬁ%ﬁ?ﬁ‘?‘é’é{%ﬁ Reutralized alkylxylene
sulfonic 23 acid and compound (b) alkylxylene sulfonic acid. 24 Any

13SUitghle.LosHHacN S MRS thithe alrbadenersoionianadipatent

25 the present invention. Examples o su%h co-_surfacftanta]are ali:oh(gs .
14,1c@kgchment at positions higher than the 2-position along the alkyl carboh chain
15 may be obtained by the use of pre-isomerized olefins containing internal

16  double bonds.

17 The present invention is also directed fo a method for enhancing the recovery
18  of oil from a subterranean reservoir which method comprises injecting into the
19  formation an agueous solution containing an effective amount of the

20  under-neutralized alkylxylene sulfonic acid composition of the present

21  invention. The under-neutralized alkylxylene sulfonic acid composition is a
22  mixture of compound (a) mono-valent cation neutralized alkyixylene sulfonic

23 acid and compound (b) alkylxylene sulfonic acid.

24 Any suitable co-surfactants may be used with the alkylxylene sulfonic acids of
25  the present invention. Exampies of such co-surfactants are alcohols, alcohol
26 ethers, polyalkylene glycols, poly(oxyalkylene)glycols and

27  poly(oxyalkylene)glycols ethers, which may be optionally used along with the
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26 ethers, polyalkylene glycols, poly(oxyalkylene)glycols and 27
poly(oxyalkylene)glycols ethers, which may be optionally used along with
the -22 WO 2004/101473 PCT/US2004/025203 1 under-neutralized
W&ﬁf/&f)‘l‘é‘ﬁ?sulfonic acid composition of this invention for 1 41 (o L] S
flooding. 3 Preparation of Alkyixylenes 4 The alkylxylenes used for the
preparation of the under-nejjtralizegi alkylxylene 5 Sl,ktfonic cids of t

ToreEH0EHIBI AR B IERE R AR FEFh PRSI B LRIARS A A for

S an

asongerfaethol€iyasiipyg any method known to a person skilled in the 7 art. 8
Typically, alkylxylene may be prepared using acid catalysts (Bronsted or

hydrogen fluride 11in ali<ylation reactions and its use is preferred in the
abogglor iddhe 12 Bogardousanding eldydieasr dianidss dRyixyiene
hgfaﬁéy%%%@}r@é%ﬁon%typicalﬁfcgrried out with a xylene and an olet)(n y

n 1suiolsracitefiin FaseR PrantiBREEs e RIRBIEreY EaRdEaRgSiPha
gromyabout, 18 QG-ie RRoULRARE HAs Hheralefinsihavmadigbhielingkiriptin the

the process is 16 preferably carried out in the liquid phase. 17 The
%Iky%on process may be carried out in batch or continuous mode. In 18
the batch mode, a typical method is to use a stirred autoclave, which may

ge TIHEaiGl AL acortpdieAsing neiaiias B I0R: &

reaction catalystis either re%/cled or hydrolyzed. 21

®rodeaiifcARE B oneh AR BHISPaes TSR HETIRIARS BRI BIId Y
16f tn%U%ﬁlr@ﬁ%@i&H:Rﬁ?i@gi.sAﬁﬁﬁ}i%YS%éTﬁiél%@?ﬁéﬁéfW@idmffE&?@Bm@i’t@ fluoride
cala SS,SO] or liquia. SOlld catalys rerer a egst one

o U SR DO Sal BIRRLIAT e AhoGIBRAbags the

12  hazardous handiing of hydrogen fluoride.

13 The alkylation reaction is typically carried out with a xylene and an olefin in
14  molar ratios from 1:15 to 25:1. Process temperatures can range from about
15  0°C to about 200°C. As the olefins have a high boiling point, the process is
16  preferably carried out in the liquid phase.

17  The alkylation process may be carried out in batch or continuous mode. in
18  the batch mode, a typical method is to use a stirred autoclave, which may be
16  heated or cooled to the desired reaction temperature. At the end of the

20 reaction, the catalyst is either recycled or hydrolyzed.

21 Procedure for isomerizaiion of Normal Alpha Olefins

22  The isomerization of normal alpha olefins is achieved using af least two types
23  of acidic catalysts, solid or liquid. A solid catalyst preferably has at least one
24 metal oxide and an average pore size of less than 5.5 angstroms. More

25  preferably, the solid catalyst is a molecular sieve with a one-dimensional pore
26  system, such as SM-3, MAPC-11, SPO-11, 882-32, ZSM-23, MAPO-38,

23



25 preferably, the solid catalyst is a molecular sieve with a
one-dimensional pore 26 system, such as SM-3, MAPO-1 1, SPO-11,
SS7-32, ZSM-23, MAPO-39, -23 WO 2004/101473 PCT/US2004/025203

Pé%fﬂ&]é@ ZSM-22 or SSZ-20. Other possible solid acidic'¢ataly&ts+02523
useful for 2 |somer|zat|on include ZSM-35, SUZ4, NU-23, NU-87 and

s (SRR e P2 S SEi Gk T G SR & FRIREUBY B Loctl fo

ZMOIGOMari&Wesr(cNm Y6IM;35 \ElhWMobiaAd, FRMH&bB?\dQQW&ﬂGDLBQJthetiC

3Patfe’>|'%rﬁe§ Tﬁége%%hlﬁ‘faﬁ @F‘ef\‘?él%’a?e'%‘hr REHRGRLS pECN: fgr all

purposes. A liquid type o somerlzatlon7cataystthatcan euse IS iron

4neriissussssyinReeomie $7oriakrs ddardbpateolddaianaticriaymsdhten York,

5alPRe RIRBER REYREFBRIFC oL Shin hAC AT RNHLENSSROURd]8re hereby
process temg%qratures can range from 50C 10 to 250C. In the batch

SmodEcpiREd RctRiGiEe® ﬁ?é@%@ffﬁ%%&utéél‘%@éﬁfl% (505 fr5&Rtion
7whigh:aay beheatedktodhe idesiregoreactioptemperaug) A 12

continuous process is most efficiently carried out in a fixed bed process.
13 Space rates in a fixed bed process can ra Ege from 0.1 to 10 or more
Sweidhe PEFRRRAPERREQIBERTIAT Oh npfivel Pelepirissnpe be carried out

dlsomerizaiQl eatal¥abissGharediintbeteactesARErtGrastivaled Redviad 50°C
at a temperature of at least 150C under vacuum or flowm%c 17 inert, dr

10gastontttt GeilatienP e BIRpRr ' RE TRetig 2 4tish a?aﬁ%t%ta ave or
11adjyspied f@ghaﬂﬁsﬁedageastmtedmmtﬁesaﬂd ectiatioafttepaledtors w
i[:]trodu%:ed into the reactor. Tp fFeact&;r efflue ntaln# g C{ artlal ey
rafiehed: TSorerizen Slehng is Coliec %&aﬁrhee resu'ltlng lf)(a rtialfy- 8rancﬁ
1321 iSpanrirddsalefirfixedritathraatiffes eanolefigedisinbOtio (Hptraroted rwelght
betg, i mal olefin, tri-substituted olefin, and vinylidene olefin)
14 and Eé%bfggchlnﬁont nt than the unisomerized olefin and conditions are
selected in 24 order to obtain the desired olefin distribution and the
15eghee (ikédanmhmocess, the isomerization catalyst is charged to the reactor and

16  activated or dried at a temperature of at least 150°C under vacuum or flowing
17  inert, dry gas. After activation, the temperature of the isomerization catalyst is
18  adjusted to the desired reaction temperature and a flow of the olefin is

19  introduced into the reactor. The reactor effluent containing the pariially-

20  branched, isomerized olefins is collected. The resulting partially-branched,

21 isomerized olefins contain a different olefin distribution (alpha olefin, beta

22  olefin, internal olefin, tri-substituted olefin, and vinylidene olefin) and

23  branching content than the unisomerized olefin and conditions are selected in
24  order to obtain the desired olefin distribution and the degree of branching.

25  Procedure for Sulfonation of Alkyixvlene

26  Sulfonation of alkyixylene may be carried out by any method known to a
27  person skilled in the art.
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25 Procedure for Sulfonation of Alkvixvlene 26 Sulfonation of alkylxylene
may be carried out by any method known to a 27 person skilled in the art.
-24 WO 2004/101473 PCT/US2004/025203 1 The sulfonation reaction is
WO ¥SFried out in a continuous falling film 2 tubular redddfUS2004/025203
maintained at about 55C. The alkylxylene is placed in the 3 reactor along
with the sulfur trioxide diluted with air. The molar ratio of 4 alkylxylene to
SulfheisxitRnlinniraatien adypisaliy asred Sihce gantingeus Talling film

%ﬁ?t@ﬂﬁﬁg&h&%tﬁ%@;@% §Ug_@6iﬁ ssi’i!.ﬁ GFN@@;R@M 'Q?] @f@l&f@wbﬁmﬁe
sulfonic acids may be carried out in a continuous, 7 .or batch process
Gy FRERRIAIGTSN T ADE1h GRS I HIESHT Bordds R AR RRAL
sulfanriesicfd Ganearalbxitkeinewimiatiomreacton Bechurried out in an
in-line mixing reactor 11 in which the alkylxylene sulfonic acid and an
organic or i anic base are 12 mixed. The reaction mixture temperature
igptedpabeytratzateR oA niIee P WIRISREISE used is based
on the acid number determined for each 14 alkylxylene sulfonic acid. 15

6 EXAMPL e r ' ; j
O RN Lo A soeen Aot A
Alkvlationt ot Oabessyiere wite 020 CE8/NErrAdIAisHsisms g art to
glkngg&mm%%m&{ﬂuoromethane sulfonic acid alkylation

9
10  Generally, the neutralization reaction is carried out in an in-line mixing reactor

11 in which the alkylxylene sulfonic acid and an organic or inorganic base are

12  mixed. The reaction mixture temperature is maintained at about 20°C. The
13 amount of alkali metal used is based on the acid number determined for each
14 alkylxylene sulfonic acid.

15

16 EXAMPLES

17

18 Exampie 1

19 Preparation of Alkylxylene using

20 Trifluoromethane Sulfonic Acid Alkylation Catalyst
21

22 Exampie 1A: Alkylation of Qrtho-xylene with C10-Css Normal Alpha Olefins

23 Alkytxylene was prepared using trifluoromethane sulfonic acid alkylation
24 catalyst. To a 3 liter glass reactor were charged, under nitrogen,

25  904.09 grams of ortho-xylene and 535.91 grams of C1¢-Csg normal alpha
26 olefin and allowed to mix. The mixture was heated to 60°C. Next,

27  41.71 grams of triflucromethane suifonic acid was added to the reaction
28  mixture while stirring. A strong exotherm was observed with a temperature
20  increase to 122°C. The reaction mixture was allowed to cool to room

25



24 catalyst. To a 3 liter glass reactor were charged, under nitrogen, 25

904.09 grams of ortho-xylene and 595.91 grams of C10-C55 normal alpha

26 olefin and allowed to mix. The mixture was heated to 60C, Next, 27 __
W?lz.%/é?éﬁfs of trifuoromethane sulfonic acid was added to ﬁ?eT ’r‘ésaz% g

mixture while stirring. A strong exotherm was observed with a temperature
29 to 122C. Th iQn mixt | .
1 TSR E AP FOSTOD S8 B Cool kot
2 ande%ﬁninu@qmm{a&vdﬁmmgﬂptix%hﬁdh@@re@wed/éy threacwngecutive
3 MU SRR AR Al IR IAY S B BRR CRBRPHUIR,SHILIRE AR to

remove the acid catalyst from the organic phase. The 4 organic phase
4 cortepainig Bhesaicariadtiag i altheteascr st Wag sEQt Ave SiRapesium

sand theexaeshertheacdentyasididiled enlperediesoramesdeddsing
a Rotovap evaporator to recover the alkylxylene groduct. 7%%’>5<i?mple IB

B AikYEISHAIReIRHRE- YRR AR I520NF IS M BV BY BRMICE KikyIxylene
was _prepared using trifluoromethane sulfonic acid alkylation 9 catalyst. To
a 3 literglasy reaslop wote shargedy JRARL UAGER. 85¢.9LamE 200D lsfin
ortho-xytene and -Ch81somerized oTéT%n (normal alpha
11 olefin content about 75 percent of the total olefin) and allowed to mix.
8The&i&ﬂxﬁaa&amammammaﬂﬁggteﬁ!mmtm,mﬁ@nmid_faikytaﬁag
oliotomeIngne B pILe A ARSI IR IO IRRAIANSIBAES Y Bims
stirring. A'strong I4 exotherm was observed with a temperature increase
10to Qgf@rihexpiamtiand BYthixars whE atowiermaizaboend e R I3

1 1tem&8ﬁﬁ$§%{ Fi2aBoMESs HRARAHRN Sk &N GRAHPINNSIRASIOD MRS The

guenched and the alkylxylene was 17 recovered as descrihed above in

12EXAPRAIEQA Migtergavas| B3eiea g8 dr et QiR Rhdsiluoromethane

12C1 0GRS ameizRkaRinc LB AlsradeneiassnieiiareshitsiN oA strong
trifluoromethane sulfonic acid alk{fation 20 catalyst. Toéagougr SS

4rea R HIRITE HRR JBRERAH IO RP YT BT dRiLcase ¢ ¢ Feaction

15  mixture was allowed to cool 80°C and held at this temperature for 2 hours.

16  After this cooling period, the reaction was quenched and the alkyixylene was
17  recovered as described above in Example 1A,

18 Example 1C: Alkylation of Ortho-xyiene with C1o-Csg Isomerized Olefin

19  Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

20 catalyst. To a 3 liter glass reactor were charged, under nitrogen, 852 grams
21  of ortho-xyiene and 600 grams of C1o-Css isomerized olefin (normal alpha

22  olefin content about 40 percent of the fotal olefin) and aliowed to mix. The
23 reaction mixture was heated to 40°C. Next, 42 grams of trifluoromethane
24  sulfonic acid was added to the reaction mixture while stirring. A strong

25  exotherm was observed with a temperature increase to 90°C. The reaction
26  mixture was allowed to cool 80°C and held at this temperature for 2 hours.
27  After this cooling period, the reaction was quenched and the alkylxylene was
28 recovered as described above in Example 1A
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21 of ortho-xylene and 600 grams of C10-C58 isomerized olefin (normal
alpha 22 olefin content about 40 percent of the total olefin) and aIIowed to
mix. The 23 reaction mixture was heated to 40C. Next, 42 grams o
Widtt¥aHiEthane 24 sulfonic acid was added to the reactior% ﬁ%ﬁ%&?&%&?ﬁfé“
stirring. A strong 25 exotherm was observed with a temperature increase
to 90C. The reaction 26 mixture was allowed.to cool 60C and held at this
1temperature for 2 hours. 27 After tﬁ%‘%@ﬁ%period, the reaction was

2quenchesharaiitineof kikybdearenasn@ S heodveredrich hesie ibkalatioy & atalyst

SExamole A g0 0, 20WHOLTIRCHS20RY 04200 ARaceTpin 2
Preparatlon g AlkyTation Catalyst

3 Alkvlation of Ortho-xylene with C10-C58 Normal Alpha Olefins 4
%IKW%%W@WWW@ o icTdRee @ kpdatitorcasatypstlyy a
a 5 contract mantg@ acturer in a continuous grocess unsm(g,& rtho x Igréﬁgﬂd 0
SCICERHEE MGV AIBRA BIRAHE R Ampie 3°8 Breparation o 108
EAlkylzytesieafllfoniefideids 9 Alkylxylene sulfonic acids were prepared
using the alkylxylenes prepared in 10 Examples 1 and 2 above. 11
Sulfonatlon of the alkylxylene was performed in a continuous falling film
flow 12 reactor by contacting the all%m%-%vlth a stream of air and
gsulfur trioxide. 13 Thepraplattaiocd hiehakeyheyBrietdcsitidstrioxide was
about 1:0.94. The 14 reactor jacket temperature was maintained around
55C. The sulfonic acid 15 product was titrated potentlometrlcally with a
Stanfisdivianeyruinia AsAmYels GRS HeRgdnaRkIGRagHRepared in
jrerqegd ahibe sulinicaaeigeand the sulfuric 17 acid in the samples. The
total acid number was also determined using the 18 ASTM Test No.

D-664. The results are summarized below in Table I. Two o
11 Sulfonation of the alkylxylene was performed in a continuous falling film flow

12  reactor by contacting the alkyixylene with a strearn of air and sulfur trioxide.
13 The molar ratio of the alkyixylene to sulfur trioxide was about 1:0.84. The
14  reactor jacket temperature was maintained around 55°C. The sulfonic acid
15  product was titrated potentiometricaily with a standardized cyclohexylamine
16  solution to determine the weight percent of the sulfonic acid and the sulfuric
17  acid in the samples. The total acid number was also determined using the
18  ASTM Test No. D-664. The resulis are summarized below in Table |. Two
16 samples of the alkylxylene prepared in Examples 1A, 1B and 1C were

20 sulfonated as described above. The duplicate samples of these alkylxylene
21 sulfonic acids are shown as 1A', 1B’ and 1C’ in Table [ below.
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1
2

ayerage m (chularw {453 grarsper mol
sulfonicac p%

19 samples of the alkylxylene prepared in Examples 1 A,1Band 1 C
vvlir? 2|0 sulfonatefj as described above. The duplicate samples of these
alkylxylene, 21 sulfonic acids are shown as 1A', 1B' and 1G,

ow>i Y70 2004/101473 PCT/IUS2004/025203 1 Tabfgl 2%?)%%)0
Catalyst RSO3H* H2S04 Acid Number (weight %) (weight %) (mg
KOH/g) Example 1A CF3SO3H 86. 8F91|ﬁ [128 Example 1A' CF3SO3H
88.9 0.82 128 Example 16 CF3S0O3 0.92 124 Example 1 B'
CF3SO3H 84.4 0.91 124 Example 1C CFSSOSH 83.7 0.96 124 Example

1f‘| oo Q

faZﬂS

€F3SO3H-88-90:83 120 Exampie 27AICI386.40.93 118[3 4 *An
Tia is &&8Med for AdidENumber
S. 6 |7 Exam 8 |Prepaigitio pf Undeeigbtti@lized(argdKOH/g)
Fully-neutralized | 9 Alkvixyiene $Sulfonic Acids 10 Under-neutralized

al yﬁydmmesuﬁor ic 2GFd8Qutl the CondiSeffative |11 fullieutralized 128

al ylAy fe-suifofic dtg;u

TR Exane g Abote. 13 Notralston < the sufboic aca -
was pesformed in a beakaith magneti® 14 stirring. ¥ sulfonic acid24
ong;;c'?ég% t‘EGBab tit ég;\é&tjiuvvcl the \éit?‘ﬁt)bity of Y =y
Example 1C CFs30:H 837 0.96 124
Example 1C’ CF380;H 83.¢ 0.93 120
Example 2 ' AICH, 86.4 0.83 118

w oo~ & o, b W

11
12

13
14
15
16
17
18
19
20

*An average molecular weight of 453 grams per mole is assumed for all

sulfonic acids.

Example 4
Preparation of Under-neutralized and Fully-neutralized

Alkvixviene Sulfonic Acids

Under-neutralized alkylxylene sulfonic acids and the Comparative
fully-neutralized alkyixylene sulfonic acids were prepared using the
alkyixylene sutfonic acid prepared in Example 3 above.

Neutralization of the sulfonic acid was performed in a beaker with magnetic
stirring. The suifonic acid was heated to about 40°C to lower the viscosity of
the sulfonic acid. Next, a 50 weight percent aqueous solution of sodium
hydroxide was slowly added to the reaction mixture. The temperature of the
reaction mixture was maintained below 80°C to limit the evaporation of water.
The sodium hydroxide added was calculated based on the acid number
obtained for each sulfonic acid. To prepare the 100 percent neutralized
sulfonic acid, the exact amount of sodium hydroxide necessary for the
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15 the sulfonic acid. Next, a 50 weight percent agueous solution of sodium
16 hydroxide was slowly added to the reaction mixture. The temperature
of the 17 reaction mixture was maintained below 80C to limit the
W&/%B?)’Fé{%ﬁ of water. 18 The sodium hydroxide added was U1 (s

based on the acid number 19 obtained for each sulfonic acid. To prepare

h |
1 e e et e e SR o SRS SR i
2 1 rmndrdiSiomast added tadhedpastianimine e ases andharprideid
3 Sumép%a%f,mréaﬁ%m&%@%@ dN8dRRABMEHEFRAF58 98 |

the Total Acid 3 Number analysis results obtained for the sulfonic acids

4 re i T PEkIE PUPSSeRA TSR pracepieRditpindaraieuipigedihe
5 unlﬁamﬁ*@tﬁl o F@“i%%)@r@@m@t gsbdit@r@ag?&aki@éar@dml%zfﬁaxﬁa U@:?]ercent
ca culate, r ercen utralizati was errorm tne
6 o LI b e TR e L e e RS A, et
7 Cohﬂ@axatmﬁxamﬁﬁiwcﬁ%m&seme thheream@temsmmm 00 percent
%"f‘%ﬁé’%&i‘&%?a‘?é‘&pé% %PT ﬁgé'wafg%%g{?égé&he sodium alkylxylene

[fonate was calculated using 10 the iven below: 11 WSA *
W%RSOBH * MW RSO,Nv active as sodium sulfonate = MW RSO, F. 12
£ 0.5Th& a\blﬁéxtwmmdﬁ@ié@dd)tﬁﬁ alidWisdid/dalghnanb sutfonisacidad using
10 samhp? yg%\f 14 % Rso H: Weight percent of alkyixylene sulfonic acid

determ cyclohexylamlne titration 16 Mw RSO3Na:
11 Molecular weight of the alkylxylene sodium sulfonate (grams per

MW rso_ Na
Wsa* W% rso 1 ¥ oo doe

1p  Yeactiveassodium sulfonate = ‘S’ ;iof;
Wsa + Wraoht s * (1 + - n

)

13 Wsa Weight of sulfonic acid sample (grams)
14 W% rsos:  Weight percent of alkylxylene sulfonic acid determined by the
15 cyclohexylamine titration

16  MwrsoNa:  Molecular weight of the alkylxyiene sodium sulfonate (grams per

17 mole)

18 Mwrsos:  Molecular weight of the alkylxylene sulfonic acid (grams per
19 mole)

20  WneoHso:  Weight of the NaOH solution (50 weight %) used for the

21 neutralization surfactant having low IFT.

22

23  Forthe under-neutralized Examples, the remaining sulfonic acid is considered
24  as active. Since less sodium hydroxide solution was used to neutralized the
25 under-neutralized Examples, their active content is slightly higher than the

26  100% neutralized Examples, the Comparative Exampies. 475 g/mol and
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17 mole) 18 Mw Rso,H: Molecular weight of the alkylxylene sulfonic acid
(grams per 19 mole) 20 WNaoH sol: Weight of the NaOH solution (50
weight %) used for the 21 neutralization surfactant having low IFT. 22 23

WEHtHaYHder-neutralized Examples, the remaining sulfonic’&dith ig004/025203
considered 24 as active. Since less sodium hydroxide solution was used
to neutralized the 25 under-neutralized Examples, their active content i

1 sligRiyormpleraraHsed 25 as09en Rl wRARE I allbvparRAu™

2 Examalete 4t shaaligndieae WEbRRBOAIL) 1428RM/BIS2004/025203 1
453 g/mol were used as average molecular weight of the alkylxylene
sodium 2 sulfonate and the alkylxylene sulfonic acid, respectively. 3 The

3 nelitemneaticiizativa b asiveRpteR! SalieaalpripiHerRRdmRsmparsaized
4 4 apd fully-Reutralized ExanpasisaiuambRiawiTdiskla H. 5 6 Table 11
7 Neutralization Weight of Total Acid NaOH Active FExample Based on
5 Sulfonic Number-TAN (50% Content TAN Acid weight in o mol % (rng
g KOH/g) HZ(r) (weight /o) Comparativesbi 100 241 128 43.99 76.2
Example 1A 90 241 128 39.56 77.6 Comparative 1 B 100 240 124 42.44
72.7 Example 1 B 90 240 124 38.19 74.0 Comparative 100 240 120

I . . -
42.44 72.7 Neutralization Weighthof Total Acid NaOH Active
Example Based on Su!fqmc Number-TAN (50% Content
o Ao (mg KOH/g) weightin | yeignt 9)
(mol %) Q) 9 9 H,0)
Comparative 1A 100 241 128 43.99 76.2
Example 1A 80 241 128 39.56 77.6
Comparative 1B 100 240 124 42.44 72.7
Example 1B 90 240 124 38.18 74.0
Comparative 100 240 120 42.44 727
1C
Example 1C 90 240 120 38.19 74.0
Comparative 2A 100 240 118 40.38 75.1
Example 2A 80 2490 118 38.35 76.4
10 Exampie 5
11 Determination of the Attachment Position on the Alkyl Carbon Chain
12 fo the Xviene Moiety

13 The attachment position on the alkyi carbon chain to the xylene moiety was
14  determined by Gas Chromatograph (GC) and quantitative "*C-Nuclear
16  Magnetic Resonance spectroscopy ("3C-NMR).

16  Since the resolution of the peaks obtained in GC decreases with the retention
17  time, it is possible to accurately quantify the attachment position of alkyl group

-30-



1G Example 1C 90 240 120 38.19 74.0 Corhparative 2A 100 240 118
40.38 75.1 Example 2A 90 240 118 36.3576.4 8 9 10 Example 5 11
Determination of the Attachment Position on the Alkyl Carbon Chain 12 to

2
Wtﬂé%i'@h‘g‘?i\/loiety 13 The attachment position on the alkyl bR

the xylene moiety was 14 determined by Gas Chromatograph (GC) and

s R e SRl Rl R B AR A e W chains
2decfiuariaiing (Fe-NWRtuNthebnse hand poevidks raareragelyajuarianall

ghe aliamentROHLAR ShICHARARgrRY WO 2004/101473
PCT/US2004/025203 1 on the xylene ring only for 12 and 14 carbon

atoms on the alkyl chains. 2 Quantitative 1 3C-NMR on the other hand
%roOdeNMRaamm o gier Gt Steatboardtposition tidradlaikghetiain on the

-N| S0, ¢ position.of kyl
e R, kbR AR SRRt e &l
GrictistideristhsadtdBientalpththeyviakgldiien sFoanhsgrherimearsomer
Aormedprimarilis . dnalkyk b 2-dimetbyIneRsens, Whereaswbeifonic acid is

trifluoromethane sulfonic acid is 8 used as alkylation catalysts, a mixture

Sof 3URGILT ZINRRRABEN LRI G 4 QlkyraaldimehyRigiRsigsee and

obtaingeyiHgumRSdtanEsh shenitheahed 0 EfomatogranspRiginedde
e
1 4-alkylhb2ytbmetyifdrén zeids wapastdulatedbbased bynd 1A, respectively. The
12  percent of the 4-aikyl-1,2-dimethyl benzene was calculated based by
13 averaging the area of the GC peaks for the 2-position attachment on the alkyl
14 chain for Cy2 and Cy4. The attachment position of the xylene ring on the alkyl
15 carbon chain of the alkyl group was also calculated. The resuits of the GC
16 chromatography obtained for Examples 1A, 1B, 1C and 2 are given below in
17 Tabie Ill. The data show that percent of the 4-alkyi-1,2-dimethylbenzene is
18  much lower in Examples 1A, 1B and 1C when the alkylation catalyst is
19 triflucromethane sulfonic acid than in Example 2 when aluminum trichioride is
20  used as the alkylation catalyst.

21 The resuits obtained by GC and "*C-NMR for the alkylxylene prepared above
22 in Examples 1 and 2 are given below in Table Il
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13 averaging the area of the GC peaks for the 2-position attachment on
the alkyl 14 chain for C12 and C14. The attachment position of the xylene
on the alkyl 15 carbon chain of the alkyl group was alsg _calculat

rin
W?ﬁggﬁé@&ﬁ? of the GC 16 chromatography obtained for Ex

PCTIUS

AT

1C and 2 are given below in 17 Table Ill. The data show that percent of
1the 4-alkyl-1,2-dimethyl benzene is ]féﬁgﬁ lower in Examples 1 A, 1 B
and 1 C when the alkylation catalyst i luoromethane sulfonic acid

than i v a
TarTimT Al

------

catalyst. 21 The results|o

prepared abovawdaiith
WEXR0BH 101 474 RGiT/US2004#A25203 1 T
Alkylation benzene ExampileyCatatyst

position alkyl-ortho xylene)<3idr4y 1 3-4+ Example 1A CF3SO3H 73 35.8

pte—2-whef czuémwugl 3 trichtorideis—20usedas the atkytation
Wq@y GC and 13C-NMR for the alkylxylene
xamygsnkand 2 are % en below in Table Ill. -

RHRAIRYR i“f“%ﬁ]‘h%ﬁ‘n

(% of total Alkyl Chaln Attachment

21.117.9 252 64.2 Example 1B CF3SO3H 71 339 22[2 18.7 25.2661] 3-4+
Example-1-C.CF3S03H-65-27-9-24#—21-20:3-30-6-72-1Example 2A-50-1
231e0is. 1449 OF Skaple 2A7AICI3 10556 5 114'9'10,8 538 2 3%Fha| 642

B8N, position-fo the [xylene moiety was determinegbhy 4 6.1

a%gég fg/ID for %ﬁh

fho nll/\/lv I!enn praparej :n Exa”lplc 2N
Exampie 1C | GFsSOsH 65 579 242 | 203 | 306 | 721
Example 2A | AICH >95 50.1 21.9 118 | 164 | 499
Example 28" | AICly >g5 465 | 188 i 149 | 198 | 535 |
2

*The alkyl chain attachment position to the xylene moiety was determined by
3C_NMR for the alkyixyiene prepared in Example 2A.

Example 6
Determination of Interfacial Tension

The performance of the under-neutralized alkylxylene sulfonic acids and the
fully-neutralized alkylxylene sulfonic acids prepared above in Example 4 was
determined by measuring the interfacial tension. The interfacial tension was

10 determined using Minas crude oil (a waxy crude oil} having a pour point

11 around 35°C and aqueous solutions of the under-neutralized alkylxylene

12 sulfonic acids and the fully-neutralized alkylxylene sulfonic acids. A spinning
13 drop tensiometer was used to measure the interfacial tension at 93°C using
14  the method described below.

15 Equilibrated Interfacial Tension Method

16 A 5 milliliter sample of a solution of alkylxylene suifonic acid, water, a

17  co-surfactant and sodium chioride was added to an equal volume of crude oil
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5 Example 6 6 Determination of Interfacial Tension 7 The performance of
the under-neutralized alkylxylene sulfonic acids and the 8 fully-neutralized

alkyixylene sulfonic acids prepared above in Example 4 was 9 04/025203
W&’e%%%ﬂmé@by measuring the interfacial tension. The interfacial teASIGR-
was 10 determined using Minas crude oil (a waxy crude oil) having a pour

point 11 around 35 ipn -neutra
1a|k;‘/"i’x?/l8?‘?‘331@‘%8Ifcﬁﬂ%rggc%?gﬁmﬁeq%ﬁ&n%%@%e a|k"§/{@éi%§ﬂ?gﬁit§ be
2acidasedpireinty adiivpteftiorempiiastiSedo Mg padipéthe

sintesfagial iensiyn A 936 uaimhi L the msthad desainpddelavedibto the

Equilibrated Interfacial Tension Method 16 A 5 milliliter sample of a .
4sol@iRYSIHBRGHIRHBBNIRSHIENRIRT Gate NN& S 72 RIHAARAY 4 YRR

schigyigaavas d iamequatveliyae Thetude Bilsp3d WA PROA2A24iEB

PCT/US2004/025203 1 in a glass tube. The test tube was tightly seal
Cond HRB HERBAT B PUBs NNILE T BN B e MR St

793 Atdheceynd efithtcs: éopudibnatibedpirpt agiatquotofheraguidusieview
phase.was.lo g intQ.th gzl, be of the spinning tensiometer. Next,
8a sn%gi?a%%fj@ i%%p%é’r%?ﬁ %EZ&% Is injected into the glass tube. The
tube is spun and the interfacial 6 tension between the aqueous solution

and the oil is determined uspg,.the 7 B. Vonnegut equation for elongated
gdroplets given in gryen eview 8 Scientific Instruments, 13

(1942) 6: 9 IFT = W2R3Qp 4 10 w being the rotational speed, R the

radius of the droplet, and 4p the density 11 difference between the oil and

the aqueous solution. It takes typically 1 to 12 3 hours for the systemto
10each kejoiibhintational speed, R the radius of the droplet, and 4p the density

11  difference between the oil and the aqueous solution. lt takes typically 1 fo
12 3 hours for the system to reach equilibrium.

13 Samples of the under-neutralized sulfonic acids and the fully-neutralized

14 alkylxylene sulfonic acids described above in Example 4 were prepared with
15 0.24 weight percent (on actives basis) of the under-neutralized sulfonic acids
16  and the fully-neutralized alkylxylene sulfonic acids and 0.067 weight percent
17  sec-buty! alcohol as co-surfactant. The interfacial tension data were collected
18  in the presence of sodium chioride solutions between 0.1 percent to

19 0.5 percent.

20  The results of the interfacial tension determination are given below in
21 Table V.

22  The IFT data for the under-neutralized alkyixylene sulfonic acids was
23 compared to the data for the fully-neutralized alkylxylene sulfonic acids and
24  the percent reduction of IFT was calculated by using the following formula:

25
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13 Samples of the under-neutralized sulfonic acids and the
fuIIy neutralized 14 alkylxylene sulfonic acids described above in Example

4 were ared with 15 0.24 weight percent (on actives b
WOrdet. @uﬁahzed sulfonic acids 16 and the fully- neutrallzedélﬁ&"%g najgzeszos

sulfonic acids and 0.067 weight percent 17 sec-butyl alcohol as
co-surfactant. The interfacial tension data were collected 18 in the
1 Pregepee.ahsadiumc EM%%Mween 0.1 percentto 19 0.5

percent. 20 The result8 &fhe.intesfacial tension determination are given
below in 21 Table |V. 22 The IFT data for the under-neutralized

2 Al ISHEQIFGRIE acids was 23 compared to the data for the

fully-neutralized alkylxylene sulfonic acids and 24 the percent reduction of
4 IFT was calculated by using the follgwjng fermula: 25 -33 WO

2004/101473 PCT/US2004/025203 0 JFT reduction = (I - IFT(90%

negiglized SAY)X (/e FT(1I0QeneutlalizedShin2 &A= aullanjc acid
3 Table IV Exampte=#atieykdn@- Nauitral Salinity (wefght®s4dacl) dimethyl
benzene -izatio Jw (ET{( A esitm) ($4of total alkyl (/n) attachment) 0.1 0.2
0.30405 Cao ISRURN 731100.2.765.0.81.0.26-0.051-0.006—Examble
1A 73 90 0.75.0.36.0.09 0.016 0.004 Redddtion WfeT o8y 7266 58 58
Xpmparative 1A 73 100 | 275 | 081 | 0.28 | 0.051 | 0.008
Example 1A 73 80 075 | 036 | 009 | 0016 | 0.004
Reduction in IFT (%) - 73 56 68 68 27
Comparative 1B 71 100 | 5.6t | 097 | 0.67 | 0154 | 0.008
Example 1B 71 90 145 | 0581 | 0.34 | 0.080 | 0.00037
Reduction in IFT (%) - 79 37 37 | 48 95
Comparative 1 65 100 | 334 121 | 105 | 015 | 0018
Example 1C 65 90 | 1071 | 025 | 034 | 008 | 0004
Reduction in IFT (%) @21) | 79 68 47 78
Comparative 2 > 95 100 | 1.71 | 0008 | 0002 | 009 | 0.089
Example 2 > 05 a0 1.00 | 0.00088 | 0.05 | 011 | 0.3
Reduction in IFT (%) - 36 90 (25) | (22) | (46)

The data in Table IV show a significant decrease in interfacial tension

5
6 between the under-neutralized alkyixylene sulfonic acids of the present
7  invention and oil compared to the fully-neutralized alkylxylene sulfonic acid.
8 The interfacial tension between the fuily-neutralized alkylxylene sulfonic acid
9  composition prepared using triflucromethane sulfonic acid and oil is higher
10  compared to that obtained for the under-neutralized alkylxylene sulfonic acid
11 composition at all salinities tested except for Example 1C at 0.1 weight
12  percent NaCl. At ultra low salinity of 0.1 percent NaCl, the measured IFT is

13  high and the system is not at the optimum salinity.

15 The IFT data for the under-neutralized and fully-neutralized alkylxylene
16  sulfonic acids prepared using aluminum trichloride show that the optimum
17  salinity is at about 0.2 weight percent NaCl because all the IFT values at
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Comparative 18 71 100 5.61 0.97 0.67 0.154 0.008 Example 18 71 90
1.150.61 0.34 0,080 0.00037 Reduction in IFT (%) - 79 37 37 48 95
Comparative 1C 65 100 3.34 1.21 1.05 0.15 0.018 Example 1C 6590
WOFHH 55,34 0.08 0.004 Reduction in IFT (%) (221) 79 G%Cl%gﬁ'““"’m‘”
Comparative 2 > 95 100 1.71 0.009 0.002 0.09 0.089 Example 2 > 95 90

1.09 0.00068 0.05 0,11 0.13 ion i . .
1 datﬁ%m%lngght ‘ Srgiaﬁ%%ea%%%ggré té@%n%%éﬁé%%%ﬁggé' i%g@‘:ﬁlgher
2 betpadipititie ihedeiinoatriatiizetkyhoitegaveliborst IEdivalokshthprebent 7
invention i, t [y~ ' i
B e R

4sulferndmeter 9/aembieliesrebRoparelgiishegasmubRsthitn irusiirsie deri2ed
sand.gihishigher A0 compnmad e thatraiiaiBad derdhasuneas-peuiatiegs 2

alkyixylene sulfonic acid 11 composition at all salinities tested exg_%pt for
f

SExAIRBReT ¢ ArG S/RIGHT A PiereR RERGRIREira! BUP SRR of 6 0vest
7pergent,MNag b g rpeasured dhids ntathigheand ithe systemionotatthe

optimum salinity. 14 15 The IFT data for t -neutralized .an
SRS AIRNOTRHE S8 o He s B Eo e sty S nmeter =
dtrichigrigeighopethattiveGptiorapardd salififiRid ytesboet Ottt at

1 Oﬁ%@%g}&% %‘gg@;@%‘bﬁ%&?{e‘@%ﬂ?ﬁw@m ﬁﬁzéﬁ/ggrg%%ﬁzgeﬂe suifonic

_ 3 | salinities above this are much high 3 weight
11peresitaNuepaind higihe a2 sllmisEChIssi#8ly-neutralized sample gave
dJower IFT values than the 3 under-neutralized sample. The lowest IFT

value of 0.00088 dynes Per
13 The optimum salinity for the fully-neutralized alkylxylene sulfonic acids and

14  the under-neutralized alkylxylene sulfonic acids prepared using

15  trifluoromethane sulfonic acid is higher than that observed for the

16  fully-neutralized alkylxylene sulfonic acids and the under-neutralized

17 alkylxylene sulfonic acids prepared using aluminum trichloride, 0.5 percent
18  sodium chloride and 0.2-0.3 percent sodium chloride, respectively.

19

20 Figure 3 shows a graph for the IFT data for the fully-neutralized and the

21 90 percent neutralized alkylxylene sulfonic acids prepared using

22  trifluoromethane sulfonic acid and Figure 4 shows a graph for the IFT data for
23 the fully-neutralized and the 90 percent neutralized alkylxylene sulfonic acids
24  prepared using aluminum trichioride. The graphs clearly show the reduction
25  in [FT when the alkylxylene sulfonic acids are neutralized only 80 percent

26  instead of 100 percent.

27

28  The data in Tabie IV also show that the under-neutraiized alkylxylene sulfonic
29  acid, obtained by alkylation with aluminum trichioride, having greater than

30 95 percent of the alkyixylene moiety as the 4-alkyl-1,2-dimethylbenzene

31  (4-alkyl-ortho-xylene) isomer is better for enhanced oil recovery of waxy crude
32  oil in reservoirs with salinities between 0.2 percent and 0.3 percent as found
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4 centimeter was obtained at 0.2 weight percent NacCl for the
under-neutralized 5 sample of Example 2, whereas the fully-neutralized
ample of Example 2 6 gave an IFT value of 0.009 dynes p &cl%ggi‘m 185503
wg)tthlsﬂgéﬁ%ty. The lowest 7 IFT value obtained for the un er-neutraﬁz %f
alkylxyiene sulfonic acid 8 prepared using aluminum trichloride was

0.00088,dynes ntimeter at. 9.0, lgh | red to
1 0o e D 08 S b T e o the
2 fulbuienitraltie dottajbaderith dtiffeptomethangsspiepis a¢idsiry Ba matyeen
3 eRorgaet 3RhE aRUMNIBhsALRe LG [el-aREtAlRRM AL lene
sulfonic acids and 14 the’under-neutralized alkylxylene sulfonic acids
4 prépaiédesthg-x8eAfloromethane sulfonic acid is higher than that
observed for the 16 fully-neutralized alkylxylene sulfonic acids and the
under-neutralized 17 alkylxylene sulfonic acids prepared using aluminum
trichloride, 0.5 percent 18 sodium chloride and 0.2-0.3 percent sodium
chloride, respectively. 19 20 Figure 3 shows a graph for the IFT data for
the fully-neutralized and the 21 90 percent neutralized alkylxylene
sulfonic acids prepared using 22 trifluoromethane sulfonic acid and Figure
4 shows a graph for the IFT data for 23 the fully-neutralized and the 90
percent neutralized alkylxylene sulfonic acids 24 prepared using
aluminum trichloride. The graphs clearly show the reduction 25 in IFT
when the alkylxylene sulfonic acids are neutralized only 90 percent 26
instead of 100 percent. 27 28 The data in Table 1V also show that the
under-neutralized alkylxylene sulfonic 29 acid, obtained by alkylation with
aluminum trichloride, having greater than 30 95 percent of the alkylxylene
moiety as the 4-alkyl-1,2-dimethylbenzene 31 (4-alkyl-ortho-xylene)
isomer is better for enhanced oil recovery of waxy crude
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32 oil in reservoirs with salinities between 0.2 percent and 0.3 percent as

found -35 WO 2004/101473 PCT/US2004/025203 1 in the Minas oil

fields in Indonesia than the under-neutralized alkylxylene 2 % '
WOREHKEdWith trifluoromethane sulfonic acid, having betweelri (_f.%ﬁlgﬂzos

percent of the alkylxylene as the 4-alkyl-1,2-dimethylbenzene 4
1(4-alvlrariaociyasimp-6 WO 2004/101473 PCT/US2004/025203 1

WHAT IS CLAIMED IS: 2 3 1. An under-neutralized alkylxylene sulfonic
2acid composition for 4 enhanced oil recovery processes, which
3COMPOSitiaR, iSrRIBIKIE A RIGARYBAEHES NAEAR BaDenef JRdRYR:

CH3 CH3 MSO3iCH3 HO3S'i CH3 6 %a)gg_‘a? 7 wherein R is an alkyl
4group contANGHORT ABTMEIY RECSHEHTS BE CRFBMRRSHIST 4R d m*@%e of
Smono-valenineadiond & hdwiviietiesngtire: Gabfyiylene moiety in compounds

(a) and (b) combined is alkyl-ortho- 10 xylene in at least 85 percent of the

total under-neutralized alkylxylene 11 sulfonic acid compo&iﬁon and

compound (a) is preséht:in the range of 12 about 80 percént'to about 98

percent based on the total 13 under-neutralized alkylxylené sulfonic acid

composition. 14 2. T nder-neutralized alkylxylene s g.acid

composition of cladm 1, wherein the alkylxylene mgiety in cdmpounds
(@) and (b ited is fkartho-xylene in'3e¥east 95 pergent of the
total under-neutr 'zed>< Ikylxylene sulfonic acid CM.

R R
8 {a) (b}

wherein R is an alkyl group containing from about 10 to about
58 carbon atoms, and M is 2 mono-valent cation, and wherein the
alkylxylene moiety in compounds (a) and (b) combined is alkyl-ortho-

10 xylene in at least 85 percent of the total under-neutralized alkylxylene
11 sulfonic acid composition and compound (a) is present in the range of
12 about 80 percent to about 98 percent based on the total

13 under-neutralized alkylxylene sulfonic acid composition.

14 2 The under-neutralized alkylxylene sulfonic acid composition of claim 1,
15 wherein the alkylxylene moiety in compounds (a) and (b) combined is
16 alkyl-ortho-xylene in at least 95 percent of the total under-neutralized
17 alkylxylene sulfonic acid composition.

18 3. The under-neutralized alkyixylene sulfonic acid composition of claim 1,
19 wherein compound {a) is present in the range of about 85 percent to
20 about 95 percent based on the total under-neutralized alkylxylene

21 sulfonic acid composition.
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18 3. The under-neutralized alkylxylene sulfonic acid composition of claim
1, 19 wherein compound (a) is present in the range of about 85 percent to

20 about 95 percent based on the total under-neutralized aé%(%gé §
WO MBHIHE composition. -37 WO 2004/101473 PCT/US2 s }3203

4. The under-neutralized alkylxylene sulfonic acid composition of claim 3,

2 wherein,comppund (a) is present in the range. of . t
1 bt o2 5 PERE S BT B B e P Pl SR SAEE Yy G 2
2 sulfonic adidreimpusiiimmd(B) Brressdéimthetrangsicil R SePsuifreim ¢o
acid composiy | JUeIRILRS MAng:valarioag I AReHkal
3 metal. 7 ﬁ@#%rﬁ&&%@u@?ﬁged alkylxylene sulfonic acid comkgo%ﬂion of
4 claim 5, 8NipEecasithecAgsHRtal is sodium. 9 7. The under-neutralized
alkylxylene sulfonic acid composition of claim 1, 10 wherein the
maQno-valent cation is an ammonium iop o ' U 0N 4
5 175, Tha TR B R S e e Sor BT i .
8 1, 13 whereirethéalkybgrovmasinaiigedFromaikifi¢agiglpha olefin or an 14
isomerized olefin containing from about 10 to about 58 carbon atoms. 15
9. The under-neutralized alkyl e sulfonic acid composition.of claim 8
7 26 uherc e BRSO TG ed RBim ROAr ARG ER o b LA n &
8 isomerizeghetedin itendéiningdtahisadoaiitrhO to about 40 carbon atoms. 18
10. The under-neutralized alkylxylene sulfonic acid composition of claim 9,

19 wherein the alkyl group is derived from a linear alpha olefin aor angzc? i 1
9 isoferized'BIERALoRRAHGSFLRI YN ESIIARG R %W'ﬁ?&r? o3t

10 11. The updsrenetheatizaalkidnylends ifanicaeitcompositomobonicl,

11

22 wherein the alkxﬁglnene moiety in compounds (a) and (b) combined

i
ammoniu

12 8. The under-neutralized atkyixylene sulfonic acid composition of claim 1,
13 wherein the alkyl group is derived from a linear alpha olefin or an

14 isomerized olefin containing from about 10 to about 58 carbon atoms.
15 GO The under-neutralized alkylxylene sulfonic acid composition of claim 8,
16 wherein the alky! group is derived from a linear alpha olefin or an

17 isomerized olefin containing from about 10 to about 40 carbon atoms.
18 10. The under-neutralized alkyixylene sulfonic acid composition of claim 9,
19 wherein the alkyl group is derived from a linear alpha olefin or an

20 isomerized olefin containing from about 12 to about 30 carbon atoms.
21  11. The under-neutraiized alkylxylene sulfonic acid composition of claim 1,
22 wherein the alkylxylene moiety in compounds (a) and (b) combined

23 contains greater than about 70 percent of the 4-alkyi-1,2-dimethyl

24 benzene isomer.
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23 contains greater than about 70 percent of the 4-alkyl-1,2-dimethyl 24
benzene isomer. -38 12. The under-neutralized alkylxylene sulfonic acid
composition of claim 11, wherein the alkylxylene moiety in compounds (a)
and (b) combined contains greater than about 80 percent of the 4-alkyl-1,

12 dimbRyindseasahalizehidky by lakewivrie seitetpeasiipafiskan 11,
sulforig.aeid ¢RMpRSEgNQE clabnd2in Whgipiniae alkyhadens malehhin

compounds (a) and Bgcombined contains at least 90 percent of the _
4-alkyRPIEN EHEM BeRR et Eoftemaacntnafuiiferimdlitfalizegdimethyl
alkyyleng swlfenis acid composition of claim 1, wherein the alkyl group
contains a distribution of alkyl chain lengths wherein the alkyl chain
lengths comprise from about 40 to about 80 percent C12 to Czo and

1ﬁboUtﬁ@ﬁﬁ@@ﬂh&%ﬁ%@é@d@l@ﬂ?%’éQ;h@&%é%&@%oﬂ?oﬂﬁ%n of ¢laim 12,

under-neutralized aIk;Qixerne sulfonic acid of claim 14, wherein the

distribtARS LB B ERSH SR g LB mMPrdTroab dat 509oBbggianed
percenifelas 10 63 a0Gabest & RRrGeNkie- abaut Ao pereentokGR4ts.

C58 16. The under-neutralized alkylxylene sulfonic acid of claim 15,
wherein the distribution of alkyl chain lengths comprise about 8 percent to

1aboutiir \prIGentRfG32te B8y ich-AmMBINedfQr reaaUaiNehCrdRRl 1,

from a subterranean hydrocarbon _containinq formation, which method

compHTEEE paiifaLTHA EANPHSE B AT o S HgigBons dbihishrubheafiig

an amasRiPiRn URdechgutrRikesk aiewixvienersulfanic.acid LORMRSIRON
effective for the recovery of crude oil wherein the composition is a mixture

of comfSthids'hiR/frrg BRUREYEnepsIcFainRouRl percent of Cs; to Css,

15.  The under-neutralized alkylxylene sulfonic acid of claim 14, wherein the
distribution of alky! chain lengths comprise from about 50 io about 70

percent Cj2 to Cyp and about 5 percent to about 15 percent of Csp to Css.

16.  'The under-neutralized alkylxylene sulfonic acid of claim 13, wherein the
distribution of alkyl chain lengths comprise about 8 percent to about 12

percent of Csy to Csg.

17. A method for recovering crude oil from a subterranean hydrocarbon

containing formation, which method comprises:

{(a) injecting into the formation an aqueous solution containing an
amount of an under-neutralized alkylxylene sulfonic acid
composition effective for the recovery of crude oil wherein the
composition is a mixture of compounds having of the general

formula;
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WO 2004/101473 PCT/US2004/025203 CH3 CH3 MSO3 CH3 HO3S\

CH3 RIR 1 (1) (i) 2 wherein R is an alkyl group containing from about

10 to about 3 58 carbon atoms, and M is a mono-valent cation, and
WG 4 alkylxylene moiety in compounds (i) and (ii) &)&:%’%2084 825203

alkyl-ortho-xylene in at least 85 percent of the total 6 under-neutralized

alkylxylene sulfonic amd&qmposmon and 7 compound (i) is pzegent in the

range of about 80 perce t to about 8 98 percent based on th total

dlsplacmg the crude e agueous solution |njecte
formation to {he d<5 ebyltecover ydregarbons from adg,g
18. The method 6f c@n&%herem in step (a) the undet-neu aﬁed 14
alkylxylene sulfonic a position is present in the rang t\skout 15
0.03 weight percent to about 2.0 weight percent of the total weight & 16
the aqueous solution. 17 19. The method of claim 18, wherein the
under-neutralized alkylxylene 18 sulfonic acid composition is present in

1the range of about 0.1 we(i‘é;ht 19 percent to about 1.5 weig@lf)percent of
the total weight of the aqueous 20 solution. -40 WO 2004/101473

2PCT/US2004{025203R 1520 m;a Beihed ol HuWBBERINMB% about

under-neutralized alkylxylene 2 sulfonic acid composition is present in the
3range of abo@@grmgﬂpms and M is a mono-valent cation, and wherein the

4 alkylxylene moiety in compounds (i) and (i) combined is
5 alkyl-ortho-xylene in at least 85 percent of the total
6 under-neutralized alkylxylene sulfonic acid composition and
7 compound {i) is present in the range of about 80 percent to about
8 98 percent based on the total under-neutralized alkylxylene sulfonic
9 acid composition; and
10 {b) displacing the crude oil with the agueous solution injected into
i1 the formation to thereby recover hydrocarbons from a
12 production well.
13 18, The method of claim 17, wherein in step (a) the under-neutralized
14 alkyixylene sulfonic acid composition is present in the range of about
15 0.03 weight percent to about 2.0 weight percent of the total weight of
16 the aqueous solution.
17 19.  The method of claim 18, wherein the under-neutralized alkylxylene
18 sulfonic acid composition is present in the range of about 0.1 weight
19 percent to about 1.5 weight percent of the total weight of the aqueous
20 solution.
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3 percent to about 1.0 weight percent of the total weight of the aqueous 4
solution. 5 21. The method of claim 20, wherein the under-neutralized

alkylxylene 6 sulfonic acid composition is present in the ra %B <
WS.%Xw 5%17 37 percent to about 0.8 weight percent of the totz%% ve\%%fgs t g@tgﬁ’%"s

aqueous 8 solution. 9 22. The method of claim 17, wherein compound (i)

11n sigp (a)ﬂﬁe?rg%tﬁﬁﬁi&& smeté?ﬂﬁ%%ﬁ‘?ﬁ’#h%éa $ %ﬁﬂ%ﬁ%’é’ lene

percent base e total 11 under-neutralized alkylxylene sulfonic acid
2compositisHifanioasit iremraBtigbicRBRSTE inhe-caned mharid 8)3rvaieht
3(a) is presgit-ibh}a g ianaewiighoHbREnesEan 81abRUIfR PelceBhusous

based on the total 14 under-neutralized alkylxylene sulfonic acid
4compositi§AUi8™4. The method of claim 17, wherein in compound (i) the
mono-valent 16 cation is an alkali metal. 17 25. The method of claim 24,

swheyein the alkalimatat s SResiM & 4R o e ABe el ebs D byixyiene

wherein the mono-valent cation in 19 compound (i) is an ammonium ion or
San organi¢@fieARIGRMPIRIRT. iFIREsRINBUIGE CRIAE 10 aRREFSMiKEIaht

7step (a) the-Alevk gros,in (24 GempepareM andditsiadesived draps aqueous

linear alpha olefin or an 22 isomerized olefin containing from about 10 to
Babout 58 S'bEA atoms. 23 28. The method of claim 27, wherein in step
(a) the alkyl group in 24 compounds (i) and (ii) is derived from a linear

o2lpha olefifar an:r e 3pmali% o olgiia- ANt IREL e dha Paé%azg%‘ébni in
40 carbon atoms. -41 WO 2004/101473 PCT/US2004/025203" 1 29. The

10method oftBRiii#ngs, AABRUKER BRIBSE) hatakyPgreisanbhasshearas intal
11and (i) is dptveshdiaraidaennatpRaselinaraci isomesaemlefin

containing from about 12 to about 30 carbon atoms.

12  23.  The method of claim 22, wherein compound (i) in step (a) is present in
13 the range of about 87 percent to about 92 percent based on the total
14 under-neutralized alkylxylene sulfonic acid composition.

15 24. The method of claim 17, wherein in compound (i) the mono-valent
16 cation is an alkali metal.

17 25, The method of claim 24, wherein the alkali metal is sodium.

18 26. The method of claim 17, wherein the mono-valent cation in

19 compound (i} is an ammoenium ion or an organic ammonium ion.

20 27. The method of claim 19, wherein in step (a) the alkyl group in
21 compounds (i) and (i} is derived from a linear alpha olefin or an
22 isomerized olefin containing from about 10 to about 58 carbon atoms.

23 28, The method of claim 27, wherein in step (a) the alkyl group in
24 compounds {i) and (i) is derived from a linear alpha olefin or an
25 isomerized olefin containing from about 10 fo about 40 carbon atoms.
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4 30. The method of claim 17, wherein the alkylxylene moiety in 5
compounds (i) and (if) combined in step (a) contains greater than about 6
70 percent of the 4-alkyl-1,2-dimethyl benzene isomer. 7 31. The method

WG %ﬁ)ﬁ‘fﬁpﬁﬁ?wherein the alkyixylene moiety in 8 compoundspﬁTéW%/023ZG3
combined in step (a) contains greater than about 9 80 percent of the
4-alkyl-1,2-dimethylbenzene isomer. 10 32. The method of claim 31,

1 witein (haeARGIRORACHRUT P GRS RBS T G 19 GBRHAHE in

2 step (a) cmRiIDGRis!EasnAqiNesasaivéd bthe linear alpha olefin or an
4-alkyl-1,2-dimethylbenzene isomer..13 33. The. methed of claj

3 wierein OB BN DR DT Lot ( ans o Aodn atoms
distribution of alkyl chain lengths and 15 wherein the alkyl chain lengths

4 comprisefrm-aRAUH 40dairbert des8 pereeakdlddacdirBianydrabout 5
_ percent to about 15 percent of C32 to 17 C 34. The method of claim

7 C581 I
5 33, wher&PMROWISHBLABH BF SRR TeR @h@@&%ﬁ&i%‘éeﬁ%ﬁ{%%%ﬁ out
& 50 to abomy perpertentitale dk@20Rdtrabioxt 20 Sepersemtén. about 15
percent of C32 to C58 21 35. The method of claim 34, wherein the
distribution of alkyl chain lengths 22 comprise about 8 percent to about 12
7 percent of (RPENCEPDAE FhevhRirind st IR GMNER Re
g hydrocarkamissiheisubteranpsapridiiednatespiss) vayinsugieaibr#han about
WO 2004/101473 PCT/USA}Z%LO;@E?S 1.%3? The rgetshodechf claim 17,
9 wherein tHE RRSETOH T HIFe? @b e e ™% HgﬁﬁéentyWﬂWor'subsequent
to the injection of the aqueous solution 3 of step (a), injecting into the

1o formation-g0. 3G of PRIWIS! aliesidis tdedivRaEe Gauerus

solution of step (a) into the formation to 5,dis€3Iace the crude ol to tthg(gek%y
1 recover hgawggﬁéi},@m &) combined in step (a) contains at leas percent

12 of the 4-alkyl-1,2-dimethyibenzene isomer.

13 33.  The method of claim 17, wherein in step (a) the alkyl group in

14 compounds (i) and (i) contains a distribution of alkyl chain lengths and
15 wherein the alkyl chain lengths comprise from about 40 to about

16 80 percent C1, 10 .Cz and about 5 percent to about 15 percent of Caz to
17 Css.

18  34. The method of claim 33, wherein the distribution of alkyl chain lengths
19 comprise from about 50 to about 70 percent Ci2 10 Cpo and about
20 5 percent to about 15 percent of Caz 10 Css.

21 35. The method of claim 34, wherein the distribution of alkyl chain lengths
22 comprise about 8 percent to about 12 percent of Csz to Css.

23 36. The method of claim 17, wherein the hydrocarbon in the subterranean

24 formation is a waxy crude oil.
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6 production well. 7 38. The method of claim 37, wherein the polymer is a
polysaccharide, an 8 acrylamide or a partially hydrolyzed polyacrylamide.
9 39. The method of claim 17, wherein the method further com. Urissgsdn%zqzm
WQ&?SW&MR/ with or subsequent to the injection of the aqueous Ut
11 of step (a), injecting into the formation an amount of water effective for
12 drjving lutio Into the farmation to displace
FER A R S
214 40. Theonatnently stdmessubsesuanttiecthecihedtionthbihenatlese, g Solution
concurrenty iihg) SHRREAL il IS0 AR BRIENGERer effective

injecting into the formation an amount of water effective for driving the 17

4aqueous JBILARYING iR FEPANS SAB oMRlRIBRAA SR TRETERIEE &1 18

sto therebydiggruey fhuckRkarbans rrmByBEiaYeliatibdd frbhea
method of claim 17, wherein the aqueous solution in step (a) 20 further

Bcontains PE3HGHAL MR having a molecular weight in the range 21 of
about 60 to about 1,200. 22 42. The method of claim 41, wherein the

7co-syrfactanLiz amaleenelsana23.alcobol t%@%b@?&'@&‘ﬂ&@@a@_&’ﬁ&ha%, an
poly(oxyalkylene)glycol, a 24 polﬁg‘oxyalkylene glycol ether, or mixtures

8thereof. 28U 2B RIARFOREMIMUDYGERE RGN B/ iSxyalkylene)
glycol ether is 26 an ethylene glycol mono-alkyl or mono-phenyl ether, a

gdi-ethylena 42, Q2004 %4?%%%Féa %Q%é?%ﬁ?%h]eg%ﬁérises,
ycol 2 mono-a

mono-alkyl or mono-phenyl ether, a tri-ethylene g yl or a

10mono-phefghedianty y6igangine gurmthiitipRelign of drergreous solution

11polypropylena&lven! MeeaBNRY NSRBI AN 8IS watddefldQive for
method of claim 43, wherein the poly(oxyalkylene) glé\(b(‘:f’()l isab

12h0ly(oxyeBiran RIS SBlVHOR pFSHRrETR) YR &of 'ornarnde displace

13 the crude oil to thereby recover hydrocarbons from a production well.

14 40. The method of claim 37, wherein the method further employs,

15 concurrently with or subsequent to the injection of the polymer,

16 injecting into the formation an amount of water effective for driving the
17 aqueous solution of step (a) into the formation to displace the crude oil
18 to thereby recover hydrocarbons from a production well.

19  41. The method of claim 17, wherein the aqueous solution in step (a)
20 further contains a co-surfactant having a molecular weight in the range
21 of about 60 o about 1,200.

22 42. The method of claim 41, wherein the co-surfactant is an alcohol, an
23 alcohol ether, a polyalkylene glycol, a poly(oxyalkylene)glycol, a
24 poly(oxyalkylene)giycol ether, or mixtures thereof.

25 43. The method of claim 42, wherein the poiy(oxyalkylene) glycol ether is
26 an ethylene giycol mono-alkyl or mono-pheny! ether, a di-ethylene
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Vihétht

6 thereof. 7 45. The method of claim 41, wherein in step (a) the
co-surfactant is in the 8 range of about 0.03 weight percent to about 2 0

%\ z]B)l()?‘frcent of the 9 total weight of the aqueous solution. 10 46. T

"8laim 45, wherein the co-surfactant is present in ?I%’f Iisfﬁrﬂaﬁﬂﬁéms

of about 0.1 weight percent to about 1.5 weight percent of the 12 total

weight of t e agueous

l,‘ltl('r)n 1347. Th ethod of 46 wh rein

1the co-surfatian gnpor'éai%%t in'the 1 B,henr}’ge 5’b%art' bWé?S &rcent to
Zabout 1.0 montrefotcea mam—phswtatbm@moﬂm@ﬂquewgbmqon phenyt

316 48. The,method ol 61aIYIEH WIESFIRIAS-SREHIARRRNT & RIRRFES hEigor,

17 range of about 0.5 Weight percent to about 0.8 weight percent of the
18 total weight of the aqueous solution. -44
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10
11
12

13
14
15

16
17
18

44,

45,

46.

47.

48.

The method of claim 43, wherein the poly(oxyalkylene) glycol is a

poly(oxyethylene) glycol or a poly{oxypropylene) glycol, or mixtures
thereof.

The method of claim 41, wherein in step () the co-surfactant is in the
range of about 0.03 weight percent to about 2.0 weight percent of the
{otal weight of the aqueous solution.

The method of claim 45, wherein the co-surfactant is present in the
range of about 0.1 weight percent to about 1.5 weight percent of the
total weight of the aqueous solution.

The method of claim 46, wherein the co-surfactant is present in the
range of about 0.3 weight percent to about 1.0 weight percent of the
total weight of the aqueous solution.

The method of claim 47, wherein the co-surfactant is present in the
range of about 0.5 weight percent fo about 0.8 weight percent of the
total weight of the aqueous solution.
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