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1 displagsirs i arpins v hegbiaddearly, long before the complete
depletion of the field by primary recovery 24 processes. Methods for
improving displacement eff|0|ency or sweep 25eff|C|ency may be used at
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15urfage, Warep iaading 43 ineaastadels wsed fuidion of the crude oit may

16 have o be driven out of the formation in “secondary” or “tertiary” recovery

17  processes. [n addition, some reservoirs may not have sufficient natural forces
18  for oil production even by primary recovery processes. The production of
19 crude oil using such flooding methods is one example of enhanced oil

20  recovery process.

21 Onetrend in the petroleum industry now is to plan exploitation of the oil field
22 atthe beginning of the project. Injecting a displacing fluid or gas may begin
23 early, long before the complete depletion of the field by primary recovery
24 processes. Methods for improving displacement efficiency or sweep

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

26  displacing fiuid or gas, rather than under secondary and tertiary recovery

27  conditions.



4However, water does not readily displace oil because of the immiscibility
of Swater and oil and/or the high interfacial tension between the two

H‘%F ﬁg%gfﬁ addition of chemicals to modify the properties %ﬂ%@?&@&%m

7 known in the art. Surfactants are one class of chemica
compounds that have 8 been used in agueous media for enhanced oll
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may have salinities as high as or higher 26 than 2.0 percent sodium
chloride and over 0.5 percent calcium chloride and 27magnesium
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167U @HRy, alkylaryl sulfonates can have a tendency to stay in the aqueous

19  phase, but at high salinity they tend to stay in the oil phase. Around mid-point
20  salinity, a micro-emulsion forms in which appreciabie amounts of oil and brine
21 are in the micro-emulsion phase. It is at this mid-point salinity that the

22 surfaciant exhibits high oil recovery potential. The salinity of the water in

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

25 0.3 weight percent. Other reservoirs may have salinities as high as or higher
26  than 2.0 percent sodium chloride and over 0.5 percent calcium chloride and
27  magnesium chloride. it is desirable to optimize the alkylaryl sulfonates for

28  surfactant flooding for enhanced oll recovery for a particular reservoir by

289  determining the interfacial tension of the reservoir oil in an aqueous brine



6containing high wax content. Alkylaryl sulfonates having a broad
spectrum of 7carbon chain lengths in the alkyl group are more desirable

@5%&’&%@} over 8 waxy crude oils. 9 A number of patents alpéjrﬁ?stzee%{lzﬁszg
applications have discussed methods for 10enhanced oil recovery using

surfactant flooding. In addition to the use of 11surfactants, there are a
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SronY4Ee/<til $-in steam recovery methods for 24enhancing oil

recovery. The increase of the ratio of para-isomer to meta- 25isomer
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26under steam recovery operating c lons.
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grou containjng 8 to 30 carbon atoms is 3attached to the aromatic ring
Throm'itg BSEoditSreiy R R FosiaerHirial dgepisferaipas e Liimasery-

agent. 5GB 2 138 866 A discloses a micellar slug for use in the recovery
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tolerance and 10hard-water resistance and is capable of forming

1%“3[@1{%@8@%@%{8@/&8 compounds are limited.

17 EP 0 148 517 B1 discloses olefin suffonate compositions comprising an
18  agueous solution containing 15 to 35 weight percent of a blend of C1-Cops
18 linear alpha-olefin and an alkylary! sulfonate wherein the aryl group is

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

21  processes for enhanced oil recovery.

22 EP 0 158 486 B1 discloses the use of polyaikyl aromatic sulfonates,

23 particularly dialky! aromatic suifonates in steam recovery methods for

24 enhancing oil recovery. The increase of the ratio of para-isomer to meta-

25  Isomer resulis in a significantly more hydrolytically, thermally stable surfactant
26 under steam recovery operating conditions.



1linterfacial tension and good stability. 12U.S. Patent No. 3,601,198
discloses the use of oil-soluble anionic surface- 13active agents or

%e%rg%;gm%uch as sulfonates, petroleum and synthetic, for }’éq{ﬂ%(%&lfﬂﬁ 328
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salts of high molecular weight sulfonic acids and are produced using
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enhanced oil recovery process.”21The polyalkylene oxides have
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1alkylandradfenateskurfactbmiedTdiesitsfactants are derived from an
5extracted aromatic feedstock consisting essentially of benzene, toluene,
6xylene and lesser amounts of alkylbenzene alkylated with linear
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19 U.S. Patent No. 4,005,749 discloses the use of polyalkylene oxides as

20  sacrificial agents prior fo surfactant flooding in enhanced oil recovery process.
21 The polyalkylene oxides have molecular weights of at least 1,200. The

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

25  lower than when used as a sacrificial agent.

26 U.S. Patent No. 4,217,958 discloses the use of sacrificial agents, polybasic
27  carboxylic acid or their water soluble salts, in admixture with a chemical oil



15 copolymers thereof having molecular weights between 100 and 1,200
with 16chemical flooding. The concentration of the polyalkylene glycols
i 1-0.5 weight percent. The preferred polyalkyle | are.
g@‘?y%jtl%ééﬁggwand polypropylene glycols. 19U.S. Patent N?ﬁ%ﬁ@gégsm
discloses the use of polyalkylene glycols or their 20copolymers for
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23example, between 1-100 kilograms per cubic meter. 24U.S. Patent No.
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the hpatpenesated Guning&ihe aeuiraigetigmeeaction to drive off the
water present in the reaction 7mixture. The resulting free flowing alkylaryl

sulfonate éE)owder Is at least 890 percent active. When dissolved in water,
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comprising alkylxylene 11sulfonates in which a substantial portion of the

121Ky PR FBREFSaRacliDR REsfa st dabkinadiriolydmendanate having
1direcilyeppostiaitaihe adignetem Meiebn kS usbGopusitEms are derived

from para-xylene or isomer mixtures 14comprising substantially
para-xylene. These alkylxylene sulfonates are useful 15as surfactants,

1particuiarielieeiihant 4o dPrscdveigsricinidires lIBUY S kPatsnoNeols or
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or more alkyltoluene sulfonates in a saline aqueous solution. 18The

Tinproversient toviiised Recraaniy imban o'dhin ReNAlsHe B e sFoivorsed is
17 0.01-0.5 weight percent. The preferred polyalkylene glycols are polyethylene

18  and polypropylene glycols.

19  U.8. Patent No. 4,589,489 discloses the use of polyalkylene glycols or their
20  copolymaers for surfactant flooding or for preflushing. It is preferred to use
21 polyethylene glycol having a molecular weight of from 800 to about 1,100.
22  The concentration used is dependent on the subterranean formation, for

23  example, between 1-100 kilograms per cubic meter.

24 U.S. Patent No. 4,608,204 discloses a process for the preparation of a low
25 viscosity aqueous alkyltioluene or alkyixylene sulfonate with the addition of
26 sodium chioride during neutralization or after neutralization. Such low

27  viscosity sulfonates are useful as surfactants in enhanced oil recovery

g,



19alkylpolysaccharide surfactants for enhancing the solubility of the
alkyltoluene 20sulfonate. The composition enhances calcium and sodium

i0, erance of 21the alkyltoluene sulfonates. 22U.S. Patent NQ. .
%Q%é%!@é% %}(s'closes an improved alkali surfactant flood 2:’>progt\i&§s§;J With 025328

ultra-low interfacial tension. The surfactant system contains 24(1) a
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optionadlly; a honionic surfactant or mixtures of nonionic surfactants or
26sulfetiss endadiexyiitesrefariéde nonionic surfactants. The anionic
27surfactants are sulfonates derived from alkylbenzene, alkylnaphthalene,
2 about C24. 3U.S. Patent.Na. 6,043,391 discloses new anignic .
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beneficial to obtain use elds of the final product. 10U.S. Patent No.

8,26988¢ arstigst¥can'BNFe civer proBeLs asiNg PP pUtRIRE PIaeIE ) have a
alkylarylsulfenates detvedifrons ansalnfisaelefinystreamdiaying a 12 broad

distribution of even carbon numbers ranging from 12 to 58. The 13
aromatic hydrocarbons used to produce the alkylaryl sulfonates may be
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discloses a surfactant blend for lowering the interfacial 17 tension
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(published for SCI by Elsevier 22 Applied Science, London and New York,

1991). 23SUMMARY OF THE INVENTION 24 In a first aspect, there is
1Brovided BRdARY Iinesifédte S iR @Rt feacsss for enhanced oil recovery

17  employing one or more alkyltoluene sulfonates in a saline agueous solution.
18  The improvement comprises including into the said solutions one or more

19 alkylpolysaccharide surfactants for enhancing the solubility of the alkyltoluene
20 sulfonate. The composition enhances calcium and sodium ion tolerance of

21 the alkylfoluene sulfonates.

22  U.S. Patent No. 6,022,834 discloses an improved alkali surfactant flood
23  process with ultra-low interfacial tension. The surfactant system contains
24 (1) a mixture of anionic surfactants; (2) solvent(s); (3} a strong base; and
25  (4) optionally, a nonionic surfactant or mixtures of nonionic surfactants or
26  sulfates or carboxylates of these nonionic surfactants. The anionic

27  surfactants are suifonates derived from alkylbenzene, alkylnaphthalene,



25 recovery processes, having the general formula : 26 wherein R is an

alkyl group containing from 10 to 58 carbon atoms, M is a mono-valent

cation, and the alkylxylene moiety is alkyl-ortho-xylene in at least 85

percent of the total alkylxylene sulfonates and wherein the alkylxylene

moiety in the alkylxylene sulfonates contains greater than 70 weight

percent of the 4-alkyl-1, 2-dim I | s atachmat©f and
the ﬁﬂ‘ﬂ@&ﬁﬁ%&ﬁﬁ@%%ﬁ%emﬁy%ﬁ@aﬁl wlé%i%glfonates is at I
positisthiher than the 2-position along the alkyl chain in at least 40

weight percent of the total alkylxylene sulfonates, and wherein the alkyl

tai distributi f alkyl chain lengths wherei | '
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with thedds teaussaliticikiijée RO MEIUTE THRALS (FHES Qpg&cid
drocar f o, \vedlr.T bieigresentdisalgsutiiis. directed to
IkyI%%r@eg{;%ligogr%te oESgLrél)(rEl%nced oiT1 rg?overy (EOR) processes. The
alkyllxylene moiety in the alkylxylene sultonate of the present disclosure
100NtajNs, grepierNbas ZeoEstaliscbtes avOHIIGENGRTREAGE bEHEbAParticular
isomer and wherein the attachment. VhiRRAIBRACBRERIA MiRing a
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4Ehe mq]tg‘%g[ pHoRAlierRley seesifactants, such as alcohols, alcohol
ethers, 8polyalkylene glycols, poly(oxyalkylene)glycols and

poly(oxyalkylene)glycol 9ethers, or mixtures thereof. 10It has been

1disconepetl 1bed 3ae diditcidene an@ié‘@ctﬁnhal%{mgyigwgrgmg?%{@tﬁ%gal
1}“_9 pg’ﬁer?feig% %g’%l{%qé{%f%ﬁ‘&aéaﬁ%g@m{ #asnRarRewentetdbery. The blend

alk enzene isomer and wherein the attachment
the atkyhgricep & i&&sm&@@ﬁghﬁgwlm%ymﬁﬁ&c{;aﬁﬁﬁﬁ Joytd a%u%factant

{eesitions Righet {8aRdhad daesifien alooiaoibemdob adobimscridlis s
east 40 percént provide an EOR 15surfactant having low Interfacial
Tension (IFT). 16In particular, the present disclosure is directed to

2alkylyytese el fasmdissfon Eniennatel 6RPEROVERHIECe 3
QQiene{)a:f g?égg)l@lgfv]&rc%ggg'es edited by M. Baviere (published for SCi by Elsevier

22  Applied Science, London and New York, 1891).
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23  SUMMARY OF THE INVENTION

24 In a first aspect, there is provided alkylxylene sulfonates for enhanced oil

25  recovery processes, having the general formula :
26



19 wherein R is an alkyl group containing from about 10 to about 58
carbon 20 atoms, M is a mono-valent cation, and the alkylxylene moiety in
the 21alkylxylene sulfonate is alkyl-ortho-xylene in at least 85 percent of
the total 22alkylxylene sulfonate, and wherein the alkykylene moiety in the
alkylxylene 23sulfonate contains greater than about 70 percent of the
4-alkyl-1,2-dimethyl 24 benzene isomer and the attachment of the alkyl
group to the xylene moiety in 1the alkylx sulfonate is at positions
higher than the 2-position along the 2alkylichain in at least 40 percent of
the total alkylxylene sulfonate of the 3présétitdisclosure. 4Preferably, the
alkylxylene moiety is alkyl-orthozsylens-in at4east @8:percent 5of the total
alkylxylene sulfonate. 6Preferably, th - éne moiety in the
alkylxylene sulfonate contains. greater 7 tifan apout 80 percent of the
4-alkyl-1,2-dimethyl benzene isomer. More 8preferably, the alkylxylene

moiety in the alkylxylene sulfonate contains at least 990 percent of the
4-aicfrein- Byt kehgrnwissriain ngdrarudiiies T8 m@on atoms, Mis a

104aheylhidrimathy! Benzerepniinend- Aokl 2sdimotytRensaiiesareat

given 1lbelow.

12)eankB0 pommEnlberstckikyiens sifiefdipeAzensespiibrbly,

the;alachaRNERfidhe Akt HRYR IR e HtenRa moiiyisiat LAeagiHaRs) 70
higher than the 2-position along the alkyl chain in at least 45 percent 150f

theMBie eneseTE R Diréralty hhdrbrésihtdiapie it saaeiAeatBethe
16atkyberosm tr the xylsnemaiely isakpesitionsibighsrtaaisylene

2-position 17along the alkyl chain in at least 60 percent of the total o
algpineatss iR shaesiigThghaednas 1or rrdoalionsiergthsealy! chain in

positipasorpthr gabesrebainPiHBackapt BraERd G TR MyleRe ARaIQ N
given below. 14-alkyl-1,2-diniethylbe zene3-alkyl-1,2-dimethylbenzene
the alkyl group contains a distribution of alkyl thain lengths wherein the

alkyt chain lengths comprise from 40 o 80 weight percent Cyp to Cyp and 5

to 15 weight percent of Cs; to Css.

In a second aspect, there is provided a method for enhanced oil recovery
from a subterranean hydrocarbon centaining formation, which method

comprises;

(a)  injecting into the formation an aqueous solution containing
alkylxylene sulfonates effective for the recovery of crude oil wherein the

alkylxylene sulfonates have the general formula:

-Ta-



2In the above structures, the values of x and y determine the attachment
3position of the alkyl group to the xylene moiety on the carbon chain. For
4example, for a 012 alkyl group, the value of x equal to 2 and y equal to 9
5corresponds to the attachment of the alkyl group at the 3-position on the
alkyl 6 carhgnrighainy 3byvefwtEy+1 equal to between 10 and 58,
knowing x and y 7 provides the attachment of the alkyl group to the xylene
moiety for the corresponding chain lengths between C10 and 058. 9The

mono-valdi CHaRiR HthE e Renib Wirdhataqe et gIRAIMYRdNIected info
10RrRferaRIvttie8 kadrarsiabis-sedivarda ReRaTYAleAt S aHABIHAXRE.

an 1lammonium ion or an organic ammonium ion. 12 The alkyl group in

the alkylxylene sulfonate of the present disclosure is derived 13from a _
lineAPEIPFRSBIEMHISS asbhseitAersienhie ahngTrorH ipie ferignhanced o

14aheut/asqar ﬁ%@@sé’é@f%@@l@{lkﬁl&ﬁwé greusisleretkinomeane
linear 15alpha olefin or isomerized olefin containing from about 10 to
abotit e ireRIBRR I deie ENA kR URFIY i id BaReattahthe
a linear alpha olefin or 17isomerized olefin containing from about 12 to
about 30 carbon atoms. 18The alkyl group in the above alkylxylene
sulfonate contains a broad 19distribution of alkyl chain lengths. The upper
heavier range C32 to C53 may 20 comprise from about 5 percent to about
15 percent of the alkyl groups and 1more preferably from about 8 percent
to about 12 percent of the alkyl groups. 2 A preferred distribution of alkyl
chain lengths comprises from about 40 to 3about 80 percent C12 to C20.
A more preferred distribution of alkyl chain 4 lengths comprises from
about 50 to about 70 percent C12 to C20. 5Another embodiment of the
present disclosure is directed to alkylxylene 6 sulfonate for enhanced oil
recovery processes, which composition is derived 7 from ortho-, meta-
and para-xylene, and wherein the alkyl group contains from 8 about 10 to
about 58 carbon atoms, and the alkylxylene moiety in the 9alkylxylene
sulfonate is alkyl-ortho-xylene in at least 85 percent of the total
10alkylxylene sulfonate, and wherein the alkylxylene moiety in the al
kylxylene 11sulfonate contains greater than about 70 percent of the
4-alkyl-1,2-dimethyl 12 benzene isomer and the attachment of the alkyl
group to the xylene moiety in 13the alkylxylene sulfonate is at positions
higher than the 2-position along the 14alkyl chain in at least 40 percent of
the total alkylxylene sulfonate of the

_Th-



15 present disclosure. 16Preferably, the alkylxylene moiety in the
alkylxylene sulfonate is alkyl-ortho- 17xylene in at least 95 percent of the
total alkylxylene sulfonate. 18Preferably, the alkylxylene moiety in the
alkylxylene sulfonate contains greater 19 than about 80 percent of the
4-alkyl-1,2-dimethyl benzene isomer. More 20preferably, the alkylxylene

iety | Ik | : ' 0 f
O U e SR A B e v e

4-8\kylebdatimbaityfh e sre rmunsiryRbRGATODsdiigheshBarike Fepaniion on
given %ﬁ&%l?ﬁfcé@%’ Edpdimethybenzeued-altyirha shaiadbenzessure is also

2Preferably, the attachment of the alkyl g};:up to the xylene moiet)%in the
abbve Gkl e sanaiifondrs RNEENIREIBIRS RgHBMRRRHEDLposiREHranean

aleng the sl dehainiableasiiiypersentoiibadeiaraiaybayiane present
sulfonate. Mare preferably, 5the attachment of thi alkgli%roup to the
n

xylendlingieRytie Aol iRy Aih e Ciffe SR i G e Qg nedia. The
chain inahlepsbithpricsnbriy ectetatatadyboserteast ifionatsts Taleohol ethers,
o e e e e A R RSB o

- g4ralkythdn? -dimethydbetizenes-allc31-1,2-dimethylbetizene 10In the

above structures, the values of x and y determine the attachment
11position of the alkyl grouF%to the xylene moiety on the carbon chain. For

18exairyie, Hopm Eeo¥modral BhardyaeBr UGN e aiRvigesbonate
9 1 3coripannadsiiaibesllrchinsentshiheaky sravp@bthesinasiiion-akyl-1,2-

the alkyl 1carbon chain. Thus, for x+y+1 equal to pbetween 10 and 58,
iR B 8RR R SR Bt AT Gk EeRdo the
rRietyRhehgicericsne ipl thad sldfutite bepusitor(s Highad iGar e

mono-valent catipn in the alkylxylene sulfopate.is an,alkali metal. .-
ot R AR A e A D R Py OR
- 6sammoriastaniohaviran ovg it facishoritsienditT). '

16  In particular, the present disclosure is directed to alkylxylene sufonate for

17  enhanced oil recovery processes having the general formula:

CH3z

18 R

18 wherein R is an alkyl group containing from about 10 to about 58 carbon
20 atoms, M is a mono-valent cation, and the alkylxylene moiety in the

21 alkylxylene sulfonate is alkyl-ortho-xylene in at least 85 percent of the fotal
22  alkylxylene sulfonate, and wherein the alkylxylene moiety in the alkyixylene
23  sulfonate contains greater than about 70 percent of the 4-alkyl-1,2-dimethyt

24 benzene isomer and the attachment of the alkyl group to the xylene moiety in

8.



7The alkyl group in the above alkylxylene sulfonate is derived from a
linear 8alpha olefin or an isomerized olefin containing from about 10 to
about 958 carbon atoms. Preferably, the alkyl group is derived from a
linear alpha 10o0lefin or an isomerized olefin containing from about 10 to
about 40 carbon 11atoms. More preferably, the alkyl group is derived from

a linear alpha olefin or 12 an isomerized olefin ¢ [ning gr t
bouts AR S o b e e e i e the
splfonattg! epaiaimsaa lernad ddistrib ofitredetaisiuhaianertienateciiiser
heavi e €53 may 15 comprise from about 5 percent to about
1§ pe%é%@gtf?}%e% %)I%?/ groups and 16more preferably from about 8

percent to about 12 percent of the alkyl groups. 17A preferred distribution

of alky.ghaimlengthsicamprisesdiet isleii 40 o-kBabeunas ket grrzent
to C20. A more preferred distributjon of alkyl chain 19 lengths comprises
flom abii Strlcikyuiers ﬁ@‘fj@@ﬁ{ecﬂ to C20- 20A further embodiment of
the present disclosure is directed to a method for 21recovering crude oil

from (CQNtRiR fiens 2R whichaneihe
A L e

comprises.

Conteiningsha B ASmeuerBIA Bty SIS AL G RRRE BATBpr More:

alkybrylene 2Rsulfonatos afectivedy heeegryRpentasuderpile\haneinghs least
26al%xylene sulfonate has the general formula: 2 MS03. CH3, 3 hereifn
"a'ﬁ“ ciuges tor the

R is 49 arsiaioRlite Aralknig A SEB CEH B SIS0 H5s Edron Stomme,
14 is a.meporvalaRiEalPPeaihihena bybGiatigl Bnletitysih vhoeakyheleregiven
sulfonate Is alkyl-ortho-xylene in at least 685 percent of the total

1Ikyl>affgf’ﬂé sulfonate, and wherein the 7alkylxylene moiety in the

alkylxylene sulfonate contains greater than 8about 70 percent of the
4-alkyl-1,2-dimethyddpenzene isomer and the 9attachment of éﬂe alkyl

group to the xyleng moiety in the alkylxylene 3

CHj ohy

12 4-aikyl-1,2dimethyibenzene 3-alkyl-1,2-dimethylbenzene

13 Preferably, the attachment of the alkyl group io the xylene moiety is at

14  positions higher than the 2-position along the alkyl chain In at least 45 percent
1.5 of the fotal alkylxylene sulfonate and more preferably the attachment of the
16 alkyl group fo the xyiene'moiety is at positions higher than the 2-position

17 along the alkyl chain in at least 60 percent of the total alkylxylene sulfonate.

18  The structures for the various attachment positions on the carbon chain of the

19 alkyl group to the xylene moiety are given below,



10sulfonate is at positions higher than the 2-position along the alkyl chain
11in at least 40 percent of the total alkylxylene sulfonate of the present
12disclosure; and 13(b) displacing the crude oil with the aqueous solution
injected into the 14formation to thereby recover hydrocarbons from a
production well. 15In step (a) in the above method, the alkylxylene
sulfonate is present;in the 16 range of about 0.03 weight percent to about
2.0 weight percentofgthe total 17weight of the aqueous soluA
Preferably, the co ositiod§3present in the 18range of about 0.1 weight
percent to aboug "5 weight percent of the total 19 weight oft Qi

percent of the total weight of the aqueous composition. WO
2005/018300 IUSx (?_14/025328 1In the above method, the alkylxyigte:-
moiety in &tépX(a) is prefefdbly 2alkyl-ortho-xylene in at least 95 percent
based on the total alkylxylene 3sulfonate. 4Preferably, the alkylxylene
moiety-akiid Alkybatieibesetfonate contains gre%?é%"g'ﬁ%‘ﬁ‘% Zene

percent of the 4-alkyl-1,2-dimethyl benzene isomer. More 6preferably, the

IKylxyl iety in the alkylxylene sulfonat ins at Jeast. 79
oo BF (RN AT 2o o BT L Sl e St

82-alkylsii@adifriethaikdybgranetariba bl SralkydidiRedithet gl henzbaie aféor
given 9below. . 04-alkyl-1,2dimeth - -1.2-dimethyl
ey e S B S S R S e L COEES
dbovedrBaikyhyicngsuibaatensritop datidiy! Bigherlas theasigesinerihe atkyl

%On%ﬁ}sc?ﬁlﬂ‘sﬂ&iﬁ?@@é,w ﬁ%i%ﬁqesrf@ BLRIEE 18tahal ke RRBng x and v

sulfonate. More preferably, 14the attachment of the alkyl group to the
& lenerpvisies, the atisesimems qa,ﬁéh@,a[kyi group to the xylehe moiety for the

8 corresponding chain lengths between Cqo and Css.

9  The mono-valent cation in the alkylxylene sulfonate is an alkali metal.
10  Preferably, the aikali metal is sodium. The mono-valent cation may be an

11 ammonium ion or an organic ammonium ion.

12 The alkyl group in the alkyixylene sulfonate of the present disclosure is derived
13 from a linear alpha olefin or isomerized olefin containin§ from about 10 to

14 about 58 carbon atoms. Preferably, the alkyi group is derived from a linear

15  alpha olefin or isomerized olefin containing from about 10 to about 40 carbon
16  atoms. More preferably, the alkyl group is derived from a linear alpha olefin or

17  isomerized olefin containing from about 12 fo about 3C carbon atoms.

18  The alkyl group in the above alkyixylene sulfonate contains a broad
19  distribution of alky! chain lengths. The upper heavier range Cs» to Csg may

20 comprise from about 5 percent to about 15 percent of the alkyl groups and

-10-



15than the 2-position along the alkyl chain in at least 60 percent of the
total 16alkylxylene sulfonate. The structures for the various attachment
positions on 17the carbon chain of the alkyl group to the xylene moiety are
given below. WO 2005/018300PCT/US2004/025328 CxH2x-E1
14-alkyl-1,2-dimethylbenzene 3-alkyl-1,2-dimethylbenzene 2In the above
structures, the values of x and y determine t hment gggﬁ?itioqi% the

it
alkyl @a@cﬁan@fﬁ&akwéwrﬁé%{%e{ﬁé%é%%%gﬁ%PEB‘%BE SRS S
CA.2 glioylreprds dhsrilissnalpargietdm Zoanthy: eomalised Foomespentsto

to the attachment of the alkyl group at the 3-positign.on the alkyl bho
chain TR AP g b 1o e ke Al FEAR

atfachspgmofsheradied goouptiouhEdtyleheurhdibpeforthe eorrésponding 8
chain lengths between C10 and C58. 9The mono-valent cation in step (a)

in the above method is an alE li metal. %Oé?ge{f%g%brgi S%%&';’%%H %eéﬂl ig{ i
sbdiuAnathemRsMRRAIRRTEHET MIETBE ST TaMmonium fon oran - *Y1ene

O§gaNiG NSO R XHidRhckd Fhecatiod grourdzstepvipichidbeabsitien is derived
method Is derived from a linear alpha 13olefin or arﬁon@izerd oIefir}ﬁ:aiﬁs from
chntaiimRLCRERr dBBIR- AP AR 88 T ARD N GHREHLS BIXFERN tHE

adky! gmfi@ (ﬁ@@g@dﬁmmmatmhaﬁmeﬁe aliginylSrisonaityed tiefin

containing from abqut 10 to ut 40 carbon at ,

R ARV UHAR AT ARG Dlehear s S eeaeee ot

nbefinpontgisingsutionatsoahd v eio thSelsprvbenatoraisty 8ihe alkylxylene
oup in.step (a) in_the ab i IStpUONILG;

Byt SRS aé@?tfﬁegaer%ééérr‘tﬂé?ﬁ%‘%ﬁﬁ?&%@?ﬁ?@%ﬁfﬁ*ﬂmﬁﬁﬁ*“Y'v

feom BrabaetiSopercentithebachmeirebHirling GIRYPJPOISSHUA BRISY In

' 'ﬂgefe{ﬁg '¥1k¥Y>8[@RQ E(ﬂ%%%@@@%?ﬂd%&&%ﬁéﬁéﬁ%an the 2-position along the

14 alkyl chain in at least 40 percent of the total alkylxylene sulfonate of the

15 present disclosure.

16 Preferably, the alkylxylene moiety in the alkylxylene sulfonate is alkyl-ortho-

17 xylene in at least 95 percent of the fotal alkylxylene sulfonate.

18  Preferably, the alkylxylene mbiety in the alkylxylene sulfonate contains greater
19  than about 80 percent of the 4-alkyl-1,2-dimethyl benzene isomer. More

20  preferably, the alkylxylene moiety in the alkylxylene sulfonate contains at least
21 90 percent of the 4-alkyl-1,2-dimethyl benzene isomer. The structures for the
22  4-alkyl-1,2-dimethyl benzene and the 3-atkyl-1,2-dimethyl benzene are given

23  below.

-1~



1from about 8 percent to about 12 percent of the alkyl groups. A preferred
2distribution of alkyl chain lengths comprises from about 40 to about 80
percent 3012 to 020. A more preferred distribution of alkyl chain lengths
GRRRfisassiiRM 4 about 50 to about 70 percent 012 to 020. Fheaboverss2s
method further employs, concurrently with or subsequent to the 6injection
of the aqueous solution in step (a), injecting into the formation an 7amount
of polymer effectivetigr driving the aqueous solution of step (agbinto 8 the
formation to displage the crude oil to thereby recover hydrocgrbons from a

water effective for driving the aqueous solution of step (a) into the 15
formation to displare the crude oil to thereby recover hydrocarbons from a
16production well. 17 The above method further employs, concurrently

with or subsequent to the 18injection of the polymer, injecting into the

f?rmqtié; 0 ameunyetwater 19effective for driving the gaugaussolution

of step (a) or the above polymer into 20 the formation to displace the

crude oil to thereby recover hydrocarbons from a 21production well. 22 In

the abmsferasiiheek Higbydatarbive ialithiegsulxter dmean dommatietyrinaihe above

3inclyd deoil. 24T iQn.i (A) i

ova SRR £ LI RS AR B2 SR SiFtne alky
Weighhainthe shigstetapeisesbabthb defedetkiageng/eutfonate. More preferably,
%005&1%1%%@%%%1%%%%% DR IS HeCR/RMEARERRA T BERBRANG:s higher

metho e an alcohol (primary, 2secondary, tertiary or mixtures
@1eretbf;Déhéal"céﬁéflﬂéfhé@f?ﬁﬁbf.yaléyi@ﬁéfgga[y%hgﬁsbgg,eg@gmgﬁ@ total

g’lycoéil@/iREﬂé’M@M%)%@@Er‘éﬁiéféyfﬁﬁm'érﬁér%&@%’ﬁ%hﬂ@t positions on
poly(oxyal gylcoal ether may be %% C1-C8 mon_o-alk}/I 5ether, such

lene
e eASAET FaeIGRGIoE GIOHE.

FOMRBRETOIRIKATERNPN below.
CH
8 CHy
CH )
: / CHs
\ ‘ CyHayssq
H2x+1cx . CyH2y+1 th2x+1
9  4-alkyl-1,2-dimethylbenzene 3-alkyl-1,2~dimethylbenzene

10 In the above structures, the values of x and y determine the attachment

11 position of the aikyl group fo the xyiene moiety on the carbon chain. For

12 example, for a Cqz alkyl group, the value of x equal to 2 and y equal o 9

13 corresponds io the attachment of the alkyl group at the 3-position on the alkyl

42



6a di-ethylene or di-propylene glycol mono-alkyl or mono-phenyl ether, a
Ttri-ethylene or tri-propylene glycol mono-alkyl or mono-phenyl ether,
8polyethylene glycol mono-phenyl ether, polypropylene glycol
mono-phenyl 9ether or mixtures thereof. 10Examples of the
poly(oxyalkylene) glycol are poly(oxyethylene) glycol and

11poly(oxypropylene) glycol or mixtures thereof 12In the abov% method in g
step (egmyencevainrddiant farinris] B Or BeReeTs' 8. 8adnlig R BEIR AN ¥

toaboyt, & L weightpereaBkef e tatal weightotibeyidaguroissSoiutien.

Preferably, the co-surfactant is in the ran%e of abgut 150.1 weight percent
tGabSATEIP R PartbiareiiR LeIR M Eght St thé 16aqueous

composition. More preferably, the co-surfactant is in the range of 17about

08 Weri%’é‘&%%&%%{&?f%%%gh %n%eégbnggﬁs aLebihedpialyvaight obibe 18

agueous composition, and most preférably the co-surfactant is in the

réngeFotiegabivLte. BlEigneist i sREITRING DR RERIRN berRteR: BRIHS an

tetal weight of the 20, agueous-rompesiiom ShBRIEF DESRIPTION OF
THE DRAWINGS 22 Figure 1 is a chromatogram obtained by Gas

Chromatography of a sample of 23the alkylxylene prepared using )
alumimbenditighipoice in Exarhpie 3Ky Kilermiswigrtp s cenvetiam a linear

fachment %ﬁﬁr%@%g%éeﬁ%qﬁmm k3 26nd Eidsrihon

chains Can be calcula e area under the resolved 26 peaks

showAdreaechabmao greaierapio hecsind S5asD B ETIYEI (e T/gJissg alrha
%(gl' Euﬁ%ﬁﬁi%?gﬂik%ﬁ? Ry ekanchwampbiatactpaa satpebiae carbon
alkylxyle

ne prepared using trifluoromethane sulfonic acid i ,Exam%ﬁalééﬁn or

SFigueéomss Aol riaibrdbecikie ARYR T ERUKGTSTRBAERT 2
ascording de4 thesrihod siaspiie thelabsurasis seslitsootiaisteatoms.

concentration for 5samples of the alkylxylene sulfonate prepared using
alkylxylene described in 6Examples 1A, 1B, 1C and 10 (using _
tafluctometirsyifontbachpae e/ riryRsefraaiaigeiamquriosdiso

OWg; forsRmBlesPERaRlkyepecs HliaRate SpirpargddiSingnay
ikylx@gﬁggﬁégcribaﬁn Examgl%qZ (using hydrogen fl%)rideég)i%the q
Wiyl anrsinalerm #heih flesrenidhgbainim BRGRhR AR aiHoups an

16 more preferably from about 8 percent to about 12 percent of the alkyl groups.
17 A preferred distribution of alkyl chain lengths comprises from about 40 to

18  about 80 percent Cq2 to Ca. A more preferred distribution of alkyl chain

19  lengths compriées from about 50 fo about 70 percent Cqz 10 Cap.

20 A further embodiment of the present disclosure is directed fo a method for
21 recovering crude oil from a subterranean hydrocarbon containing formation,

22  which method comprises:

23 (a) injecting into the formation an aqueous solution containing an
24 amount of an alkylxylene sulfonate or mixtures of alkylxyiene
25 sulfonates effective for the recovery of crude oil wherein the
26 alkylxylene sulfonate has the general formula:

13-



11lalkylation catalyst) and Example 4 (using the ionic liquid alkylation
catalyst). 122DETAILED DESCRIPTION OF THE INVENTION
13Definitions 14 As used herein, the following terms have the following
meanings unless 15expressly stated to the contrary: 16 17The terms
"active" or "actives" as used herein refers to the concentration of
18sodium alkylxylene sulfonates in the Examples described in the present
19invention. The calculation of the actives content as sodium alkylxylene
20sulfonate is described in Example 6 and the data are summarized in
Table II. 21 22 The tem@;ﬁglkylate" as used herein refers to the alkylxylene
used to prepare 23the ajkylxylene sulfonates of the present invention. The
alkylxylene was 24prepared using xylene and linear alpha olefin or
isomerized olefin contai 25from about 10 to about 58 carbon atoms.
Preferably, lﬂb inedr_alpha olefir:gr 26 isomerized olefin contains from
about 10 to abodt 40 carbo/r,l atoms, and more 27 preferably from about 12
to about 30 carbon & XWO 2005/018300PCT/US2004/025328 1The
term "alkali metal" as used Herein refers to Group | A metals of the
2Periodic Table. 3 4 The term "alkoxide" means a compound which can

be f d as.th tion 5 t of | j .
ne torm SRR AR R EERAE AN bAgR e Meal
used in 7congpatiomvetivas)ibhis surfactanisih erivaneed tieratobelgne
processes. 8Ge erall%, ne %igp'%ﬁgggﬁ&g@ ﬁﬂ_&@ﬂ&@m@iggﬂeaﬂ

télerance to@%‘él})y\)glen [o] re water-soluble, and exhibit a wide range
of low and stapercemitef theiddteirmiiohyisaaeidio ptairechiheraddude

. They m 96 rBAUOR I NiSEORHY-0E bishauragiRRtel th
(T)};Le terms aé‘r@?ﬁéﬁggﬂégg\%@%ﬁwgéR as used herein re,fe? to 1% o

Processes febenhahERgeRteaa AR flyarBashsheensrre sRara faghe
- 1greservoirsTephniauesfer Mmprevng dishlesementeiitjanaionikwiesene

10 sulfonate is at positions higher than the 2-position along the alky! chain
11 in at least 40 percent of the total alkylxylene sulfonate of the present
12 disclosure; and

13 (b} displacing the crude oil with the aqueous solution injected info the .
14 formation to thereby recover hydrocérbons from a production well.

15  In step (a) in the above method, the alkylxylene sulfonate is present in the
16  range of about 0.03 weight percent to about 2.0 weight percent of the total
17 weight of the aqueous solution. Preferably, the composition is present in the
18  range of about 0.1 weight percent to about 1.5 weight percent of the fotal

19 weight of the aqueous composition. More preferably, the composition is

20 present in the range of about 0.3 weight percent io about 1.0 weight percent
21 of the total weight of the agueous composition, and most preferably the

22 composition is present in the range of about 0.5 weight percent to about

23 0.8 weight percent of the total weight of the agueous composition.

A4



15efficiency may be used for the exploitation of an oil field by introducing
16displacing fluids or gas into injection wells to drive oil through the
reservoir to 17producing wells. 18 The terms "Gas Chromatography" or
Weasssd herein refer to Gas Liquid 19 Phase ChromatoBdjifzeo4/623328
20The terms "interfacial tension” or "IFT" as used herein refer to the
surface 21tension between oil and water of different salinities. To achieve
High 2pthehabwedoitreco eeya kysalevessaigiyonsiricéathis preidsaidy
NS AIANRERALS P ADGN G RIRE I HARIASEIYRL IAA00KYAne
yne per 24centimeter. These ultra-low interfacial tensions are measured
dsingsel288fnning drop tensiometer. Interfacial tension may be also
measured by any 26known method for measuring interfacial tension. WO
005/01830 T/US20041025328, 1The term yisomerized olefin" as used
Foreln PATRRC Lt AEHE TeRer i ot Dee St s el preater
¢onditiensiivnit B esuttsrihcriatéraltibh otiBtdidistdbators tfomen|dfiore -
ecj [ introducti f ' .
?ﬁaiﬁgﬁseﬁg;‘iﬁé‘g( &gr% IR me%@r}iﬁ}%ﬂ% alorgthe g&‘%mg at least

m micr ulsion™ as used herein refers to a stable

rhiceRErnssarsvborditalidet, adueautbbe e piidhaly bhe sirmmbtes for the
glectjolytes AVigtR@mysionsare-defieedArhpsepmisionsRRNAG A yiven

average particle 8 sizé of about a few nanometers in diameter. 9The term
theutt@iP¥éd" as used herein refers to alkylxylene sulfonic acid
10neutralized with an inorganic or an organic base, such as an alkali
metal 11hydroxidezigxide and/or alkoxide, ammonia, an organic amine or

an alkanol 12aming

usually consisting 170

. 13The terms "optimum salinity” or "midgemt salinity

a variety of light and intermediatg hydroc bons,

such as paraffind~aad 18aromatic hydrocarbons, wax paraffins and.g

variety of other heavy organic 19compounds, such as resins &nd R
asphaltenes. R
10  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethylbenzene
11 Preferably, the attachment of the alky! group to the xylene moiety in the above
12 alkylxylene sulfonate is at positions higher than the 2-position along the alkyl
13  chain in at least 45 percent of the total alkyixylene sulfonate. More preferably,
14  the attachment of the alkyl group to the xyiene moiety is at positions higher
15  than the 2-position along the alkyl chain in at least 80 percent of the total
16 alkylxylene sulfonate. The structures for the various attachment positions on
17  the carbon chain of the alkyl group to the xylene moiety are given below.

-15-



20Unless otherwise specified, all percentages are in weight percent and

the 21pressure is atmospheric pressure. 221t has surprisingly been
discovered that in the alkylxylene sulfonate of the 23present invention the
atiachmentposition of the alkyl group to the xylene 24moiety 48 iHypHrtaa32s
for obtaining low interfacial tension. The best results were 25obtained

when the alkylxylene moiety in the alkylxylene sulfonate contains

26greater than 700}5'ércent the 4-alkyl-1,2-dimethyl benzeneclp@,sed on the
total WO 20051018300PCPUS20041025328 lalkylxylene gulfonate.
Furthermore, thg [ gre attachment along the 2carbon ghain of@]%
alkyl group tofthe xyle e moiety is also surprisingly 3impgttant$qe~
obtaining low finterfacigl tension. Attachment of the alky] group
xylene moiety~af.the atkylxylene at positions higher thamn.the 2-pgsi
5along the alkyl cérbon chain provides an EOR surfactanthaving Tow
interfacial 6tension. It is preferred that at least 40 percent of the total

13C-Nuclear Magnetic 9 Resonance spectroscopy (13C-NMR) were used

to defermine g aliachument: d0position along thelkikyl Salivorichiainene
11Alkylxylene containing from about 10 to about 58 carbon atoms was
prepared 12from ortho-xylene. Alkylation catalysts, hydrogen fluoride

@HF) J Bteitabanensétheinessufeniciicisl ¢OF3SDB ERLeimib e attanbrivnt

H@.“!&é@%@gg %%AQWI\C/@IMHMSQF@W&H@%?&SPUMH@E&?MMEn. For

oroaluminate, Were 15used to alkylate ortho-xylene. The nature of

the athgatn GanalPaeityb ey torariuR abremiining 2rRNdinaliehto 9
BOSI{oR-98 G A ARBE RSN G M@ﬂg&nglw@@@sﬁmﬂm thethe alkyl

aluminum chloride and methyltributylammonium 18heptachloroaluminate
BpicahPgivehatre thas 60 péidehErabio Py %@Hlﬁgl-aTgﬁ%m&W xandy

benzepe{daied-ariTany8Ig base toandhel plalrashsyid ofribe@f sponding
alkyl%le_ne proguge%. On the other hand, when hydrogen fluoride or

51 1rif1BIOIFBEHRH BLWRSI 42 RS T&d as the alkylation catalyst, a
mixture of 224-alkyl-1,2-dimethyl benzene (4-alkyl-ortho-xylene) and

§'alk’ﬂ1‘é%ﬂ&?%ﬁ@%?ﬁ@éﬁ'@iﬂ'Mé"ébéi\)@ﬁ%}ﬁ%@m@ﬂ%@(aﬁ metal.
Typically, the yield of the 4-alkyl- 241,2-dimethyl benzene

1-alkyrisid R ienalal 288 Fospeivant HARBPBR YRent cation may be an

11 ammonium ion or an organic ammonium ion.

12 The alky! group in step (a) of the above method is derived from a linear alpha
13 olefin or an isomerized olefin containing from about 10 to about 58 carbon

14 atoms. Preferably, the alkyl group is derived from a linear alpha olefin or an
15  isomerized olefin containing from about 10 to about 40 carbon atoms. More
16  preferably, the alkyl group is derived from a linear alpha olefin or an

17  isomerized olefin containing from about 12 {o about 30 carbon atoms.

18  The alkyl group in step (a) in the above method contains a broad distribution
19  of alkyl chain lengths. The upper heavier range Cs2 to Csg may comprise from

20  about 5 percent to about 15 percent of the alkyl groups and more preferably

-16-



25total amount of the alkylxylene produced. 261t has also been observed
that the attachment position along the carbon chain 270f the alkyl group to
the xylene moiety is important for obtaining lower IFT 28data. Attachment
efdheoaliadsgroup to the xylene moiety at positions higher 29R&&t $kg4/025328
2-position along the alkyl carbon chain provides an EOR surfactant
30having lower IFT. It is preferred that at least 40 percent of the total WO
20057248300k G THiS2004/Q2B 828 Taikodry lehib s alioh ate o fositdared

L

carbon chain. were u ne the attachment

Bositidn &ioBg thie ralivy pealsoir i ARy IRV R sifftrisrotiontamipgses from
nporethan ?Q ‘{&eé%m aachmantal pesitions Shigher than the 2-position

along the alkyl carbon chain may be obtained by 6the use of
pre-isomerized olefins containing internal double bonds. 7It has been

ﬁiscmﬂ@_bﬁv@t mlendﬁeréjkyb@yiplngs'sqmmpmedtbsmg? thesBakedption to the
atalysttiioremethans sulBIRACIA (330 BRkiAltormation an

alky&??e'r?e sul e present inve S an‘optimum salinity at
100.6petseént sodjurarcHferitie: OndhvingHeeRnG oW ealaliomipfurier (2) into

gichlgride 11(AIC13)isusedifor arepanngthcpllvhyiene sWinnaelibeon a

present invention, 12the optimum salinity is 0.3 peércent sodium chloride.
¥he ErRURGGId Eatllation 13catalyst methyltributylammoniumchloride
exhibits an optimum salinity at 140.4 percent sodium chloride. Thus, the

Ikylxyl [fonate of t i ti ) vel
SRR ene S ey D e Sl oad

10.2 tpdlySqeivaiie]7 flgaorgsemidiaverstipariabidy/dicivted roianatdesaide.
for enhancing the recovery 18of oil from a subterranean reservoir which

ond R ANTIB RSP I P 20U e O AL se font o the

1alkylxjianesulftnates obtihespeianirirnieptie) Rjsffiectivecithefthamatiog an
e recovery of crude gil. 22In additi h f e ojyti
Eom AT AR PO B BB S AR o the
1 enhdooimatitetvetiopisedhercdd @ ibiZodhaoeiyecoyahhydrastponaiem a
1 gnay S&B@ﬁﬁ%&pncurrently with or 25subsequent to the injection of the
aqueous solution, effective for driving the

17 The above method further employs, concurrently with or subsequent to the
18  injection of the polymer, injecting into the formation an amount of water

18 effective for driving the agueous solution of step (a) or the above polymer into
20 the formation to displace the crude oil to thereby recover hydrocarbons from a

21 production well.

22  in the above method, the hydrocarbon in the subterranean formation may

23 include a waxy crude oil.

24 The aqueous solution in step (a) in the above method further employs &
25  co-surfactant having a molecuiar weignt in the range of about 60 to about

26 1,200.

-17-



26aqueous solution of the alkylxylene sulfonate into the formation to
displace the 27crude oil into the formation to recover hydrocarbons from a
production well. WO 2005/018300PCT/US2004/025328 1The injection of
thepolymerunay be followed by an injection of an amount ofFZW&iBT004/025328
effective for driving the polymer into the formation to recover
3hydrocarbons from a production well. Alternately, the injection of an
amouFfi=tof \watiicesfe dtivbdabdrivint thedatieiyterie slgtfonbfprofang

esent invention 5.into tion to Y ons, fr
e b i A

pblyrgécohroiiey @kgatativecrighohies M(@@amwaw Gl RE E_‘ﬁixtures
%'y%ré‘%ff.dw&&&@&yw@@5%98%%@%@%9@1%%@%
0 ydrocar

the formation to recover ons 9 from a production well. 10 In the

dbovethmstisoghtae eiuteRa B IR Ise S GhER AR IINh Al SPRRp ! ether,

Hla Vé%i%ﬂﬁ#@%@mj%a isiablocrsuHaciagiomayapiesaly dedsed
with the alk?/

" xylene .13$§;ﬁnate of the preseptpénvention. Ii_lxa I%as of
lich SHAH ETEo S TALEEME 22l e B QTR FE P A Tene
glycole|palyiexadnteneahcolsehbastaohtmyatiitereiiigobhethersheny!
ay optionally be use% along with the 16alkylxylene sulfonate of this
irﬁverﬁ%ﬁrfBF gﬂﬁﬁfﬁgﬁ} fioot ing. 17Preparation of Alkylxylenes 18The
alkylxylenes used for the preparation of the neutralized alkylxylene

7HPsulionis asidsref thedpressAlNKPRY O EBRY B BRRBRIREHMEASOIMEN and

alpha 20olefins and isomerized olefins by any method known to a person
TskilleBOH (e preRes S HaNERl T AHERRHE $hy be prepared using acid

catalysts (Bronsted or 23Lewis acids), such as hydrogen fluoride,

; sle ich as hydrogen fu
A e e A S

1idse i8.Bretaright priBenhlLRRR 26 26iglbivarsen I dhotaliah i b the

aydrogen duordesExapritkaRows bakidiédala phisineddisiabout
trifluoromethane sulfonic acid as the alk!%/latlon cata‘\tl}/ﬁé t\(/)\48(% weight of the

12005001 WEHB EFIERSD do akpE dog Weidht percent o

16  aqueous composition. More preferably, the co-surfactant is in the range of

17  about 0.3 weight percent to about 1.0 weight percent of the total weight of the
18  aqueous composition, and most preferably the co-surfactant is in the range of
19  about 0.5 weight percent to about 0.8 weight percent of the total weight of the

20 aqueous composition.

21 BRIEF DESRIPTION GF THE DRAWINGS

22  Figure 1 is a chromatogram obtained by Gas Chromatography of a sample of
23 the alkylxylene prepared using aluminum trichioride in Example 3A. The

24  weight percent of the attachment at carbon positions 2, 3, 4 and 4+ for Cq2
25  and C44 carbon chains can be calculated from the area under the resolved

26  peaks shown in the chromatogram.
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1correlates well with the data obtained in Example 2 using hydrogen

fluoride as 2the alkylation catalyst. 3The alkylation reaction is typically
carried out with a xylene to olefin molar 4ratios from 1:15 to 25:1. Process
EHPErAHTRE can range from about OC to 5about 200C. As tH& Higthfg025328
have a high boiling point, the process is 6preferably carried out in the

liqui £ The.al lon ma carrled outinb tc
oS % B T B R AR e

autoeliyx degtapeiiaskd 91whgptrrﬂuamb@ﬁ%e@mifm‘uoledrdioﬂ%rdeslhed A.
reaction temperature At the 10end of the reaction, the catalyst is either

recycled (when n fluoride is 11used) or hydrolyzed (when
ORI e 5 it TR e BePB SRASHR e according fo
trrﬂumemmrfrmamkﬁabmammbw Jused)s E3Rocedulita: isnoenization fof

ormal AI efing 14The Isome r|z tlon of no mal alp
Schidved l?sslnog é‘l s¥[f(\}dr(;e%?psés % catr:% alrg?s@ %@ﬂ{@éﬁﬁ ‘%sﬁ\”bed in
Solidtoasipktpiéieiahly Ganat! I@a{ssmgdﬂfﬁmmataihmiwdfam(aaemge the

|eorea§’§%%}e§§tmg&)5 .5 angstroms. More 17preferably, the solid catalyst
is a molecular sieve with a one-dimensional pore 18 system, such as

SM-3, MAPO-11, SP0-11, SSZ-32, ZSM-23, MAPO-39, 19SAPO-39,
ESM-Rier S3Ee26h@ber passibiersalidaeidis datayisisiiseitkiofonate

Orsomerrz ion. |ncI M-3 4 NU:-23. NU-87 and natural or
G Gt L nBIR L R e orice
1@nd aﬁé@aﬂmmamweﬁeEmmp&&é{&k%ﬁﬂaﬁdmmﬁmhlendmes the

1?%% §(58 W 59%%}}@&&@5&5 ?gﬁ&ﬁg\&%y re%erenge&%%r( I‘%urp%%tgs\’, st)

A liquid type of iIsomerization 25catalyst that can be used is iron

1pentacarbonyl (Fe(ZOJ3) BT DE pORESH N OF iFaEmeNzationofinormal
alpha olefins may be carried out 27 in batch or continuous mode. The
rocess temperatures can range from 50C WO
1%00528698608 CT/US2004/025328 1to 250C. In the batch mode, a typical
method is to use a stirred autoclave or 2glass flask, which may be heated
oth ti rocess IS most
jéfflC‘i%ﬁ?%cgﬁr‘%e ou%%rt% Ixe (ﬁq%ﬁoﬁé\%q #g%e ratesin & e léi'%@S&
1procegyessivratjedronih@ taott@sr more weight

16
17  The ierms “active” or “actives” as used herein refers to the concentration of

18  sodium alkylxylene sulfonates in the Examples described in the present

19 invention. The calculation of the actives content as sodium alkylxylene

20  sulfonate is described in Example 6 and the data are summarized in Table Il
21

22  Theterm “alkylate” as used herein refers to the alkyixylene used to prepare
23 the alkyixylene sulfonates of the present invention. The alkylxylene was

24 prepared using xylene and linear alpha olefin or isomerized olefin containing
25 from about 10 to about 58 carbon atoms. Preferably, the linear alpha olefin or
26  isomerized olefin contains from about 10 to about 40 carbon atoms, and more

27  preferably from about 12 o about 30 carbon atoms.
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5hourly space velocity. 6In a fixed bed process, the isomerization catalyst
is charged to the reactor and 7activated or dried at a temperature of at
least 150C under vacuum or flowing 8inert, dry gas. After activation, the

t‘gﬁ)if) Pl bf the isomerization catalyst is 9adjusted to the JEdipdglo4/025328
reaction temperature and a flow of the olefin is 10introduced into the

reactoy. The reactar effluent contajning the partially: 11branche
ifomgrﬁ%etg%?e |rf1?(saqi]sng%%?ec?esd(.’lsr%c}ei}%%ll i"r?geﬁsaf |§lﬁ§/%j aﬁ&g}f als of the
isdreendedliclelins contain a different olefin distribution (alpha olefin,
heta 13olefin; internal olefin, tri-substituted olefin, and vinylidene olefin)
and 14branching content than the unisomerized olefin and conditions are

delectéa fRMbGHHENXEEOPIaRthe aesiPedrslefin distAp i anadas degreection
ef branchingoLaRr asssirsfeLSuienatignef Alkylxviene 17 Sulfonation of

alkylxylene may be carried out by any method known to a 18person skilled
in the art. 19The sulfonation reaction is typically carried out in a falling film
tubulBhedaustorosndimttintchateiboatss ©. Mrbaikybuylentsist plhet dia used in

the reéﬁ}&ﬁéﬁ@mmmtg i fux trioxidg dilpted wffbe%svzgg?gg%sése&

ratio of alkylxylene to sulfur oxide is maintained at about
83PrecasirbictatEINRfv EacRbiSNIRY A sRB S Ulfahligltidolerance to

gANeialtation o allylrlens Suienis acids Hay Derardsg Lyt iIlPand stable
continuous 25or batch &;}%&%sb b)@any method known to a person skilled

1 thdigtesigbisivdere AkallifoPrdResangyesude oil. They may also
120110618300BG& MR I0HHOZSB2S Ieanerathyrihe neutralization

reaction is carried out in an in-line mixing reactor 2in which the alkylxylene

sulfonic acid arld an organic or inorgz}nic“base! are 3 mixed and the
Tfempdiateas wlrtard PhearewnassuELlt anysothaedusiesimt of

18lkalhmetakuses iémgﬁﬁe‘?é&i mbﬁédﬁj@égf%ﬂg%&h &erranean
5alkylxylene sulfonic acid. 6 7TEXAMPLES 8Example 1_9Preparation of
‘Eﬁdkyr)egﬁ%wgz[%in"léechmques for improving displacement efficiency or sweep

156 efficiency may be used for the exploitation of an oil fleld by introducing
16 displacing fluids or gas into injection wells to drive oil through the reservoir to

17 producing wells.

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

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

21 tension between oil and water of different salinities. To achieve high

22 enhanced oil recovery, it is necessary {o reduce the interfacial tension

23 between the oil and the water in the reservoir to about 0.01 dyne per

24 centimeter. These ultra-low interfacial tensions are measured using a

25  spinning drop tensiometer. Interfacial tension may be also measured by any

26  known method for measuring interfacial tension.
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10Trifluoromethane Sulfonic Acid Alkylation Catalyst 11 12Example 1A:

Alkylation of Ortho-xylene with C10-058 Normal Alpha Olefins

13Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

T%)Cé[fg 4639 a 3 liter glass reactor were charged, under nltr%%@ryfs 4025328

904.09 grams of ortho- xylene and 595,91 grams of C10-055 normal alpha
nd allowed to e mixture,was. he 0 60C, Nex

6
B B e e T SR R S S ppat pes
28mixaae subilecstifrin gsoirstriaagexotheiionas ibsepsed witrea aitemat]en of

Eempcﬂ@ 'SARE 19 %25%

cool to r(g%gr%%%t’éﬁperature or %%%s@%%ggg mlnﬁj[r y@ Hi%ls C00 |ng
perideraimeh Porelvib i evatkyusiséhed with cold distilled water followed by
three consecutive 22 water washes to remove the acid catalyst from the

rg hase, The 23 or anlc hase containin alk ne product
s SR o TG R B S ASE L 1 RS I GHE Al olution
distiligdbiindetaredutethptassang 2btisinghadetovapey afmrmbdytesrecover
the
Do e R Oy Pl e
FiflusterrdtEbae sulfonitcasiaairRigdtichapsdatalyst. To a 3 liter glass
reactor were charged, under nitrogen, 852 grams WO

1 300PCT/U 20 4/025328, 1of orth d600 sof .
G10-058 (SO Lot (RO LIGH AU SRy S8 AT B et
10f theeotsd/ukedi m\)itarm‘lahovgemtmnm Tty Bie hatensunixt aiseanas Kadiatestal

140 49:%!}5%::34&%@&19 fraflugr eé'ﬂ%ﬂSr@ 58%' aaid %%8%‘?6%8%%:101

the reaction mixture while stlrrln strong éxoth erm was observe
12 ter@féature increase to 90C. The reaction 6mixture was allowed to cool
60C and held at this temperature for 2 hours. 7After this cooling period,
on wa uenche and. the, al S 8 recovered a

h |
e LR TR SAIA SRR ERARY, e e etk trsignso te
14vith aTn@=058flselnerthec Qlefin SLGAeﬂsﬁxytameewm miepairEdtusimgerfacial

5”““@9%%&%‘%5%&% id.a ﬁc?%gélcatalyst To a 3 liter glass

reactor were charged, un er nitroge grams 12of ortho-xylene and
600 grams of Cio-058 isomerized olefin (normal alpha
16 The term “waxy crude oil” as used herein refers o crude oit usually consisting

17 of a variety of light and intermediate hydrocarbons, such as paraffins and
18  aromatic hydrocarbons, wax paraffins and a variety of other heavy organic

18 compounds, such as resins and asphalienes.

20  Unless otherwise specified, all percentages are in weight percent and the

21  pressure is almospheric pressure.

22 It has surprisingly been discovered that in the alkylxylene sulfonate of the

23 present invention the attachment position of the alkyl group to the xylene

24 moiety is important for obtaining low interfacial tension. The best results were
25 obtained when the alkylxylene moiety in the alkylxylene sulfonate contains

26 greater than 70 percent the 4-alkyl-1,2-dimethyl benzene based on the total

21



13olefin content about 40 percent of the total olefin) and allowed to mix.
The 14 reaction mixture was heated to 40C. Next, 42 grams of

trifluoromethane 15sulfonic acid was added to the reaction m;'ﬁg%ﬁ%%@i'ﬁzsazg

gff?r?%".“ﬂ%’?ﬁong 16 exotherm was observed with a temperature increase
to 90C. The reaction 17mixture was allowed to cool 60C and held at this
temperature for 2 hours. 18After this cogpling period, the reaction was
o e T e, e R et et AR g the
Examptbcdic20E sathplellibD g Adkylatitneofy@rtbonoiEpesthoGio0s8ngly
omerized Olefin 21AlkyIxylene was prepared usi i D81 ar
Aoy e B R A e A group

dnddpriiteogden85iigramé thaaliartndogerieranti G0 saRTS ot TTE-G5epsition
@0”‘&8@%%%1%%% alpha gacaiia canient aheul-Reream @idhtinterfacial

total ole owed to mix. The 25 reaction mixture was heated to

Goc tansiend dtgeapra arediiieiahienintd Rssarahrf igdioiaelotedanne

reaciodnadlFR W e s énslippaRionsaiherEniwas plserpesititheong
temperature increase to, 90C. The reaction 28mixt re)wag ag\ﬁed]to QR/?I .
BoC tiPHRIPATTAR BRibe e D HBRIEPRNESC) &nd | C-Nudlear Niagnetic

8005401838APSIHLIH04125328 LA ter this caaling qetdodirthéveattiohment
y as quey che%ﬁa\ncﬁhe %Ihylxwene as 2 recovered as described above in
xar%%?ésfﬂ\, : 23 %[aé Piis) %%P TN of Alkylxylene using 5Hydrogen
Fluoride Alkylation Catalyst 6 7Example 2: Alkylation of Ortho-xylene with

1 C10ARGNKAALAMPNAISY Sl BARkyY B R AMas e RReR HSIRGRYFERISR pared
fluoride as alkylation catalyst. 90ftho-xylene was alkylate W@ﬂﬁj

1€101685 RORAAMTFRS NIRRT G ORALLOR hh it

1Blantriiherpiteitntant sonsikiedidl(@stidod: ] Wieatjacketietieact ¢A(TiLtand the
liters) in series with a settl 5 liters). The settler 1.2is, for separating th

e R HAIA R e R R ) SR A A e

1fnaimamgﬂ)mﬂ@éahaimdgemyimufréwef@preﬁfﬂhee@i@lxtmﬁmastalays a key

16723809 Ao AT gl alaha Pl ARt ARBIRHERI A M RERMR

was pumped into the Teactor heated to approximately 64C at a raté of
17  analysis has shown that aluminum chloride and methyltributylammonium

18  heptachloroaluminate typically give more than 90 percent yield of the 4-alkyl-
19 1,2-dimethyl benzene (4-alkyl-ortho-xylene) based on the total amount of the
20  alkylxylene produced. On the other hand, when hydrogen fluoride or

21 trifluoromethane sulfonic acid is used as the alkylation catalyst, a mixture of
22  4-alkyl-1,2-dimethy! benzene (4-alkyl-ortho-xylene) and 3-alkyl-1,2-dimethyl
23 benzene (3-alkyt-ortho-xylene) is obtained. Typically, the yield of the 4-alkyl-
24 1.2-dimethyl benzene (4-alkyl-ortho-xylene) is about 70 percent based on the

25 total amount of the alkylxylene produced.

26 It has also been observed that the attachment position along the carbon chain
27  of the alkyl group to the xylene moiety is important for obtaining lower [FT

28 data. Attachment of the alkyi group to the xylene moiety at pesitions higher
29  than the 2-position along the alkyl carbon chain provides an EOR surfactant
30  having lower IFT. Itis preferred that at least 40 percent of the total

22



16approximately 16.3 grams per minute. Simultaneously with the addition
of the 17normal alpha olefins, hydrofluoric acid was charged to the reactor

at a rate of 1§approximately 1.7 grams per minutes along with TS2004/025328
8‘?91%0-%%%3 at a rate of 19 approximately 58 grams per mindt& T2 :
charge mole ratio of the 20 ortho-xylene to the normal alpha olefins was

0 | 1 i id. to th nal
10 i el o 0 ORI S0 B DGR v

dppresafsiin eonuribesalkyhearbeniahgiprddGoansiXiGrd R vesrpassedo
ipto eremARaledksaitenaRddaRsawIERY Eﬁeaémgrb‘@ém@ﬁ 2Aressure.

The organic layer was recovered from the settler and the excess
250rtho-xylene removed by distillation to obtain the alkylated ortho-xylene.
46 \bY2006/618300RETEUS200402682B Ak Kamplech?Rteparaiabbositions
Alkyladen ' \Lmi ' ' lkvlation Catalyst 4 SExample
T A B N R B e R oy
BAIKYIRtsseolBECpREpaREdedstefiafpamain it tsridel sltytatdoodsalyst
by a 7contract manufacturer in a continuous process using ortho-xylene

nd -053 8normal alphg olefins. 9Example 33: Alkylation of
?)rthg-%}(% eﬁg&%\iitﬁ%ﬁﬁ)j? s %giﬂﬁﬁﬂ%ﬁaag@ﬁ%a%fﬁt rePeiRd Upiagshe
feactdkiaierchalalpsl, fideroniebigers, SUihGigrasias(GFLSOIAY-Kydere@ntht
while,gtirg | i j s.added 12to the .
e A0E Nl S el

133&1&6@@%@@@ FOsBYoR BlkrIdeho(is theovthertbasshivdiahetemiperatuichioride
1iNCreAse] 4duecto e exhsE NG @@W%n@&%ﬁgﬁr 8%%%? é@%g‘hinvention,

i ) r
ﬁgeac ion mixture 15never exceeded 21C. At the end of the olefin addition,

he FASARIMHRGAINIBNAS maRiERE Aot aBwiiondewithe dntindiauid alkylation
13tirmingdorsonectiaprAfige thisckiLpRiosk daessaastion \asitHeRChadiANg:
1 ZEhe %Iléylx '!géle Wg& recovFrgg%asgﬁﬁ#?scré?e above in Example 1A

except that 245 WGBSt JARAYORBRSGYLcRiR Gidhe present
1&olutivrvias useyl erdfieciine pweaddshes ioh e DrdaricRephnsedervoirs with
16emeus HEARAYBARTLIG 218 liags Py solubiizing it in the

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 aqueous solution containing an amount of the alkylxylene
20 sulfonate or mixtures of alkylxylene sulfonates of the present invention

21 effective for enhancing the recovery of crude oil.

22 In addition to the use of an aqueous solution containing the alkylxylene

23 sulfonate of the present method for enhancing the recovery of crude oil,

24 optionally, an amount of palymer may be injected, congurrently with or

25  subsequent to the injection of the aqueous solution, effective for driving the

26 aqueous solution of the alkylxylene sulfonate into the formation to displace the
27 crude oil into the formation to recover hydrocarbons from a production well.

23



21laqueous phase. 22Example 3C: Alkvlation of Ortho-xylene with
CID-056 Normal Alpha Olefins 23To a 3 liter glass reactor were charged,
under r_]itro%en, 682.8 grams of 24ortho-xylene and while stirrirggp%gzg? 1025325
Svrgr‘%ﬂso%?ig UPninum trichloride was added 25 to the reaction mixt(re. THe
temperature of the reaction mixture at this time 26 was about 20C. Next,

72. f 3 n | al | ed 27to the.r I
ver L e L A e RS0 Rount o

2005/618B6TFUTAIS2004/a28628 hspikatttolire Crmirsivadotiierniiture
was ¢00lsd10,3R0u-00S andikasAlMIaioRIEAGION WS MAWEDI%UN amount

proceéd at this temperature for two hours. 3 After this period, the reaction

Was queRéeelartvhEaRTKERIES REYHBESVEe ascrrEfREEHHVE fRNtIoN
EExampteRe SRl exd<bRrepRiaters Nk PeriEa rinetRM RBICmay be
Liquid é{jkﬁ/lati(?n %atalyst 7Alkylation of i%r hog}gilene with C10-058 .
RornPSi RISHRCHBRRYT SXrPIsidNaRHE™ ﬁ&% VEly sORRE BT afareatiyy
mixingvbines!¢hef Sreethydtribudydaig midn the clalgricke Wwithi2vinglaseodikylxylene
%Iumin ctlorHﬁ under 1§)nitro‘_9ien. iﬁ{(g)n;tn the rea t(i)o was obtaiﬂegl 36.6D
filliliters of gion?cqua’? Téjﬁygg ion capa?ygtrrgsaé lgtroc\)/vi;‘\e(‘l‘“’(()""r\{ic“f:rI|d/u|r carbons
The fomic dquidialitigatisalicatalyst 12 was charged to a glass reactor under

nitrogen. To 183.2 grams of C10-058 13normal alpha olefin was mixed

166.§ ams of ortho-xylene. The mixgﬂe was l1l4added sIowI¥ to the ionic
Poyuid IRG1ZHGN B S wFe SETRAG R Folbh e bt EARETS (VBIPUBBAPEY be
135 minutss. chbedemperature of the reaction mixture 16 spiked to 80C
because of the exothermic reaction. The reaction mixture was 17allowed

to slowly cool down to room temperature while being stirred for an

- 12gaduitiotiiaRkotRsSuli@riafie reaapHanRtRAVES WERdaSalvby e
1pates iR ane tramllktsylaneivasiacorRERHReessiled aRONE i8-surfactants
i

xample 3B, 20Ex le 5, 21Preparation of Alkylxylene Sulfonic Acid
G AR SRR B e R RR A A R BRIty cols
1prepanedhivh 23 xiyiples divsltier2dSyltgitatienobthasaildiyleneilvase
gerforgu?d f'naco inuouS %{lin%film.flovy .
1 alkylxXylene sulionate of this mvention jor surfactant flooding.

17  Preparation of Alkyixvyienes

18  The alkylxylenes used for the preparation of the neutralized alkyixylene

19 sulfonic acids of the present invention may be prepared with normal alpha

20 olefins and isomerized olefins by any method known to a person skilled in the
21 art

22  Typically, alkylxylenes may be prepared using acid catalysts (Bronsted or

23  Lewis acids}, such as hydrogen flucride, trifluoromethane sulfonic acid or

24 aluminum trichloride. Triflucromethane sulfonic acid can mimic hydrogen

25  fluoride in alkylation reactions and its use is preferred in the laboratory to

26  avoid the hazardous handling of hydrogen fluoride. Example 1 shows that the
27  data obtained using triflucromethane sulfonic acid as the alkylation catalyst

24



25reactor by contacting the alkylxylene with a stream of air and sulfur
trioxide. 26 The molar ratio of the alkylxylene to sulfur trioxide was about
1:0.94. The 27reactor jacket temperature was maintained around 55C.

T 280H0f¥%cid WO 2005/018300PCT/U52004/025328 1pfidibbtiia 25328
titrated potentiometrically with a standardized cyclohexylamine 2solution

to determine the weight percent of the sulfopic acid and the sulfuric Ba?id ,
A the QTRIBIES MAENSE SRR AR AL AR AL (i ded yuoride as
AST Nhé egitNaidd-68%| e results are summarized below in Table I. Two
5samples of the alkylxylene prepared in Examples 1A, 1B, 10, 10 and 2
were 6sulfonated as described above. The duplicate samples of these
akyhxylerdkyialifshenastion isHisnerly atriersoufavitis ¥ane fie plafiesnolar

and Ithelewoml ahle hDExammiscaiabmb&aORid canaightdaidie 9kt 0°C 1o
(weight %) Acid Number (mg KOH/g) Example 1A CF3S03H 86.8 0.77

8 BRRMIANIACAEhRITSES haF PRGBANNE RaMT, the process s

6  preferably carried out in the liquid phase.

7 The alkylation process may be carried out in baich or continuous mode. in

8 the batch mode, a typical method is to use a stirred autoclave or glass flask,

9  which may be heated or cooled to the desired reaction temperature. At the
10 end of the reaction, the catalyst is either recycied (when hydrogen fluoride is
11 used) or hydrolyzed (when aluminum trichloride is used) or removed by

12 washing (when trifluorornethane sulfonic acid is used).

13 Procedure for isomerization of Normal Alpha Olefins

14 The isomerization of normal alpha olefins is achieved using at least two types
15 of acidic catalysts, solid or liquid. A solid catalyst preferably has at least one

16  metal oxide and an average pore size of less than 5.5 angsiroms. More

17  preferably, the solid catalyst is a molecular sieve with a one-dimensional pore
18  system, such as SM-3, MAPO-11, 8P0O-11, 882-32, ZSM-23, MAPO-39,

19 SAP0O-39, ZSM-22 or SSZ-20. Other possible solid acidic catalysts useful for
20  isomerization include Z8M-35, SUZ4, NU-23, NU-87 and natural or synthetic

21 ferrierites. These molecular sieves are well known in the art and are

22  discussed in Rosemarie Szostak's MHandbook of molecular Sieves (New York,
23 Van Nostrand Reinhold, 1992 and U.S. Pat. No. 5,282,858, which are hereby
24 incorporated by reference for all purposes. A liquid type of isomerization

25  catalyst that can be used is iron pentacarbonyl (Fe(CO)s).

26  The process for the isomerization of normal alpha olefins may be carried out

27  in batch or continuous mode. The process temperatures can range from 50°C

25.



CF3S03H 83.9 0.92 124 Example 1B' CF3S03H 84.4 0.91 124 Example
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Example 1D CF3S03H 82.3 1.07 122 Example ID' CF3S03H 82.5 1.10
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to 250°C. In the batch mode, a typical method is to use a stirred autoclave or
glass flask, which may be heated to the desired reaction temperature. A
continuous process is most efficiently carried out in a fixed bed process.
Space rates in a fixed bed process can range from 0.1 to 10 or more weight

hourly space veiocity.

In a fixed bed process, the isometrization catalyst is charged o the reactor and
activated or dried at a temperature of at least 150°C under vacuum or flowing
inert, dry gas. After activation, the temperature of the isomerization catalyst is
adjusted to the desired reaction temperature and a flow of the olefin is
introduced into the reactor. The reactor effluent containing the partially-
branched, isomerized olefins is collected. The resulting partially-branched,
isomerized olefins contain a different olefin distribution (alpha olefin, beta
olefin; internal olefin, tri-substituted olefin, and vinylidene olefin) and
branching content than the unisomerized olefin and conditions are selected in

order to obtain the desired olefin distribution and the degree of branching.

Procedure for Sulfonation of Alkylxviene

Sulfonation of alkylxylene may be carried out by any method known tc a

person skilled in the art.

The sulfonation reaction is typically carried out in a falling film tubular reactor
maintained at about 55°C. The alkyixylene is placed in the reactor tube along
with sulfur trioxide diluted with air. The molar ratic of alkylxylene to sulfur

trioxide is maintained at about 1.05:1.

Procedure for Neutralization of Alkylxylene Sulfonic acids

Neutralization of alkylxylene suffonic acids may be carried out in a continuous
or batch process by any method known to a person skilled in the art to

produce alkyixylene sulfonates.

w26
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Generalily, the neutralization reaction is carried out in an in-line mixing reactor
in which the alkylxylene sulfonic acid and an organic or incrganic base are

mixed and the temperature is maintained between about 20°C and 80°C. The
amount of alkaii metal used is based on the acid number determined for each

alkylxylene sulfonic acid.
EXAMPLES

Example 1
Preparation of Alkyixylene using

Trifluoromethane Sulfonic Acid Alkylation Catalyst

Example 1A: Alkylation of Ortho-xyiene with C1o-Css Normal Alpha Olefins

Alkylxytene was prepared using trifftuoromethane sulfonic acid alkylation
catalyst. Te a 3 liter glass reactor were charged, under nitrogen,

904.09 grams of ortho-xylene and 595.91 grams of C1o-Csg normal alpha
olefin and allowed to mix. The mixture was heated to 60°C. Next,

41.71 grams of trifluoromethane sulfonic acid was added to the reaction
mixture while stirring. A strong exotherm was observed with a temperature
increase to 122°C. The reaction mixiure was aliowed to cool to room
temperature for 4 hours and 30 minutes. After this cooling period, the
reaction was quenched with cold distilled water followed by three consecutive
water washes to remove the acid catalyst from the organic phase. The
organic phase containing the alkylxylene product was dried over magnesium
sulfate and the excess oriho-xylene was distilled under reduced pressure

using a Rotovap evaporator to recover the alkylxylene product.

Example 1B: Alkylation of Ortho-xylene with C4g-Css Isomerized Olefin

Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

catalyst. To a 3 liter glass reactor were charged, under nitrogen, 852 grams

27-



1Example 6 2Preparation of Alkylxylene Sulfonates 3 4The alkykylene
sulfonates were prepared using the alkylxylene sulfonic acids 5 prepared

in Example 5 above. 6Neutralization of the sulfonic acid was kQerformed
g’%@%?(é‘tg\ﬁﬁ?ﬁ magnetic 7stirring. The sulfonic acid was heated t8 aBoL 22
40C to lower the wscosﬁy of 8the sulfonic acid. Next, a 50 weight percent

olutgn af SR HIOME as S5joulycadded o the Jepdion G .,

he tempera reo e reaction mix Ul‘é0 as malin alne
eont@kfirecevipor ationiof et My Hotiobl titinlroxideladded wasix. The

galcylated pased.an DeacdaymPes Qdiainsd f%g%ﬂééf%ﬁcf oAfiShane

To prepare the alkylxylene sulfonates, the exact amount o

fAydrexitrniteedssany fordRe inclineamaion srillmevidR] Hpdsids /ﬁa&#ﬁ@ng
tasulfanicagidaanples selioricAgH s idASRA 1A% 3ddeddo tﬂ?e reaction

reaction' 15mixture based on the Tatal Acid Number analysis results

BbtalfetiHs s REOURMIE aeRiSPeporictiNge FbIEIA BimeraHreaee hours.

quanﬂ@eofrﬁgmrﬂg?badmxm mmﬂm@dmawmaaaﬁ&yaﬂ(mwene was
ercent neut Ilzat F&th‘fﬁ J%S)g/ I%é%‘ |c acids. 19The active
onté%?%“fe[f‘? ?/ ? & JUIfSAtE Calculated using 20 the

formula given below 21% active as sodium sulfonate = WSA W% RSO H

9 VWERSAINTIMMRRS 3L 981 NS RN NAL), $98 5120 2efin

WSA:Weight of sulfonic acid sample (grams) 23W% RSOaH: Weight

percent of alkylxylene sulfonic acid determined by the 24cyclohexylamine
1@tratihyixylene was prepared using trifluoromethane sulfonic acid alkylation

11 catalyst. To a 3 liter glass reactor were charged, under nitrogen, 852 grams
12 of ortho-xylene and 600 grams of Cy-Csg isomerized olefin (normal alpha
13 olefin content about 40 percent of the total olefin) and allowed to mix. The
14 reaction mixiure was heated to 40°C. Next, 42 grams of triffuoromethane
16 sulfonic acid was added to the reaction mixture while stirring. A strong

16  exotherm was observed with a temperature increase fo 90°C. The reaction
17 mixture was allowed to cool 60°C and held at this temperature for 2 hours.
18  After this cooling period, the reaction was quenched and the alkylxylene was

19  recovered as described above in Example 1A,

20 Example 1D: Alkvlation of Ortho-xylene with C10-Css Isomerized Olefin

21 Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

22 catalyst. To a 3 liter glass reactor were charged, under nitrogen, 852 grams
23  of ortho-xylene and 600 grams of C1¢-Csg isomerized olefin (normal alpha
24 olefin content about 5 percent of the total olefin) and allowed to mix. The
25  reaction mixture was heated 10 40°C. Next, 42 grams of trifluoromethane
26  suifonic acid was added to the reaction mixture while stirring. A strong

27  exotherm was observed with a temperature increase to 90°C. The reaction

28  mixture was allowed 1o cool 60°C and held at this temperature for 2 hours.

28



1IMNA/ R803Na:Molecular weight of the alkylxylene sodium sulfonate
(grams per 2mole) 3Mw RSO3H:Molecular weight of the alkylxylene
sulfonic acid (grams per 4mole) 5 WNaoHWeight of the NaOH solution
Bigh 3‘%)) used for the 6neutralization surfactant having fow TP UYHg25328
The average molecular weight of 475 g/mol was used for the alkylxylene
sodj lfonate. 10The tralization and actives content dat
Doeat e g padtd TR ARt Ptspres
@ aresuviatadzeddesioibdd 22Tablo HxasTébeY] Example Alkylation
catalyst Weight of &JIM= Acid (g) Total Acid Number-TAN (mg KOH/q)
128 NaOH (50% weight in H20) 44.[_9 Active gontent (weight %) 74.4
Example 1A CF3S03H 241 Example 2
Preparation of Alkylxvlene using

4
5 Hvdrogen Fiuoride Alkviation Catalyst
B
7

Example 2: Alkylation of Ortho-xylene with C4o~Cse Normal Alpha Olefin

Alkylxylene was prepared using hydrogen fluoride as alkylation catalyst.

9  Ortho-xylene was alkyiated with of C:s-Csg normail aipha olefin in a continuous
10  process alkylation pilot plant. The pilot plant consisted of a stirred,
11 heat-jacketed reactor (1.15 liters) in series with a settler (25 liters). The setiler
12 s for separating the organic phase from the phase containing the hydrofluoric
13 acid and is maintained under nitrogen pressure of approximately 5 x 10°
14 pascal {72.52 psi). Co-Csg normal alpha olefins heated to approximately
15 50°C was pumped into the reactor heated to approximately 64°C at a rate of
16  approximately 16.3 grams per minute. Simultaneously with the addition of the
17 normal alpha olefins, hydrofluoric acid was charged to the reactor at a raie of
18  approximately 1.7 grams per minutes along with ortho-xylene at a rate of
19 approximately 58 grams per minute. The charge mole ratio of the
20  ortho-xylene to the normal alpha olefins was 10 and the charge mole ratio of
21  the hydrofluoric acid to the normal alpha olefins was 1.5. The residence time
22  in the reactor was approximately 15 minutes. The resulting product mixture
23  was passed into the unheated settler and depressurized to aimospheric
24 pressure. The organic layer was recovered from the setiler and the excess
25  ortho-xylene removed by distillation to obtain the alkylated ortho-xylene.
26
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Example 1A1 CF3S03H 241 128 44.0 76.2 Example 1B CF3S03H 240
124 42.4 72.3 Example 1B CF3S03H 240 124 42.4 72.7 Example 10
CF3S03H 240 124 41.1 72.7 Example 10' OF3S03H 240 120 42.44 72.1

E’%%ﬁ(bﬁl/gliﬁOCFBSo‘?)H PCT/US2004/025328
1 Example 3

2 Preparation of Alkvixvlene usind

3 Aluminum Trichioride Alkylation Catalyst

4

o] Example 3A: Alkvlation of Ortho-xvlene with C14-Css Normal Alpha Olefins
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Alkyixylene was prepared using aluminum trichloride alkylation catalyst by a
contract manufacturer in a continuous process using ortho-xylene and Cig-Css

normal alpha olefins.

Example 3B: Alkylation of Ortho-xylene with C10-Css Normal Alpha Olefins

into a 3 liter glass reaéto:‘ were charged, under nitrogen, 711.3 grams of
ortho-xyiene and while stirring 35.7 grams of aluminum trichioride was added
to the reaction mixture. Next, 357.7 grams of C10-Css normal alpha olefin was
added to the reactor over 3 hours in order to control the temperature increase
due to the exothermic reaction. The temperature of the reaction mixture
never exceeded 21°C. At the end of the olefin addition, the reaction mixture
was maintained at about 20°C with continued stirring for one hour. After this
period, the reaction was quenched and the alkylxylene was recovered as
described above in Example 1A except that a 3.0 weight percent ammaonium
hydroxide aqueous solution was used for the first two washes of the organic
phase to remove the aluminum from the organic phase by solubilizing it in the

aqueous phase.

Example 3C: Alkylation of Ortho-xylene with C1p-Csgs Normal Alpha Qlefins

To g 3 liter glass reactor were charged, under nitrogen, 682.8 grams of
ortho-xylene and while stirring 28.6 grams of aluminum frichloride was added
to the reaction mixiure. The temperature of the reaction mixture at this time
was about 20°C. Next, 572.4 grams of C1p-Csg normail alpha olefin was added

to the reactor over about 15 minutes. The temperature of the reaction mixture

-30-



240 122 41.8 71.1 Example 1D' CF3S03H 240 125 42.8 71.0 Example 2
HF 240 126 43.1 77.7 Example 2' HF 246 124 41.8 74.8 Example 3A
AIC13 240 118 40.4 75.1 Example 3B AIC13 50 109 7.76

WO 200518300 PCT/US2004/025328

1 spiked fo 76°C. The reaction mixture was cooled {o about 60°C and the

2 alkylation reaction was aliowed to proceed at this temperature for two hours.

3 After this period, the reaction was quenched and the alkylxylene was

4 recovered as described above in Example 3B.

5 Example 4

Preparation of Alkylxylene using an lonic Liquid Alkylation Cataiyst
Alkylation of Ortho-xylene with C.¢-Css Normal Alpha Olefins

8  An ionic liquid alkylation catalyst was prepared by mixing 1 mole of

9  methyltributylammoniumchloride with 2 moles of aluminum chloride under
10 nitrogen. From the reaction was obtained 36.6 milliliters of the ionic liquid
11 alkylation catalyst as a brown ionic liquid. The ionic liquid alkylation catalyst
12  was charged to a glass reacior under nitrogen. To 183.2 grams of Cyp-Csg
13 normal alpha olefin was mixed 166.8 grams of ortho-xylene. The mixture was
14  added slowly fo the ionic liquid alkylation catalyst while stirring at room
15 temperature over about 15 minutes. The temperature of the reaction mixture
16 spiked to 80°C because of the excthermic reaction. The reaction mixture was
17 allowed to slowly cool down to room temperature while being stirred for an
18  additional 2 hours. Next, the reaction mixture was washed 3 times with water
19 and the alkylxylene was recovered as described above in Example 3B.
20 Example 5
21 Preparation of Alkvixviene Sulfonic Acids
22  Alkylxylene sulfonic acids were prepared using the alkylxylenes prepared in
23  Examples 1-4 above,
24 Sulfonation of the alkylxylene was performed in a continuous falling film flow
25 reactor by contacting the atkylxylene with a stream of air and suifur trioxide.
26  The molar ratio of the alkylxylene to sulfur trioxide was about 1:0.94. The
27  reacior jacket temperature was maintained around 55°C. The suifonic acid

w3 -



66.5 Example 3C AIC13 50 113 8.09 68.9 Example 4 lonic Liquid 241 129
44.376.4 14 WO 2005/018300PCT/US2004/025328 1Example 7
2Determination of he Attachment Position on the Alkyl Carbon Chain 3to _
e %0ieHEMoiety 4 The attachment position on the alkyl carboh e G528
the xylene moiety was 5 determined by Gas Chromatography (GC) and
uantitative 13C-Nuclear 6 Magnetic, Resonance spectrqsco ,
AL CoHS Wahiealid RRUGTHRRFTALIDARS St ree & alaeadagine
with theuesentaleBiimeeithie pasgitfledccastufdtel s geamtfsdheand the sulfuric
ttachment position of alkyl group 90n the xylene ring only for 012 and
14 BB BiTORS. S R HRR TS st ho tre
BrovidEd inTast fagelivGiife fohalreartonratormsmadrethbaitylichzhle 1. Two

@ngl%%g:%%%%g{_&ﬂg ﬁlégﬁyc? !H‘]E@F@@%@?ﬁt R%S'tf@ ?[fl)tgﬁd 2 were

alkyl chain on the xylehe ring. It appears that when aluminum

fichiofiigieded tpautndipeRe AMGRIIITaRoaTBNGoptieReis8mkylene
fermedipiinrEikis destuling-1ag-dimeiay! benzaacy WIeEASWESR 1! below.

trifluoromethane sulfonic acid or 16hydrogen fluoride are use as alkylation
catalysts a mixture of 3-alkyl-1,2-

8 fable !
9
Example Catalyst RSO3H" H2S04 Acid Number
{(weight %) (weight %) (mg KOH/g)
Example 1A CFaS0O:H 36.8 0.77 128
Example 1A’ CFsSOsH 88.9 0.82 128
Example 1{3 CF3303H 83.9 0.92 124
Example 1B’ CF380:H 84.4 0.91 124
Example 1C CFS0O4H 83.7 0.96 124
Example 1C’ CFs80,H 83.9 0.93 120
Example 1D CF:S05H 82.3 1.07 122
Example 1D’ CFz805H 82.5 1.10 125
Exampie 2 HF 80.5 0.62 126
Example 2' HF 86.8 0.71 124
Example 3A AlCl; 86.4 (.93 118
Example 3B AICl3 75.5 0.91 109
Example 3C AlCl; 78.7 1.04 113
Example 4 lonic Liquid 89.3 0.82 129

10
11 *An average moiecular weight of 453 grams per mole is assumed for all the

12  sulfonic acids.
13
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17dimethyl benzene and 4-alkyl-1,2-dimethyl benzene is obtained.

Figures 1 18 and 2 show the C12 and C14 portion of the gas

chromatograms obtained for 19 the alkylate prepared in Examples 1A and

3R 78sp %’?Wely. The percent of 20 the 4-alkyl-1,2-dimethyl b%a%ﬁéﬁwggﬁzﬁ

calculated based by averaging the area 21o0f the GC peaks for the

2-position attachment on the alkyl ch@'Qafﬁr %1% and 22014. The

attachment position of the xylene rin yl carbon chain of 23the

alkyl group was also caldizipedtitneotitkdbsyits @ Saliivedtes 24Examples

3-4 are given below in Table Ill. The data show that percent of the 25

4-alkyl-1,2-dimethyl benzene is much lower in Examples 1 and 2 when the

SealkyIatveatane sy PG ARP 3R HRiNL I DRlyddges Aublpide acids

thanjredikamplesdpad 4mgn aluminum trichloride or ionic liquid

catalyst is used as 28the alkylation catalyst. WO

2005/018300PCT/US2004/025328 1The GC data obtained for Examples

8B diedelinatianlefithalsolsimdnetidithe Peitkylatdnineabtiakds with magnetic

femeraiye dRpanfeEnl: Lhe SURESBIBARA BEATRIGR 3 a0 Aty of
e 4alkylation

were treated similarly except that the temperature of t

teactithirnBiGaS Cohtrlied 30 et Toccaytagdition of srsBrofdroxide was
alphaislgfinaves a3morRedaAdiRmreyeHIheeRRRIREUEe e action mixture

increasin%,due to trI%% exotherm of the alkylation reaction. In contrast, in 7

& aliBRmBRRN R AT SR R AR e RE B DR WaBhindfigssodium
1'and Bythe:tkivperidrespiad iaiél Gauith thethessdidhaiiiiopamalade for each

xample 30 9cqntains nearly twic uch of the 3-4+ alkyl chain
T B B B A e o e s i ol vt
12alkyboHaimdtyacbridntiacdddapiop s 38 dradi 8Cids 36 Aldhd 668id greycestin the
ft ti iy lj hat the alkylation ..
1 e O R T A 238 RleRion
13he HlefiH® Rroeiica Sefifetalsdeidtbinmes anigheiperesiitafdainetdondhe
1loublarbardscrrdrabbig 15 TapIBerakines Ae ISeIReraalan 'sastialim

roceeds at a faster rate than at low 16 temperatures. 17 Table IlI
1 hydroxide was employed to obtain exactly a 100 percent neutralization of the

18  alkylxylene sulfonic acids.

18 The active content of the sodium alkylxylene sulfonate was calculated using

20  the formula given below:

! Mw rso,na
Wsa ¥ W% rso, 1 % ——?e

21 % active as sodium sulfonate = M\g iofg
Wsa + W s ™ (14— m

)

22 Wsa Weight of sulfonic acid sample (grams)
23 W% rso:  Weight percent of alkyixylene sulfonic acid determined by the
24 cyclohexylamine titration
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Example Alkylation Catalyst 4-alkyt-1,2- dimethyl- benzene (% of total

alkyl- ortho-xylene) Alkyl Chain Attachment position 2 3 4 4+ 3-4+
Example 1A CF3S03H 73 35.8 21.1 17.9 25.2 64.2 Example 1B CF3S03H
wp §%(P§{(5?§018 7 PCT/US2004/025328

Mw rsoNa:  Molecular weight of the alkylxylene sodium sulfonate {grams per
mole) '

Mw rsoH:  Molecular weight of the alkylxylene sulfonic acid (grams per
mole}

WhieoM set. Weight of the NaOHM solution (50 weight %) used for the

neutralization surfactant having low IFT.

The average molecular weight of 475 g/mol was used for the alkylxylene

OO0 ~N D g s W -

sodium sulfonate.

10 The neutralization and actives content data collected for the neutralized
11 alkylxylene sulfonates prepared in Example 6 are summarized below in
12 Table il

13 | Table i
Alkylation | Weightof | yota) Acid NaOH Active
Example catalyst | Sulfonic | Number-TAN | (50% weight | Content
Acid(g) | (mg KOHIg) in H:0) (weight %)
Example 1A CFaSOsH 241 128 44.0 74.4
Example 1a7 | CFaSOsH 241 128 44.0 76.2
Example 1B | CFsSOsH 240 124 42.4 72.3
Example 18" | CFsSOsH 240 124 424 72.7
Example 1C | CFsSOsH 240 124 41.1 72.7
Example 1¢° | CFsSOsH 240 120 42.44 72.1
Example 1D | CFsSOsH 240 122 41.8 71.1
Example 1D° | CFsSOsH 2490 125 42.8 71.0
Example 2 HF 240 126 43.1 777
Example 2’ HF 246 124 41.8 74.8
Example 3A AICk 240 118 40.4 75.1
Example 38 AlCls 50 109 7.76 66.5
Example 3C AlCl; 50 113 8.09 68.9
Example 4 | lonic Liquid 241 129 44.3 76.4

14
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25.2 66.1 Example 1C CF3S03H 65 27.9 21.2 20.3 30.6 72.1 Example 1D
CF3S03H 71 16.1 11.9 21.9 50.1 83.9 Example 2 HF 64 25.9 20.1 20 34
74.1 Example 3A AIC13 >9550.121.911.916.1

WO 2005/018300 PCT/US2004/025328
1 Example 7
2 Determination of the Attachment Position on the Alkyl Carbon Chain

10
11

12
13
14
15
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24
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to the Xviene Moiety

The attachiment position on the alkyl carbon chain to the xylene moiety was
determined by Gas Chromatography (GC) and guantitative 13C-Nuclear

Magnetic Resonance spectroscopy (PC-NMR).

Since the resolution of the peaks obtained in GO decreases with the retention
time, it is possible fo accurately quantify the attachment position of alky! group
on the xylene ring only for Cq, and Cy4 carbon alkyl chains. Quantitative
¥G-NMR on the other hand provides an average value for all carbon atoms

on the alkyl chain lengths.

¥C.NMR and GC also give the attachment positionA of the alkyl chain on the
ortho-xylene ring. it appears that when aluminum trichioride is used fo
catalyze the alkylation of ortho-xylene, the isomer formed primarily is
4-alkyl-1,2-dimethyl benzene, whereas when trifluoromethane sulfonic acid or
hydrogen fluoride are use as alkylation catalysts a mixture of 3-alkyl-1,2-
dimethyl benzene and 4-alkyl-1,2-dimethyl benzene is obtained. Figures 1
and 2 show the C4, and Cq portion of the gas chromatograms cbtained for
the alkylate prepared in Examples 1A and 3A, respectively. The percent of
the 4-alkyl-1,2-dimethyl benzene was calculated based by averaging the area
of the GC peaks for the 2-position attachment on the alkyl chain for Cyy and
C14. The attachment position of the xylene ring on the alkyl carbon chain of
the alkyl group was also calculated. The GC results obtained for

Examples 1-4 are given below in Table lil. The data show that percent of the
4-alkyl-1,2-dimethyl benzene is much lower in Examples 1 and 2 when the
alkylation catalyst is trifluoromethane sulfonic acid or hydrogen fluoride than in
Examples 3 and 4 when aluminum trichloride or ionic liquid catalyst is used as

the alkylation catalyst.
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49.9 Example 3A* AIC13 >95 46.5 18.8 14.9 19.8 53.5 Example 3B AIC13
>9563.4 21.9 7.8 7.0 36.7 Example 3C AICI3 >95 32.0 19.4 16.8 31.9
68.1 Example 4 lonic Liquid > 95 30.3 16.3 19.3 34.2 69.7

WO 2005/018300 PCT/US2004/625328
1 The GC data obtained for Examples 3B and 3C in Tabie Ill also show that the
2 alkylation reaction is temperature dependent. The samples prepared in
3  Examples 3B and 3C were treated similarly except that the temperature of the
4 alkylation reaction in 3B was controlied at about 20°C by addition of the
5  normal alpha olefin over a 3 hour period to prevent the femperature from
6 increasing due to the exotherm of the aikylation reaction. In contrast, in
7  Example 3C, the normal alpha olefin was added over about 15 minufes and
8 the ternperature spiked fo 76°C with the result that the sample in Example 3C
9  contains nearly twice as much of the 3-4+ alkyl chain attachment compared fo
10 the sample prepared in Example 3B. The 3-4+ alkyl chain attachment in
11 Examples 3B and 3C is 36.7 and 68.1 percent of the {otal attachment,
12 respectively. It is believed that the alkylation catalysts, such as aluminum
18 ftrichloride, also catalyze isomerization of the olefin fo produce olefins
14 containing a higher percentage of internal double bonds and at high
15  temperatures the isomerization reaction proceeds at a faster rate than at low
16  temperatures.
17 Table lli
4-alkyi-1,2-
; dimethyl-
1
Example Aég: i:? benzene Alkyt Chain Attachment position
y (% of total alkyl-
ortho-xylene)
P 3 4 4+ | 34+
Example 1A CFaS05H 73 358 | 211 | 179 | 252 | 64.2
Exampie 1B CF2805H 71 33.9 | 222 | 187 | 252 | 66.1
Example 1C CF3S03H 65 279 | 212 | 203 | 306 | 721
Example 10D CFa803H 71 18.1 118 | 219 | 501 | 83.9
Example 2 HF 64 259 | 201 | 20 34 | 741
Example 3A AlCly > 95 501 | 21.9 | 11.9 | 161 | 499
Example 3A* AlCls > 05 485 | 188 | 149 | 19.8 | 535
Example 3B AICl; > 05 634 | 219 | 7.8 7.0 36.7
Example 3C AlCl, > 85 32.0 184 | 168 | 31.9 } 88.1
Example 4 fonic Liguid > 95 303 | 163 | 193 | 34.2 | 697
18
19  *The alkyl chain attachment position to the xylene moiety was aiso
20  determined by C-NMR for the alkylxylene prepared in Example 3A.
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18 19*The alkyl chain attachment position to the xylene moiety was also
20 determined by 13C-NMR for the alkylxylene prepared in Example 3A.

1

Example 8 2Determination of Interfacial Tension 3 The performance of

e HIR/BAiR8Re sulfonates prepared above in Example 6 4wa8cetertitees28
by measuring the interfacial tension. The alkylxylene 5sulfonates in
Example 6 were prepared using the alkylxylene sulfonic acids 6prepared

[
f
a

Example 5, which in turn were pre@é@@%ﬁg the alkylxylenes
prepared in Examples 1i1i8rAliaduylene stifonate T erepared from
Ikylxylenes prepared in Example 1C, 9 Example 2 and Example 3B were

used for comparison since they are outside 10the scope of the alkylxylene

sulfohBeBasfarisanesehtimaisiere T areag e renebaiveg in Bxample 6

:

eterined 4sing Mingsesuse ol (Ravarwresiderd RaibhhavingArayepeint

around 35C and aqueous solutions of the alkylxylene 13sulfonates. A

SpinSiiParipsdn SR AUSTTRPRF RS the Alkhisaesriigngsrids
8t 93¢edavednetbrsls slesEribeidibelowweredisashtodtaasuseibBelkyixylenes

Sinterfacial fension: 16Eq |ZI£'brated Interfacial Tension Method 17A 5
illiIRETEFHIE 6FE8BIGtor of alkylxylene sulfonate, water, a 18

co-surfactant and sodium chloride was added to an equal volume of crude

8

test tube 20 was allowed to e

il 19 g)Rse Wibes TEe-get tubewrs igitlksraled grashakensldieple 1C,

ilibrate for gne month at 93C. At the end of

u .
the Z2&UME &K ;?éf%‘ﬂ?‘&r?%l WG RS (ROCR PRI SRSy Rl outside
1the diassaibhe plthagpinpingdansiometer iNexteasmaileraprof the

u

pper oil phase is 23injected into the glass tube. The tube is spun and the

interfacial tension 24between the aqueous solution and the oil is

14
19
13
14
15

16

17
18
19
20
21
22
23
24
25
26

eterifh BUQUBRGHHRNBIOV drafedRieomEmBHBIRIIY B8R GAUSE @rojsayaxy crude

iveRif B YRNESIT IPoRR YR RCRrifiarb RIBane B LESHd 8fhBalkyixylene
sulfonates. A spinning drop tensiometer was used to measure the interfacial
tension at 83°C. Two methods described below were used to measure the

intetfacial tension:

Equilibrated Interfacial Tension Method

A 5 milliliter sample of a solution of alkylxylene sulfonate, water, a
co-surfactant and sodium chloride was added to an equal volume of crude oil
in a glass tube. The fest tube was tightly sealed and shaken. The test tube
was allowed to equilibrate for one month at 93°C. At the end of the
equiiibration period, an aliquot of agueous phase was loaded info the glass
tube of the spinning tensiometer. Next, a small drop of the upper oil phase is
injected info the glass tube. The tube is spun and the interfacial tension
between the aqueous solution and the oil is determined using the B. Vonnegut
equation for elongated droplets given in B. Vonnegut in Review Scientific
Instruments, 13 (1942) 8.
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1IFT =w2 R3 Ap 4 2w being the rotational speed, R the radius of the

droplet, and Ap the density 3difference between the oil and the aqueous

solution. It takes typically 1 to 43 hours for the system to reach

SRR SFresh Interfacial Tension Method 6Interfacial teh§iBH7§¢+/023328

measured as described above except without the 7equilibrium period of

one month at 93C. The glass tube of the spinning 8tensiometer is filled as

described above with a sow%@ﬁ@palkylxylene 9 sulfonate, water, a

co-surfactant and Jé?’d?&mrmqémm sealed. A drop of 10oil is injected

into the sealed glass tube. The tube is spun and the interfacial 11tension

is recorded until a stable value is obtained, which takes generally Ito 123
ours. Alth his. metho n obtain. i [ (o] ;

Bin oy e Ho T e L R e B i

than difftesecobtdimeeuising itz EHallitesedisreeldtcial Tidakiominpaatid 1 to

descahed Lanaves Leneracialiensinn data for the alkylxylene

sulfonates prepared above in 17Example 6 were determined using the

Equilibrated Interfacial Tension Method 18 described above. Samples

were prepared with 0.24 wEighhieteentifon @ctive 1Bidasis) of the

alkylxylene sulfonate and 0.067 weight percent sec-butyl alcohol 20as

co-surfactant. The interfacial tension data were collected in the presence

1 of befilasidiririe sBI RN SIPETNsE CORY B BESHE NHEREU B1%e

resulisofi i ERsPb IR CRAREINUBRIIO T REEEI¥E M RRIQ teXShinning

éﬁg&eggls\{oﬁwnedté{’is il(’ljlcl,vlcr:}l @é (g\églgri teg( g bl\cl)%g I\RIA:ETa @c}f ﬂﬁgﬁcg})a%y&?fpe%e

9 sulfonate, water, a co-suifactant and sodium chloride and seaied. A drop of

10 ofl is injected into the sealed glass tube. The tube is spun and the interfacial
11 tension is recorded until a stable value is obtained, which takes generally 1 to
12 3 hours. Although this method can be used to obtain interfacial tension data
13  inonly a few hoﬁrs, the data obtained by this method fend to be higher than
14  those obtained using the Equilibrated Interfacial Tension Method described

15  above.

16 Interfacial tension data for the alkylxylene suifonates prepared above in

17  Example 6 were determined using the Equilibrated Interfacial Tension Method
18  described above. Samples were prepared with 0.24 weight percent (on active
19 basis) of the alkylxylene sulfonate and 0.067 weight percent sec-butyl alcohol
20  as co-surfactant. The inferfacial tension data were collected in the presence

21 of sodium chloride solutions between 0.1 percent to 0.5 percent.

22  The results of the interfacial tension determination are given below in
23 Tables IVandV.

-38-



PCT/US2004/025328

100'0 9100 SLZO 0 6900 90000 VU k900 1791 0 0.00035 9110 t200
600 0.00078 '08Z0O L9'0 L1700 90'1. 9y0 z00.0 6000 Z0 19.0 L6'0

617'0 |. 60 6000 zo

WO 2005/0318360

lmml

weolad ool ¢
& s uollisod-g sy uf Wwswiyoene weosed oy snid suomisod +4 pue ¢ ‘¢ SU U} JUSWIYDENE JUsded 8y , ¥

€
£8000°0 | 840000 | 8000 €00 6¥°0 L6869 g6 < ¥ 8|dwexy
880'0 600 2000 6000 A 6’6y G6 < V¢ o|duexy
{(eaeredwos)
STNAVRY PE00 8¥°0 L6°0 19 L'yl 79 ¢ sidwexy
{(anneredwon)
gLO0 8110 0’1l b2 ¥e'e L2 59 01 odwexy
Z2000'0 | SE0C0D | LFOOD 8%'0 83'L B'E8 LL al sjdwex3
20000 ¥GL0 £8°0 160 L9'g 199 bL g1 o|diexy
9000 LS00 820 180 GLC Z'v9 el V1 sjdwex3
g0 #0 £0 <0 10
(juswiyoe)e
[E301 30 %)
ey {aus|-oyuo
(wis/sauAp) 141 uogen “JAxje (2301 Jo %)
{ineN % wbiem) Ajules uo uoliso | BUsZUSY -JAgyerp
Qe -2 - 1fe-y sldurexg
Z
Al =1gel b



9L2 19'9981 17EE L9'S 64'0 3, 4 & 4+ Position on Carbon Chain* (% of
total attachment) Z179 1.99 619 ZL t 191 66t7 69 4-alkyl-1,2- dimethyl-

benzene (% of total alkyl- ortho-xylene) EL kJ.LL 99 "179 96<
WO 2005/018300

LIS~ I L R

o o ~

10

11
12
13
14
15
16
17
18

PCT/US2004/025328

Fresh interfacial tension data were used to compare the alkylxylene

sulfonates prepared from the alkylxylene prepared in Examples 3B and 3C.

Samples were prepared with 0.60 weight percent (on active basis) of the

alkylxylene sulfonate and 0.17 weight percent sec-butyl alcohol as co-

surfactant.

The fresh interfacial tension data were collected using a synthetic Minas oil
field brine instead of the sodium chloride solution used in the equilibrated

interfacial tension experiments described above. The composition of the

synthelic Minas brine is given below:

Component Miliigrams per liter Milliequivalents per liter

Sodium (Na*) 800 38.13
Calcium {Ca™) 20 1.0

Magnesium (Mg*) 5 0.42
Total Cation 40.55
Chloride (CI) 800 22.57
Bicarbonate (HCOg) 1100 18.03
Sulfate (SO4) 18 0.38
Total Anion 40.98

Results of the fresh interfacial tension measurement summarized in Table V
below show that the alkylxylene sulfonate prepared from the alkylxylene
prepared in Example 3C is four times better than the alkylxylene prepared
from the alkylxylene prepared in Example 3B. The data show that even when

the 4-alkyl-1,2-dimethyl benzene isomer is very high in the alkyixylene
sulfonates, greater than 95 percent of the total attachment, the interfacial
tension is high if the amount of the 3, 4 and 4+ attachment on the aikyl carbon

chain is low.
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96 < Example Example 1A aidwexa Example 1D Example 10
(comparative) Example 2 (comparative) V oldwax3 Example 4 WO
2005/018300PCT/US2004/025328 1Fresh interfacial tension data were
Ut EiPare the alkylxylene 2 sulfonates prepared from fifel/v52004/025328
alkylxylene prepared in Examples 3B and 3C. 3Samples were prepared
with 0.60 weight percent (on active bajisg of the 4alkylxylene sulfonate

nd 0.17 weight percent sec-butyl alc /A% 0- 5surfactant. 6The fresh
interfacial tension data were collected using a synthetic Minas oil 7fie|d

brine illblgdu of the sogiunmch

4 a'ErI"Fg‘SO'U“ Lgfgﬂ !,Dﬁ%sfguu brated

cinertactal {ShSion experimepty dessrbed dovg e fomb %W%gnceiiﬁ% Minas
9syinthetic Minas brinejis QW £-ompone igrams;p
Milliequivalents per liter é% KD )0 39.13(%?% Uy (Cat2) Zeig’n s/cm
Magnesium (Mg) attachment)
' Example 38 > 95 36.7 0.45
(comparative)
Example 3C > 95 68.1 0.11
2
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5 0.42 Total Cation 40.55 Chloride (Cl) 800 22.57 Bicarbonate (HCO3")
1100 18.03 Sulfate (SO4-2) 18 0.38 Total Anion 40.98 10 11Results of
the fresh interfacial tension measurement summarized in Table V 12below
show that the alkylxylene sulfonate prepared from the alkylxylene
13prepared in Example 3C is four times better than the alkylxylene
prepared 14 from the alkylxylene prepared in Example 3B. The data show
2ven when 15the 4-alkyl-1,2-dimethyl benzene isomer is very high in

the alkylxylene 16sulfonates, greater than 95 percent of the total
attachment, the interfacial 17tension is high if the amount of t

1. AR EH ST g AN TR €Yol SGgos, Taun hé

fori20@5/018300PCT/US2004/025328 Table V Example 4-alkyl-1,2-

neral

wherein R is an alkyl group containing from 10 to 58 carbon atoms, M is a mono-valent
cation, and the alkylxylene moiety is alkyl-ortho-xylene in at least 85 percent of the fotal
alkylxylene sulfonates and wherein the alkyixylene moiety in the alkylxylene sulfonates
contains greater than 70 weight percent of the 4-alkyl-1, 2-dimethyl benzene isomer and
the attachment of the alkyl group to the xylene moiety in the alkylxylene sulfonates is at
positions higher than the 2-position along the alky! chain in at least 40 weight percent of
the total alkylxylene sulfonates, and wherein the alkyl group contains a distribution of
alkyl chain lengths wherein the alkyl chain lengths comprise from 40 to 80 weight

percent C,, to Cy and 5 to 15 weight percent of Csp to Csg

2. The alkylxylene sulfonates of claim 1, wherein the alkyixylene moiety is alkyl-ortho-

xylene in at least 95 weight percent of the total alkylxylene sulfonates.

3. The alkylxylene sulfonates of claim 1, wherein the alkylxylene moiety in the
alkylxylene sulfonates contains greater than about 80 weight percent of the 4-alkyl-1, 2-

dimethyl benzene isomer.
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dimethyl benzene (% of total alkyl- ortho-xylene) 3,4 & 4+ Position on

Alkyl Carbon Chain (% of total attachment) Fresh IFT in synthetic Minas

brine (dynes/cm) Example 3B (comparative) > 95 36.7 0.45 Example 3C >
9568.1 0,11 CLAIMS: 1. Alkylxylene sulfonates for enhanced oil recovery
processes, having the general formula : 5wherein R is an alkyl group
containing from 10 to 58 carbon atoms, M is a mono-valent cation, and the
dalkyiylakEbiiensty S5/iansies rthio-Xglene invdidesizt 86 pallkvbntakthaastal in the
Alnglene sietianates aamyvherain the atkyhyirnemaletninAhgy-1, 2-dimethyl
balrl%/lx Iqsrg)e SlrJIfonates contains greater than 70 weight percent o%/ the

E-aﬁy -i, Qfgli'methyl benzene isomer and the attachment of the alkyl

group to the xylene moiety in the alkylxylene sulfonates is at 10 positions
Shibhe e thanitne 2uesaien e olaimte whebithihin ket deast 40 heighene moiety is
spaceatphaitoahaiiybiiene sulfeRalasaand wBeIRIN dhaalk: Was5 weight
p%98§a§%§ {%edggggi,%l%i n pf gllé%crpg}ienslengths wherein the alkyl chain

lengths comprise rom 40 10 welight percent C12 to C20 and 5 to 15

weight percent of C32 to C58 2. The alkylxylene sulfonates of claim 1,
Sy heralnibrlenryauyirtemelelpine alkyirasrndhs aiheravapledst 98oneightety is
apatepentzobgiteahaibiieneslioratasalishdline alkylxyieneulfonaes weight

claj herein the alkylxylene moiety in the alkylxylene sulfonates
p%&%ﬂﬁ%‘?ggt%'ratﬁ‘gﬁ‘%%%eu?@f@ r\}\?g‘?éht percent of the 4-alkyl-1, 2- dimethy

benzene isomer. 4. The alkylxylene sulfonates of claim 3, wherein the
alkipEHe B S PtREAIR) IMAEN S SYifeiritehe sneapry e 25100 weighs!kali
npggecent of the 4-alkyl-1, 2-dimethyl benzene isomer. 5. The alkylxylene

sulfonates of claim 1, wherein the alkyl group on the xylene moiety is

s2aghad alpostians hiahsy tan %h%pze}%%siﬂg’%nﬁ‘% ;”rge'fa‘?as‘?"ska@i%?i” in at
least 45 weight percent of the total alkylxylene sulfonates.
9. The alkyixylene sulfonates of claim 1, wherein the mono-valent cation is an

ammonium ion or an organic ammonium ion.

10. The alkylxylene sulfonates of claim 1, wherein the alkyl group is derived from a linear

alpha olefin or an isomerized olefin containing from about 10 to about 58 carbon atoms.

11. The alkylxylene sulfonates of claim 10, wherein the alkyl group is derived from a
linear alpha olefin or an isomerized olefin containing from about 10 to about 40 carbon

atoms.

12. The alkylxylene sulfonates of claim 11, wherein the alkyl group is derived from a
finear alpha olefin or an isomerized olefin containing from about 12 to about 30 carbon

atoms.
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6. The alkylxylene sulfonates of claim 5, wherein the alkyl group on the

xylene moiety is attached at positions higher than the 2-position along the
alkyl chain in at least 60 weight percent of the total alkylxylene sulfonates.

107. The alkylxylene sulfonates of claim 1, wherein the mono-valent

cation is an alkali metal. 8. The alkylxylene sulfonates of claim 7, wherein

the alkali metal is sodium. 9. The alkylxylene sulfonates of claim 1,

wherein the mono-valent cation is an ammonium ion or an organic

ammonium ion, 1510. The alkylxylene sulfonates of claim 1, wherein the
1@[%@@%@@@%@@@5@0&@ @f'it!}@ﬁff flphaelefiRcosian %?%E_?ﬁél@lfs?&%ﬁ{brise from

ontaining from about 10 to about,58 carbon atoms, e xylene

oA s A A SR e b E R TER) o Con o
Cadpha olefin or an isomerized olefin containing from about 10 to about 40

carbon atoms. 2012. The alkylxylene sulfonates of claim 11, wherein the
1a!kvbgrz§xuﬂfﬁé1ﬁrig@£bfﬁr%m @ﬂibe@an %mh@fl%fm Rk %‘Ikﬁ;ﬂ?ﬁ_ﬁﬂ%@%ﬁ{@ﬂ%mprise 8

containin out 12 to abo carbon atoms. 13. The alkylxylene
Wse?ﬁr}fr%fg%rgg ggﬁt?rﬁv T?&&ﬁgfgﬁnn F?Lg(%f(;[ﬁaéﬁgain lengths comprise from 50 to

70 weight precent 012 to 020 and 5 weight percent to 15 weight percent of
1637 t @58 524 e ey Bl lenevsiiifoiates efidkiiTnean wikidiedartse atkypining

fehaitolengihs earmpdse Sweight percent to 12 weight percent of 032 to
058. 15. A method for enhanced oil recovery from a subterranean

hydrogarbon taining formation, . which method comprises: . . . a
it i e A 1 SR ot e hovene
syigintan siesbrrdetifeefsrapie re ebraigeotionigeti thmaleibniseatiyivgtisrchave
tieuffenatesdaaveithe general formula: as defined in any one of claims 1 to
14; and (b) displacing the crude oil with the aqueous solution
injected into the formation 15to thereby recover hydrocarbons from a
production well. 16. The method of clgig 15, wherein in step (a) the
-alkylxylene sultonate is present in the range of 0.03 weight percent to 2.0
weight percent of the total weight of thig \queous solution. 17. The
method of claim 16, wherein the ﬁfylxyl S@g?nate IS present in the
range of 200.1 weight ‘ wer,cént of the total weight of
the aqueous solution. 1 18. THe niethe#0f claim 17, wherein the
alkylxylene sulfonate is present in 2the rarfje of 0.3 weight percent to 1.0
weight percent of the total weight of the aqueous solution. 4 19. The
methad eéelatnlkwenereinidhasdkybrylene sulfonate is present in Sthe
range of 0.5 weight percent to 0.8 weight percent of the total weight of the
2queQpSROIIRNY e GRS MEIIARLLEIRIS 3 RS SH S RS A 1BRRaton
in the' subterranean formation is a waxy crude oﬁ.
to thereby recover hydrocarbons from a production well.

16. The method of claim 15, wherein in step (a) the alkylxylene suifonate is present in
the range of 0.03 weight percent to 2.0 weight percent of the total weight of the aqueous

solution.

17. The method of claim 16, wherein the alkylxylene sulfonate is present in the range of

0.1 weight percent to 1.5 weight percent of the total weight of the a'q ueocus solution.
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9 21. The method of claim 15, wherein the method further comprises,
10concurrently with or subsequent to the injection,of the aqueous solution
11in step (@), injecting into the formation an amount of polymer effective
12for driving the aqueous solution of step (a) into the formation to
13displace the crude ail to thereby recoyer hy d o arbonspgpom a
18aproftiecsr e Al & WSRO SY Y e W%&%%Wm "
a pO'%@?@@f QW@@MW@@@! ta paltiadighy geriyaaidof the total weight
polyacr lamide. 17 23. hemethod of claim 15, wherein the method
furthe? o1 Gisse fEttrently with or subsequent to the injection of
the aqueous solutlon 19|n step (a) injecting into the formation an amount

ﬁgm ﬁa}mgﬂmem in
(0}

[ ' dr
from mmm RiWeIod PRI P CGREY g%@%@‘gﬁ weight
mefurthereamiRy gggggm@ﬁrently with or subsequent to the injection of
the polymer, 24injecting into the formation an amount of water effective for
driving the 25aqueous solution of ste (a) |nto the formatlon to displace

2¢he criide piefed tfcpksiyiréBonaiare § w8 Bdhecsisimnean
% d§ £ Jadm 15, wheygin the aqueous solution in step (a)

2furthercontalns a co-sUrfactant having a molecular weight in the range
30f 60 to 1,200. 4 26 The method of claim 25 whereln the co-surfactant

245 an gleehebtaadbefcd WRER eihgly fortbep sipoRyERSlene)

i ﬁ?@éﬁﬁ%@@%@% %”339}%%@%%@‘7 ety Soluton
ethylgneigly(a)ninjectitg yindo trenfophetigh anarmeenicah e mmi"?.
mgzgf i |»0r Oapqu? et%%gne gﬁycogléﬁ@&@%%mgz@“%or

mono-phenyl 11ether
polypdwmw@'mm HrBnany R ELRE 8 The
method %%h Whereln the poly(oxyalkylene) glycol i is a
13po@%xy EF‘%% glycol or a poly(oxyproPylene) glycol or mixtures

14thereof.
22. The method of cia:m 21, wherein the polymer is a polysaccharide, an

 acrylamide or a part:a!ly hydrolyzed polyacrylamide.

24 The method of ciaim 15, wherein the method further comprises,
concurrently with or subsequent to the inject'ion of ihe aqueous solution
in s?.ep (a), injecting into the formation. an amount of water affective for

“driving the aqueous solution of step (a) into the formation to displace
the crude ofl to thereby récover hydrocarbons from a production well,

24.  The method of claim 21, wherein the method further employs,
concurrently with or subsequent to the injection of the polymer,
injecting info the formation an amount of water effective for driving the
agueous solution of step (a) into the formation to displace the crude o:i!'
to thereby recover hydrocarbons from a production well.
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15 29. The method of claim 25, wherein in step (a) the co-surfactant is
present 16in the range of 0.03 weight percent to 2.0 weight percent of the .
total 17weight of the aqueous solution. 18 30. The method of claim 29,
wherein the co-surfactant is present in the 19range of 0.1 weight percent
to 1.5 weight percent of the total weight of 20the aqueous solution. 2131.
The method of claim 30, wherein the co-surfactant is present in the

28angFles Gnaiveigbl q;fem?nﬁmvm@ ieilie pReeNEGTAREIs I BEREHESf
23the agueous solution, %%‘ggﬁggfamq{gﬁgggméﬂaM@m thehe range

co-surfactan |§Opresent in the 25range of 0.5 weight percent to U.S weight
percentbBihétdtdDileight of 26the aqueous solution.

26. The method of claim 28, wherein the co-surfactant is an alcohol, an
alcohol ether, a polyalkylene glycol, a ooly{oxyalkylene) glycol, a
mﬁy{axy&ikyieﬁe} glycol ether, or mixiures thersof.

27.  The method of clalm 26, wherein the po iyloxyalkylene) glycol ether is '
an ethylene glycol mong-alkyt or mono-phenyl ether, a @a-@thyﬂem _
glycol mono-alkyl or mona-phenyl ether, & tn~ethylene g tycol
mono-alkyt or mono-phenyl ether, a polysthylene g lyeol mono-phenyl
ether, polypropylene glycol mona-phenyl ether, or mixtures thereof.

28. The method of claim 26, wherein the poly(oxyalkylene) glycol is a
poly(oxyethylene) glycol or & poly{oxypropylene) glycol or mibdures

thereof.

29. The method of c:;iaam 25, wherein in step (a) the co-surfactant is present
in the range of 0.03 wesght percent to 2.0 weight perceﬁt of the total

weight of the aqueous solution.

30. The method of claim 29, wherein the co-surfactant is present in the
range of 0.1 weight percent to 1.5 weight percent of the total weight of

the aqueous solution.

31. The method of claim 30, wherein the co-surfactant is present in the
| range of 0.3 weight percent to 1.0 weight percent of the total weight of

the aqueous solution.

32, The method of claim 31, wherein the co-surfactant is present inthe
range of 0.5 weight percent {0 0.8 weight percent of the total weight of

the agueous solution.
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