ALKYLXYLENE SULFONATES FOR ENHANCED O L RECOVERY

PROCESSES The present invention is directed to
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of enhanced oil recovery process. One trend in the
petroleumindustry nowis to plan exploitation of the
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recovery process.

One trend in the petroleum industry now is to plan exploitation of the oil field
at the beginning of the project. Injecting a displacing fluid or gas may begin
early, long before the complete depletion of the field by primary recovery
processes. Methods for improving displacement efficiency or sweep
efficiency may be used at the very beginning of the first injection of a
displacing fluid or gas, rather than under secondary and tertiary recovery

conditions.



efficiency may be used at the very begi nning of the
first injection of a displacing fluid or gas, rather
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condi tions. The | east expensive and easi est nethod of
fl oodi ng a subterranean reservoir for the production
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onlegeh@irause they are able to |lower the interfacial
tensi on between oil and water, but al so because when
used in conjunction with varying anounts of sodi um
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salinity, alkylaryl sulfonates can have a tendency to stay in the aqueous
phase, but at high salinity they tend to stay in the oil phase. Around mid-point
salinity, a micro-emulsion forms in which appreciable amounts of oil and brine
are in the micro-emulsion phase. It is at this mid-point salinity that the
surfactant exhibits high oil recovery potential. The salinity of the water in
subterranean hydrocarbon reservoirs may vary a great deal, for example, the
Minas oil field in Indonesia has total dissolved salts of between 0.2 and

0.3 weight percent. Other reservoirs may have salinities as high as or higher
than 2.0 percent sodium chloride and over 0.5 percent calcium chloride and
magnesium chloride. It is desirable to optimize the alkylaryl sulfonates for
surfactant flooding for enhanced oil recovery for a particular reservoir by
determining the interfacial tension of the reservoir oil in an aqueous brine
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deal, for exanple, the Mnas oil field in Indonesia
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wei ght percent. O her reservoirs may have salinities

as high as or higher than 2.0 percent sodium chloride
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16 alkyl ortho-xylene sulfonate compounds are limited.

17 EP 0 148 517 B1 discloses olefin sulfonate compositions comprising an
18 aqueous solution containing 15 to 35 weight percent of a blend of C12-Coo
19 linear alpha-olefin and an alkylaryl sulfonate wherein the aryl group is

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

21  processes for enhanced oil recovery.

22 EPO0 158 486 B1 discloses the use of polyalkyl aromatic sulfonates,

23  particularly dialkyl aromatic sulfonates in steam recovery methods for

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

25 isomer results in a significantly more hydrolytically, thermally stable surfactant

26  under steam recovery operating conditions.



| i near al pha-olefin and an al kyl aryl sul fonate wherein
the aryl group is benzene, toluene or xylene. The
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use of polyal kyl aromatic sul fonates, particularly
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al kyl xyl ene sul fonates and a glycol for enhanced oil
recovery. The al kyl group containing to 30 carbon
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17  molecular weights of the sulfonates are in the range between 300 and about
18  750.

19  U.S. Patent No. 4,005,749 discloses the use of polyalkylene oxides as

20 sacrificial agents prior to 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 surfactant 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
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pol yal kyl ene oxi des as sacrificial agents prior to
waensactsant fl oodi ng in enhanced oil recovery PCDUSNS4/025328

The pol yal kyl ene oxi des have nol ecul ar wei ghts of at
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surfactant flooding, but its concentration is |ower
t han when used as a sacrificial agent. U S. Patent No.
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with [inear al pha-olefins to favor second-carbon
attachment. The sul fonates have high oil
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carbon atons, in surfactant systens for enhanced oil
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petrol eum sul fonate havi ng average equival ent weights
in the range of about 325 to 500. U. S. Patent No.
14 4 Ysp, Pmenw@a ééés’ioﬁr@sdgeeaaﬂwepmq/@ﬂ nolyalkgege olysads or
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16  chemical flooding. The concentration of the polyalkylene glycols used is
17 0.01-0.5 weight percent. The preferred polyalkylene glycols are polyethylene
18 and polypropylene glycols.

19 U.S. Patent No. 4,589,489 discloses the use of polyalkylene glycols or their
20  copolymers 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 agueous alkyltoluene or alkylxylene sulfonate with the addition of
26  sodium chloride during neutralization or after neutralization. Such low
27  viscosity sulfonates are useful as surfactants in enhanced oil recovery
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and pol ypropyl ene glycols. U S. Patent No. 4,589, 489
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rea on_ m Xt ur The resul tin e fI

1 cohitsinares boWieh 3 SIEsATEN brEh ofFE altyPAIdHk, Bl Yraction
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opposite to the sul fonate noiety. Such conpositions

are derived from para-xyl ene or isomer m xtures
16  U.S. Patent No. 4,932,473 discloses a process for enhanced oil recovery

17  employing one or more alkyltoluene sulfonates in a saline aqueous 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 alkyltoluene 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 sulfonates derived from alkylbenzene, alkylnaphthalene,
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m xt f noni on urf cta ts r sulfates
cavBiEyhicTe cosits i e Fooaich O 2B alkerid sHifnic 3lg. This strong
anh Q@ i tHew doef t@@lﬁyléﬂé%r@%afﬂ@%ﬁﬁouﬂﬁs‘ VEdHifiéraNstrong acid
al kyl benzene, napht hal ene, al kyl t ol uene or

al ¢atalygt l@rh;eneﬁn@l é) qlwalrgumfpl vieldsiaftke fnalrodeeih about
C and about C . U S. Patent No. 6,043, 391 di scl oses
new ani oni ¢ surfactants and their method of
prlé@rl%atenhbe&QBanﬂSﬂadietdqsdas,/ae vilfreeendry gprecass using a particular

oAb AR B8R A B i e St having o
al oad distfibotion bf‘e@charb@h'r@)h%erYaﬁ@iﬁ?&ﬁcﬁﬁ' 1chdf58 YPh&
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f carematisysiroeaTbank yped saprashice theiatkylary %ulfme&fgrrw. ke
kzbaér{%%“ foefﬁ'?ﬁreg ﬁ(gleg%él (%[ nix g%ércéo? OFRE ;ﬁﬂpfgc ant has ultra low

ayst IS ‘bené C|a

obihtdrfacisl eéndioly withdgaxaf cruble dilsnal  product . US Patent
No. 6,269, 881 discloses an oil recovery process using
a particular class of alkylaryl sulfonates derived

f a0 en/gBuBhADHitIo8es braafachatibiéhdior lowering the interfacial
tension between oil and aqueous fluid for enhanced oil recovery. The blend
comprises at least one synthetic polyisobutylene and at least one surfactant

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

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

Oil Recovery Processes edited by M. Baviere (published for SCI by Elsevier

Applied Science, London and New York, 1991).

SUMMARY OF THE INVENTION

The present invention is directed to alkylxylene sulfonate for enhanced oil
recovery (EOR) processes. The alkylxylene moiety in the alkylxylene
sulfonate of the present invention contains greater than 70 percent of the
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broad distribution of even carbon nunbers rangi ng from
to 58. The aronmatic hydrocarbons used to produce the
wa@bdoghoss3yd sul f onates may be benzene, tol uene, PEIIUS2964/025328
or m xtures thereof. The surfactant has ultra | ow
interfacial tension with waxy crude oils. WO01/98432
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o nt?\pz%{g)té[ Ir?ﬁ%trtia%h Eﬁlg%: |§’] ép f@fa}étiiﬁ %8% ag'hlpfp?{?g%ﬁtt igvention is also
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enhanced oil recovery (EOR) processes. The al kyl xyl ene
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t he 'Kyl - benzene i soner and wherein the
attachnent on the aIkyI carbon chain to the xylene

10 27 ¥ pRepRSCsA ek 306 Pk Fiens ThaRLERTte ARy ek fpironate
11 1 nyfetRkipgresért il eriof dcﬁﬁélﬁﬁ\g@eétdmhé}@dofpyrc@rﬁhﬂmﬁe Adalkyl-1,2-
the recovery of oil froma subterranean reservoir
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15 s et Rl o ere) ol ool

thereof. t has been discovered that the al kyl xyl ene

noi ety in the al kyl xyl ene sul fonate
16  In particular, the present invention is dlrected to alkylxylene sulfonate for

17  enhanced oil recovery processes having the general formula:

CHg

X

| CH,

MSO3 K& \<)

18 R

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

21 alkylxylene sulfonate is alkyl-ortho-xylene in at least 85 percent of the total
22  alkylxylene sulfonate, and wherein the alkylxylene moiety in the alkylxylene
23 sulfonate 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
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of the present invention containing greater than 70

percent of the 4-alkyl-1,2- dinethyl benzene isoner
wanasoissoei n t he attachnent of the al kyl groupP@DUS1964/025328

xyl ene noiety in the al kyl xyl ene sul fonate at

posi tions higher than the 2-position along the alkyl

1 Cafh‘%%]k}ﬂ??bﬂe isﬁlf@ﬁ?t'e%%tt Pé@iti@ﬁé ARfMer BA Y fHéez-%%sfﬁgﬁ along the

surfactan aving low I nterfacial” Tension (I
2 paalkyloahaim jn atleapt 43 patcanhobiie total iadkyiiyiens edifermte of the
3 al klyl ngene ul fonate for enhanced oil recovery
pch,eég QVRY '?Tg the general fornula: MSO wherein Ris

an al kyl group containing fromabout to about 58
carbagn 0 i s a nmono-val ent. cation, and e
4 o Rt e alobishe TR B lenp oh at st 05 percent
5 al {Zﬁ@he%ﬁa‘l‘ﬁrk&}é!y%i% sllfodatd €ast 85 percent of the total
al kyl xyl ene sul'tfonate, and wherein the al kyl xyl ene
noi ety in the al kyl xyl ene sul fonate contains greater
th £ - v i :
6 honii SR, 110 RGhaRTe Mol treifioibne iaticontains greater
7 t othiaheaboytt 80eparoeet of the dkakylt kHdaykethyebenkémnsoeners More

8 raliciPARY e Ay EeyP ekt Be A She lispngie Faias at foast

9 Subfh ?Eﬂiefht of tﬁéﬁ@-a‘%ﬁﬂ@Himélﬁ?mér%éne%%%f.aﬁ’hé’strtuléﬁj res for the
al kyl' xyl ene noi ety i s al kyl -ortho-xylene 1n at | east

10 954-adnyt-dit-dinethiykbenreane andihied plkyk12udinsthyldenzene are given

11 Prsﬁerably, t he al kyl xyl ene noiety in the al kyl xyl ene
suf¥8Wat e cont ai ns greater than about 80 percent of
the 4-al kyl -1, 2-di met hyl benzene isonmer. More
preferably, tdhe alkyl xylene noiety in the alkyl xyl ene
sul fonate corjtdins at |east 90 percent of t heCH,3
4-al kyl -1, 2-di net hyl _benzene i soner. The strug¢tures
for the 4-3 5ﬁknethyl benzene and the CH
3-al kyl -1 hyl benzene are given bel 8

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

13  Preferably, the attachment of the aikyl group to the xylene moiety is at

14  positions higher than the 2-position along the alkyl chain in at least 45 percent

15  of the total alkylxylene sulfonate and more preferably the attachment of the
16  alkyl group to the xylene 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.



4-al kyl -1, 2di net hyl benzene 3-al kyl -1, 2-di net hyl benzene
Preferably, the attachnment of the aikyl group to the
wogtosnes3nmi ety i s at positions higher than thePCT/US2004/025328
2-position along the alkyl chain in at |east 45
percent of the total alkylxylene sulfonate and nore
preferably t@ds attachnent of the al kyl group to the
xyl ene noiety is at positions higher than thé&H
2-position along theyal kyl chain in at |east |60
ot al alkylxylene sul fonat e.
he various attachnment posj
carbon chai n of ||t he al kyl group to the xy|ene
are givermY Al
3-al kyl -1, 2-fi met hyl benzene n the above S 4
the values of x and y determ ne the attachnent
position of the alkyl group to the xylene noiety on
the gar hoa cha @|4qu exanple, for a al kyl group, togHxu
val ue“df *x equal "t%"2 and y equal to 9 corresponds to
the attachnment of the al kyl group at the 3-position on
1 t heandykyh-didleigbéaaier. Thus, for >3+3lkgl-Kudimethylbenzene
bet ween and 58, know ng X and y provides the
attachnment of the alkyl group to the xylene noiety for
2 t hg therabeveendicifies Ak ValRiadhcamel \WResnfRE tihe attdBi¥ment
nono-val ent cation in the al kylxylene sulfonate is an
3 al Resitiomet thie ally @revr i the xyenexmeigty omethgl caror ebainm For

4 IS IMOR KAL6L SRUIABIRHeNE A GATIBILIYES 84 Plecto 0
5 al ¢orregponde ts Mé attattemeit ¢ftthe pilles group amest3- pﬁsman on the alkyl

der| ved froma |linear alpha olefin or isonerized
6 ol @Pan chaai Tiysy emsivtdRamal i bakwran H3apdaseknawinesx and y

7 Pr&fo@rd% liHe aitaehﬁ\bhvbf fHecutRy g??&\@{wnwénrfén%@éw;ﬁ{he

pha ol efin or isomerize
8 abccmtesipondmguthadmermtﬂmbetween C10 and Csgs.

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

11 ammonium ion or an organic ammonium ion.

12 The alkyl group in the alkylxylene sulfonate of the present invention is derived
13  from a linear alpha olefin or isomerized olefin containing from about 10 to

14 about 58 carbon atoms. Preferably, the alkyl 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 to about 30 carbon atoms.

18  The alkyl group in the above alkylxylene sulfonate contains a broad
19  distribution of alkyl 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
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atons. More preferably, the alkyl group is derived

froma linear alpha olefin or isonerized olefin
w@oovsaisldng from about 12 to about 30 carbon aPONES2005625328

al kyl group in the above al kyl xyl ene sul fonate

contains a broad distribution of alkyl chain |engths.

1 Thﬁtot'é’@?éfe {réfn é B SereehPica ﬂ%%é@fd tﬁ@'Blksyl groups.

abo percent to out percent o group
2 andnefermdedistriabtign bf alkybtiuain léngiks cemprises &fbouabout 40 to

3 b aSAT ReEPt PG coRpre DuElefed AsBbihEt el chain
) ab@HPtﬁéocd}ﬁﬁﬁs%gfrérﬁ ot S0TEIaboB PO P @thi® 515 1 01

chain | engths conprises f about 50 t
about 70 percent to C20. Anot her enbodi nent of the

5 erﬁSﬂP\'er 'th‘ogi?d‘irh?Htrdétitg\Q/ gr8§érﬁ‘i'n\'iéhti%‘ﬁ¥m}‘1r %@qo%twlgpehe

for 'enhanced ol ry processes, conposition
6i ssM&znateﬁbﬁanoed ot recoreirg pracesspas which camepositich is derived

wh he al kyl
58ré|§:rnt Cmaiaa roup %ﬁéq%@\{vééom beg%?J ylltg?{oﬁné:ontamsfrom

8 a' Jiwédtﬂoeﬁealﬁiﬂt fBBrb%trSoﬂt gtcﬂhgyénoothtefwkweﬁe mdﬂe@tm the

| east 85 percent of the total al ene sul fonat e,
9 analkmgleaersutfhea@ iR llHoethe-»yi s lyl atdeastéfam&ryenyofethe total

10 ¢ ek REeR RO pll R Toi DR RS hnd i e Shicyiene

11 até@fﬁﬁé@é‘boﬂbtﬁd‘@eé’téﬂtha@ BBut IO pehenk vt mmyetm timethyl
t he al kyl xyl ene sul fonate is at positions higher than

12 t heenzgsesipemeh and dhg) attaehmept of tbﬁaalkyl gFPuR tq yleie moiety in

13 PeESblohd Subal S FicheL IS Shet i aigno e
14 | nalkylechadirk i meaﬂeﬂf(ﬁperfc@nabﬁthleaowl bmyb@térimwfwm bfithe
at least. 95 percent of the total alkyl xyl ene

15 supresrat BVeRiQt-er abl y, the al kyl xyl ene noiety in the
al kyl xyl ene sul fonate contains greater t han about 80
percent of the 4-alkyl-1,2-dineth benzene i soner

16 l\/b'?'@fﬁrre@he thg atkylxwte@eamgﬂty(m @ﬁ@'%ﬁdtﬂé@@e sHifemate is alkyl-ortho-

17 A LAY i80S dPPBIENE 8R! BRI Bikyh&fsHe 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-alkyl-1,2-dimethyl benzene are given
23  below.
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90 percent of the 4-al kyl-1,2-di nethyl benzene isoner.

The structures for the 4-al kyl -1, 2-di net hyl benzene
wW@easnss0B- al kyl - 1, 2-di net hyl benzene are gi vePCT/US2004/025328

bel ow. CH CH R 4-al kyl -1, 2di et hyl benzene 3-al kyl -

, 2-di met hyl benzene Preferably, the attachnment of the

al kyl group tomst he xyl ene noiety in the above

2-position aljong th | kyl chain in at |east
per cent of #Afe al kyl xyl ene sul fonate. M CH,3
pr ef er abl attachnment of the al kyl gredp

xyl ene noilety is||at positions higher than
2-positio long’ the al kyl chain in at |es
percent of the total alkylxylene sulfonate:
structures fdr the various attachment positions on tRe
carbon chai ngof the al kyl group to the xylene noiety
are given below. CH 4-al kyl -1, 2-di net hyl benzene
3-al kyl -1, 2-di net hyl benzene n the above structures,
the values of x and y determ ne the attachnent

1 pokrikybh2dinethyébeardugl group to Bhakyyl Baenedpillhyeren
t he carbon chain. For exanple, for a alkyl group, the
value of x equal to 2 and y equal to 9 corresponds to

2t hleraérfamh nes attathrhbet &f thiglaligl grgumto mb&yiferﬂ;)mdiet?m the above
the al kyl carbon chain. Thus, for x+y+l equa

3 be@lMéﬂGgﬁ@Uﬁgnaﬂ@ﬁ&ﬁt ﬁ@SIﬂogﬁalqh%ﬂ@n H‘@Sz-ﬂl)ﬁéltlon along the alkyl
atér?aﬁﬁm?af 1@kt 3@3 %elﬁ)l bf eng%%ﬂg’iiﬁeﬁ‘é’ 5@ Tm&ef&éferably,

he correspondln ain et’ween
5 rmthe attelcbnient af thenalkyl grbap 4t itye xylene endietyfie I:BEhtpesmsnarhﬁgher

al i Pr ef er abl he al kal IS so
THEBS 2oBasiian elanpane byl SRR BkiR BihnesteRol e otal
7 OrQRﬂkﬂeﬁg@%ﬁbHﬁ%l Ohe structures for the various attachment positions on

8 the carbon chain of the alkyl group to the xylene moiety are given below.

CH
: CHj
CH
: CHg3
CyH2y+1
Hoy+1Cx CyH2y+1 CxHax1
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 alkyl group to the xylene moiety on the carbon chain. For

12  example, for a Cq2 alkyl group, the value of x equal to 2 and y equal to 9

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

-12-



The al kyl group in the above al kyl xyl ene sul fonate is
derived froma linear alpha olefin or an isonerized
w@bk@sioms3eont ai ni ng from about to about 58 car bPCT/HSNE025328
Preferably, the alkyl group is derived froma |inear
al pha olefin or an isonerized olefin containing from
ab u f ]
1 SR PoBRERR TR BOAERR SuPio biRLCeR 1B AR oy x and y
2 anpiovites theeattaghefert of tre alkyligrgup to thekglehe IRoitty fabthe

30 carbon atons.. The al ky roup in, the above
3 al R?ﬂrww%gﬁ?'a %@@ﬁégﬁk%&?&&ao Brd&Eedi stri buti on of
al kyl chain | engths. The upper heavier range Cto C
may. conpri se from about 5 rcent to about percent o
4 { hing| o-galsubgaté@mmﬁhe@"fyfyéff%?eaﬁm'% B ae&ufa?lsnetaﬁ-
pe . 2 h | . .
5 D EfaShahy, e RN REER R sl P o PaRiPEatich may be an
6 coammadsmfionmor@ncargadic aromabun iB0 percent to C o A
nore preferred distribution of alkyl chain |engths

conprises fromabout 50 to about 70 percent to Co. A

7 g uThéatkye gtmgp irnethﬁ aé»b%/e wmb(mg;ulfdnmgé d@ri\iyezjf from a linear
irected to a nmethod. for recovering ¢rude, oi roma
8 o BPBR A Y SRaoRl50PIEBH Ca PTG TomrabPeHC lpest
9 Mesgedy h?s‘?slbre(fér)ably?!tr?é:él'kgg%ﬁoﬂh% HBﬁv&? R h%RedPalpha
aqueous sol ution contai’ni ng ah anolnt of an
10 al @lgfin pir emeissmiefined piefiarcantainimgeorofabalk v Dxg ladweat 40 carbon

11 Shabdr RS BT h8 0l it B el ona oo
12 f Oéméo%é@%dfﬂéfiﬁicBnBiﬁiﬁ%%nﬂébdlht w W@o@tﬁfﬁ(ﬂééﬂbﬁﬂ atoms.
fromabout 10 to about 58 carbon atonms, Mis a

nmono-val ent cation, and the al kylxylene noiety in the
13 Ko ByFRRU I (O3S S AGHIE P LTI LB Broad
14 andiststpetionrofalieyl chain lengths. The upper heavier range Cs; to Csg may
15 comprise from about 5 percent to about 15 percent of the alkyl groups and
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 Cq, to Cz. A more preferred distribution of alkyl chain

19  lengths comprises from about 50 to about 70 percent Cqz to Coo.

20 A further embodiment of the present invention is directed to 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 alkylxylene
25 sulfonates effective for the recovery of crude oil wherein the
26 alkylxylene sulfonate has the general formula:

13-



al kyl xyl ene noiety in the al kyl xyl ene sul fonate
contains greater than about 70 percent of the
wa2@bkyd3ed, 2- di met hyl benzene isonmer and the apCHURRH025328
of the alkyl group to the xylene noiety in the
al kyl xyl ene sulfonate is at positions higher than the
41 2-position along the alkyl chain in at |east 40
percent of the total alkylxylene sulfonate of the
present invention; and (b) displacing the crude oi
wi th the aqueouscgglution injected into the ,
formation to thefeby recover hydrocarbons froma
production well.|n step (a) in the above nethod, the
al kyl xyl ene s te is present in the range of about
0.03 wei ght fgercent™to about 2.0 weight percent of the
total wdpbg t he—aquébas sol ution. Preferably, the
conposi tion iE p gént in the range of about 0.1
wei ght percent out .5 weight percent of the total
2 wei ght of the aqueoJ% conposition. Mirre preferably,
the conposition is present in the range of about 0.3

wei ght percent_ to about .0 weight percent of the total
3 wei ght Whetaia Raisiaibalkylgrrge sonfadmng i abstt b & abawl v

h o . .
4 i gnt - earatifl o RS mrd: el Enf 18R, Bhaiheidliyotene
5total weiogty irnthd dlkylageaessiifopateds ialkyborthotxyierediovat least

6 el or w80 poriary PI D14 ol anbnene Sufondlasanc i Remin dig
based -y -
7 based oayRmehBlabicd) KAhEHIRNSIGH LaRMaRe BRI it than

t he al ky ene nmoi ety Int ne su
8 cont ai nebartaax percehtof thedualkgiel Bedic@thyl denzbre isomer and the

4- al kyl - -di net.hyl henzene .i spner, Mre. prefera ,
9 the o KA AT GRLRdo SRR Y e anEieR, ft Bheixyiene
10 cont ai n&yIRInake RS4t ReBitRAIsIRGhercthah e 2-position along the alkyl chain
4-al kyl -1, 2-di net hyl benzene i soner. The structures

11 for t heinptdeasti40percanhefithgitotebalkpbyleasdsulepate of the present
12 3-al kylih&er%ﬁéjr.\;%tdhyl benzene are given

13 (b) displacing the crude oil with the aqueous solution injected into the .
14 formation to thereby recover hydrocarbons 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 total

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

20 present in the range of about 0.3 weight percent to about 1.0 weight percent
21 of the total weight of the aqueous 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 aqueous composition.
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bel ow. 4-al kyl - , 2di et hyl benzene

3-al kyl -1, 2-di net hyl benzene Preferably, the attachnent
w@booshes3ad kyl group to the xylene noiety in theCHDS004/025328

al kyl xyl ene sulfonate is at positions higher than the

2-position along the alkyl chain in at |east 45

pe t t t f :
1 prErERateye iptioR fo MRy TRaeB mile 1 s Worably
2 xydleyleonthm-zylene sn at lgass Db ipencertiibgised antthe totad alkylxylene
2-$@E)iﬁlt@iton along the al kyl chain in at |east 60
3 pe

©f the total alkyl xyl ene sul fonate. The
structures for the various attachnment positions on the

carbgn ain o he al kyl .group to the xyl ene noiety

4 SORRRARY, e Slivbierpmblesy i 116 Sk oes kyliBeatbaatains greater
3- o ' Vi € tshe, t

5 ot B0 HE A 2 B B eBner; More

6 t hpreférably, thealkyixyleneemrigteindhallotlyyleme sukonate montains at least
chai n. For anpl for a kyl group, the | ue of x

7 codlPerdsh ol ralkyletr2-cinhithebePesamet R Stullurds for the

8 athaplymnt-dphethDBbdiZene sHPWR RbIKYNE, 2diRRsthil hRRe!8 given
al kyl "carbon chain. Thus, for x+y+l equal t©0 between

9 anbele®, knowing x and y the attachment of the alkyl
group to the xylene noiety for the correspondi ng chain
| engt hs between and C . The nono-valent cation in step
(a) in the aljove nmethod is an al kali netal. CH
Preferably, tlhe alkali metal is sodium The 3
nono-valen‘/:stion @iy be an anmmoni umion or
or gani c apfdni ungton. The al kyl group in stegp

ol efin contai ning from alout to]labout
g” Preferably, the alkyl grogp is
derived fromfa linear alpha olefin or an

10  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethylbenzene

11 Preferably, the attachment of the alkyl 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 alkylxylene sulfonate. More preferably,
14  the attachment of the alkyl group to the xylene moiety is at positions higher

15 than the 2-position along the alkyl chain in at least 60 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.
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i sonerized olefin containing fromabout 10 to about 40

carbon atons. Myre preferably, the alkyl group is
wa@lerswes3od rom a | i near al pha ol efin or an i soneCT/E8H04/025328

ol efin contai ning fromabout to about 30 carbon atons.

The al kyl group in step (a) in the above nethod

contains a bewad distribution of alkyl chain | engths.

The upper hepvier range Cto C may conprise fGHem about

5 percent tolabout gercent of the alkyl grougs and

nmor e pref ezably o about 8 percent to about oercean
of the al hups. A preferred distribu

chain le pnpri ses from about 40 to

percent t nore preferred distribut|on of

chain | engtF SN,
percent to Q. The above nethod further enploys,
concurrentlylwi th or subsequent to the injection of
t he agueou ohgtion in step (a), injecting into th&Hyu
for BEFBA an amolif?*lof pol ymer effective for driving

t he aqueous solution of step (a) into the formation to

1 dl £RISEE L diReBlyWifz8ld tO thereby rdeslbylet,2ljmethylirchone
froma production well. n the above nethod, the

pol ynmer may be any suitable polynmer, such as a

2 pol'nytﬁé%{ﬂﬂ)%'s%lct@eé)%)éﬁ%hyésatgﬂﬂﬁn@ RtARhihe Fhé )éttﬁchment

hydr ol yzed pol yacr e abo nmet hod furt
3 en}pﬂ)&)’g@] Of:tbwoajkylgn@lum@vthmxydene;ntm@qmﬁetaarbm chain. For

4| DR o G EP . T8 Al b e 3P ey equal oo
5 ef&ﬁ?ééﬁé%&% Hl8 aitacimbAOTIAD Sk oAt @B RbositieR ohthe alky

into the formation to displace the crude oil
6 t hearbpl chatfovERUS jeImotydrioeaual te batveeen b@aaduﬁﬁn kmwnng xandy

7 T oS OP i MY 1500 ETBYP BeRRFEAEH 1 thtByiinaing
8 i n¢tmiit lendfies betwewh @R @mb@yd. of water effective for
driving the agueous solution of step (a) or the above

pol ynmer into
9 The mono-valent cation in step (a) in the above method is an alkali metal.

10  Preferably, the alkali metal is sodium. The mono-valent cation may be an

11 ammonium ion or an organic ammonium ion.

12  The alkyl 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 to 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 Cs, to Csg may comprise from
20 about 5 percent to about 15 percent of the alkyl groups and more preferably
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the formation to displace the crude oil to thereby
recover hydrocarbons froma production well. n the

WwW@bwsme183et hod, the hydrocarbon in the subterr aPErNS2004/025328
formati on may i nclude a waxy crude oil. The aqueous
solution in step (a) in the above nethod further

e t V. h
1 ETRORY SRR AR 2o JIRE LI prdiored
2 i ndistrébudioo\waf ated bbahnr‘ralygﬂ)e cm)mmlsreelrfmm @poutd0 Yo about 80 percent
segonda y erti ar ereof), an a cohol ,
3 ot é?to %rgﬂr gn%)étgﬁu Ep{wloggﬁé %}1 %):ompnses from
9|¥S@ut’5(ﬁto°é’6ddt%y&ér5¥hte®]% tglQgol ether or mxtures
t hereof. The pol y(oxyal kyl'ene) gyl col ether may be any
C -C nono-al kyl ether, such as ethylene or propyl ene
5 g'ygelabwa%&htsér i r‘ﬂﬁer"g?ﬂ ogg‘%cuﬁ’eﬁﬂ with & subisBYLERELo the
I - propyl ene g ycol no phen I
6 et imgactioa dfithe aqhgd)lmeoluhom in stppc(ayl mpe’mg@ y'cto lthe formation an
nono- a et her,, pol yet hyl al.y
7 roRgoDnb pOlkrRe P B SBynG be BREsHS SeREoRISEP () into
8 et@\%rfo%a%ﬁﬂdlﬂi% Ia‘bBQh@%Fudézéi@fH’fh‘é?eW rdddfer hydrocarbons from a
pol y(oxyal kyl ene) glycol are poly(oxyethylene) glycol
9 anprogdeciiomelr opyl ene) gl ycol or mixtures thereof. n
the above nmethod in step (a) the co-surfactant is in
the range of about 0.03 weight percent to about 2.0

10 vveinghe gheveanethof, theepalpmal meyi g any suitéisle gmlgoes such as a
b Rnal 5B Lot o HAr AT <ol emie

percent of the total wei ght of the aqueous

tlon efe the co-surfactant is in
12 { e ahowS Bietion s rmpysicdpeREaniy we)t A sbseguent to the
13 Whjﬁ&wﬁ%’f‘ﬂ%‘bq@éodé“&l&% In %Fsﬁ ngé H?é’fb?matlon an
conposi tion, nost pref erab act ant

14 i nampent afrtgeteobﬁectlve for driving the aqueous solutlon of step (a) into the
15  formation to displace the crude oil to thereby recover hydrocarbons from a

16  production well.

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

19  effective for driving the aqueous 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 a
25  co-surfactant having a molecular weight in the range of about 60 to about
26  1,200.
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about 0.5 weight percent to about 0.8 weight percent

of the total weight of the aqueous conposition. BRIEF
WORBROBBION OF THE DRAW NGS Figure 1 is a chr oPGl/Us20a41025328

obt ai ned by Gas Chromat ography of a sanple of the

al kyl xyl ene prepared using alum numtrichloride in

Ex Y=Y t

1 carposBsiftact ifieRo Rl Ry e AT maY,

2 cesedondesy,daltare dr Mixiorashthessafy amaleohalether sopolgalkylene

3 Ef@ﬁ?@f’g"pﬁ% B%Eﬁgﬁ%}r&ggélggr@&g%ﬁﬁ%%eI %Il g}r{ea}rortrr%xtures
Al i . . "

4 Sghaor IR BOIGRAYERETCP Byigh! PRI BAG b} R alk!

5 | netbef,aatichl asTethyienesyr prepyene g@lhywot oratiorgikylontmenosphieoyl ether,

o {57 SLaR b mEPLRES LD SRRy A uBRPIRE b -
7 Ustringth@lelqi! opthisireplere glyeefmomoENRIresoAd pheRyl dikend
(using trifluoronethane 'sulfonic acid as the

8 al rglyethytamecalyeolyseno-pheaylather, apleremdare plyrobliaogorpiienyl
: I I | f t d [
O SRR B B e R Bxanpl o 2 (usi ng. hydr ogen-
fluoride as the alkylation catalyst), Exanple 3A
10 ¢ Eiqiofts ShBE Bl RE o 9 fiec e ol oeilepe) gvoot ana
11 f‘“.\f\‘,"ék%’%%ﬂ’ f i) ool oPRbAlLIFSERhERSSERI PTI ON OF THE

initions As used herein, the follow ng
terns have the foll ow ng neani ngs unl ess expressly

12 Stiptipd éﬂbvbhﬁe%gtiig afap (a)MSe EBISIHfacht i8R therange of about

"actives" as use erein‘refers to the concentrati on

13 of 0.93dveightipergertiosatzout 2.0 vieighipereentiof th totpl weight of the

14 deé?&déothesdsélﬂ]tiérhePPéfSlsa%W, the co-surfactant is in the range of about

15 0.1 weight percent to about 1.5 weight percent of the total weight of the

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 OF THE DRAWINGS

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

24  weight percent of the attachment at carbon positions 2, 3, 4 and 4+ for Cq2
25 and Cq4 carbon chains can be calculated from the area under the resolved

26  peaks shown in the chromatogram.
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i nvention. The cal culation of the actives content as
sodi um al kyl xyl ene sul fonate is described in Exanple 6
wa@p@sossodat a are summari zed in Table 11. The PEF/IB2004/025328
"al kyl ate" as used herein refers to the al kyl xyl ene
used to prepare the al kyl xyl ene sul fonates of the
1 Pr ERRRé 2118 $RANAraD.- F@h}@ PhKY Wakl ANgina o4 %Bg{p?&? of'fhend
xyl ene and linear al pha olefin or isonerize efin
2 coalkyixiieng drepareshusing tiflushonetie®ecautionic acidris Example 1A.
Preferably, the linear al pha olefin or isonerized
ol efin contains fromabout to about 40 carbon atons,
3 anﬂignifﬁ 8 i%)aejleir@fnﬁquiﬁbratachlblwfaaiai Temsians3 neasured according to
net al rein refers

@‘L?p’“%nﬁ&ir{c]”&%ht éo"be‘(‘?" Bt 8‘@5{5’] @ﬂoﬂﬁ% cppegntration fof
5 " akdapiedast tﬁ@@ﬂ@b@léﬁ@ﬂfﬁh@ti‘ﬁéﬁér%%% élreylﬂﬂéné%efs&%ed in

reacti on pr oduct a reactive netal
6 Thexamplas' th- i 1GendriD (usiairiflupesnaethane sufoninad as the

7 sugl%ggtl&qggtéhz@g are used in conjunction with anionic

sur ants i nhanced oil recovery processes.
General ly, nonlonic surfactants have a sonewhat hi gher

8 chiobe S 25 I BBl ol Lot B BirtRusea Sughete
9t %\@perw bﬁhg@ﬁ@l@l&@é Hescriyedna E@@‘#nrﬂé @@smfd h¥]dTrB§¥n fluoride

al so provide a reduction in viscosit
10 suas Hex alkylation satalysts Example Sédusing aluﬂwwmtﬂclaiﬂndﬁasﬂhe

L N N A —

Techni ques for inproving displacenment efficiency or

1a Sweep effi cl qeyaTRh Brdiseiban bher kARt of

an oil field tT ottt g6t gas
into injection wells to drive oil through the

reservpir to producing wells. The ternms "@Gas
13 Oﬁ%ﬁ\%ﬁ%%@aphy" or "GC' as used herein refer to Gas
Li qui d

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

15  expressly stated to the contrary:

16

17 The terms “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  The term “alkylate” as used herein refers to the alkylxylene used to prepare
23  the alkylxylene 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 to about 30 carbon atoms.
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Phase Chromat ography. The terns "interfacial tension”
or "I FT" as used herein refer to the surface tension

whetrdoen3ooi | and water of different saliniti esPCINUS2004/025328

1
2
3
4
5

- O © 0 N O

[ .

13
14
15
16
17

18
19

20
21
22
23
24
25
26

achi eve hi gh enhanced oil recovery, it is necessary to
reduce the interfacial tension between the oil and the

vet Bé tdrih *aﬂl@alfrﬁé?a"l"’?% Pg&? haRaH referdib G{d\.ﬁa PRMmetals of the

centimeter. These u ow I nterfacial tensions are
meBetiodid Tableng a spi nning drop tensioneter.
Interfacial tension may be al so neasured by any known
nmet hod for nmeasuring interfacial tension.The term

" pieresrh7 ek ;@S Méans auprthdifidavinich @A e fmdd & tdreaction

ol efin that has been subjected to isonerization

c opredtriefamaiceRok adiatreagtiveanetdlt er nati on of the
distribution of the olefin species present and/or the

i ntroduction of branching along the al kyl chain. The

t eflne tercoe-suridotanih heeain nefets ivanenionic sudiastants that are used in

stabl.e nmicellar solution.of, oil, ,water,. a surfactant
arepufedohgutf apRBic i ans M eppfisrban FecdVonBictBses.
M GeReily] sdriokicUefaeRiite REvas soRsehAMIGRéCITerBAYe iY
an average particle size of about a few nanoneters in

di Rateralent ighe arerwatersalublg, iandexhibit a véde rangs af lowf and stable

t ‘%n?ér*%éﬂfér%ri]&wssﬂét(/\%ncalggliir% i %ﬁl{jjl 'gﬁgcﬂe %Lim@g I%qya?lso

i norgani c or an organi c base, suc
hyslookiedereductior imnidtosityadkibsislefactamioni a, an organic
am ne or an al kanol am ne. The terns "optimm

salinity" or "mdpoint salinity" as used herein refer

t oTHdRragoenhanteddll tedovehy1oraB ORI (EERefcffIHafEeth t O
mnimze the interfacial tension and nmaxi ni ze the

r f8gesSesder enhancing the regovaakgf ydigearbpns fripm gybigrranean

her ol ; o e ;

v3eSeliohE: STeRphRuEsErintrovii g ibRted PR bRy or Buper

asefficieaty may andsed for the exploitation of an oil field by introducing
displacing fluids or gas into injection wells to drive oil through the reservoir to

producing wells.

The terms “Gas Chromatography” or “GC” as used herein refer to Gas Liquid

Phase Chromatography.

The terms “interfacial tension” or “IFT” as used herein refer to the surface
tension between oil and water of different salinities. To achieve high
enhanced oil recovery, it is necessary to reduce the interfacial tension
between the oil and the water in the reservoir to about 0.01 dyne per
centimeter. These ultra-low interfacial tensions are measured using a
spinning drop tensiometer. Interfacial tension may be also measured by any

known method for measuring interfacial tension.
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aromati ¢ hydrocarbons, wax paraffins and a variety of
ot her heavy organi c conpounds, such as resins and
wagpbhalasenes. Unl ess ot herwi se specified, all PCT/US2004/025328
percentages are in weight percent and the pressure is
at nospheric pressure. t has surprisingly been
1 I PRYGHPdsoatizedolehf AL KbUXIRAR retert R8h2iRia bléfin Jpat has
present invention t tachment position of
2 grbee@n sobjeb’edxtylmmemtmrycorwlmormﬂhlahtremdts lol:araaihemgtlon of

3 ool fieEbifien 3} 15 TP PrsPes eramntaprer thedrsduction of

4 aI lgr)élnémngrgqoﬁgjtﬁé)gmyﬁ;mmt ains greater than 70 percent
the 4-al Kyl -1, 2-di net hyl benzene based on the

t ot al al kyI xyl ene sul fonate. Furthernore, the alkyl

5 9" PR tethi ?ﬁf&P@BhLﬂ’él@ﬁ’gaé 08e& ﬁégel‘?ﬂ r&RRd Qgtétﬂf nft&Mr solution

group to e xylene noiety Is SO surprising
6 i ngfooit, avater, arsustactaniiang opdionaty enemurmretaie@rcdy\tes

7 R 5Phn TS ORI aFReSk b Shs iR o AvErdad barticle

8 2-$195 bf hBHuEd RV nbAGMRterklin eminkédr.chai n provi des an
EOR surfactant having low interfacial tension. t is

preferred that at |east 40 percent of the total

9 altyeé wthPhrutalizerauday ﬁer‘e‘“r?rééﬁs% kyléhe Egﬁbﬁb%i&?d

hi gher than the 2-position along t car bon
10 cheeuiraliced vtmrmmsgamplw aocemgaalnd)ascat\laucbleas antajkalt imetal

11 T HOPRGeH B PO AT YT PRE. A anis JBReATARkanol
12 Al ¥¥lney! ene contai ni ng from about to about 58 carbon

atons was prepared fromortho-xyl ene. Al kylation
catal ysts, hydrogen fluoride (HF), trifluoromethane

13 S u’rrﬁ@furﬁmsa%pﬁmhﬁFsﬁmuﬂw or %waonﬂ@ahhw%lsouéé#ﬁhé@hrﬁefér to the

and the ionic liquid Ccatalyst, nethyltributylamoni um
14 hepnaghi @resdlin the agecovphass eluireddbkyinimige the interfacial

15 o1 GISel e Faaglee AR BB the ol kyi ation -
position on the ortho-xylene ring. C NWR

16  The term “waxy crude oil” as used herein refers to crude oil 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

19 compounds, such as resins and asphaltenes.

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

21  pressure is atmospheric 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
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anal ysi s has shown that al um num chl ori de and

nmet hyl t ri but yl anmoni um hept achl oroal um nate typically
w@ews/om3ne t han 90 percent yield of the 4-al kyPET/US2004/025328

, 2-di met hyl benzene (4-alkyl-ortho-xyl ene) based on

the total amount of the al kyl xyl ene produced. On the
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o | PSSR helyBERORT (6N e s BB ge i Blechment

10 1 ObcHifidrkdiony! tRe @IIGH LARHRAt shai@mPosi tion has at tachment
at positions higher than the 2-position along the

al kyl carbon chain. GC and C-NWVR were used to
11 deAR?Ry%eté&tﬁhH@qm@boﬂP%ttb @bodt 988aktth sl was prepared

car bon” chai n. kyl xyl ene sul fonate contali ni n% nor e

12 trfmmmtlmxyiene Alkyistlomesatalystsp bydrogendluerigedHR)han

13 oo aipRpa0R sTli8EC Aot G ST PRy EpERte tRick) and the

14 COABhR Ijuld chfalyst YabthIREBLGIPHRdaiun hBpichR#Baluminate, were
di scovered that when'the al kyl xyl ene 1s prepared using

15 t Hesed toyallsylptsnordhe-xyiese. tTher maiufebﬁfehhﬁaaﬁléylgmn @aiiab/swlays a key
16 ( QoS Bﬁgter%rﬁ?n%ﬁ%hélkﬁgﬁoﬁbbgl |6¥|o%rfﬁe%ﬂﬁoo>g&?ér8e gﬁgt hgc_NMR

present 1nven an optinum sa
17 pemmiysns $adishowenthat aldeningin dhierids bed n’fﬁhyltrlbumammonlum

alum numtrichloride is used repar
18 4 fv@m%ymlewl%mm%%\tpéé@ﬁ/ v%mr%@aﬁﬂ 95 R%gﬁf?tg’he'd e F-alky-

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 alkylafion catalyst, a mixture of
22  4-alkyl-1,2-dimethyl benzene (4-alkyl-ortho-xylene) and 3-alkyl-1,2-dimethyl
23  benzene (3-alkyl-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 IFT

28 data. Attachment of the alkyl group to the xylene moiety at positions higher
29 than the 2-position along the alkyl carbon chain provides an EOR surfactant
30 having lower IFT. It is preferred that at least 40 percent of the total
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the optimumsalinity is 0.3 percent sodium chl ori de.
The ionic liquid al kylation catal yst

wOoretolpig3né but yl anmoni unchl ori de exhi bits an opPCTN2004/025328
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salinity at 0.4 percent sodiumchloride. Thus, the
al kyl xyl ene sul fonate of the present invention nmay be
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reservoirs with salinities varyil et wee

2 pefdssitionaleng thesallyl atbenchain. .@%aarw @u N&R were aisad to

3

5
6

7

g !

9
10 ;
11
12
13
14
15
16

17
18
19
20
21

22
23
24
25
26
27

e R SRR N b S

|nJ ecting into the formati on an aqueous soI ution
of .t he al eneslfon

| te or .
4 gl g e el Hat g Pt 88 RRent at positions
i nMgne.r manethéez:pasmoﬁ BlongrtharmtyN8attih EIRAQ WA L}Vb@Bbtalned by
cgtﬂem . addition to the use of an aqueo

ths@n@f&fﬁt'wmﬁﬁéed plefias kpniajniagéntem dmabke ldndshe
present method for enhancing the recovery of crude
oi|. optionally, an anpbunt of polyner may be injected,
cdﬁhﬁ$ b@ﬁmcusqmvered)thaé wdseedbe mikylxylemeis priepataconsing the

AR KR it BPomBlnRE AuliSpicAcid (EF o) e sesutiant
f calkgixylene tsaifohate! citite bhssent l@nbh hiaBtah 6;51ﬁnur%r%1@ihlt95t

to [éecover hydrocar bons from a producti on wel

@ﬁﬂéﬁﬂtépdt% chlerigee Omrilie elber bandmhewlmnum trichloride

A G R S ML of s S sEafoion,

f rtbmoatlpmmi sahmntmsWefB bero@n‘t eodiairethiorit6e Thej léﬁl’b'lﬂulooélkylatlon
r]D f effective for driving the
“@% §L}| 'Eﬁ@’yﬁmg rBopiuMelorise-gxibits AN @ptimsm isatinity at
t lie4 berdEH: IS@H‘L{H"? cﬁl%ﬁgée"rhﬂ¥dfh% %R\aﬂﬂﬁné 'sB fi‘ate of the present

productlon we e perfornme e pri‘o
i ipertioormay bemffq@bwmsed Aoro¢iteanceldt @il reabiangy ih MeserveRs with

¢ RBVTES FRplies Beuliaronate bF PBelr ssent | nvent i on’

into the formation to recover hydrocarbons froma
Ll%%uﬁ:rtelsgr% |nv|er|1t|on is also directed to a method for enhancing the recovery
of oil from a subterranean reservoir which method comprises injecting into the
formation an aqueous solution containing an amount of the alkylxylene
sulfonate or mixtures of alkylxylene sulfonates of the present invention

effective for enhancing the recovery of crude oil.

In addition to the use of an aqueous solution containing the alkyixylene
sulfonate of the present method for enhancing the recovery of crude oil,
optionally, an amount of polymer may be injected, concurrently with or
subsequent to the injection of the aqueous solution, effective for driving the
aqueous solution of the alkylxylene sulfonate into the formation to displace the
crude oil into the formation to recover hydrocarbons from a production well.
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n the above nethod, the hydrocarbon in the
subterranean formati on nay be a waxy crude oil. Any
W@ iosakd3e0 co- surfactants may optionally be usePCTMIS1904/025328
t he al kyl xyl ene sul fonate of the present invention.
Exanpl es of such suitable co-surfactants are al cohol s,

1 al ‘Fﬁ@‘i’rﬁje@ﬁcﬂ%ﬁtheﬁfé%nﬁbkbﬂa?% WIIMW@H?ya?rLWecﬁ ng?f an amount of

pol y(oxyal kyl ene) cols and poly(o ene yco
2 et wates aftegtiop forodrading theepalgmer iito the farmatiohdo recover

o7 B SBhr ey ERAAS T o

4 usgbiwhier cffaetives eRalrRiigPihedikjikgens BliFMataest the present invention
| xyl ene sul fonic acids of the present invention

al k
5 rram){cb&epﬁoamati@a tourecpves hyarocarhsms feomfa peodaietion well may be

o SOARSHFC ARSULRE ey U P ORI oaBofEy Sl
7 priepelved this usg ol wvadercaibay withsthé Boyraéeibr arivirgithe alkylxylene

aci ds), .such as hydrogen fluoride, trifluoromnmethane
8 SusYlals GEing RiesantiRvaian i Hesformation to recover hydrocarbons

9 Trfréh%émﬁﬂaew! fonic acid can mimc hydrogen

fluoride 1n a ation reactions and its use is
preferred in the | aboratory to avoid the hazardous

10 PRERREE UREEOR l0EA 357 PRI B BB e v oo

11 asa Waxyarkyé afli on catal ystcorrelates well with the
data obtained in Exanple 2 using hydrogen fluoride as
the al kylation catalyst. The al kyl ation reaction is

12 t YAhY 8Litable @bré 8thodatits Whayogtiondllg bR isedoWih ittie BKyBd/lene
ratios from: to 25:1 . Process tenperatures can range

13 1 rgiongir of bepreseatipventiony kxamplesiaf sychsuitgblesaesuriactants
! out . : ; .
14 0 6 206418 SaiBOhE etnrlC pBRARGRR el Gy RIS SOkl Silycols

15 caand pdly(xryaikyldrag)glycolretherst inay aptionaltlebe ased along with the
16  alkylxylene sulfonate of this invention for surfactant flooding.

17 Preparation of Alkylxylenes

18  The alkylxylenes used for the preparation of the neutralized alkylxylene

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 fluoride, trifluoromethane sulfonic acid or

24 aluminum trichloride. Trifluoromethane 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 trifluoromethane sulfonic acid as the alkylation catalyst
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the batch node, a typical nethod is to use a stirred

autocl ave or glass flask, which may be heated or
weombem3®d t he desired reaction tenperature. APCT/HS20041025328

of the reaction, the catalyst is either recycled (when

hydrogen fluoride is used) or hydrolyzed (when

a Wit'the et RYEXSHIBL u gl RRb §8h fluorid
1 CpSeTes o WIAThRRIeks ol B EKSHPILZ g RS8N fluoride as
2 Pr theealkylatibmicatadyster i zati on of Nornmal Al pha defins

The isonerization of normal al pha olefins is achieved

using at least tw types of acidic catalysts, solid or
31i ?ﬁhé cilkyhatiom riediction & typicajly ebaiegbdyt wittsa adyldnestet olefie molar

xi d avrae ores'zeofless han 5.5
4 aniztondian i8S o 3547 itiss Bmeehiea C@atran%%r%agouto Cto

5 g‘d%ﬁsw 2%)"0°§:' eA(@tH/é 6l€ﬁﬁs ﬂﬁ@e el HIB@%%EHQ?' espﬁn%tc%@% is
6 m&@fe@blmﬁed@utzswiezlmm pBs:wL.20. Ot her pOSSI bl e

solid acidic catal ysts useful for isonerization

i ncl ude ZSM 35, SUZ4, NU- 23, NU- 87 and natural or
7 syhhaealkytatiosrproeess amy Héhesrtieduiud (rubatchreoedinaoes wedde. In

R T —
9 m%fcﬁﬂﬂaﬁ%%t@d ot 888Icand tllié §eS|Pé’d reéﬁ@ionﬁe%%%r&@% At the

whi ch are” hereby incorporated by reference for al
10 puend oéthe ractiomn, thetoatalysifis |eﬂba7ewecyaledc(wh@atiwdy@gen flaoride is

can_be used i,s_iron pentacarbon Fe(CO) ). The
1 pr Deaf ot roed BUnET PLATRLR EENbR Chedharaaqvensy
12 ”HWaBﬁanE(Whleﬂanrohféthéﬁe@Bulﬂfm@ﬁﬁiﬁl igwgeg).node. The
process tenperatures can range from50 Cto 250C. n the
bat ch node, a typical nethod is to use a stirred
13 auppsdeAvife fir |18bmBRzAticisE NwhhAINAIBRY disfideat ed to the
desirted reaction tenperature. A CONilnUOUS process is
nost efficiently carried out in a fixed bed process.
14 Sp’f’ﬁé |§cﬁ‘ﬁ§r%dt|6n%f rLo’Fﬁl‘él Q?ﬂa@lé’lﬁﬁsé a%ﬂlévb@'t%“r‘né bPBalt o types
nore wei ght 'y space velocit
15 of aC|d|c 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 angstroms. More

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

19  SAPO-39, ZSM-22 or SSZ-20. Other possible solid acidic catalysts useful for
20 isomerization include ZSM-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 Handbook 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
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n a fixed bed process, the isonerization catalyst is
charged to the reactor and activated or dried at a
wao eosperssour e of at | east O C under vacuum or fPOWUSZP04/025328
inert, dry gas. After activation, the tenperature of
the isonerization catalyst is adjusted to the desired
r ' t f d
R PG LR PoBRP p Ay B dlIE LOUE) flibd autodiave or
2 cogitss fiasig, witieh peayt bahbgtﬂchhodhedieswed mma:tmdteoh;ﬂrahse A

3 | SeBINLBHA FEPSAS o RN ATigR A Mof Gfed Ded process

4 di §$)éé<19|=5té§ﬂ1 é%k@@%e@'rﬁf)b@ss B arffertd0.1 b QOQ}T' more weight
tri-substituted olefin, and vinylidene ol efin)
5 anlublltn‘)amanen\gpl@@m ent than the uni sonerized olefin and
conditions are selected in order to obtain the desired

ol efin distribution and the degree of branching.
6 Prlocztixec béd pradsisotiet isomevizattdik ghtajst iectiargeédrnatheneactor and

7 { pdvald B 685 FTS RS S ot e e el iotim B owing

8 ' eiﬁ%ﬁ' ary ¢s. tb(ﬂétcé’éﬂvétléﬁrt'h'qun%ﬁ'atbfb éf ﬂ@' |§bl“f‘1@rlfzéilc5ﬁ catalyst is
tubul ar “reactor nai ntai ned at about 55

9 al &gjusieddndhe depired e&ﬁdtlontthmpnee@tumaand atﬂpvabbﬂi@_ olefin is
10 5/ By e e el ot e d i BBMpgedb bl

11 . O5rahchedrisg@eHrEd Bmflnhﬁslbbﬂédté@t H'ﬁ@ r@éulﬂhgbbmdl fifranched,
Sul fonic aC| ds Neutralization of {@ g ene sul fonic
igyuEo

12 aclﬁggieﬁlﬁ§ iptefingrqontain audifferend O&thﬁtqilﬁ a(alphahefin, beta
h
13 B R IR b, AR PRI b Bl

14 nebrtahahingaddmantrtlaanwtqh@ﬁnnssnmzed etefinuand oomntuonms brengelected in
m xi ng reactor in ich the, alkylxyle | fonic acid,
15 arRfden pBR hesesiieslafin diskialion and{heciearrg of ganching.
tenperature i s maintai ned between about 20 C and 80 C.

The amount of al kali netal used is based on the acid
16 nuRtecedyes for Suifenation ofAllyylxylene

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

18 person skilled in the art.

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

22 trioxide is maintained at about 1.05:1.

23  Procedure for Neutralization of Alkylxylene Sulfonic acids

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

26  produce alkylxylene sulfonates.
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al kyl xyl ene sul fonic acid. EXAMPLES Exanple 1
Preparation of Al kyl xylene using Trifluoronethane
w@eiosom3eo Aci d Al kyl ation Catal yst Exanpl e 1A:PCT/US2004/025328
Al kyl ation of Ortho-xylene with Normal Al pha d efins
Al kyl xyl ene was prepared using trifluoromethane
S [ ' l. ; 3.1 e
; SefiBleyafle hellisfiBiort e RORiY Barishoi8 7 aghdenRE reactor
Olrlh][\ﬁﬂ”lmly ltlgwellk?b@leﬁ\%&d Lﬂ’fbnw@cﬂﬁ aofl 40 eIQand mlnoegamcabase are
olefin and allowed to mx. The ure
somixednang the t?@@ﬁ%%etﬁmfﬂt@lpﬁg FAABOYL R 5 ppaBO°C. The
a%mowﬁ@o@éuéaﬂnie%ﬁd%%dr gﬁ%é&’gn’fhéfa%roen%ble? déldrifindtdfor each
A strong exot herm was observe tenperature
i nelkgaglenesulf@fiC.acidhe reaction m xture was allowed to
cool to roomtenperature for 4 hours and 30 m nutes.
After this cooling period, the reaction was quenched
with cold distilled water EXdAMpeESbY three
consecutive water washes t0 renové the acid catal yst
fromthe organi c phase. The organi c phase contai ni ng
g the al kyl xyl ene product vvasE)ge{,h @ over nmagnesi um

~N OO o AW N -

sul fate and the excess ort yrene was distilled
9 under reduced pressmfaMdEﬁMNator to

recover the | xyl epe ct. tion
10 of o tho- xylmmwﬁg ' @{I &

11 Al kyl xyl ene was prepared using trifluoronethane
sul fonic aC| d al kyl ation cat al yst To a 3 liter glass

12 r ead@@ erld\: Aladati fi Qtbe-xyla i m‘;@' Ipha Olefins
ort ho- xyI ene and 600 grans of C -C isonerized olefin
(normal al pha ol efin content about 75 percent of the

13 t ohlkyixyleakiwds ampaaedi um@ triuoroxnetare selienic asichalkylatien

14 "% tal§/s e‘fio aQB Ilter 8lass reactor wege C argoefd tu'hdglr HI?I’rO%réFIE hane

15  904.09 grams of ortho-xylene and 595.91 grams of C1o-Csg normal alpha

16  olefin and allowed to mix. The mixture was heated to 60°C. Next,

17  41.71 grams of trifluoromethane sulfonic acid was added to the reaction

18  mixture while stirring. A strong exotherm was observed with a temperature
19 increase to 122°C. The reaction mixture was allowed to cool to room

20 temperature for 4 hours and 30 minutes. After this cooling period, the

21  reaction was quenched with cold distilled water followed by three consecutive
22  water washes to remove the acid catalyst from the organic phase. The

23  organic phase containing the alkylxylene product was dried over magnesium
24  sulfate and the excess ortho-xylene was distilled under reduced pressure

25 using a Rotovap evaporator to recover the alkylxylene product.

26 Example 1B: Alkylation of Ortho-xylene with C10-Css Isomerized Olefin

27  Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

28 catalyst. To a 3 liter glass reactor were charged, under nitrogen, 852 grams
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sul fonic acid was added to the reaction mxture while
stirring. A strong exothermwas observed with a

wao eqopetssdur e i ncrease to 90 C. The reacti on m RECTUS2008625328
allowed to cool 60 C and held at this tenperature for
2 hours. After this cooling period, the reaction was

1 quUSN&RSLxpRActdMR @(bdégl‘dfﬁ(é Sﬁé}lﬁ)\ﬂé%)(l%ﬁfé\‘lﬁé&%lémwormal alpha

descri bed” above in anpl e
2 of olefin lponignt @beutw Ipeccenﬁotﬁya {otamiefin)ehdcaliwed to mix. The

3 culdRstih FEIE SRy Rate gl 43P pled 4 5iaME bl FiFopragtpane

4 r eaditaiic Beitavada886d to ﬂfédebcmrﬁ hiReRe whitd sﬁfrﬁi@s Ristrong
ort ho-xyl ene and 600 granms of C -C isonerized olefin

S ( n@m’fh&rrawmﬁaot@wvedwwﬁbm iemperbbuie inmease tehO° me Thhaaeaction

6 olrBiiuth Gab AloRhe & RELES G, bk dtifis e BReTidhhGurs.
7s uAft@rnnhq's 6601thgywerica] des reaetibh evaseqedrichedrand thiegalkflkylene was
stirring. A strong exotherm was observed with a

8 teﬁ?&@iﬂ'@'ﬁﬁ#@ fasgrivesahayedn Exammle TPeacti on ni xture was
all owed to cool 60 C and held at this tenperature for
2 hours After thls cool i ng perlod t he reaction was

9 quencExamaled! Chalky fho-wrene mdithGre@ssdgsomerized Olefin
descrl bed above in Exarrpl e 1A Exarrpl e . Alkylation of
Otho-xylene with C 0-Csg |Isonerized Aefin

10 Al Adiyixyleagavam prapased usingdsilueromethane sulfienib acie alkylation

11 SUARRRE 751" R LIRS BAGBP VA bR, Dot et 88 arams
12 oréfmrth@ck 8he and E0grahdf Of;-Csg &m&nzed bR (ﬁbﬁﬁel”alpha
(nor el pha ol efi n content about percent of the

13 t Rlgfin épeﬁnﬁpbauw%pem@aof ertofal ctefm)ra@doaliommﬁoxnm elhe
14 5RABA0 Al 185 nelitlia 45 RBRL 2 Rl SRR Gane

15 stsu1frolnhgaCIé\vﬁsr @d@meeeacmsnm@w while slifringa A strong

r?erature increase to 90 C. The reaction
therm was observed with a temperature increase to 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: Alkylation 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 C4¢-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 to 40°C. Next, 42 grams of trifluoromethane
26  sulfonic 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 to cool 60°C and held at this temperature for 2 hours.
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m xture was allowed to cool 60 C and held at this
tenperature for 2 hours.After this cooling period, the
w0 e@sni1ssm was quenched and the al kyl xyl ene wasPCT/US2004/025328
recovered as descri bed above in Exanple 1A Exanple 2

Preparation of Al kyl xyl ene usi ng Hydrogen FI uori de

Al (gﬁﬁﬂt)
L A %ﬁyﬁ)g%e %ﬁﬁo f@AA"‘iﬁ ﬁwag @%@HAI yI Xy ee%"éyl\)l%lg ne was
2 prlsqmvewdm dgs¢rghbcb@mve‘ihm&xamtdeds°\ al kyl ati on

catal yst. Otho-xylene was al kyl ated with of nornal

al pha olefin in a continuous process al kylation pil ot

3 plant. The pilot plant conskExdmagled® a stirred,
heat-jacketedreactB (1. 15"%@55 in series wth a
4 settler (25 liters)? u arating the

5 0rgani ¢ phase f 1oy kechIASSHEORIGIATEBRst
hydrof | uori c acid mal N rogen
6 pressure of appr oxi mately 5 x 5 pascal (72 52 pS|)
H h

50I lefin

a rate of appr oxi rrately 6. 3 rarrs per mnute
eousl with the, a i on e nor . al pha
IR PIRTee LSOO i o ARt Rtayst
9 at Oﬁhb@{yﬁe E%‘i%tgﬁt\/ﬁihyof o?%s%%rfh%f afﬁqé%léﬁn # Q%Bntlnuous

ene at a rate roxi mate
10 peproneama&(ylat’l@e iled plpatndhe pilat planb(:ommetedraﬂaaswédane

1 ¢ SheIBPRURE IGPbFI- DB 1SS B Ties WL RET R (Ca /e The setter
12 ol igffbngepuating thel BRYANRS IR0 tHB phrasb%nlteﬂﬁwg%ewaroﬂuonc
approximatel y" 15 minutes. The resulti ng@pro uct

13 m aeideadvasngiatained under nitiegempeessute seapproxiraaiely 5 x 10°

14 [ RATR 2 52 sl S onnTaCo BF R R nertBn 6 Rfkumatel

15 Ors(b?@ web q:ﬁump@jmv@mé)neadtcﬁthelalt@d ioapproxiphately641@at a rate of
al kyl ated ortho-xyl ene. Exanpl e

approximately 16.3 grams per minute. Slmultaneously with the addition of the
17  normal alpha olefins, hydrofluoric acid was charged to the reactor at a rate 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 atmospheric
24  pressure. The organic layer was recovered from the settler and the excess
25 ortho-xylene removed by distillation to obtain the alkylated ortho-xylene.

26
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Preparation of Al kyl xyl ene using Al um num Trichl oride
Al kyl ati on Catal yst Exanple 3A: Al kyl ati on of
w@eaho18890 ene wi th Normal Al pha O efins Al kyl xpdBOS2008625328
prepared using alum numtrichloride al kyl ation
catal yst by a contract manufacturer in a continuous
1 process using ortho-xyl ene E%n@e 9-C nornal al pha
ol efins. Exanple 3B: Al kylation of Otho-xylene wth
2 Normal Al pha A ef i nBraparatien efAikvbwleg! assing eact or were
3 charged, under nj . - xyl ene
: i 22N h| ori de
4 was added to the react i on mxture Next 357.7 grans
of C-C normal al pha ol ef | n was added to the reactor
Exanp iAdklatien of @ril afle witk Gie1gse Normed Alpha Olefins
| ncrease due to the exot herm c reaction. The
erature of the reaction m xture never exceeded 2
6 C Xﬁlevlweems prepaied oSk aiumﬂwmitr&hloMQaH@lwohmtalyst by a
m Xt

S nt ai.ned at. about 20 C nti nued
7 o $ontfes AR RO o0 B oot BRGY hrdthss 8t o fRE Bkt anshCro-Cos
8 Wagoful ol@fiflst he al kyl xyl ene was recovered as
descri bed above in Exanpl e except that a 3.0 wei ght
per cent anmoni um hydr oxi de aqueous sol ution was used

9 for E)Jé‘?néle 38s; AIE@aWBﬁ@rtﬁB-g\@eﬂhﬁ‘@%d%?ﬂﬁﬁrﬁaPAlpha Olefins
renmove the alum numiromthe organic ase by
solubilizing it in the aqueous phase Exanpl e 3C

10 N llﬁyé ats mer glfasQrégaorwe?@ehav eis] gﬁaéﬁ#.treb@mﬂ 8'dr&%s of

'ass reactor arged, - under
11 n| mrrthxgxyieneandanglieaﬁhwrlog 38 T pramy béakindndmahichleride was added

stlr a numtri i de wa ded ..

& PPadiin B S S TSt wres SPrRL alpha Slefin was

13 r eé’ddéoot% tﬁb*ééiét@r alef §hdukd MBorder to control the temperature increase
14  due to the exothermic reaction. The temperature of the reaction mixture

15  never exceeded 21°C. At the end of the olefin addition, the reaction mixture
16 was maintained at about 20°C with continued stirring for one hour. After this
17  period, the reaction was quenched and the alkylxylene was recovered as

18  described above in Example 1A except that a 3.0 weight percent ammonium
19  hydroxide aqueous solution was used for the first two washes of the organic
20 phase to remove the aluminum from the organic phase by solubilizing it in the

21  aqueous phase.

22 Example 3C: Alkylation of Ortho-xylene with C19-Css Normal Alpha Olefins

23 To a3 liter glass reactor were charged, under nitrogen, 682.8 grams of

24 ortho-xylene and while stirring 28.6 grams of aluminum trichloride was added
25 to the reaction mixture. The temperature of the reaction mixture at this time
26  was about 20°C. Next, 572.4 grams of C10-Csg normal alpha olefin was added
27 to the reactor over about 15 minutes. The temperature of the reaction mixture
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was about 20 C. Next, 572.4 grans of C o-Css nor nal
al pha ol efin was added to the reactor over about
worwaneso The tenperature of the reaction m xtRCEERIKERS328
to 76C. The reaction m xture was cooled to about 60 C
and the al kylation reaction was allowed to proceed at
th u tRi
1 %ﬁr.é%%?qﬁﬁﬁéﬁé%ﬁ R SR SR B0 G arid e
2 r eslayletied reactibaseas EMNedbuyprdaeeMrﬂmbeeGﬁerﬂuwfdrewé hours.

| i d
 ROSL S s, hs Edadibeunss fiosrdhetend s s kuitilefienrac
4 1 Ordcs ot SSie Arivea B REngenEs |1aurd al kyl ati on

catalyst was prepared by nmixing 1 nole of
met hyl tributyl ammoni unchloride with 2 noles of

5 al um num chl ori de under ni tE)@é}ﬁPe irom the reaction

was obtained 36.6 mllilit e ionic liquid

aI pha ol efin was m xed 166 8grarrs of ortho xyI ene
m xt ed s to the joni¢ liquid
8 a1 Ko SR aN SN Gl bsirehg o oY orng drpeledlur e
9 OVﬁbtrﬁ}i’tﬁHhM@erngoﬁﬁJmegnaéWi’tﬁ@ﬁw‘dii & albiindrR2HSrRIE under

m xture spi to 80C because of the exothermc
10 r esitrogen.. Fidra the aeadtion wax bbtainedhs6 & miliderstaf thé dodig liquid

1 crRlao sty S SN BRI it Teconie RoRiddlkgiogkatalyst
12 Wagheehar ddédrtsSa g\raha ré@ét@f uRdék rid?r%](éﬂ\ kmedse@gX%§ of oéo-c58

recovere desScri bed above in

13 pregmai@inhe oefimwas miKesn o6 Igrams @fmwyben@| The enisture was

pr%%cgt{lieéloﬁ/w @Qﬁﬁ(ﬁrﬁg ﬁ)gﬁgla%g\ggﬁgﬁ 2ta );%? mﬁ%néyétm#ge 8froom

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

16  spiked to 80°C because of the exothermic 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 Alkylxylene 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 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
27  reactor jacket temperature was maintained around 55°C. The sulfonic acid
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Sul fonation of the al kyl xyl ene was perforned in a
continuous falling filmflow reactor
wa@bdogloxsgbene with a stream of air and sul fur tPCDKBZE4/025328

frl

by contacting the

ta

rati o of the al kyl xylene to sul fur trioxide

d%?&lggézf g:chWﬁéxylamine

The nol ar
was about :0.94. The reactor jacket tenperature was
r‘ra | . .

1 TGS Ao SR ot eHl \RA

2 cysolatiexyo defen@irecihetweight percd:ehteomhe&swfomowmg laind the sulfuric

3t h%C'

perc

d

nt of the sul

dnfhe.gamplgs. ¢

ot ad R

&f Wi

t he

4 UShBEFM fresARSM BB ik ré%uﬁ@"are Somm

sunmar i zed bel ow in Table .

S

ri c aci

I.Nn
saLf%Q 8@@@&9%9 the

blel. T
e Sorh i Ol?el@k\ﬁn Table I. Two

5 al $3npidsefdhe atqybiytane meﬁmeednlneExamplessBA 18, HhdiR2and 2 were

| f ted .
6 sonifaeted 25 nBse el Sho o Fhe BNGHs
7 1Asulfo$|ate31§re shaidlag 1A, mg’alq)t;eq Rhdl D’ iR TaBs ITé}H B below.
Exanpl e Catalyst RSO H' H 80 Aci d Nunber (wei ght %

9 HB83.7 0.96 124

10
11
12
13

(wei ght
g Exanpl e 1A° CF SO H 88.9 0. 874}

0.92 124 Exanple '

The

EBEAER ot iR allyixviene

% (ny KOH g) Exanple CF SO H 86.8 0.77 128
28 Exanple CF SO H 83.9

CF SO H 82742717.91 124 Exanple CF SO

Exanple CF SO H 83.9 0.93 120 Exanpl e

F—SoH-82-3—16+122-bExgrpte—C€—SO-H-82-5-1-10—125
Sxamle 2 b 100.6.0,62 136 Bxapple 2| Hi B8 O Tiaddhumber
Eanpiamale AIlC Gelalys. o 1&/ve|ght %) (weight %) (mg KOH/g)
Example 1A CF3SOzH 86.8 0.77 128
Example 1A’ CF3SOzH 88.9 0.82 128
Example 1B CF3SOsH 83.9 0.92 124
Example 1B’ CF3SOzH 84.4 0.91 124
Example 1C CF3SO3H 83.7 0.96 124
Example 1C’ CF3SOzH 83.9 0.93 120
Example 1D CF3;S0OsH 82.3 1.07 122
Example 1D’ CF3SO3H 82.5 1.10 125
Example 2 HF 90.5 0.62 126
Example 2’ HF 86.8 0.71 124
Example 3A AlCl; 86.4 0.93 118
Example 3B AlCl; 75.5 0.91 109
Example 3C AlCl; 78.7 1.04 113
Example 4 lonic Liquid 89.3 0.82 129

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

sulfonic acids.
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Exanple 3B AICI 75.5 0.91 109 Exanple 3C AICI 78.7
1.04 113 Exanple 4 lonic Liquid 89.3 0.82 129 *An

wa@e@sagsoool ecul ar wei ght of 453 granms per nol BCT/8S2004/025328

1

4

© 0 N O

10
11
12
13
14
15
16
17
18

19
20

21

22
23
24

assuned for all the sulfonic acids. Exanple 6

Preparation of Al kyl xyl ene Sul fonates The al kyl xyl ene

sul fonates were prepared uskExgmp al kyl xyl ene

sul fonic acids prepared in Exa @?5 above.

Neutral i zati on of Pieraration ehikvixyiene@idfonates

beaker with magnetic stirring. The sulfonic acid was

heated to about 40 Cto |ower the viscosity of the

suTrﬁ@alkylwlBrrda siixiatesawbfe preipghdd psingent atigixylérensdfonic acids

SOdI um h Xi de s slowy added to the reaction

5 i NERAEe *F'néx gbay@ of the reaction mxture was

mai nt ai ned bel ow 80 C to control the evaporation of

V\ﬂ{l The sodi um hydr oxi de added was cal cul ated based
?Wéa'!a?a’t'enmm'%ﬁu Iﬁaﬁ@dN%pe@@rzme@m a heakenwita magnetic

R, TR B S GO S5yt BB Phoosty o
ofthels]ulfbhm: amd dNeptc 86 wieight lperceﬂtfsogjtmnasﬂ gbdaafplyéfoxide was
to the reaction '’

SiSoabsatelf BR rﬁﬂ%t'erbmtur&c?&q\mmraaﬁamh% reaction mixture
I 8544 hiniBiridssohvdo°the c%‘r‘l'trBPfHe | ump{!uég—ﬁox e sodium

Table Il below. An exact quantity
mdydewdewddedwaﬂacﬁcnlamchmsw @n fhepacmd emlmber obtained for each

f th | | ul f d
niGRIAR 1B Serercreaiiiiertsuisnaie Beiamhanouasor
Ceﬁd%i‘lﬁrﬁtfﬁ:@rébédé‘ 8eb88sdrPFantha gl 8z RINYY alB8 acid\sPlcies in the

RSO H*
sulfonlc acid samples, sulfonic acid and H,SO, was added to the reaction’

mixture based on the Total Acid Number analysis results obtained for the
sulfonic acids reported in Table Il below. An exact quantity of sodium
hydroxide was employed to obtain exactly a 100 percent neutralization of the
alkylxylene sulfonic acids.

The active content of the sodium alkylxylene suifonate was calculated using

the formula given below:

Mw Rrso,Na
Wsa* W% rsou* ————

w RSO,H

0.5*18
40

% active as sodium sulfonate =
Wsa 4+ Whaon sot ¥ (1+

)

Wsa: Weight of sulfonic acid sample (grams)
W% rsoH:  Weight percent of alkyixylene sulfonic acid determined by the
cyclohexylamine titration
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.. MRSOH % active as sodium sul fonate = - W5A +
V\NaC]—| sol* (1 +) 40 WSA: Weight of sulfonic acid
W@ 200908830 ans) Who RSOH:  Wei ght percent of al kKpCRYE®N€025328
sul fonic acid determ ned by the cycl ohexyl am ne
titrati onMv RSO Na: Mol ecul ar wei ght of the
1 al fowl iedaene M@mdmar%@ﬁﬂ@ﬁme(ﬂmmeﬁ@goamhe)sulmaﬁ@wams per
Mol ecul ar wei ght of theé al kyl xyl'ene sulfonic acid ‘
2 (grans per soi : Wi ght of t he NaOH sol ution (50

3 haWipt @%‘ r%rtvg%gﬁﬁféftt'h EBEe Sl B (prams per

4 g/ nol was usmdﬂé)or t he al kyl xyl ene sodi um sul f onate.
The neutralization and actives content data coll ected

5 f oWneotbscheut YWaighteaf the NAGH Iselwdion (PP yraiglls o tspd feicthien
Ex le 6 |. Table Il
6 Al E;TF a? | ona\r/@ gﬁ%ﬂaéﬂhbé%ﬂ g? aﬁg%ém@ﬁ&ggrve Eiarrgl e

7 catal yst Sul fonic Nunber-TAN (50% wei ght Content Acid

8 (13 hé%@f%” '%%S@ngwgiq méefic%h /QOi %dﬁf §he glkyhyiene
%‘@Jﬁ‘ S%Efoﬁ 240 124 42.4 72.3 Exanple 1B° CF SO H

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

13 | Table Il
Alkylation | Weightof | Tota) Acid NaOH Active
Example catalyst Sulfonic | Number-TAN | (50% weight |  Content
Acid (@) | (mgKOHIg) | inH0) | (weight %)
Example 1A | CFsSOsH 241 128 44.0 74.4
Example 1A' | CFsSOsH 241 128 44.0 76.2
Example 1B | CFsSOsH 240 124 42.4 72.3
Example 1B° | CFsSOsH 240 124 42.4 72.7
Example 1C | CFsSOsH 240 124 41.1 72.7
Example 1C' | CFsSOsH 240 120 42.44 72.1
Example 1D | CFsSOsH 240 122 41.8 71.1
Example 1D’ | CFsSOsH 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 AlCl, 240 118 40.4 75.1
Example 3B AlCl, 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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Exanple CF SO H 240 124 41.1 72.7 Exanple CF SO H 240
120 42.44 72.1 Exanple CF SO H 240 122 41.8 71.1

weEx@spissoD CF SO H 240 125 42.8 71.0 Exanpl ePCI/HF20841(25328

1
2
3

4
5
6

7
8
9

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

126 43.1 77.7 Exanple 2' HF 246 124 41.8 74.8 Exanple
3A AICI 240 1 18 40.4 75.1 Exanple 3B AICI 50 109 7.76
66.5 Exanple 3C AIClI 50 1135,33,9&3678 9 Exanple 4 lonic
Li quid 241 129 44. 3 76 4Exarrp e term nation of the
At t ac Hpetermmadii the ank Positian oartherAlky GarboneChain
Xyl ene Moi ety The attacggﬁgggﬂgﬁi &bggt on the al kyl
carbon chain to the xyl eterm ned by
Gas Chromatography (GC) and quantitative C Nucl ear

et Resopance spectrosc Slnethe
e LBF GHRRTER bt BRahs BTG, Fion et bRLAEES gty was
t hgetefhfidld Gk Throhlatbgraph fqebi)eanu WRAHREEPE-Nuclear
quantify the attachnent posi J;on of kyl group on the
xyMageeti¢c Rgsenance specirascory hok- IzalM&)L chai ns.
Quantitative C-NVR on the other hand provides an

average value for all carbon atoms on the al kyl chain
| eSichdhe Genmicmof the peaks afitaiped i G4 dacieasas with the retention

POt 85 BLo e (B0 0E ARG bGP ot o
Caél@'th@ﬁyléﬁ@ rlﬂPl@HI)ﬁfern @fnd@&h@'rb{oﬂ 81§l cidifs.| SFRtitative

fo;3 Mi)rl mar i -1, 2-di net hyl benzene,
efetibiRvaaihe o harmndrm"pwdﬁé anAvesage vakiedopall carbon atoms

on the alkyl chain lengths.

3C.NMR and GC also give the attachment position of the alkyl chain on the
ortho-xylene ring. It appears that when aluminum trichloride is used to
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 C42 and C14 portion of the gas chromatograms obtained 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 C42 and
C1s. 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 lll. 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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hydrogen fluoride are use as al kylation catal ysts a
m xture of 3-al kyl-1,2- dinethyl benzene and

wal2@bkyded, 2- di met hyl benzene is obtai ned. Fi gecBEESA04/025328
and 2 show the and portion of the gas chromat ograns
obtained for the al kyl ate prepared i n Exanpl es and 3A,

1T e?ﬁ@@(t Hﬁ{é’obii]a—n%d%F Eﬁaanqés SBean@ 3¢ WraBbeZn lda\lﬂ@tshdw that the
benzene was cal cul ated based by averaging the area of

2t halky]@npea&actfmrls térapergiars dependent.adhesamples phepared in

3 2y FRamPlRRap o Fevare foBtehnEm, sRfSwh AR sepfferature of the

gfé‘lkﬂaﬂ@ﬁ réd&RnGal3Bvat edntroied SCabORYUG°E IBPhaHied of die
Exanples 1-4 are given belowin Table Ill. The data

5 _shmvnnai alphreplednover athkour-pariod m]prgvgnhfbeﬁ§mp@é@ig@]gom
6 P BRING S 14 e R o RSP Peddifors i raghin

7 fl Brémgk: 30athel ﬁbrﬁ?aaamr@SoléfnﬁiMSﬂad@lwrb\mrlaboﬂltl% mlnutes and
trlchlorlde or ionic Li catal yst is used as
t@@n

aI qbﬂ tamperatese ﬁP‘iﬁ@@ a8 Gwithing repulhthat dhe éamk%moEé%mple 3C
&?ané(ﬁéaﬁ’l -Eﬂrmgr%%ur i tﬁé‘ Qlfkgzhéﬁbqn %ltt:éﬁhﬁﬂn%ompared to
10 prmweedplerprépamdl |ﬂE>@B1pﬁet$BBCF h@B@H alkyltdﬂans attachment in

11 Bl 8 kB ! P AP eT
12 Fgléé%?lecﬁ\}éwalt% B%héi/e@“tﬁét ﬁ\éalkﬁéflo@%ét §031th seéllhmlnum

erature fromincreasing due to the exot er m of
13 t hlmichld{rydleaaisorcattaiam isomerizationtof %2 oleifin tEmmhll@ alefins

t he orrral a olefin wa dded ov, r about

14 4P ea ughaT RLaRad AT Iematadiith HERe AR o

15 t ht%nwra{@es the&saierieatién e&a&ti@hrﬁoaé‘@dd dt & ey @ﬂe Mehat low
of the 3-4+ alkyl chain attachment conpared to the

16 satepierpiusgred in Exanpl e 3B. The 3-4+ al kyl chain
attachnment in Exanples 3B and 3Cis 36.7 and 68.1
percent of the total attach espectively. t is

17 bel i eved that the al kyl ati onCPEYgl liysts such as

ol
o Hum

4-alkyl-1,2-
. dimethyl-
Example AC";’;':}EEF benzene Alkyl Chain Attachment position
(% of total alkyl-
ortho-xylene)

2 3 4 4+ | 3-4+
Example 1A CF3SO;H 73 358 | 211 | 179 | 252 | 64.2
Example 1B CF3SOzH 71 33.9 | 222 | 187 | 252 | 66.1
Example 1C CF3SOzH 65 279 | 212 | 203 | 30.6 | 72.1
Example 1D CF3SO5H 71 16.1 | 11.9 | 21.9 | 50.1 | 83.9
Example 2 HF 64 259 | 201 | 20 34 | 741
Example 3A AlCl; > 95 501 | 21.9 | 11.9 | 16.1 | 49.9
Example 3A* AlCI; > 95 465 | 18.8 | 149 | 19.8 | 53.5
Example 3B AlCl, > 95 634 | 21.9 | 78 | 7.0 | 367
Example 3C AlC; > 95 320 | 194 | 168 | 31.9 | 68.1
Example 4 lonic Liquid >95 303 | 163 | 19.3 | 34.2 | 69.7

18
19  *The alkyl chain attachment position to the xylene moiety was also
20 determined by *C-NMR for the alkylxylene prepared in Example 3A.
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trichloride, also catalyze isonerization of the olefin
to produce ol efins containing a higher percentage of
WO paosomsabo doubl e bonds and at hi gh t enper at ur eBCT/082004/025328
i sonerization reaction proceeds at a faster rate than
at low tenperatures. Table Il 4-al kyl-1,2- dinethyl-

1 Al kyl ation Exanpl e benzene Alkyhiai n Attachnent

position Catal yst (% of tot'ﬁ‘l_a*ll?%ort ho- xylene) 2 3

2 4 4+ 3-4+ Exanpl e [MFte8ninafion b |@effacihl T&éndioR5. 2 64. 2
Exanple CF S H 71 33.9 22.2 18.7 25.2 66.1 Exanple 1C

CF SOH 65 27.9 21.2 20.3 30.6 72.1 Exanple CF SOH 71

3 16The peHorrhafc® 0f theSak@xHrnaeplfoRatEs ;ﬁép@‘édfiamelm Ekample 6
34 74.1 Exanple 3A AIC > 95 50.1,?1. 11.9 16,1 4
4 EXWAD isteyringg by raeayiing the Tyfegagial npiony E@e LT

5 oty M ERinfieZ whrd pRpad BSin RIS '%ﬁ“%ﬁs‘.h@éme acids
6 95pr&paded b Bxdpk 34viiich Writiveralprgparcdaisingtheaahykyienes

7 POSieh0a ek gy 40 T ety ves also

Alkylxylene sulfonates prepared from alkylxylenes prepared in Example 1C,
Example 2 and Example 3B were used for comparison since they are outside

10 the scope of the alkylxylene sulfonates of the present invention.

11  The interfacial tension was determined using Minas crude oil (a waxy crude
12  oil) having a pour point around 35°C and aqueous solutions of the alkylxylene
13  sulfonates. A spinning drop tensiometer was used to measure the interfacial
14  tension at 93°C. Two methods described below were used to measure the

15 interfacial tension:

16 Equilibrated Interfacial Tension Method

17 A 5 milliliter sample of a solution of alkylxylene sulfonate, water, a

18 co-surfactant and sodium chloride was added to an equal volume of crude oil
19 in a glass tube. The test tube was tightly sealed and shaken. The test tube
20 was allowed to equilibrate for one month at 93°C. At the end of the

21  equilibration period, an aliquot of aqueous phase was loaded into the glass

22  tube of the spinning tensiometer. Next, a small drop of the upper oil phase is
23 injected into the glass tube. The tube is spun and the interfacial tension

24  between the aqueous solution and the oil is determined using the B. Vonnegut
25 equation for elongated droplets given in B. Vonnegut in Review Scientific

26  Instruments, 13 (1942) 6:
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determ ned by C-NWR for the al kyl xyl ene prepared in

Exanpl e 3A Exanple 8 Determ nation of |nterfacial
waensiomsolThe performance of the al kyl xyl ene subP¢DNs10e4025328

prepared above in Exanple 6 was determ ned by

measuring the interfacial tension. The al kyl xyl ene

sul fonates in Exanpl, e 6 were prepared using the

al kyl xyl ene w\éonm ,@s prepared in Exanple 5,
1 which in tur re pr@pared usi ng the al kyl xyl enes

prepared i n Exanpl es 4. Al kyl xyl ene sul f onat es
prepared from al kyl xyl enes prepared in Exanpl e Exanple
2 and Exanple 3B were used for conEarl son since they

p

2 ar@ bﬁim@tr@rqta@ormi@p@edf Rith rading pkihecdropial) a@%épébe@hens'ty

s GBFREPaBH b e Ry BPLE Sl TR ey 1

4 haghbdrsafop e s?ﬁbmto&%@@ﬁ‘é q@fibfuand aqueous sol utions
of the al kyl xyl ene sul fonates. A spinning drop

tensi ometer was used to neasure the interfacial

5tension at 93C. TwergBhnadradiapTehdien Nsthew vere used
to neasure the intéerfacial tension: EQUI [1TDbrated

I nterfacial Tension Method A5 mlliliter sanple of a

6 SOI'n%r'fe?H‘al%nﬁbh% m@a%ﬂ?ecﬁéé HeBEifed Hedw exébpt without the

co-surfactant and ium chl ori de was added to an
7 eqequilivrairaperiofl af amg¢emonth atr93éCg|Hmsgltaabéube'bfatheesnmnmg

t ub d,shak
B ol ORIt Blief B Qo PR ARae A, A il e iSRS

9 engliiffnatdGvABH 4 & satfaeinPand @ddiuah chlotrieledindoéeAledie AUdop of
phase was | oaded into the glass tube of the spi nn| ng

10t ewtnsowptﬁd mt@the sezalgd@lassdub@ dhetthie igopRYn and ﬂpﬁh&ﬁ@ﬂ‘ac'al

11| R B L S R clhab P 3Ry 1

12 ang hbls. OAkthdgHHigiemstisticars be wistt o Bbtainmegfatial tension data
13 in only a few hours, the data obtained by this method tend to be higher than
14  those obtained using the Equilibrated Interfacial Tension Method described

15 above.

16 Interfacial tension data for the alkylxylene sulfonates 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 interfacial 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 TablesIVandV.
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equation for elongated droplets given in B. Vonnegut
in Review Scientific Instrunents,

dr opl et ,

womwsion3od he rot ati onal
and Dp the density difference between the oil

and the aqueous sol ution.
hours for the systemto reach equilibrium Fresh
tension is
nmeasured as descri bed above except w thout the

equi li brium period of one nonth at 93C. The gl ass tube
of the spinning tensioneter

Interfa

ci al

speed,

( 942) 6:WR Ap | FT =
t he radi us of tP€I/US2004/025328

t takes typically 1 to 3

Tensi on Met hod | nterfaci al

is filled as descri bed

above with-a solutiopofalkylxylene sulfonate, water,
a co-suffactant and sodimychl orfige andcsealad A drop
of oil |is injecteduw o[ Sealldy gl &sStube. The
tube is| spun and tjik& grgerg ey al genSICpnols Becorded
until a stable vallue|ig<?ai ned,” whijch Pake®
generally 1 to 3 hours. B oughy Thi g ‘ﬁﬁghodocan be
used to okt ain inteﬂr_fgc' It ensilon daga kN o‘h'ly a few
hours, t hg dat a (o] o 2 qeéggg khiscnetrg? §9ndcto be
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descri bedEabove. Sanpl ¢s [wefe prlepared with §. 24
wei ght peécent (onaetilwe dasi s)|of B @l kygxyl ene
sul fonat eggand 0. 065 V&i| S p& celf se& i@t yl Gal cohol
as co-sjurfactant. |The ijntlerfacidl tenSilon daBa wer e
col | ectled in the pgresemce—of —sodirum¢htjori deSsol uti ons
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Tables 1V and V. Table |1V Exanple 4-al kyl-1,2- 3, 4 &4+
di net hyl - benzene Position on Salinity (weight % NaCl)

w@ 2osh1830d al al kyl -
Chai n* (% of total

Carbon | FT (dynes/cm ort hPERYE®0€)25328
attachnment) 0.1 0.2 0.3 0.4 0.5

Exanpl e 1A 73 64.2 2.75 0.81 0.28 0.051 0.006 Exanple

'R R R h g ety Bl

Exanpl e 65

SHpEnd

2 1. aulfidnadés prepated Groal the( akyipdene ipve)ared dambdxaniplég 3B4arid 3C.

5.67 0.91 0.48 0.034
3 953%1%931‘!"?&6 prepseed

4 693aikyfkyrReBuidntePAe 0.1

attachinent in the 3, 4

Tna D

arati

b0 s gTaRecey

15 BIRER 7 o
hPpEREABsec-Hutyl Eitﬁ?gﬁ hS @Bt

+ positions plus

5 pesudadtant t achnent in the 2-positionis a0

tension data were used to
conpare the al kyl xyl ene sul fonates prepared fromthe

6 al Kié frgish imtefaeiphtarsiomd&eangrieesll8Bledntsinga ssathptiesMinas oil

. d wi 0. 60. wei ght. t . ' -
7 padPreR TRt e sPaHE ClpreRSpETah 4§15 Hg Fhhorates
8 Peint&dciaenSioh ¥Wxpatifn® déscribeddocvet aMe cdmpobities bf the
interfacial tension data were collected using a

9 sysynibeticMinasilring is given below:

percent. Fresh interfaci al

Component Milligrams per liter Milliequivalents per liter

Sodium (Na®) 900 39.13
Calcium (Ca*?) 20 1.0

Magnesium (Mg*?) 5 0.42
Total Cation 40.55
Chloride (CI) 800 22.57
Bicarbonate (HCO3) 1100 18.03
Sulfate (SO.,2) 18 0.38
Total Anion 40.98

10

11 Results of the fresh interfacial tension measurement summarized in Table V

12  below show that the alkylxylene sulfonate prepared from the alkylxylene

13  prepared in Example 3C is four times better than the alkylxylene prepared

14 from the alkylxylene prepared in Example 3B. The data show that even when

15 the 4-alkyl-1,2-dimethyl benzene isomer is very high in the alkylxylene

16  sulfonates, greater than 95 percent of the total attachment, the interfacial

17  tension is high if the amount of the 3, 4 and 4+ attachment on the alkyl carbon

18 chain is low.
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field brine instead of the sodiumchloride solution
used in the equilibrated interfacial tension
wexpsnigsent s descri bed above. The conpositi on BPET/URM®04/025328
synthetic Mnas brine is given bel ow Conponent
MIligrams per liter MIIliequivalents per liter Sodium
1 (Na ) 900 39.13 Cal ci um (Ca R)p) 1.0 Magnesium (My 2)
5 0.42 Total Cation 40.55 (A ) 800 22.57
Bi car bonat e (HCO) 1100 18. 03 Sulfate (SO 2) 18 0.38

otat —Anton 4098 Resw £S5 merr(C|a|
ensi gﬂl PR ur enrecg Ef\ﬁf*ﬁln; f ed ﬁégg W‘h IFT
hat the al kyl xyl|€mé @Ulbpaﬁ%?"e pP@ a}rpgm { Hbsyn’f etic Minas
| kyl xyl ene prepafédiitatatlisybl ¢ 3C iGhaigur times  brine

etter than the |al RytheyiWene)pr epar €W afiteial t he (dynes/cm)
| kyl xyl ene prepared in Exarrpl ¢ 3mttatheeaid) a show t hat

ven 4-aT kyl IgZ-di methyl begzene 1spmer i
Eﬁé}‘ﬁﬁl |{?1]§t he al kyl xy ene sul fona?gs?e greater thg’n45

5 ﬁe@mematlue)tre total attachment, the interfacial

""(O<(DQJUQJ""""—|

ensp_:_%}np% :k;(r;gh i f the, ggount of the6§1 4 and 4+ 0.11

2 LY abIIIICIIL UII l. I C O.I r\yl bal bUII Dhal II 1 D TUVV laUI T V
Exanpl e 4-al kyl - 3,4 & 4+ Position Fresh IFT
di met hyl benzene on AI kyl Carbon in synthetic Mnas (%
of total alkyl- Chain brine ortho-xylene) (% of total
(dynes/cm
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attachnent) Exanple 3B > 95 36.7 0.45 (conparative)
Example 3C > 95 68.1 0.1 1WHAT S CLAIMED IS: 1. An

wa@bkdoglosghene sul fonate for enhanced oil recoverPgI/US2004/025328

1

3

4

0 N O O

11
12
13

14
15
16

17
18
19

20
21
22

processes, having the general fornula: CH MSO wherein
R is an al kyl group contai ning fromabout 10 to about
58,2% tQ is a nono-val ent cation, and the

A?ﬁgr@ noi e ;‘ﬁ;I s al kyl -ortho-xylene in at |east
85 percent of the total alkylxyl ene sul fonate and

rein :

oul onafh Beheg ¥y RaBE R Rhdrtsl iR BbIuT KefSises: having
the A- altieyderiaraHfdimelahy! benzene i soner and t he
attachnment of the alkyl group to the xylene noiety in
t he al kyl xyl ene sul fonate is at positions higher than
the 2-position aflng the alkyl chain in at |east 40
percent of the tptal alkylxylene sulfonate. 2. The
al kyl xyl ene sulf nate of claim, wherein the
al kyl xyl ene s al kyl - or t ho- xyl ene in at |east
95 percent oflthe t taI Iknyerne sul fonate. 3. The
aIknyy plfoneJ élain1 wherein the
aIknyerne iﬂkﬁi{ n the aIknyerne sul fonat e
cont ai ns greate about 80 percent of the
4-al kyl -1, 2-di net hyl benzene isoner. 4. The
al kyl xyl ene sul fonate of claim3, wherein the

al kyl xy| ﬁe?elm?i 8tah éIRyI group containing from about 10 to about

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 sulfonate and wherein the alkylxylene moiety in the
alkylxylene sulfonate contains greater than about 70 percent of the
4-alkyl-1,2-dimethyl benzene isomer and the attachment of the alkyl
group to the xylene moiety in the alkylxylene sulfonate is at positions
higher than the 2-position along the alkyl chain in at least 40 percent of

the total alkylxylene sulfonate.

2. The alkylxylene sulfonate of claim 1, wherein the alkylxylene moiety is
alkyl-ortho-xylene in at least 95 percent of the total alkylxylene

sulfonate.

3. The alkylxylene sulfonate of claim 1, wherein the alkylxylene moiety in
the alkylxylene sulfonate contains greater than about 80 percent of the

4-alkyl-1,2-dimethyl benzene isomer.

4. The alkylxylene sulfonate of claim 3, wherein the alkylxylene moiety in
the alkylxylene sulfonate contains at least 90 percent of the

4-alkyl-1,2-dimethyl benzene isomer.
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t he al kyl xyl ene sul fonate contains at |east 90 percent

of the 4-al kyl -1, 2-di net hyl benzene isoner.5. The
wa@bkdoglosghene sul fonate of claim, wherein the BCRYE2004/025328

group on the xylene noiety is attached at positions

hi gher than the 2-position along the alkyl chain in at

| east f I

1 65 %he TRSIIPIE aliRPsldptoiafh &Y WheraRtha iy B on the

2 al kyl gmgne ﬁhibléﬂye% Rﬁhehliqmi abpm|’§rom$h@heaﬂ‘ra$dth@t2 posmon along
posi tions er than t ositjo t he al

3 chain |W9aQ|k}c71éTé‘§tn @Cﬁtﬂ%ﬁgéﬁ-’t F?‘%fpeﬂh%pmﬁttﬁ%?QIWWYJSH%%fonate
sul fonate. 7. The al kyl xyl ene sul fonate of claim,
wherei n_the nono-valent cation is an alkali netal

4 The. al kyhs plkvheyleng suieaete ef claimSmvhergindhe iafku a@up on the
5 al kali %ﬁéﬁm‘? t?(ﬁQPE[gbheqd @8?@1])1]@’ h@‘ul&?ﬂﬁarﬁﬁ' & 288Lifon along

of cl ai € nono- ent I on
6 anmoni uihe alkyl@haiminaatdeast©Oapeveshtiofl therotal BlkyIkytene sulfonate.

7

al kyl xyl ene sul fonate of claim, wherein the alkyl
group is derived froma |inear alpha olefin or an

i sprer i 7Ré aNy@f_Xléh@&ﬂb@bté oticlaimm, ahersintthe ahsnd-vai@nt cation is
carbon atons he al kyl xyl ene sul fonate of claim

8 wher ei nan géelimGial-group is derived froma linear alpha

olefin or an isonerized ol efin containing from about
to about 40 carbon atonms. 12. The al kyl xyl e

9 sudf onalbe alkybiyigna sulfanetephclaife 7ambgreigtbe @lkeél metal is sodium.
derived froma linear alpha olefin or an isonerized
ol efin containing fromabout to about 30 carbon atons.
10 . Fhe alkgladigybetenasulfonaie ef gning |1awhereinitae enona-malent cation is
1 T engt neaREPEPRLEhON 4N SeRER AT BRy a8 m oo from
about 40 to about 80 percent to and about
12 10. The alkylxylene sulfonate of claim 1, wherein the alkyl group is derived
13 from a linear alpha olefin or an isomerized olefin containing from about
14 10 to about 58 carbon atoms.
15 11. The alkylxylene sulfonate of claim 10, wherein the alkyl group is
16 derived from a linear alpha olefin or an isomerized olefin containing
17 from about 10 to about 40 carbon atoms.
18 12. The alkylxylene sulfonate of claim 11, wherein the alkyl group is
19 derived from a linear alpha olefin or an isomerized olefin containing
20 from about 12 to about 30 carbon atoms.
21 13. The alkylxylene sulfonate of claim 1, wherein the alkyl group contains a
22 distribution of alkyl chain lengths wherein the alkyl chain lengths
23 comprise from about 40 to about 80 percent Cq2 to C2g and about
24 5 percent to about 15 percent of Csz to Css.
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5 percent to about percent of tol4. The al kyl xyl ene

sul fonate of claim 13, wherein the al kyl chain | engths
w@oovpioisseo from about 50 to about 70 percent toPCX/USENG025328

about 5 percent to about percent of Cto C. . The

al kyl xyl ene sul fonate of claim 14, wherein the alkyl

chagn | ' n i t
o TR T B L EfR ¢ B Efifillengths
2 from a ewmpyse fvonaboyidbicaatimn 7Oqvareent Gg tOdmwtrideabout

whi ch t hod 1 ses. (a) iniectjng into the
3 for mat F@Reé??’ﬁ%bagfei%Pé@e&Ef’t ﬁ%éﬂﬁ?ang an anount of

al kyl xyl ene sul fonate or a m xture of alkyl xyl ene

su} fon s effective for the recqvery of crud il
4 whbei T 6 ENbRIANE Fuioats, oF GRS d4nabefsin the Al phain lengths
5 formul ag ' ' bhd

from abacPre. apoat S BET Tt REamatiiz PegeRL BoLAEAD

nono-val ent cation, and the al kyl xyl ene noiety is

al ky! - oxt I ' (P
6 21 131 s B0 coleftly HRER ool SBlbheb TR trbon
7 noi ety contaimingafdiylakigh ewkich rhéthodtconumisest ns gr eat er

t han about 70 percent of the 4-al kyl -1, 2-di net hyl

benzene i soner and the attachnent of the al kyl group
8 to t he (el iajectingiitbythe lfonﬂmﬁiomld«ylaqyé@mes@lluticbmnam@iriiﬁg an

at positions higher than the 2-position along the
9 31 kY1 char APHNESY dliins SpEsudliors Mo o akyyiene
10 al kvl xyl enguiiat et Stivans ile Bapbddriuddisy Wikiieindhe

Wi th the aqueous solution injected into the formation
11 t o t her ebyalkgryese shifdnatedrasdhs dganenaldopnalduct i on

well. 17. The method of claim 16, wherein in step (a)

t he al kyl xyl ene sulfonate is present in the range of
about 0.03 wei gHtHspercent to about 2.0 wei ght

| N CH
MSO5 K/ /) 3
X

12 R
13 wherein R is an alkyl group containing from about 10 to about
14 58 carbon atoms, M is a mono-valent cation, and the alkyixylene
15 moiety is alkyl-ortho-xylene in at least 85 percent of the total
16 alkylxylene sulfonate, and wherein the alkylxylene moiety in the
17 alkylxylene sulfonate contains greater than about 70 percent of the
18 4-alkyl-1,2-dimethyl benzene isomer and the attachment of the alkyl
19 group to the xylene moiety in the alkylxylene sulfonate is at positions
20 higher than the 2-position along the alkyl chain in at least 40 percent of
21 the total alkylxylene sulfonate; and
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percent of the total weight of the aqueous sol ution.
18. The nethod of claim 17, wherein the al kyl xyl ene

w@iokomssde i s present in the range of about 0.RCTHERIYPNL/025328

percent to about .5 weight percent of the total weight
of the aqueous solution. 19. The nmethod of claim18,

1 wher ei g‘bt) fmsglbl&mbwé %ﬂ@dééu {vxnahe dq@eaw%@rﬂmgh finjbbt%d into the

range about O. i ght percent to about .

per cent offOfm@tlcvra)tQathembsgrﬂcoyer hwéfoaqmg‘r@'olwpnoductlon well.

20. The nethod of claim19, wherein the al kyl xyl ene

sulfonate is present in the range of about 0.5 weight

pettent Themaetoed obclsimdBgvhersin deatepofa) treatkgbalene sulfonate is
he met

o 0L 00 SoebBEn AN SEMIes ot S BAIReRls 2 Qweio

al kyl - %érh@n?@fltﬁ@@othnwé ht e Squdiriscsiitis, the total
al kyl xyl ene sul fonate. 22. The nethod of claim 16,

wherei n the al kyl xyl ene sul fonate contai ns greater

6 theg abpwd n‘%@n&ﬁéﬁ@laﬁn q¥, M%@ré}n %‘ué‘élkg&y%‘r@ STfonvte i is present in

benzene i soner. he method of claim 22, wherein

7 the al ktyexyn@@@f abw,itq/hwelglhieoemmyu mﬁlmulé1sﬁjmtgmpercent of
cont ai e ent of ,the
8 4- al kylr][ﬁ??éta ﬁ/ﬁfgﬁ“%?ﬂ'ge% EHES %%%9“ 24. The net hod of
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cI aim 16, wherein in step (a) the alkyl group is

HF5" othd et A8 Whktaif o aivhoRR Suiasle s Hesent in
per Centth@fraﬁéj‘@of Qlt)@l!lt B8 kdiopt! gerBerub pat 4.0 %l hTB%rcent of

nmet hod of claim 2 wherein in step (a) the al
gr oup |tbeé®ftahWﬁQﬂ\tpf)th€n%qU@ﬁLt§r®|Wﬂrety at posi t| ons
hi gher than the 2-position along the alkyl chain in at
| east 60 percent of the total alkylxylene sul fonate.
20.  The method of claim 19, wherein the alkyixylene sulfonate is present in

the range of about 0.5 weight percent to about 0.8 weight percent of
the total weight of the aqueous solution.

21.  The method of claim 16, wherein the alkyixylene moiety in step (a) is
alkyl-ortho-xylene in at least 95 percent of the total alkylxylene

sulfonate.

22. The method of claim 16, wherein the alkylxylene sulfonate contains
greater than about 80 percent of the 4-alkyl-1,2-dimethyl benzene

isomer.

23.  The method of claim 22, wherein the alkylxylene moiety in the
alkylxylene sulfonate contains at least 90 percent of the

4-alkyl-1,2-dimethyl benzene isomer.
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26. The nethod of claim 16, wherein in step (a) the
mono-val ent cation is an alkali netal. 27. The nethod

wo@Rooshss3me 26, wherein the alkali netal is sodiPET/USR04/025328

1

The method of claim16, wherein in step (a) the
nono-val ent cation is an anmoni umion or an organic

anpmni UThé esthad of TR, habreh if st @he WG gk{hd i attached

step (az the alkyl group is derived froma lin

2 al pha ofcetherxylaneamoiedy At ppsitians highien thamthei 2vpogitibnalong the

c Fgffn tzglkm;éﬁ%ﬁﬁ clﬁagf[)(;%S%gC;é%{ Rg{?}g‘ @}eﬁ a@%ﬁ;fh}/géjqégulfonate.

derived froma linear alpha olefin or an isonerized

9 5 TRENRLBLRS: LEAm AR 00 (AT E8i8n Moo

5 aI kyI gtfthhé )dy{érféerhbléﬂc’}daf F@é‘i’n@né hid@ar trﬁslrpt'h@ @g@éhan%ﬂong the

6

an isonerized ol efin containin oma bout t o about
30 car bakylaheisin @deagti) nemqeoaobmedpwl alkybsylateesgfonate.
in step (a) the alkyl group contains a distribution of

al kyl chain Ie@(gt hs and wherein the al kyl chain
e%ét hsThe msathe@of elaim d6owhengintin stepoial) ti8d nuoeoeealeniation is

to Co percent to about percent of Cto C
8 . 33. Th@?%@ﬁg@étgl? claim 32, wherein in step (a) the
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chain I engths conprise fromabout 50 to about 70

& to B meiioafoRiR 2B ER N ineuET Rital Bl sodtimet op

(a) the chain |l engths conprise about percent to about

t to, C . 35 _Th t hod of claim 16,
Pra of e EIH)RH S cirior6) HheHan i siepr (Bhthesmororvalemtaration is

i's a weyy afimtsHu@iibn or an organic ammonium ion.

29.  The method of claim 16, wherein in step (a) the alkyl group is derived
from a linear alpha olefin or an isomerized olefin containing from about

10 to about 58 carbon atoms.

30.  The method of claim 29, wherein in step (a) the alkyl group is derived
from a linear alpha olefin or an isomerized olefin containing from about

10 to about 40 carbon atoms.

31.  The method of claim 30, wherein in step (a) the alky! group is derived
from a linear alpha olefin or an isomerized olefin containing from about
12 to about 30 carbon atoms.

32.  The method of claim 16, wherein in step (a) the alkyl group contains a
distribution of alkyl chain lengths and wherein the alkyl chain lengths
comprise from about 40 to about 80 percent C1, to Cyp and about
5 percent to about 15 percent of C3, to Csg.
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36. The nethod of claim 16, wherein the nethod further
conprises, concurrently with or subsequent to the

w0 pjosotszon of the aqueous solution in step (a)PCT/US2004/025328

injecting into the formati on an anmount of pol yner
effective for driving the aqueous solution of step (a)

1 P theyd QeiRdd Onclhitn SDSHhafen Ihstep' (Hi g ePEhaih %engths comprise

t hereby recover hydrocarbons from a production we

2 37. Thdramiabout 59 tebhout B pewest Ennta Gy aad gheut 5 pecent to
pol ysaccharide, an .acryl am-de or a partially
3 hydr ol f?’é’d‘%&%‘ﬁéﬁrihogrﬁgaz‘? 8. The nethod of claim 16,

wherein the nmethod further conprises, concurrently

4 Soin © ohie eBIachoy g pr wheleig 1 e Tk aRiiiesing somprise
5 amount o atRircitit8 Hoove 1 Q;Ei;erégrit‘@f g, ihepqueous

solution of step (a) Intot formation to displ ace
the crude oil to thereby recover hydrocarbons froma

6 Prgfu Ct’l*r%ndrnﬁmdt%ofe’aainng he, WRERGS 1R h)?drﬁlrtgi‘b%ﬁt in“t@? sGbfrranean

t he met ho er enpl oys, concurrent

7 subseqdemnation isreewary eotdeooil.of t he or the pol yner,
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injecting into the formati on an anount of water

effective for driving the aqueous solution of step (a)

I 1860 t Hthef mettatd ofircldion d6swhain tHemethatefusiber comprises,

t hereby recover hydrocarbons from a, producti on )
el | . 4EoneHEenthy Wﬁg %ﬁ”g’ﬁﬁﬂlﬂﬁﬁi‘é‘? t%&u%#m@féﬁa@%segs solution
sol uti i i T kgt [ :
navi ng ot EATIScRg TNEIRE Torf Mol A1 it BEBOBElSH Rtfective
about faodrividg theTaguaatshsalutidn of step (apintotes frmatibe to
co-surfactant is an alcohol, an al cohol, ether

ol val KA tieyeiite BB dcren el dlesciatbiss fom a

pol y( oxadilotiorngell.gl ycol ether, or mxtures thereof.

42. The nethod of claim4 , wherein the

pol y(oxyal kyl ene) glycol ether is
37. The method of claim 36, wherein the polymer is a polysaccharide, an

acrylamide or a patrtially hydrolyzed polyacrylamide.

38. The method of claim 16, wherein the method further comprises,
concurrently with or subsequent to the injection of the aqueous solution
in step (a), injecting into the formation an amount of water effective for
driving the agueous solution of step (a) into the formation to displace

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

39. The method of claim 36, wherein the method further employs,
concurrently with or subsequent to the injection of the or the polymer,
injecting into the formation an amount of water effective for driving the
aqueous solution of step (a) into the formation to displace the crude oil
to thereby recover hydrocarbons from a production well.
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an ethyl ene gl ycol nono-al kyl or nono-phenyl ether, a
di - et hyl ene gl ycol nono-al kyl or nono-phenyl ether, a

wa ri05014390 ene gl ycol nono-al kyl or nono- phenyl PEL/082004/625328

pol yet hyl ene gl ycol nono-phenyl ether, polypropyl ene
gl ycol nono-phenyl ether, or mxtures thereof. 43. The

me4od THe Aledhdd Bf clah a6evhetdIf tIRObYUSNNREENEBA step (a)
glycol is a poly(oxyethyiene) glycol or a

2 pol y( oyphengoniaws 8 tgsorfasianirhaving esmoleaudarfweight inTthe range
g et hod &fa{bgu?bﬁlté%?agggﬁ{zﬁbn in step (a) the
ant rs [

co- surfactan h the range of about 0.03
wei ght percent to about 2.0 weight percent of the

4 o4 o et pEFRRTHE  WhoRth s ShsntRctahl & R elol, an
5 the rangeoidl cisiub ;Qﬂ;lamwéxlﬁ@yyi@% t@%gly(tbﬁyéIRWéhezélycol, a

wei ght percent of the total we e aqueo
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co-surfactant is present in the range of about 0.3
wei ght percent to about .0 weight percent of the total

wetht Tdte miethehokedaisn 46) whersin tm?poly(w(yaﬁqyt&m)@lyco:] ether is

claim rei e co-surfactant is esent i,n

r ange gé?' %@@@P%@@??@%‘HM%%WPW?%B&L? e \%?@W ene

per centglydol hivhd-ak§l ov@babiphehyt &tfeR GHRIEEHyRMSUGYES]-
mono-alky! or mono-phenyl ether, a polyethylene glycol mono-phenyl

ether, polypropylene glycol mono-phenyl ether, or mixtures thereof.

43.  The method of claim 41, wherein the poly(oxyalkylene) glycol is a
poly(oxyethylene) glycol or a poly(oxypropylene) glycol or mixtures
thereof.

44.  The method of claim 40, wherein in step (a) the co-surfactant is present
in the range of about 0.03 weight percent to about 2.0 weight percent

of the total weight of the aqueous solution.

45.  The method of claim 44, wherein the co-surfactant is present in the
range of about 0.1 weight percent to about 1.5 weight percent of the

total weight of the aqueous solution.

46. The method of claim 45, wherein the co-surfactant is present in the
range of about 0.3 weight percent to about 1.0 weight percent of the
total weight of the aqueous solution.

47.  The method of claim 46, wherein the co-surfactant is present in the
range of about 0.5 weight percent to about 0.8 weight percent of the

total weight of the aqueous solution.
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