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22  salinity, a micro-emulsion forms in which appreciable amounts of oil and brine
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24  surfactant exhibits high oil recovery potential. The salinity of the water in
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27 0.3 weight percent. Other reservoirs may have salinities as high as or higher

28 than 2.0 percent sodium chloride and over 0.5 percent calcium chloride and
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19 EP 0 148 517 B1 discloses olefin sulfonate compositions comprising an

20  aqueous solution containing 15 to 35 weight percent of a blend of a C42-C3
21 linear alpha-olefin and an alkylaryl sulfonate wherein the aryl group is a

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

23  processes for enhanced oil recovery.

24 EP 0 158 486 B1 discloses the use of polyalkyl aromatic sulfonates,
25 particularly dialkyl aromatic sulfonates in steam recovery methods for

26  enhancing oil recovery. The increase of the ratio of para-isomer to
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21 U.S. Patent No. 4,005,749 discloses the use of polyalkylene oxides as

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

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

27 lower than when used as a sacrificial agent.
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copolymers thereof having molecular weights between 100 and 1,200 with
chemical flooding. The concentration of the polyalkylene glycols used is

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

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

example, between 1-100 kilograms per cubic meter.
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20 U.S. Patent No. 4,932,473 discloses a process for enhanced oil recovery
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22  solution. The improvement comprises including into the said solutions one or
23  more alkylpolysaccharide surfactants for enhancing the solubility of the
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19 WO 01/98432 A2 discloses a surfactant blend for lowering the interfacial
20 tension between oil and aqueous fluid for enhanced oil recovery. The blend
21 comprises at least one synthetic polyisobutylene and at least one surfactant

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

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

24  Qil Recovery Processes edited by M. Baviere (published for SCI by Elsevier
25 Applied Science, London and New York, 1991).
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FOR surfactant having low I FT. 19 In particular, the

15 51 R BEAR o8 A e Al O B i e
16 Oi hlkygRversulfonicass esthe presehi ibbestioresithingrgreater than

m xture of conpounds having the general formula: -8 | .
70 percent 4-alkyl-1,2-dimethylbenzene iSomer, the alkylxylene sulfonic acid

18 provides an EOR surfactant having low IFT.

19 In particular, the present invention is directed to an under-neutralized
20 alkylxylene sulfonic acid composition for enhanced oil recovery processes,

21  which composition is a mixture of compounds having the general formula:



WD 2004/ 101473 PCT/ US2004/ 025203 CH3 CH3 \ | \ MsC3
CHB HBS CH3 R 1 (a) (b) 2 wherein Ris an alkyl

w@emypoi@ont ai ni ng from about 10 to about 58 car®DUSZ04/025203

1

2
3

atons, and Mis a nono-valent cation, and wherein the
al kyl xyl ene noiety in 4 conpounds (a) and (Db)
conbined is al kyl-ortho-xylene in at |east &p,percent
5 and conpound 3is present in the range df about 80
percent to about| 6 98 percent based on the tjotal
under-neutraliz al kyl xyl ene sul foni c acj
conposi tion. Pr rably, the al kyl xyl efje noi

y in

conpouqq§0£ | and iGHP aIkyI-orHﬁ@ixEt:ZEan—Qﬁs
| east 95 per¢lent of |[the total under-neutRali 10
al kyl xyl ene EULiéhfé@acid conposition. 11 %rably,
conpound (a) is pregent in the range of about 8 R
percent to about 12 95 percent based on the total
under-neutralized al kyl xyl ene sulfonic acid 13

conposi tion. Morg,preferably, conmpound (a)H)s present

in the range of out 14 87 percent to about 92

percent based on the total under-neutralized 15

o : . o T

oot B1E bRk s ER R AR AR 285 1to/akiut 58 carbon

s uatbors, anddil ds & omgrnsvalentl@at{ca), and vererainkthliei alkgxylene moiety in

4 ,mqg;npr ef ?b&?fﬁ% () 2‘30@5 el%fiﬁblrﬁ%tdta'%% éi'@éﬁﬁﬂigsﬁ%h@ 3,)p38} 83Rercent

S
6
7

11
12
13
14
15

16
17
18
19

20
21

Zgéﬁ@aéﬁpaeh@_(mwmtwmeb@ngg ok AbRUIBOipeRtdio @boal

gani ¢ ammoniumion. 20 The al'kyl group in conpounds
( 858 pertepbbased onéhattalundetaeutialized plkykylengisulfonic acid

al kyl xyl.ene sul fonic acid conposition is derived from
a (fc?/rﬂ%%sfﬁ rI"pha olefin or -9 WO 2004/101473

PCT/ US2004/ 025203
Preferably, the alkylxylene moiety in compounds (a) and (b) is
alkyl-ortho-xylene in at least 95 percent of the total under-neutralized

alkylxylene sulfonic acid composition.

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

alkylxylene sulfonic acid composition.

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

ammonium ion or an organic ammaonium ion.

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

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

-0-



1 an isonerized olefin containing fromabout 10 to
about 58 carbon atons. 2 Preferably, the al kyl group

wo @ogdenirsed froma |inear al pha olefin or an PCT/US2004/025203
i sonerized olefin containing fromabout 10 to about 40
car bon atons. Mdre 4 preferably, the alkyl group is

e .
1 or 2P0t Gl Sptaifthd Ko pB04 L1 Gl 3o S EeFBEh LRbims.
2 ?tb Qr@‘e;?otﬁy 'Iﬂae aﬁtyrkgfoqd isrderived dtom anlneamatplmoksle(ra))r and
conpi ne n the 7 der tr ed gl k | epe

3su?sr>mﬁrtzegcqa'rt6%tam9 AML2hauti 168 Zt@é«fgp éﬁé&n ms. More

4 abpdferdd) Qﬁé%ﬂﬁ/{ gfouy\? d@h@édﬁ’rbhila%ngé n@hé'cﬁ’@ﬂ?@ﬁ@n
i soner . ra al kyl xyl ene ety in

5 conspmerdmd(d¢flraomtem)ng:ﬁnm atalitit? toraboud 30 carbon atoms.
under-neutralized al kyl xyl ene sul fonic acid
conposition contains greater than 11 about 80 percent

6 of Thaallddxjléng rbjety i gemipplnde (e)eare (b coprhinéd inethe

7 CaynderanediializafiaRbeTens sillorisacReraRaifork SRR dreater than

g al bubefty?cﬁgsro‘ém bPte&-aik m Qodmfé‘!h)flb@ﬁ‘zeﬁ‘fé‘kéh{é? Freferably, the
| east 14 90 percent of fhe 1, 2- di et hyl benzene

9 | sahwkylenﬁemgtatwumreeourme (tahénd](B) combined in the

t
10 3 Qi i BRI AR TR ! Dposiion goniginsgugater thar
11 CHab&#BO pEikeht ofltheMt-alkiyll 21diRtbthgEbbyzdrenizenter. More preferably,
3-al kyl -1, 2-di net hyl benzene 18 The attachnment of the

12 51 1 AkyIHIEne aGIRE RAOEIROURGIS4a) and) (RKFRIBEINES 1o e and
?M’ér-ﬁ&ﬂ%l%ﬁ Tég{kl%éﬁ‘%ﬂ%ﬂﬁéﬁ%d%é%d E@ﬁ*ams at least

Xyl ene 'su ositron 1
14 poQOmlemtlmfg’fEM alkyd1,2- Uenﬁhpbentemmsnﬂnwrg 'Ifmestuucbtytes for the

15 o i BinShulbenregs sph dhe Sty ghedimeybenggnggre given

16 20Q4ib}01473 PCT/ US2004/ 025203

CH
: CHs
CH
: CHj
R
R
17  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethyl benzene

18  The attachment of the alkyl group to the xylene moiety in compounds (a) and
19  (b) combined in the above under-neutralized alkylxylene sulfonic acid
20 composition is at positions higher than the 2-position along the alkyl chain in

21  atleast 40 percent of the total under-neutralized alkylxylene sulfonic acid

-10-



1 conposition. Preferably, the attachnment of the al kyl
group to the xylene 2 noiety is at positions higher

wa bmwi1eiaes 2- positi on al ong the al kyl chai n i n BET/US004/025203
| east 45 percent of the total under-neutralized
al kyl xyl ene sul fonic acid 4 conposition. Preferably,

1 th&rﬁé&f}g&g{eB"efgra{ﬁl%ﬁg@#ft}éhhrgl% gfnﬁwt%hééﬁ\g %o%ﬁl?the"sxylene
2 al moety seatgddejtionsitaighen thaatthe @-pasitidn #longehe atkyl ohainlie at
3 Jrgestt Poivent Rbing ol UG heualzRg Jkyxgus shlfadikasid

4 ggczd@( c?glﬁoﬁ’”PFéT@ratﬁy GRE %?c@cﬁﬁ\@lwf‘optfhet @gué R be

ene nol ety are given
5 YQvibidpy is athiositidDs l@glhﬂythan(tbteHZMItmn along the alkyl chain in at
4a|k ne3 kyl -1 2-di nethyl . .
oS0 Patenhol e el VBae P Palby Al sllione api
7 ar@brﬁp&ﬁﬁ&ﬁ NrRe strieturés AsAB Nariehs hligchrbdénBpdsiliorty G Ehe
to the xylene nnlet¥ on the carbon chain. For exanple,
8 f oearorcchaimof the iyl grasumpto theylgaeuroisty rregiyan below.
and y equal to 9 corresponds to the 13 attachnent of
the al kyl group at the 3-position on the al kyl carbon
chain. 14 )s, for x+y+1 equal to between &Q and 58,
know ng x and y provides the 15 attachnment o
al kyl grouptQ theGHsl ene noiety for the cor
chain 16 i between C10 and C58. 17 Ik
group in conpou ds (a) and (b) in the abo

chain Iength. A preferred distribution of -
| engths conmpfise from 20 about 40 to about 80 percnt
Cl2 to C20,~Awre preferred distribution of alKkyl C
chai Hak®50t hs C6yagiise from about 50 to about 70 X 12x
percent Cl2 to C20. The -11

9  4-alkyl-1,2-dimethylbenzene ' 3,alkyl-1,2-dimethyl benzene

10 In the above structures, the values of x and y determine the attachment of the
11 alkyl group to the xylene moiety on the carbon chain. For example, for a Cq2
12  alkyl group, the value of x equal to 2 and y equal to 9 corresponds to the

13  attachment of the alkyl group at the 3-position on the alkyl carbon chain.

14  Thus, for x+y+1 equal to between 10 and 58, knowing x and y provides the
15  attachment of the alkyl group to the xylene moiety for the corresponding chain
16  lengths between C4o and Csg.

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

18 alkylxylene sulfonic acid composition contains a broad distribution of alkyl

19 chain lengths. A preferred distribution of alkyl chain lengths comprise from
20  about 40 to about 80 percent Cq2 to C20. A more preferred distribution of alkyl
21 chain lengths comprise from about 50 to about 70 percent C42 to C2. The

-11-



WO 2004/ 101473 PCT/ US2004/ 025203 1 upper heavi er
range of alkyl chain lengths of C32 to C58 may
WOCoNpTNies up to 2 about 5 percent to about 1Pqrars2enst025203
of the al kyl groups, preferably upper 3 heavier range
of alkyl chain lengths of C32 to C58 may conprise up
to I
1 or 4TRe heavorTaRBR oF syl Su Rltothy o B RN Celtnely enrst up to
2 i nabouti ppeicentita avdwd & peraenkafitbe aliol geoupss preferatdy upper
3 Cr de .oi | frorﬂﬁikiu terlr an a?m‘g:rydio arbon containin
f o HAY'PoRNIEPLAE fAEL RBANE Gipror S Sro8 BIAYLOMM YR ?fbabom
4 1 ngQerdentt@aBBUE PP pafteplibPMiesalk@Igibi®s cont ai ning an
9 armount of an under-neutralized al kyl xyl ene sul fonic
acid 10 conposition effective for the recovery of
5 Cr AGErtRér eYBBARhSht I the preseRtPRENiGIPT difededitol BYhEthed for
conpounds having of the general 12 fornmula: CH3 CH3
6 veERogerngicrslecpiBbirom gRsulterianean inydrocarhgrecentairing formation,
al kyl containing fromabout 10 to about 15 58
/ caWﬁgnqéggﬁg,coiﬁ@'ﬁ\ﬁsrs a nono-val ent cation, and
wherein the 16 al kyl xyl ene noiety in conpounds (a)
and (b) c Lned.is.alkyl- 17 .ortho-xylene in. at |east
8 35 por bentaniiocipisth e rmpush P ghofi SoldficPygentatfing an
g range of abomd@htRfahaitider-MeatialitePFkpPRyepBsUMBARGED

the 19 total under-neutralized al kyl xyl ene sulfonic
0 acid conposi tcoaposiien effectivefortbe/recavery of crude oil wherein the

" (e aqueous Sareien R AP IR ShAd e bt dopera

12 t her eby r ecoYemuilgdr ocarbons froma 3 production well.

CHs CHs
N I XX
~
& =

/\R \ R
13 (i) (ii)
14 wherein R is an alkyl group containing from about 10 to about
15 58 carbon atoms, and M is a mono-valent cation, and wherein the
16 alkylxylene moiety in compounds (a) and (b) combined is alkyl-
17 ortho-xylene in at least 85 percent and compound (a) is present in
18 the range of about 80 percent to about 98 percent based on the
19 total under-neutralized alkylxylene sulfonic acid composition; and

-12-



4 In step (a) in the above nethod, the
under-neutralized al kyl xylene sulfonic 5 acid

W@ 0upaeidiri on i s present in the range of about BCDB8S2004/025203

wei ght percent to about 6 2.0 weight percent of the
total weight of the aqueous solution. Preferably, the

1 7,20t HORSFRRERENEyHB A ARPS A fctoa m

2 total wei ght thd fdrivatieq e thereby nexasiet hgdrocbisensSfrom a

preferably, the conposition is present in the range of

3 about 0.3 wePgPductiePvsl: 10 to about 1.0 weight

0o N OO O b~

11
12
13

14
15
16

17
18
19
20
21
22

23
24
25

26
27

per cent of the tot al wei ght of the aqueous

conp05|t| on, and nost preferably the conposition,
i d nrﬁt@@,éal)tm,the pp@ve m@@o@,ﬁhgw@er—nggtrgl|zgeq,\glﬁblpgylene sulfonic

\R/:ﬂ;(g‘z r(')rfp%SﬁilaﬂLl& QP et Y rah rang & Aot Ot{);ﬁ%elgbfibercent to about

aqueous conposi tion.
i r2.0lveeighiopercent difdde totabwelghy lok Hecaguemisetofution. Preferably, the

C oD ot Sgraasiat iNing rotas,: Saih b elightipareantsn abput
t of, slwe@ﬁt b’él'@éﬁtéﬁHérté‘t'al W@Fbrﬁbkﬂé‘dét%&s%&rﬁﬁé‘élﬁor@CMbre

conposition. 17 Preferably ™ n the above net
c cprptarably( the ¢ompoepom i9) priesept iosbatrange Oﬁ@bOLﬂEO 8 araight percent

¢ 03008 17 wBET Btoek? of e ralrefgheiciihe SRRERN Bafsiton

Coampﬁiotst preferddiyethiel @me@Eiion is pes&stTR Bhie ebr(gé 01‘ aibautep
b&,ﬁwmgresent i'n the range of about 87 perce
{

ht perceel tecahous Ak wetght precans ohthe total welght of the
r al kyl xyl ene sul fonic acid 22
c%&ufe’l%&q%%ﬂhe nono-val ent cation in conmpound (i)

in step (a) in the above nethod is an 24 alkali

P Bt s o BT 0 o

i qil) wrstep (Qy @aﬂkyn oatfmsc»rylerm incat.le2$t 9B gerekekybagddom thertotal
conmpounds (1) and |(¥|Y in step (a) of the above nethod

i sunder-nesitnalierd AIykRYIENE SIRNICAGH £OBIPOSItRNOr an

i sonerized olefin containing from -13 WD 2004/ 101473
PCT/ US2004/ 025203 1 about 10 to about 58 carb

at Ryieferaplydndheigbgye mathed ksampeuwnsh(i) v sdep ()8 pze$erunm the

‘ rﬂéﬁgé o?'a?B_%é’# gfekfén?'io ABolt S BEIRREb QLS bR Qa1 N9

abo
under-neutralized alkylxylene sulfonic acid composition. More preferably,

compound (i) in step (a) is present in the range of about 87 percent to about
92 percent based on the total under-neutralized alkylxylene sulfonic acid

composition.

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

step (a) may be an ammonium ion or an organic ammonium ion.

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

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

13-



3 about 40 carbon atons. Myre preferably, the alkyl
group is derived froma 4 linear al pha olefin or an

woi »omrmni7ded ol efin contai ning fromabout 12 t @caliman04/035203
30 carbon atons. 6 The al kyl xyl ene noiety in conmpounds
(a) and (b) conbined in the 7 under-neutralized

121 YO LSBT o o TP 400, HRNEN e e

2 befmems linganaipha i effresrad lsor’riéﬂzedﬁbleﬂnkyd)mirﬂn@fmm a!bqut 10 to

in conpounds (a) and (b
3 und@bpu pa%hqnz%em @)Pg@ymr@ f%?'lsyla&fpap is derived from a
co t r t
4 Wﬁéf’ é{bﬂ? o%?ﬁ‘\ @f‘é}?lsgeﬁt%ﬁ%ﬁg é)?}ézfgﬂ%orli'télgﬁ@ﬁner Bmgé)odlﬁ 128B8tabout
5préf)elaatb1d)ryatomsz t he al kyl xyl ene noiety in conpounds
(a) and (b) conbined in the 13 under-neutralized
al kyl xyl ene sul fonic acid conposition contains at
6| edse alkylBfeme neeety ioCompeuddsi&yandl (k9)-cdimmbbéd irbthezene

7 Lsgﬂsw-ngetgalgehgq @;ﬁ%pé g\rﬁlgt)rgﬁ ac[cﬁ%pmposition contains greater than
8 gHgbbui 78 pé c@n&ref thd &gn@ﬁm@ éh%tﬂylbéﬁzeﬂélsB%&WPr@f@ably, the

1, 2di et hyl benzene
9 3- aINypdylenechila’t)Etrhmmbewz@qé)mdl () cnmbamle thet hod,

e N

11 POBbbUOBG pBid@he bf tHealkye1 2-giasdthylbenzelt Boaia. tere preferably,
al kyl chain in at | east 40 percent based on the tot al

12 21thﬁ1a|évb<Ml@unﬁerPEGBé@ cammwis@(ﬁé agd|(pheprabieddn the

13 SRR b rsb Gy Aot s EE bR cormpdatih e dted

14 noBOtpereéntdshé ¥eakylHi, 2Haémethytenizbre 2sqroei. t T structures for the
15  4-alkyl-1,2-dimethylbenzene and the 3-alkyl-1,2-dimethylbenzene are given

16  below.

CH

? CHj
CH
’ CHj
R

R

17  4-alkyl-1,2dimethylbenzene 3-alkyl-1,2-dimethyl benzene

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

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

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

-14-



2 along the alkyl chain in at |east 45 percent based
on the total 3 under-neutralized al kyl xyl ene sul fonic
woaoihoecomposi tion. Mre preferably, the 4 al lpgrigred®25203
is attached to the xylene noiety at positions higher
than the 5 2-position along the alkyl chain in at
1! egrdup e ‘@aﬁ Btyl RS igher than the 2-positi
un eru-pﬁieutrgﬁlégg%hg? ?xél’@aneysultp?gﬁggsgé cFr an the =-position
2 coajongithe @alkyl Thainsnraiteast 46 descert hasedvaar theustal
attachnment, positions on the carbon chain,. of e al kyl
3 r WS BR ARy IS srifarE BRE bsass i oMETesc braply. the
4 CHaIKGHgroupHe uithché@ toHHexyier@ntlet{-akB¥sitiofs higher than the
4-al kyl -1, 2-di net hyl benzene
5 3- dtpogition doag Hee Alkybehaivireat least 60 paeceabbased on the total

St ) R
6 ¢ PHGR A ral B cfRITEnT hulord el REMERINGY) THE strypaygs for
7 ontHeheartvarshattachider pokitions xarthe earba clraifb? thd dlkgl gnoup to the
group, the value of x is 2 and y is 9 for the
8 at {(ﬂgﬂﬁﬂﬁ'etﬁ(far?rgév% RGIOWgr oup 13 at the 3-position on
the al kyl carbon chain. Thus, for x+y+1 equal to 10
and 14 58, |Qowi ng x or y provides the attachnent of
the al kyl grp

Up to the xylene 15 noiety for

of al kyl engths. A preferred distr
18 al kyl g engt hs conprise from abou
80 percent to C20. A 19 nore preferr
di stributionf{of alkyl chain |Iengths conprise
about 50 to PO about 70 percent Cl2 to C20. The uppqgr

heavi er rapge~Qf al kyl chain lengths of 21 C32 to (58

may &eapii se fr&pmbout 5 percent to about 15 percent 2"
of the alkyl -15 WD 2004/101473 PCT/ US2004/ 025203
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 of the
11 alkyl group to the xylene moiety on the carbon chain. For example, for a Cs
12 alkyl group, the value of x is 2 and y is 9 for the attachment of the alkyl group
13  at the 3-position on the alkyl carbon chain. Thus, for x+y+1 equal to 10 and
14 58, knowing x or y provides the attachment of the alkyl group to the xylene

15  moiety for the corresponding chain lengths between Cy4 and Csg.

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

17  contains a broad distribution of alkyl chain lengths. A preferred distribution of
18  alkyl chain lengths comprise from about 40 to about 80 percent Cy2to Cy. A
19  more preferred distribution of alkyl chain lengths comprise from about 50 to
20 about 70 percent Cq2 to C20. The upper heavier range of alkyl chain lengths of
21 Cszto Csg may comprise from about 5 percent to about 15 percent of the alkyl

-15-



1 groups, preferably upper heavier range of alkyl

chain lengths of C32 to C58 2 nmmy conprise from about
woRopgroe€ent to about 12 percent of the al kyl greapss2004325203

The above net hod further enploys, concurrently with or

subsequent to the 4 injection of the aqueous sol ution

1 of TS Prernl ffter o ah ot of BHAPAAR Gbtns pFEREY Coe
2 of nfdyefonirisd Mbid dbdut @ gercemtito @boud 1gipeptentf tie atkyLigroups.

oil to thereby recover hydrocarbons froma 7
production well. 8 In the above nethod, the pol yner

3 MaYh8@bav¥ nsethbaPlithdradiipleys, conerreatipwith or subsequent to the
pol ysaccharide, a polyacrylamde or a partial |

4 hymestipnead thepgueeys saiutien in 3tepAd iRjEEURO ifte Mo formation an
fu 0 . ; .
5 PRSP STBYSY R RPN (D henhe AREILSERILR o) o
6 i njhecformgtiomt@dispackthewtridmoihto thePelaymaoolveohydvacarbons from a
effective for driving the aqueous solution of step (a)
7 i npdusgton wellk or nation to di splace the crude oil to
t hereby recover hydrocarbons froma 14 production
well. 15 The above nethod further enp

|. )

8 colftierahaveymaino. e Bellmer dia be any ULl RalyBer. isyh as @
; . . . . _
9 of PRIFAHATEE] p dolElpRRe Bf & penfly AR POy BTRNThide

of step (a) or the above polyner into 18 the

fo . . :

10, a8 abBRe reflog et Gfloge KihcBirentip of SghSHUE IO RS

11 abiyectivatdfdbe agheolry dolatian rostepr(a), hisjestimg &to dmeformation an
formati on_na i.nclude a waxy crude oil,. 2 he, ..

12 aqaABet @Bwa@r(ﬁifl%\f%h&e%{)gvﬁﬁ AHE0HE SOUiRB: GTA4ED (2) into the
fu ; 'o‘i)s)f)‘l‘a K Er{e

13 vvefcgﬁ‘t%r“?ﬁqiahe r a%gtg% o%frgg%gﬂtté gg;rté 29 gbout ng%%@%@.g fg%m 4

14 Therasluction wedlt ant i n t he above nethod is an al cohol
(primary, secondary, 26 tertiary or m xtures

thereof), an al cohol ether, a polyal kyl ene glycol, a
15 - 15h&#\@b206 mdtbbd TartRETEmsipgs Acehipeatly with or subsequent to the

16  injection of the polymer, injecting into the formation an amount of water
17  effective for driving the aqueous solution of step (a) or the above polymer into
18 the formation to displace the crude oil to thereby recover hydrocarbons from a

19  production well.

20 In the above method, the hydrocarbon in the subterranean formation may

21 include a waxy crude oil.

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

25  The co-surfactant in the above method is an alcohol (primary, secondary,

26 tertiary or mixtures thereof), an alcohol ether, a polyalkylene glycol, a

-16-



1 pol y(oxyal kyl ene) gl ycol, a pol y(oxyal kyl ene) gl ycol
ether, or mxtures thereof. 2 The
wopob4yooxsal kyl ene) gl ycol ether may be any Cl- @8T/US2004/025203
nono- al kyl ether, such 3 as ethylene or propyl ene
gl ycol nono-al kyl or nono-phenyl ether, a 4
d| r r Y,
& % le?: yccﬁ Q%M&?ya%)ﬁ rlﬁ)ée)ﬁgEBPe Lat‘ Aprrrglf[))(ufres thereof.
2 g: Vh@:poly@mbwa&i{hy@rh?)glycmh ephwyyde any e ,CS&npnbsa%kylpltmesuch
gl ycol nono-phenyl ether Iene
3 oS ST OF PropYiear SN0l A P! SHEPERPRERVESRI%:s
of
4 %ﬁxl@%%f&féﬁ@%ﬂé@ﬁ%b%ﬁ%o%l@yl or mono- phenyl ether, a

yet hy yco
5 poiryétbybe;mewrimnepygéye glycobmomdxalkylexs nidrer-pbényldhem

the abov t ho n_ st t he o surfact
6 ¢ gl SRy o seond pRBmy o pabRiSiN S05bLERnpbheny
7 2. GheRi dHhixpaes emdreef. the total weight of the 12
aqueous solution. Preferably, the co-surfactant is in
the range of about 13 0.1 weight percent to about 1.5
we r
B oreaUpRETING PR ERRIRONRL R 1Ky (R tHEARIAZES and
9thpoly@xgproﬁylenmgb{bolupr mnauwa ihlereqfer cent to about 1.0
wei ght percent of the total weight of the 16 aqueous

conmposition, and nost preferably the co-surfactant is
10 i nint the abmvgemethod i stém(a) tide Bosseirfgiatant é inghe rangabbabout

1 08 RIBD BB to Ao EhicTyedi b opiecolih st of the

Dpéwm Slufidri UPRfdrabby, f@hé B6 MBI B mhhalraﬁge by abBiSt
Chr omat ogra phy on a sanple of 21 the al kéﬁr@{ ene
W

13 pregaweig ueewgnhtqmcmm $ weightqererntiaf the eight ohibe

méﬁgﬁ '-}%"Zgojﬂsgﬁﬁtﬂ& Mor é%??f@%bylg g-%&'ff%ﬁg'g‘?@m the range of

15 chabm G3Ry tqﬁr@glhtab%d)obt 010 Whight percennhdbthet toeal weight of the
resol ved pea 24 shown in the chromatogram 25 Figure
16 » pauequs ¢ampesion. Andemoskpgfeiablydhe sonsttaskant is infhesange of

17 5 i 5. SRR S ok pROGAE i of o

18 P@dwﬁﬁmrﬁﬁﬁéﬂ&

19 BRIEF DESRIPTION OF THE DRAWINGS

20  Figure 1 is a chromatogram obtained by Gas Chromatography on a sample of
21  the alkylxylene prepared using aluminum trichloride in Example 2. The weight
22  percent of the attachment at carbon positions 2, 3, 4 and 4+ for C12 and Cq4
23 carbon chains can be calculated from the area under the resolved peaks

24  shown in the chromatogram.

25  Figure 2 is similar to Figure 1 and was obtained on a sample of the

26  alkylxylene prepared using trifluoromethane sulfonic acid in Example 1A.
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1 Figure 3 is a plot of the data collected using the
Equi librated Interfacial 2 Tension Method descri bed
wobebowieon sanpl es of al kyl xyl ene sul foni ¢ aci @€T/1%2004/025203
prepared using al kyl xyl ene prepared in Exanples 1A 1
B and 1 C (using 4 trifluoronethane sulfonic acid as
t hejgalkkgligtl | |
" ot rorI eorad §Ehe e doleetcq Iping e ERufiLP el Bferzef
2 Tehengion Method dederibed beldwbah samptes ofatkyhedené sulfonic acids
alk ne. sul fonic acids 7 ared usjn .
3 31 PR R REng ARG S Rrdshude FLEBR Rt A afl And e (using
4 t rirglbRirmét®ang saffohibicd Ky tad thglaﬁéh%b #%{59 DETAI LED
DESCRI PTION OF THE | NVENTION 1
used herein, the followng terns have the foll ovv| ng

5 rrena@urm lér'E';ﬁétSof the darPESIRTta 94in eMe EQuiliBeateqNhichakial
The terns "active" or "actives"” as used herein

6 r eTemsom dlethed cdgrcahed dsiaw st samalewma!kylwlam syifenie acids

7 o eBARS SaR UbIREhe biRReTedif ERalPR2 roit ellebipfipu sichiorice
8 coag ﬂmamylad@ﬁ@atdW) in Exanple 4 17 and the data are
summari zed in Table 11. 18 19 The term "al kyl ate"” as

used herein refers to the al kyl xyl ene used to prepare
9 20 the full y-pEVANED DESGREPTOMEOFTRHENRMENTON
sul fonic acids of the present 21 1nvention. The
al kyl xyl ene was prepared using xylene and |inear al pha
10 olefin 22 or isonerized @pfNMTICNGai ni ng from about
10 to about 58 carbon atons. Z3 Preferably, the |inear
al pha olefin or isonerized olefin contains from about
24 t
T o S e KRR e MBI FeSRIES phiss
12 t eexpressik statednto the' cendraryed herein refers to Goup | A
13 netals of the 28 Periodic Table.

14  The terms “active” or “actives” as used herein refers to the concentration of

15 sodium alkylxylene sulfonates and the sulfonic acids described in the present
16 invention. The calculation of the actives content is described in Example 4
17  and the data are summarized in Table Il.

18

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

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

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

26

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

28 Periodic Table.
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-18 WO 2004/ 101473 PCT/ US2004/ 025203 1 The term
"al koxi de" neans a conpound which can be forned as the

wordegtoions 2 product of an al cohol and a reactPiCrdS2004/025203

1

3

nmetal. 3 The term"co-surfactant” herein refers to

noni oni ¢ surfactants that are used in 4 conjunction

Wi THe 8dHrOTHIK0XEdE TrAB AR B TombRINAaRKEH cahlbd RAALBTA the reaction
processes 5 CGenerally, nonionic surfactants have

2 sopredket offaryalepholcanst ameactive reetgbl yval ent ions, ar e

wat er - sol ubl e, and exhibit a w de range of | ow and

stable 7 interfacial tensions between al kaline brine

anthe tarae‘corsurfantant” heseimrafersstopranionie sarfaetimts than arevused in

o V15T BSePLIEARR 1 RS LB s ST s,

5 pr@eensrAlg, heiosisRamatmmts Rave afs@weéwmfh@ya*ter@éﬁémﬁ)

10
11
12
13
14

15
16

17
18
19
20

21
22
23
24
25
26
27

from subterranean 11 reservoirs. Techniques fo

i RAIYNAleRE ians Arevestensoluble, endexdibita w@erang&of low ar}d stable
f. |
B e BB BB R BAT L B, Phe o

| rprevtilecmremlchennmvidcosdty ofithetsarfaointt he reservoir to
14 produci ng wells. 15 The terns "Gas Chromat ography”
or "GC' as used herein refer to Gas Liquid 16 Phase

CriTtereiregrephanced’oil Fstoverynor i*'E QR rd sz@sb dohgreirefasto
used herein refers to an al pha olefin that has 18
beRIRCEASSIET 8BN2ARCING e FacpdeNorf fustiesarbens figm subterranean

TR RGBS ot LA S LRHEY B e
2_Oefbc|anqhmay b osed fdnehabkglbitaﬂimi of a2 dil Tiek! b intoducing

"ipterf.aci tensi on | FT" used herein refer to

¢ e PG dBios,5 G Bt MiastiohdusiRioiOriece Libranah s reservoir to
agltb8i@ngvilsenhanced oil recovery, it is 23

necessary to reduce the interfacial tension between

the oil and the water in 24 the reservoir to about

0 'ﬁi’e QYR8 “Bek @%Haﬂ@ér%ghx-r&e@c“% [8ad ﬂ\@’réclﬂtrgfer?&b%ls Liquid

tensi ons are measu sing a spl nning
td?haaelﬁlnmmatbgtaphwc:l al tension 26 may al so be
nmeasured by any known nethod for neasuring interfacial

The term “isomerized olefin” as used herein refers to an alpha olefin that has
been subjected to isomerization conditions which results in an alternation of
the distribution of the olefin species present and/or the introduction of
branching along the alkyl chain.

The terms “interfacial tension” or “IFT” as used herein refer to the surface
tension between oil and water. 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 also be measured by any known method for measuring interfacial

tension.
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27 tension. -19 WD 2004/ 101473 PCT/ US2004/ 025203 1 The
term"mcro-enul sion" as used herein refers to a

wosedsioe473m cel |l ar solution 2 of oil, water, @®CT/US2004/025203

AW N -

0 N O O

10
11

12
13
14
15
16
17
18

19
20
21
22

23
24

25
26

surfactant and optionally one or nore electrolytes. 3
M cro-enul sions are defined as those enul si ons havi ng

anﬂ?/?errﬁ‘\g?me&{séqﬁjllﬁ?n%ssu&fd R reRPR, %rsatoffg\faﬁ Wﬁéﬁérssolutlon

erm "neutralize as use her
r edifemls wtad:eralalsplrﬁaxctam ansudptionally ané dr r’rﬁ:reeal&atajlyteed
an |q anlc such as

bas
1Ny S 2ruionS B aBliosdlas LARE AmalRiis, Paiing i aerage particle

angipsbPabaiit @féﬁ@ﬁéﬁorﬂ@f@é‘wmaﬁﬂétépn or 8 an al kanol
ammnl umcation. 9 The terns "optinumsalinity" or

"mdpoint salinity" as used herein refer to the 10

anMeyEerR “nedtrblizéd tdeey fh &880 aﬂ%‘l&rxli@rqe Sl‘j’lfoni?} gcid

mnimze the interfacial 11 tension Ximze t
r emxttahye@wvltm an inbPgdriie ot anrargamid dasacsucrehs asdilkalismetal

herein .refers tao alkylxylene sul foni.c aci
TSR P BHE RO T A B s A G GAE & B ROBIUN fgtion or
WhsH gikBnblemArfirAication14 non-neutral i zed al kyl xyl ene
sulfonic acid is at |east 2 weight percent based on

15 the total weight of the neutralized al kyl xyl ene

SUTﬁ@férﬁsa‘ébﬂmQWﬁﬁﬁhtﬁl" @F‘“mfﬂb@mt %ﬁlnﬂ?}‘ %%rlis%eh&faln refer to the
neutralization as defined herein is the weight t he

bearaounteaf saitin die adeelotuﬁyphm esjuired temininaize dke mterfaCIal
n Sary £ o e al kyl xyl ene 18
sﬁ%ﬁ%ﬁﬁc%g @%% &esre& a(gfgoélrcen%/agg. 19 The term
"waxy crude 0|I as used herei n refers to crude oil

consi stin 20.,0f a variety
VB okt S08eR BBl Ae ReliTer 8 gBrate ARy Efine surfonic acia
arfuiRtdliced WthCfrRindRgEic YWR¥N RAGAMIE lbﬁgeaé}% whersinahe réﬁ'\alnmg

ot her heavy o;ganlc 22 conpounds, such as resins and
agptEnedrrlized akylxyiere sulonie ariskis ab ieast 2ameight percent based on

PGSR ARRI D a4 AR A SO acRA AESSHSE The
ressur presen F AVentd OR 1 S
di ;re&cémégé of aaeutramwttoneaﬁ definedetterainkiy lthy Masightoflthe base used
divided by the weight of the base necessary to neutralize all the alkylxylene

sulfonic acid expressed as a percentage.

The term “waxy crude oil” as used herein refers to crude oil usually consisting
of a variety of light and intermediate hydrocarbons, such as paraffins and
aromatic hydrocarbons, wax paraffins and a variety of other heavy organic
compounds, such as resins and asphaltenes.

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

pressure is atmospheric pressure.

The present invention is directed to an under-neutralized alkylxylene sulfonic

acid composition for enhanced oil recovery processes. It has surprisingly
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26 acid conposition for enhanced oil recovery

processes. It has surprisingly -20 WD 2004/101473
WORQI¥/10$2804/ 025203 1 been di scovered that theCT/US2004/025203

under-neutralized al kyl xyl ene sulfonic acid 2

conposition of the present invention provides a | ower

L ES68 bR B e rERERRL Gl ARG TR REIAR apic
de@Urﬁp@ﬁtld)rﬁl of thegpregentahvémstivs mvld%sdamermtevfatial tenkibn
percent reduction in 5 neutrali zat| on

t
al mma%eéﬁe ta@. 108 mescetingytralyze |etne«/§a%f%m¥e%€c fefparked
S IR iRl e pogs oo
5t awnrailzaﬂomoptrm/alkylkylgnesutforaublamtﬂ 'Ehus cesubwas edexpected
over - based

6 {hiiace Bagt et yaes B AVIech i tPBafas 36t e dgRl it g Rt hnanced
7 ardil KxBvely t@bhr’ﬁbh@@ erSP@;deHQ ridutRNBad ctpbdn4ted O¥esnbased

processes. kal i ne ‘agents, such as sodium
8 hy@lkyiandieulfmwcm@en«rmh@ﬂraaspn aiswast was surprisiag ifgthe well

and
o 2EhiIEBTer 4103 of BBElink bR TpRFABELY KA SEGHEEY Plbopsses.
10 aCAlkéﬁnélﬂgéht% shieti as eddittn hgdr@kfd@? hale besnizaded dring water
(simlarly to surfactants) tween the oil and the

11 wellegdingand dhesesageris .reaqzwm 1o nafEy OCEHErmaRragnicrasids in
a t

12 f?@%cxr&&etoﬁ t@ﬁﬁi&qc@%t@%&?a tl%%{ﬁg t“? ﬂe?r%ﬁ%rr%@al tension

13 suQsimmady mmabﬁar(tgzﬂét@élsh tbe@ﬂaindrmalwater incthieaeseoir.
(AICl3) were used for alkylating xylene. 17 The
nature of the al kylation catalyst plays a key role in

14 deAIEkymwén@g:drit@nit@ fedris\dbaut 00 tpabbui 58 carbonhatorsd were
ring. 13C.NMR anal ysjs has shown that 19 al um

15 ¢ r PIORRER] HRM e Nk)’@t'%scaﬁ%)’%sttﬂ loromesna G il
16 Of éFh% 3Q-I3rtrﬁioéw ui'urﬁ”tl‘?%asedgé/g Wefte used for aIkYIatierylene.

ene e total anmoun
17 ofThdﬂeanréyjfmé alkglapomd:atr—.ﬂwbt mystm&iey)rdﬂerin detetminihgithe

18 o 2y 3EpEAoEHOR cpate Sleraita o 6T ARG has Shown that
19 d' Qf@hﬁb{urh@mﬂélﬂﬁﬁdé ﬂfpﬁéahl),&'g%é ﬁ@ré‘}ﬂaﬁ’ﬂ@() pafsént yield of the

hyl benzene 3-al kyl -ort ho- xyl ene)
20 | s41aﬂtyér|1 r%dlmatwhbeam@e (4 ﬁ&ayymh@wre base@pwhe fotal amount

Qfdtbﬁtatl@égyg nz§ dH&%g heoéthgphéx&e\nﬁén irﬁlu%pgﬂd{eth?é%e

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

HWODN -

23  dimethylbenzene (4-alkyl-ortho-xylene) and 3-alkyl-1,2-dimethylbenzene
24  (3-alkyl-ortho-xylene) is obtained. Typically, the yield of the 3-alkyl-1,2-
25 dimethylbenzene (3-alkyl-ortho-xylene) is about 30 percent based on the total

26 amount of the alkylxylene produced.

27 From the IFT data, it has been surprisingly discovered that the
28 under-neutralized alkylxylene sulfonic acids prepared using the 4-alkyl-1,2-
29 dimethylbenzene (4-alkyl-ortho-xylene) gave lower IFT data than the IFT data
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26 amount of the al kyl xyl ene produced. 27 Fromthe IFT
data, it has been surprisingly discovered that the 28

waezmenemeut ral i zed al kyl xyl ene sul foni c aci ds PrEpPS20e4025203

N

© 00 N O O~ W

10
11
12

13
14
15
16

17
18
19
20
21
22
23

24
25
26
27

usi ng the 4-al kyl-1,2- 29 di net hyl benzene
(4-al kyl -ortho-xyl ene) gave | ower |FT data than the

o aritigkispttaficst aftyhyishe Pl Sods Bliharcy weing the

aGalRyIPT, 2rimethyitsériz@nieh(8-alkyl Dribokyyleme)2- di net hyl
benzene (3-al kyl-ortho-xylene). 3 Simlarly, a
surprising discovery was nade fromthe | FT data that

t ISimftay, tnslvsEBIngRiISddvepy wak angdé frentiicdT ddtaithatethe

the al kyl group to the xylene 5 mopiety is inportant

f @ttaghmgnhpasitionwang the casben chginalthe ﬁ{kngfWetO&ﬁRW'e“e
6 . . . i Lti i
N e s

P rgeat sl &5 thanxyiéie moidtact positibas highelr dvaer theF2-positionsal@ng the

referred that at | east er cent t.he tota .
(i A A Dt P R Su§Caf having IEPEIFT. itis
Cﬁﬁ‘@l‘é?r’eﬂ' tR9t HAdasty pbicenlBENE tatal BRGEE-heMFallYedhkylxylene
t Hhan the the al kyl

10 2-position along yl carbon chal n.
GasllfGhicatint ogmapsiiot B3 the @ttachmestaipesitiens ahaethan the

R ] 13C. N '

GO alonaanE MRy ARt o Rl S aMd o ety (58 and
Undennuigedr MbhRett Resdmarce @EG-MIMRRes Lsed te determingithe
nore than 40 percent 14 attachnent at positions

hiajtashmemi positien 2lgngsthe; Akyl sesr) ehdinal kyl car bon

chain 15 may be obtained by the use of pre-isonerized

ol efins containing internal 16 double bonds. 17 The
pridndarindutrabned sulforic acisbcampesitieni containing Mmasg thap 40 percent

enhancing,t . 0 ' X ;
- RO ahPeR TR Fiher bastthed onfial forkt tHeleiagbn chain
19nbp baribtaiRed byans @es of ped-idonmerizedndlefims ogntaiming internal
effective anount of the 20 under-neutralized
aldeublg/bends.sul f oni ¢ aci d conposition of the present

21 invention. The under-neutralized al kyl xyl ene

sul fonic acid conposition is a 22 mxture of conpound

( henpiesentin¥antiomisi Aso diaeted|tp Asmethagd fox gnbaacing the recovery

Suc;ffo(ﬂq}o% a subterranean reservoir which method comprises injecting into the
formation an aqueous solution containing an effective amount of the
under-neutralized alkylxylene sulfonic acid composition of the present
invention. The under-neutralized alkylxylene sulfonic acid composition is a
mixture of compound (a) mono-valent cation neutralized alkylxylene sulfonic

acid and compound (b) alkylxylene sulfonic acid.

Any suitable co-surfactants may be used with the alkylxylene sulfonic acids of
the present invention. Examples of such co-surfactants are alcohols, alcohol
ethers, polyalkylene glycols, poly(oxyalkylene)glycols and
poly(oxyalkylene)glycols ethers, which may be optionally used along with the
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23 acid and conpound (b) al kyl xyl ene sulfonic acid. 24

Any suitable co-surfactants may be used with the
woabdylox4Bene sul fonic acids of 25 the presentCT/US2004/025203

i nvention. Exanples of such co-surfactants are

al cohol s, al cohol 26 ethers pol yal kyl ene gl ycol s,

p " - .
1 pg}ryo%gﬁ%gk@%gﬁnggkg‘xé L@@ﬂ é:f%md \%ﬁlm&c])swgy %f éhls invention for
2 opdurfactdritylosdig. al ong WI th the -22 WD 2004/101473
PCT/ US2004/ 025203 1 under-neutralized al kyl xyl ene
sul fonic acid conposition of this invention for 2
3 suphcpatativn of ARdkyienes Preparation of Al kyl xyl enes 4
The al kyl xyl enes used for the preparation of the
under-neutralized al kyl xylene 5 sulfonic acids of the

pr'ﬁ%ﬁﬂ(ylx‘}béﬁ@b'L@@d"f@b’ﬂi@%@?é%bﬁ%f\mé hndéf-ﬁalhtraliz@hlaalﬁylxylene
ol efins and i someri zed ins by any nethod_known t

a gdfosimacids pf the presenkinventign may ba/we@arqd/wnh normal alpha

al

( é%ﬁﬁﬁ%’ Lﬁ&‘%dm‘% %gi V\cﬁéﬁ@%ﬁggy?%&ﬂﬁé%h%@jﬁ)gﬂgéﬁrtsﬁn skilled in the
flargri de, trifluoromethane sulfonic acid or 10
alumnumtrichloride. Trifluoronethane sul fonic acid

m m cs hydrogen fluoride 11 in alkylation reactions

8 aﬂﬂy;jlé:ﬂlyuéﬁ(ylﬁldifeerhey rb@ObrepatddeJélmac@tmtalysts (ﬁromsied or

12 hazardous handl i ng ydrogen fl Horl de C|deor

9 4l M@Matacm)r%mas)hyqirggpp6lpea¢@ytnﬂa@rﬂ"&¢ ane W?WC@
X f
10 LR taTofUE T Somdtn e A 8% MIfIES Hydioged fuoride
11t anaiﬂquatlcﬁﬂﬂﬁctléas ahd itsluski ia préferredan tiey lablomtbmty avoid the
poi nt,  the cess. i s referably carried out in
12 thréaﬁrﬂ?h’%lhgﬂ‘ﬁw °f1hﬂdf%%e'bﬁ ‘gell on process may be
carrl ed out in batch or continuous node. In 18 the
bat ch pode, od is to use a stirred .
13 ut R el EToRReeETomS MOCERoAIRHEN BT AT BB A aps0lefin in
14 der%b[a‘?‘?aﬁ(?@ﬁ&hpmts%@%r?t PFcR:esé\ttertnB@raQG%soéar{ rgéGrom about
reaction e catalyst 1s either recycled or
15 hy@ﬁ(btqalamut 2(mICPrA&ﬁmmleflms)haW@ermgh bailing poirit, therpracess is

16 gre?ergbﬁ/ carrled out in the liquid phase.

N O o A

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

20 reaction, the catalyst is either recycled or hydrolyzed.

21 Procedure for Isomerization of Normal Alpha Olefins

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

25  preferably, the solid catalyst is a molecular sieve with a one-dimensional pore
26  system, such as SM-3, MAPO-11, SPO-11, SSZ-32, ZSM-23, MAPO-39,
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22 The isonerization of normal alpha olefins is
achieved using at least two types 23 of acidic

wocmvalogstss, solid or liquid. A solid catal yst PCT/US2004/025203

~N OO O AW NN -

preferably has at | east one 24 netal oxide and an
average pore size of less than 5.5 angstrons. Mre 25
t r
PO o 4 0 Ol oSt S PSUUR oABE yoor or
I\/l@mménzatloﬁFi@emdé ZIBBE3BUZEM2-23, MAREY 2hd n&Braldr synthetic

&4/ l 147 PCT/ US2004/ 025203 1 0-39 l\%r? a
SEIOEGWIAL UNGSLrgW é@t ABeATe
f Qfscu%séé WRb'séﬁ{a'n@rSidﬁéWéj Blafrabbak of ﬂé@oul%%@es (New York,

U- 87 and natural or synthetic 3 ferrierites. These
m@tubatrarml Redthald, el 982 andk P atnNoh 8, 23&21;8éﬂnowtmre are hereby

SR EO e By SRR TERLS Gr a1 RELRISeR, RIS o bt K85egitaRon
U.catalftthafNsan be 288d $fon pehiitaichyh (Fe(00)s P

i ncorporated by reference for all purposes. A liquid
type of isomerization 7 catalyst that can be used is

8 | Mhe m&é%m"rbﬁ@)’éonﬁé?%@%@f nofmahgipRa &S hay bleltarried out

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24

25

26
27

i soneri zation of normal al pha olefins may be carried
ol betahroneantinuews smee. nlhripragsgs temperaiuigsean range from 50°C

g{)@%b%uﬁﬁ the ?thﬁ EH?&? 4&@&%@%%&& thozt?s%% s{lﬂga Igﬁtoclave or

node ypl Cca 0O use stirre

alglaxy flask, Whlchlmagltmslseaftéasckthe/\@esii‘edmcben teraperhtire. A
the desired reaction tepperature, A 12 coptinuous

pw@eaggowsspms i Mo} effcieptiysariesown a s becketesen:
PSSP A G S 35 el 0L oL Ry el

véiomlytspacé&elmclty fi xed bed process, the isoneri zat| on
catal yst is charged to the reactor and 16 activated

or dried at a tenperature of at |east 150C under

vag aufiredrbdd praicegs, thé |$mnemzatrd>nycajjaiyst IAfdwarged to the reactor and

activation, the tenmperature he| ati on

cactiygted Qranegcataienneiatue of Reledes 158 hadét vagum or flowing
tf?ﬁ@r@rcﬂglgra% mr%cilk 2WBrLkhd fsns Jfr%idr@ df%hé%dn%ﬁzé@.uﬁ%%tanyst is
into 't react or e reactor 'uent containing t

padjusiéd jo theodésidoieadtion tamperahed arided flow dfshe olefm |s
anche

Fir'e}h%ﬁc%%an@“@e*ﬁé&e&'n?ﬁpﬁgé&iaf"'fe%f%;eahwrat@gvnqﬁhe parally-

dinvhhéttd, istnéiteddlefh€fd dblleBRid® The resulting partially-branched,
isomerized olefins contain a different olefin distribution (alpha olefin, beta
olefin, internal olefin, tri-substituted olefin, and vinylidene olefin) and
branching content than the unisomerized olefin and conditions are selected in

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

Procedure for Sulfonation of Alkylxylene

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

person skilled in the art.
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22 olefin, internal olefin, tri-substituted ol efin,

and vinylidene olefin) and 23 branchi ng content than
wothe/1ni7soneri zed ol efin and conditions are secCeasea4ions203

24 order to obtain the desired olefin distribution and

the degree of branching. 25 Procedure for Sul fonation

caFis SraaeR ARy B Bamep Puin SofRuGRY retfhg fiim
skiublLiR# rédctbP@aiithined24 2pBLLESHE . 1ThE Akyixylene is placed in the
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sul fur trioxide diluted with air. The nolar ratio of 4

5 2 B RULAD RN Bl or bf RikUGIehs diitdfi@haRg at about
B5E yl xyl ene

Sul fonic acids 6 Neutralization of alkyl xyl ene

6 g? fgﬁ&?élfga@ﬁb?pz g@%(ﬁ%@%@%ﬁ&ﬁ% g{}é& $%E§ﬂéé£@%ﬂﬁ a dontinuous
7 skdlni bha&teh ipfoddse t%én Methad REbiee tah lperson skikked in the art to

sul fonates. 9 nerally, the neutralization
8 r eproduen ajkyxylang sidfasiates.n an in-1ine m xing react or
11 in which the al kyl xyl ene sulfonic acid and an
organi c or inorganic base are 12 m xed. The reaction
10 M Generlly ctearaitializaiion resctioniisiearriet atbduan2®dne Thiging reactor

11 nopaEnCAde A RS IPReToRa A and a8, sraanic TGy pase are
12 g?h%ekd;ﬁ( @%@Wﬁ%@m mpErFt @B nfaiktalfePEERBORIIC. The

ene using 20 Trifluoromethane Sul fonic Acid
13 Al &ybant ofralkalt adefaltused is based on the acid number determined for each

14  alkylxylene sulfonic acid.

A WN -

15

16 EXAMPLES

17

18 Example 1

19 Preparation of Alkylxylene using

20 Trifluoromethane Sulfonic Acid Alkylation Catalyst
21

22 Example 1A: Alkylation of Ortho-xylene with C1o-Csg Normal Alpha Olefins

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

25  904.09 grams of ortho-xylene and 595.91 grams of C10-Csg normal alpha
26  olefin and allowed to mix. The mixture was heated to 60°C. Next,

27  41.71 grams of trifluoromethane sulfonic acid was added to the reaction

28  mixture while stirring. A strong exotherm was observed with a temperature

29 increase to 122°C. The reaction mixture was allowed to cool to room
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21 22 Exanple 1A: Alkylation of Otho-xylene wth

Coo-C58 Normal Al pha Aefins 23 Al kyl xyl ene was
w@roepariers usi ng trifl uoromet hane sul foni c aci dPCT/US2004/025203
al kyl ation 24 catalyst. To a 3 liter glass reactor
wer e charged, under nitrogen, 25 904.09 grans of

f
20 paa R A and soiinRiRedy AP adipi R B

t oedion Wesx que2chetlwithh cgidadlstllta‘d waiefrJ fobowed thlytheee consecutive

sulfonlc acid was added t 28 m xt
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Psmrfajszmwit;h@m@teﬁs orthoexrireavas distiied anden reduoed essure
{
quBRErRRafp siirrabll [yBEHeCt kRS AR5 hr oo

consecutive 3 water vvashes to renove the aC| d

7 XML ' ylene with AL, h%anIefln

o G b W N -

magnesi um 5 sulfate and the excess ortho xyl ene was

8 o pBRAFTR YBS Hrebard e TR RSIERE SHBRlFCId piation
9 Eé%(ﬁ?ifs& TPl sMmengiatd %bc%r W ¥hary@Nnddr initrégéh, @82 grams

| someri zed Aefin ggl ene was prepared usin

10 terbrttIOf)()’iﬁtel‘deEGQQIgf@ﬁB@f o@salsrameatzedroI@flrtmoa glpha

11 TSR S R QBT HIPEE o, e
12 Ofre&tdr(piktireonss hesdabefi°C. (Nexta? gedrpbaf Irifluaremiethane
content about 75 percent of the total qlefjn) and

13 alsubfapig ack wes addgd to the reagtiondnixiHre while %&n%e&%@%
14 %Qatrlg%lt wa%égg%%@? viath értér%léﬂtl?r@el BRRe to-dose! Mo t‘éactlon

acid was a reactfon m xture while stirri
15 Arﬁn&ﬂﬂegvabélalmwﬁdﬂwrcmolvaﬁ O lamerhedd avvtrtldntempemhﬁ‘eafbuﬁéiours

16 {foieii‘ﬁu‘éé@%n%een&&éhé?ré‘%éﬁcﬁn“wa%%g?a? 154, Sed e Slyfdhe was
17 1§e€5\{1e?gd seasé¢ aaw&ra edamblie1Agacti on was

quenc ene was 17 recovered as
descri bed above in Exanpl e 1A
18 Example 1C: Alkylation of Ortho-xylene with C10-Csg Isomerized Olefin

19  Alkylxylene was prepared using trifluoromethane sulfonic acid alkylation

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

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

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

28 recovered as described above in Example 1A.
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18 Exanple 1 C. Al kylation of Otho-xylene wth
C10-C58 Isonerized Aefin 19 Al kyl xyl ene was prepared

wowsd4ip1473i f | uor onet hane sul foni c aci d al kyl at iPam/tX2004/025203

catalyst. To a 3 liter glass reactor were charged,
under nitrogen, 852 grams 21 of ortho-xylene and 600

4 9grams of Cl10-C58 isonerizeg,9 (normal al pha 22

ol efin content about 40 pe the total ol efin)

2 and Rreparstidntod Aﬂkvtxvlém‘eusma Alemiriurm A richlaridecAlvdation Catalyst

heat ed t 40C. Ne ' |f| uorq@taaﬁ E24
3 sul f oni cAll ol gidldcere

st|rr|ng A strong 25 exothermvvas observed with a
nEerature i ncrease, tq 90C. The re

Kylgae dvasoPrepareceRing Al TRBLE tttcﬁﬁttrrd@ qlg té?fé?ﬂta@/%t by a
on?ra'BPH{aﬁufac@Jre'rALﬁ 5%8%"“?%‘%0@:0&’5??( gﬁlhg‘or'thd-ﬂﬁene and C1o-Css

reaction was quenc € was

6 r ewrmat alphaoldlscr i bed above in Exanple 1A, -26 WO

2004/ 101473 PCT/ US2004/ 025203 1 Exanple 2 2
Preparation of Alkylxylene using Al um num Trichloride

7 Alkylation Catalyst 3 A kHxample Otho-xylene with

8 prepared using

a Jof
Clo- C58 Nor nal 4 Al Kk

catalyst by a 5 contract nanufacturer in a continuous
process using ortho-xylene and C10-

9 olAlkylKyene seifanisiasiis Wers BisRRER] Bﬂnéﬁhwﬁvrwr@%epregamd in

10

11
12
13
14
15
16
17
18
19
20
21

Sué)fém s ﬁcéﬂﬁz%qbabgyl xyl ene sul fonic acids were

prepare usi ng the al kyl xyl enes prepared in 10
Exanples 1 and 2 above. 11 Sul fonation of the

? :%%B%Sﬂ%f\ﬁ?éa b RNEERa p%gorﬁﬁéeﬁg i’:‘(%ﬁﬁtlﬁ@odé f‘éﬂmﬁ;'fllrﬁ‘ﬂow

reactor by’contac yI'xyl'ene Wt
streaamrofy cmntacalmg tlaerlaikytxytene)witkia stretn Shairavidagulfuatriaxide.

of__t he e osulf i de, was apout , .

1: 'Ej'\egmo? @tro ij alkylxyleng Qéyfg ﬁ‘ﬁépﬁ‘ﬁ?%aaﬁ‘éﬂ 0.94. The

MR E R nﬁéi(e%tém &aﬁﬁ@ wé@ﬁtaﬂhfn‘éﬂ'é?ro@ﬁdi 85°35 THeCslBhic acid

was t|t ated potentionetrically wwth a standardi zed

cymrodhetwas tirated potentiometrically with a standardized cyclohexylamine
solution to determine the weight percent of the sulfonic acid and the sulfuric
acid in the samples. The total acid number was also determined using the
ASTM Test No. D-664. The results are summarized below in Table |. Two
samples of the alkylxylene prepared in Examples 1A, 1B and 1C were
sulfonated as described above. The duplicate samples of these alkylxylene

sulfonic acids are shown as 1A’, 1B’ and 1C’ in Table | below.
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16 solution to determ ne the wei ght percent of the

sul fonic acid and the sulfuric
woes2znpl|sz3 The t ot al

usi ng the

summari zed below in Table I.

17 acid in the
aci d nunber was al so det errames004/025203
18 ASTM Test No. D-664. The results are
Two 19 sanples of the

al kyl xyl ene prepared in Exampigs|1 A 1 Band 1 C were
20 sul fonated as descri bed above. The duplicate

sanpl es of these al kyl xyl ene

21 sulfonic acids are

shown-as—1 'A"’ 1B and1 C in TFabletl-—below 27 \AD

2004/ 101473 PCT/ US2004/ 0252 Tabl e | arT\rile

Cat ExpmplRSOBH: Gatalgat Ac el %CEX ?ﬁﬂt””mber

9 (g KOHg] Exanple 1p @r-‘%'s |4>)86 9*?t {°28 KOH/g)

Exanple 1A CE3SO3H-88-9-0-82 128 Exanp !e 1B CH3SO3H

83 FxamptlA 2l ERa9QE 1| B @6BceH g4, 4 W1 124 128

Exanpte 1 C CF3SERE "".7 096, 124 Bxanpl C— QR3S

83’5@53'0)‘P§31A12 Exw%%? 2| AL CIT3"86. 4 0. 93 0‘13% 3 K4 *Ws

: ,uI eF. 9@lpht | of 4dg3ggrang perpgwle ifs 124

cgj’ﬁ@‘ﬁ% 5 sulfohic acids 6 7 Exanple 14 8

Pr @&Qh?klmﬁ )f ORg®@stheut ral i8ed and Ful 108heutrjal i zel@4

g Al-kvlsaord-en Q||| f nnn e AL ds 10 Undcr neutrai = d

al IExarplest® <>uI | £5s5@sthci Hs arfP-f he Conpadf§ve (11 124

frutry=Teutr al Xyten fonic ag WET[Ee

A Examale 16; | 19 t%'ﬁs‘d)w B3¢ 0.6 120
Example 2 AICl; 86.4 0.93 118

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

sulfonic acids.

Example 4
Preparation of Under-neutralized and Fully-neutralized

Alkylxylene Sulfonic Acids

Under-neutralized alkylxylene sulfonic acids and the Comparative
fully-neutralized alkylxylene sulfonic acids were prepared using the

alkylxylene sulfonic acid prepared in Example 3 above.

Neutralization of the sulfonic acid was performed in a beaker with magnetic
stirring. The sulfonic acid was heated to about 40°C to lower the viscosity of
the sulfonic acid. Next, a 50 weight percent aqueous solution of sodium
hydroxide was slowly added to the reaction mixture. The temperature of the
reaction mixture was maintained below 80°C to limit the evaporation of water.
The sodium hydroxide added was calculated based on the acid number
obtained for each sulfonic acid. To prepare the 100 percent neutralized

sulfonic acid, the exact amount of sodium hydroxide necessary for the
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12 al kyl xyl ene sulfonic acid prepared in Exanple 3
above. 13 Neutralization of the sulfonic acid was

weaoi/oemred in a beaker with nmagnetic 14 stirre@musSide025203
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sul fonic acid was heated to about 40C to | ower the
viscosity of 15 the sulfonic acid. Next, a 50 weight

PRECRAlZARBNTEN the ladld §fecds mﬁélsmféﬁ.cfwﬂ S¥hidfes)@Blifonic acid
slow y added to the reaction mxture. The tenperature

oAndH&SQiwag added to thexraactionaaxiyiee baaecrh en the [Tolalgodd

s ARG 2o koo Bhrond e Rl T Tavte

napbes. E8r ty @0 perteht heeﬁQIEZeﬁLEiaJﬁFlesa(meiunJér-nimﬁmmd
the 100 percent neutrallzed 20 sulfonic acid

e Rlet, hO PBToATS IS s AN b calouletsid fard 00 percent
ofeulfeh %ﬂ’v&é’&é@dg@’w%%ﬁ@qaé%@% hiSNH, SEorp o1

e acid sul'tonic acid sanple
sdDO queir«:erameuiltraﬁzem Exapas, \tbasCadtpaliatm Ekemptss:; i 100 percent

bas on th Total, Acid er anal ysis
rQifh '6@? drfeQﬂ’"f"B %dﬁ%'%waérﬁ@p'axﬁ s reported in
Table | 4 above. For the 90 percent neutralized

npl es (the under-neutraljzed 5 Ex , 10 .
Eﬁ}'@@rﬂt'v? gggt%é’?ﬁ}ﬁ ?Rﬁgh"@ﬁ'@éxif’ﬁ% SHE&&I é&%cﬁ'ev'aﬁﬁﬂous'ng
p%éﬁ?hula%ﬂ@thre?éw zation was enployed to performthe

neutral i zation. For the 7 100 percent neutralized
Exanpl es, the Conparative Exanples, a 100 percent 8
of the cal cul ated sodi um hydroxi de was enpl oyed. 9 The
active content of the sodi um al kyl xyl ene sul fonate was
cal cul ated using 10 th%% Wl a gi Wew rhghow 11 WBA *
W6 RSOBH * MW RSO N. 12'%%a Wsésw sul fonat e
M6 RSDelas sodivin Sulfonh® ) 40 13

WA: Weight of sul foni C%p#@v,@@ﬂpkﬁ-(m

Wsa: Weight of sulfonic acid sample (grams)

W% rso:H:  Weight percent of alkylxylene sulfonic acid determined by the
cyclohexylamine titration

Mw rso:Na:  Molecular weight of the alkylxylene sodium sulfonate (grams per
mole)

Mw rsosH:  Molecular weight of the alkylxylene sulfonic acid (grams per
mole)

WhnaoH sol:  Weight of the NaOH solution (50 weight %) used for the

neutralization surfactant having low IFT.

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

100% neutralized Examples, the Comparative Examples. 475 g/mol and
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14 W Rso, H: Wi ght percent of al kyl xyl ene sul fonic
acid determned by the 15 cyclohexylamne titration

wd soMiReI3Na: Ml ecul ar wei ght of the al kyl xyP@mnes2004/025203

N
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sodi um sul fonate (grans per 17 nole) 18 Mv RsO, H:
Mol ecul ar wei ght of the al kyl xyl ene sulfonic acid

(35 (A s B B P

spuf@edterindithg lannguwemd $tllfordRacid3rdspectively.

under - neutral i Exanpl es, the remaining sulfonic
acid is considered 24 as active. Since |ess sodium
hyHegeutializstion asdavae cordnt dataesllected Zedthichende2heutralized
under - neutral i zed_ Exanples, their actlve content is
sBngfiellyyneuntsrizedtramplas iDgvendeiov i Fablebd Exanypl es,
the Conparative Exanples. 475 g/npol and -29 WO

2004/ 101473 PCT/ US2004/ 025203 1 453 g/ nol were used
as average nol ecul ar wei ght Tabletlhe al kyl xyl ene sodi um
2 sulfonate and the al kyl xyl ene sul fonic acid,
respectively. 3 The neutralization and active content

data cof Ieqt neutrarized| 4
full y-neutr unir EZSEQ 8' ﬁﬁ%f gi Wetal Anid o Hgﬁsgiol g | lActive
5 Exgmpighl e |1 | %ﬂ'? orNﬁMbeghIAN) Téﬁ%% Adi dContent
NaCH Active Ex | e E,asé’t‘} Nyim#eIShTIaN |( Ra%ent o
s~ O : I’ﬁ?) g °)
Content  TAN Aoiol%)ng |wei @ht iln 0 4} mol| %
cabb@livd?Q) Conpgy at i e 144100 2411;3328 43.993D8. 2 76.2
Exanple 1A190 241 128139 56 77.6
Example 1A 90 241 128 39.56 77.6
Comparative 1B 100 240 124 42.44 2.7
Example 1B 90 240 124 38.19 74.0
Comparative 100 240 120 42.44 727
1C
Comparative 2A 100 240 118 40.38 75.1
Example 2A 90 240 118 36.35 76.4
8
9
10 Example 5
11 Determination of the Attachment Position on the Alkyl Carbon Chain
12 to the Xylene Moiety
13 The attachment position on the alkyl carbon chain to the xylene moiety was
14  determined by Gas Chromatograph (GC) and quantitative 3C-Nuclear
15  Magnetic Resonance spectroscopy (‘°C-NMR).
16  Since the resolution of the peaks obtained in GC decreases with the retention
17  time, it is possible to accurately quantify the attachment position of alkyl group
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Conparative 1 B 100 240 124 42.44 72.7 Exanple 1 B 90
240 124 38.19 74.0 Conparative 100 240 120 42.44 72.7

woha4aoadrpl e 1C 90 240 120 38.19 74.0 Conpar atPiCrais2¢404/025203

100 240 118 40.38 75.1 Exanple 2A 90 240 118 36. 35
76.4 8 9 10 Exanple 5 11 Determ nation of the

1 Atgragleigénd asd bhRToPR2 M i KirboRaitbea o(ﬁhﬁ'erhlkﬂ%hta%s

the Xyl ene iety 13 The attachnent position on the
aIQly&int&aii\tﬁ)nCcN Rondhe pthennasdepravides anewerage value for all

o LSRR BE e R PRIBAED () 2 e

21
22

(13GNWR). 16 Since the resolution of the peaks

bt th t tent 7.t]ne,
PSR AR B HES IR i dtdehatet sloBlyervas e el bhi on the
pQﬁ'tHd-Wle@é ring Kyt a;ﬂféﬁ#@that%é%l@ﬁ@ﬂurmﬁémande is used to
PCT/ US2004/ 025203 1 on the xylene rin

arf@talyze thenalkylationof @ﬁh@ﬁ@lemekme @ﬁmaﬁgornze prlmarlly is

QUL St AN e e IR i acic s
c hased éseaigﬂbaon ¢afebfstdMRitdreGST Iﬂbﬂ@l giztdmétﬁylbenzene and
attachnent positjon of the al k%/thhal n on th

ort-AlYk Y Ldimethgenzaneis abiaiaed n KigUipe a2 shaw the GC
{ S iddiEms QHaRAa 6 ekt Rortibh of bRl 4l off

oner forne I mar |
4{a‘tH0ﬁkylenesdl‘rfmmc agidsiprapanmed, mﬁxam;zies@lmd 1A, respectively. The

! e TR ARy oS ARy P s i ws CaRIREd based by
3- a&bké’drm% tHe HidBRditnb O 7RARSs #Yth8 2-position attachment on the alkyl

2-di net hyl benzene is obtained. Figures 1 and
2 0§I|am/\fqr[€‘e|2 aad Cq4. The attachment position of the xylene ring on the alkyl

carbon chain of the alkyl group was also calculated. The results of the GC
chromatography obtained for Examples 1A, 1B, 1C and 2 are given below in
Table Ill. The data show that percent of the 4-alkyl-1,2-dimethylbenzene is
much lower in Examples 1A, 1B and 1C when the alkylation catalyst is
trifluoromethane sulfonic acid than in Example 2 when aluminum trichloride is

used as the alkylation catalyst.

The results obtained by GC and "*C-NMR for the alkylxylene prepared above

in Examples 1 and 2 are given below in Table lll.
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10 chromat ograns obtained for the al kyl ate portion of
the Cl2 and c14 11 ortho-xyl ene sul fonic acids
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I\_yICIIC ""U -oh lh |R|1 cat bUII L.Ilcllll ULF filc cli kyi
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ZERinflgi v %aéy QW i :g bl e 11 1Ayl Caaidatteachiment pdsition
per cent of di met hyl benzene is 18 nuch

| ower in |[Exanpl es 1al " 'ith and 1 C when the al kyl ation
catalyst lis 19 trj flﬁ\é‘?'?ﬁ)retrane sul fonic acid than in

Exanpl e 2 when alumnumtrighloggide ig 20 ua1ed iS 4+he | 3-4+

At Al \IL ')1 Theolrocul + ¢ At A bhaod Ky A

T \.«uL (%3] > a o mc T CTSour U oot ariicu—uy ..1./ allu

—akkyaton
E@@Mfo@ﬂ&ﬁhm kyl x7§3| ene |pr¥&pdr ed Zbbve 1229| n 25.2 | 64.2

Exanptes [T and_2 @are gj_vem nel i Table( T -8T
52@4729/“1E)‘i47§Fat§<€9f3)"usz004/10252c3303\1\é Abi24 | 187 252 | ee

? 1 ) el hyT - Al kyljatd-on be |
et rB L Y ol [V]ane femaore | BRI b s0e | 724

Blabie oAt homalgene) 2>854 44 35041* Exanp! ¢ HA.CCFBSTRM | 49.9

72 E O 211 17 Ql 268 92 L:/I ') e 1R OE2ACQALL 74
[ Ao EC [ © Ry x| i J. T J 297 &« O LI\O.II}JI 1D O OLOTT L

E3ampleszA2 18M0125] 2 6895 Exarffl® 1C 1@RBSOBH4S 27198 | 535

w

10
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12
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15

16
17

21722037 30.6 72. 1T ExXanple ZA A3 >95 50. 1 2179
11.9 16.1 49.9 Exanple 2A* AICI3 >95 46.5 18.8 14.9
19.8 53.5
*The alkyl chain attachment position to the xylene moiety was determined by

3C-NMR for the alkylxylene prepared in Example 2A.

Example 6
Determination of Interfacial Tension

The performance of the under-neutralized alkylxylene sulfonic acids and the
fully-neutralized alkylxylene sulfonic acids prepared above in Example 4 was
determined by measuring the interfacial tension. The interfacial tension was
determined using Minas crude oil (a waxy crude oil) having a pour point
around 35°C and aqueous solutions of the under-neutralized alkylxylene
sulfonic acids and the fully-neutralized alkylxylene sulfonic acids. A spinning
drop tensiometer was used to measure the interfacial tension at 93°C using

the method described below.

Equilibrated Interfacial Tension Method

A 5 milliliter sample of a solution of alkylxylene sulfonic acid, water, a

co-surfactant and sodium chloride was added to an equal volume of crude oil
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Determ nation of Interfacial Tension 7 The perfornmance
of the under-neutralized al kyl xyl ene sul fonic acids

aiflatdigss @ibeulthe testiubal w&&ﬂglﬂvyééié!di ang shiakbRNMhe test tube
aci ds lorepared above in Exa 9 determ ned by

d¢ weethtﬁaf%bir @netremih@i 93Tﬁe Attbeendgfdhe

R0 BPark ettt RRARTLLE Aol Hips g ki Ig B idg e
gmu@bs@lf thié epianipig tehsioteder, -Next; aamaedropl dfthe yibpeeoil
sul fonic acids and the fullgﬁneutrallzed

alpiaﬁsﬁw wircted ite the glass dube. ATBB twhe [fgsPursang Hye interfacial

r Xal
¢ SASGRBeledPieRiodd SERATH S 16 SISHtET g usina the
18. Eqpnnkeght aqmtldmtbeefmrgatéd depiets givdat inddl Mannedut in Review
Lilift rsa tion of alkyl xyl ene

l#c(‘?fmf’g Wgﬁig (?%i@#co surfactant and sodi um
chl ori de vvas added to an equal volume of crude oil
-32 WD 2004/ 101473 PCT/ US2004/ 025203 1 in a gl ass
tube. The test tubg’R8Aightly sealed and shaken. The
test tube 2/kAs=atowed to equilibrate for one nonth
at 93C. At the end o the 3 equi li bration period, an
al i quot of the aqueous phase was | oaded into the 4
gl ass tube of the spinning tensionmeter. Next, a small

dippeiply thBeotatipaal spded, R thleaadiuisofithg dedsiet, Ianuom tme density
gl ass tube. The tube is spun and the interfacia

t @H&r@nc%em@n thecoibapb tiesaqugaus; seiutian it Fﬁ!<9§| tvplicglly 1t0
det t f
e%oﬁéﬁqgﬂd‘r%g;ﬁ%{ﬁ%f%aecﬁ |q\1(H@}E%nn:gﬂst: gnRe\?lr ew 8

Scientific Instrunments, 13 (1942) 6: 9 IFT=w 2 R 3
4 Samples of the under-neutralized sulfonic acids and the fully-neutralized

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

0.5 percent.

The results of the interfacial tension determination are given below in
Table IV.

The IFT data for the under-neutralized alkylxylene sulfonic acids was
compared to the data for the fully-neutralized alkylxylene sulfonic acids and

the percent reduction of IFT was calculated by using the following formula:
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10 w being the rotational speed, R the radius of the
droplet, and Ap the density 11 difference between the
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Reduction in ST beid 2 Tahle [ V"ExdndPe l4-
Ciewenatve 18al | ni ty Twei ghtl %ORadl $61 di

&hy) Oén; @R | 0008

-Baabeom | FI (dyrmas/cm |[(%of |total| a0&yl | O%F | 0.080 | 0.00037

Re@ictiFiRmAM) | 0.1 0.2 0.310.4 0.[5 79 37 37 48 95

Comparative 1C 65 100 3.34 1.21 105 | 015 | 0.018
Example 1C 65 90 1071 | 025 | 0.34 | 0.08 | 0.004
Reduction in IFT (%) (221) 79 68 47 78
Comparative 2 >95 100 1.71 0.009 0.002 | 0.09 0.089
Example 2 > 95 90 1.09 | 0.00088 | 0.05 | 0.1 0.13
Reduction in IFT (%) - 36 90 (25) | (22) (46)
4
5 The data in Table IV show a significant decrease in interfacial tension
6 between the under-neutralized alkylxylene sulfonic acids of the present
7 invention and oil compared to the fully-neutralized alkylxylene sulfonic acid.
8 The interfacial tension between the fully-neutralized alkylxylene sulfonic acid
9 composition prepared using trifluoromethane sulfonic acid and oil is higher
10 compared to that obtained for the under-neutralized alkylxylene sulfonic acid
11 composition at all salinities tested except for Example 1C at 0.1 weight
12  percent NaCl. At ultra low salinity of 0.1 percent NaCl, the measured IFT is
13 high and the system is not at the optimum salinity.
14
15  The IFT data for the under-neutralized and fully-neutralized alkylxylene
16  sulfonic acids prepared using aluminum trichloride show that the optimum
17  salinity is at about 0.2 weight percent NaCl because all the IFT values at
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Comparative 1A 73 100 2.75 0.81 0.28 0.051 0.006
Example 1A 73 90 0.75 0.36 0.09 0.016 0.004 Reduction

WO 2004/T413%) -- 73 56 68 68 27 Conparative 1 BCTIUSRO/025203
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

5.61 0.97 0.67 0.154 0.008 Exanple 1 B 71 90 1.15
0.61 0.34 0.080 0.00037 Reduction in IFT (%9 -- 79 37
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s e ek Sy Rate od Siel B eqtftthordt of

sd.38 ndightpdresitedaCiatstainetidor thesfaily-achitrélized Slk{ixwengrsulfonic
12 percent NaC. At ultra | salinity of 0.1 percent
NAGids m@@ar&cbﬁﬁﬁeélwmrﬂumtm%fmegh and the systemis

not at the optimumsalinity. 14 15 The IFT data for

t he under-neutralized and fully-neutralized

alThd optireum salidity fdrftbaifellyaneutsalized @ikyixylene aylfenia@cidsrand

trjchlarid how t hat, th i 17 Linjty i t

BB Enger LT ae R R B EAs s 3Pt kT

Vaifi§srotiethafe ¥YEKaHIO 46iH04 higher AR @HsER2AG3r the
fully-neutralized alkylxylene sulfonic acids and the under-neutralized
alkylxylene sulfonic acids prepared using aluminum trichloride, 0.5 percent

sodium chloride and 0.2-0.3 percent sodium chloride, respectively.

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

90 percent neutralized alkylxylene sulfonic acids prepared using
trifluoromethane sulfonic acid and Figure 4 shows a graph for the IFT data for
the fully-neutralized and the 90 percent neutralized alkylxylene sulfonic acids
prepared using aluminum trichloride. The graphs clearly show the reduction
in IFT when the alkylxylene sulfonic acids are neutralized only 90 percent

instead of 100 percent.

The data in Table IV also show that the under-neutralized alkylxylene sulfonic
acid, obtained by alkylation with aluminum trichloride, having greater than

95 percent of the alkylxylene moiety as the 4-alkyl-1,2-dimethylbenzene
(4-alkyl-ortho-xylene) isomer is better for enhanced oil recovery of waxy crude

oil in reservoirs with salinities between 0.2 percent and 0.3 percent as found
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percent NaCl conpared to 0.002 dynes per centineter at
10 0.3 weight percent NaCl obtained for the
fully-neutralized al kyl xyl ene sulfonic 11 acids
prepared using alum numtrichloride. 12 13 The
optimumsalinity for the fully-neutralized al kyl xyl ene
sul fonic acids and 14 the under-neutralized

al kyl xyl ene sul fonic acids prepared using 15
trifluoronmethane sulfonic acid is higher than that
observed for the 16 fully-neutralized al kyl xyl ene

sul fonic acids and the under-neutralized 17

al kyl xyl ene sul fonic acids prepared using al um num
trichloride, 0.5 percent 18 sodium chloride and
0.2-0.3 percent sodiumchloride, respectively. 19 20
Figure 3 shows a graph for the | FT data for the
fully-neutralized and the 21 90 percent neutralized
al kyl xyl ene sul fonic acids prepared using 22
trifluoronethane sulfonic acid and Figure 4 shows a
graph for the | FT data for 23 the fully-neutralized
and the 90 percent neutralized al kyl xyl ene sul fonic
acids 24 prepared using alumnumtrichloride. The
graphs clearly show the reduction 25 in IFT when the
al kyl xyl ene sul fonic acids are neutralized only 90
percent 26 instead of 100 percent. 27 28 The data in
Table 1V al so show that the under-neutralized

al kyl xyl ene sul fonic
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31 (4-al kyl-ortho-xylene) isoner is better for
enhanced oil recovery of waxy crude 32 oil in

I oFIA0IS SLWIMEDSIE: 1 niti es between 0.2 percent and 0.3
percent as found -35 WD 2004/101473 PCT/ US2004/ 025203
1inthe Mnas oil fields in Indonesia than the

under - ' | . 0N [ "

ontai ned WP GG AR TR RLE Erbbosidon fo

bet weerenhanGed 68 rees\vaenpradessbs, whihlcoypostticrbistamixture of
4-al kyl -1, 2-di met hyl benzene 4 (4-al kyl -ortho-xyl ene).

- 36 VD CgmeRouUneisSayInecheggnsnalformyles” 1 WHAT 1S

CLAIMED I'S: 2 3 1. An under-neutralized al kyl xyl ene

sul fonic acid conposition for 4 enhanced oil  recovery
processes, whicl€Hgonposition is a mxture offs5
conpounds havi nqg the general fornula: CH3
CH3 HBS CH3 RJR 6 (a) (b) 7 wherein R n al kyl
group cont ai niAg om about 10 to about
atoms, and Ml|is a nmpno-yalent catiogg, chipe
9 al kyIM3R%ng noi 6Ty T tonpounds (a)” and (b)_gpnbi hed
IS aIkyI-ortﬁQQ\ﬁ’ ylene in at | east 85 r t of
the total under>eWbgralized al kyl xyl ene 11 sul¥Rnic
acid conposition and conpound (a) is present in the
range of 12 about 80 percent to about 98 percent
based on the tot 13 under-neutralized aléxlxylene
sul fonic acid coyposition.

wherein R is an alkyl group containing from about 10 to about

58 carbon atoms, and M is a mono-valent cation, and wherein the
alkylxylene moiety in compounds (a) and (b) combined is alkyl-ortho-
xylene in at least 85 percent of the total under-neutralized alkylxylene
sulfonic acid composition and compound (a) is present in the range of
about 80 percent to about 98 percent based on the total

under-neutralized alkylxylene sulfonic acid composition.

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

alkylxylene sulfonic acid composition.

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

sulfonic acid composition.
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14 2. The under-neutralized al kyl xyl ene sul fonic acid
conposition of claim1, 15 wherein the al kyl xyl ene

worioetigi47n conpounds (a) and (b) conbined is B®I/US2004/025203

HWODN -

al kyl -ortho-xylene in at |east 95 percent of the total
under-neutralized 17 al kyl xylene sulfonic acid

ST oni hb YiagH Reriralit ARAKHEAR LBl LR BufoLMORT claim 3,
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conmposit ca‘c%%dﬂﬂ) 04 101473 PCT/ US2004/ 025203 1
4. The under-neutra ??éz?ed al kyl xyl ene sul fonic acid
conposition of claim3, 2 wherein conpound (a) is
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al kyl xyl ene sul fgnic acid copposition of claim5, 8
Wherain g alkali el 15 SodlR; um 9 7. The
under-neutralized al kyl xyl ene sul fonic acid
conmposition of claiml 10 wherein the nono-va

] | . | ent :
cdt i on The undemmeniraliead alkyisylens s(sl.lfjéam qcid gompesition Af claim 1,
ion. 1 ; m@r o i ATy = h&ni
acid CgvnI%(r)%ﬂi ﬁ%n 0 \éggﬁfrﬁsﬁltdrﬁ%%nﬁﬁwﬁd&ﬁﬁ? gr?bfyﬁggm
group mmmeniuweidni rom a |inear al pha olefin or an 14
i sonerized olefin containing fromabout 10 to about 58
carbon atons. 15 9. The under-neutralized al kyl xyl ene
s@l f oniTheagidéroeutratzéd alkyld/leokaulfoBic acdid compositiontdfelaim 1,
al kyl group rived fr a&a l.i_.near

is d al pha ol efip or
an 17 MeeRenBealiol 8rqup Gl Nef o AIBPLlE olgfia gr an
about fﬁ%n‘f&ﬁﬁ?ﬁl@firﬁ’%ntajﬂiﬁ% Hom APSUtTIRY atsuitigeeEarbeH atoms.
al kyl xyl'ene sul fonic acid Conposition of claim?9,
9. The under-neutralized alkylxylene sulfonic acid composition of claim 8,
wherein the alkyl group is derived from a linear alpha olefin or an

isomerized olefin containing from about 10 to about 40 carbon atoms.

10.  The under-neutralized alkylxylene sulfonic acid composition of claim 9,
wherein the alkyl group is derived from a linear alpha olefin or an

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

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

benzene isomer.
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benzenbenzemmeison®erl4. The under-neutralized

al kyl xyl ene sul fonic acid conposition of claim1, 10
wherein the al kyl group contains a distribution of

alliyl &"heiumdlemmgutralizaj akgxglenetsatfoniclkadid cmpositiongif lefaim 1,

conprls fr.o ut 40 to bout 2 er cent 12 0
50" antihertiiihe it el qastalns adisbyube ehelkst Cein igngths
13 Co8whérdinthd ERyI"@}HIHq’erﬁt% béh{jﬂr%é’frdh‘? abslLf4d ?t??bout
di stribution of al chai™n ng conprise from
about 80 pescendut tG@z@and eboutﬂberctem@aqut HhpatcehbobCs, to
perceni. to about 15 percent of C32 to C58 17 16. The

met hod 8% cl ai m 15, wherein the distribution of alkyl
chai n Iengt hs 18 conprise about 8 percent to about 12

2.t 8 19 17. A nmethqd f
P bic Ing meliae o7 oA, aiezem R dkiputin SEGRV ChaiPlengths
cont ai poMBrise oA BBBut JHFAbARANNSEEERPE 48, and about
5 percent to about 15 percent of Cz to Css.

16.  The method of claim 15, wherein the distribution of alkyl chain lengths
comprise about 8 percent to about 12 percent of Cs; to Csg.

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

containing formation, which method comprises:

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

formula:
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wherein Ris an al ut 10
to about 3 58 c atons, and Mis a non a
cation, and whg¢rein tfe 4 al kyl xyl en gty in
conpound§“§@$—7t: (iThTdi®ined is 5 Fo3® | /J CHs
al kyl - ort ho- xylkgne 'gJat | east 85 percent Li\Lg§<;otal
6 under-neutrali kyl xyl ene sul fonic acid R
conposition and 7 conﬁ%und (i) is present in the range
of about 80 percent to about 8 98 percent based on the
total under-neutralized al kyl xyl ene sulfonic 9 acid
conposi tion; and 16) (b) displacing the crude(®il with
t he aqueous solution injected into 11 the formation

to thereby recover hydrocarbons froma 12 production

vel | . 13 WhereimB isgnialkyl @rown epntaiming ftaer abeuti 10 tor apout

th [ | | f oni i
Compont 1 | CarbBR oM, A58 Mk £ EHoNaIERte N B SyRESM the
wei ght peaalegxylene nadietytin 2othporindb (i) etq#Ntorabincdeds
total wei ght (')'{h 16? t he aﬂueous solution. 17 19. The
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al kyl xyl Qﬂﬁjer%uﬁ"éiiié}f‘%fk{&ﬁeﬂem@%i é&id’@oh@o@ft%ﬁ%c{

in the range of about wel ght per ce to abou
1.5 wei gmompowehi) isforesenttinthed rangegiftabolt 80eencertdaabout

98 percent based on the total under-neutralized alkylxylene sulfonic

acid composition; and

(b) displacing the crude oil with the aqueous solution injected into
the formation to thereby recover hydrocarbons from a

production well.

18.  The method of claim 17, wherein in step (a) the under-neutralized
alkylxylene sulfonic acid compasition 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.

19.  The method of claim 18, wherein the under-neutralized alkylxylene
sulfonic acid composition 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.
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conposition. 12 23. The nmethod of claim 22, wherein

conpousdifenic acid eeraposition ﬂ%pwﬁegbmtherrang@ of Rbowthgeveight
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Cotar PRrceRERB8H 0 83y a0RtberdeoPGl e b iefg of vid fgueous
corrpossblm)nn. 15 24. The nmethod of claim 17, wherein in
conmpound (i) the nono-valent 16 cation is an al kal i
metal. 17 25. The nethod of claim 24, wherein the

al2gal i Tmetrakthod! sfastkitim 7, iferdh chhpoUm (ipth S’tépc(b?lsl’bresent in
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e B O L e TR i total
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24. The method of claim 17, wherein in compound (i) the mono-valent
cation is an alkali metal.

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

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

compound (i) is an ammonium ion or an organic ammonium ion.

27. The method of claim 19, wherein in step (a) the alkyl group in
compounds (i) and (ii) is derived from a linear alpha olefin or an

isomerized olefin containing from about 10 to about 58 carbon atoms.

28. The method of claim 27, wherein in step (a) the alkyl group in
compounds (i) and (ii) is derived from a linear alpha olefin or an

isomerized olefin containing from about 10 to about 40 carbon atoms.
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PE3/ usibe4nethedss claim where|n| step (a) the alkyl group in
compounds (i) and (ii) contains a distribution of alkyl chain lengths and
wherein the alkyl chain lengths comprise from about 40 to about

80 percent Cy2 to Cyo and about 5 percent to about 15 percent of Cs; to
Css.

34. The method of claim 33, wherein the distribution of alkyl chain lengths
comprise from about 50 to about 70 percent C42 to C2o and about

5 percent to about 15 percent of C3; to Csg.

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

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

formation is a waxy crude oil.
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1 37. The nmethod of claim 17, wherein the nethod
further conprises, 2 concurrently with or subsequent

Wwot2004/fve473nj ecti on of the aqueous sol ution 3 @CTALSRM4/025203

D O AW N -

(a), injecting into the formati on an anount of pol yner
effective 4 for driving the aqueous sol ution of step

(&7.1 ntihd ARt SR e 17 OwRerdie HApRtH L %oﬁi#riség,

t hereby recover ydrocar'bons froma 6 productio

wel | . Topsurrghtly with o gubsequeritio #ve injéationi of thé@queous solution

or Y1 el s o5 Py RE Fofthicn A st o aSlyatty sffective
of cl aifer drivinghites BqlledREsATBLGIPET Etept(BRINtE HEfdrER%ion 16

concurrently with or subsequent to the injection of
the aqubsriacetheerugn oilte thereby spcaver hydrgeasbomsfromt @
the for ﬁ&l?)na\)oelflmum of water effective for 12
drivi néﬂ%e aqueous solution of step (a) into the
formation to displace 13 the crude oil to thereby

7 B B Bt ) B RAHEAA eI popbdgiRrce, o

8 enpl oysicrldmidmetia partidily hydidlyed polhaegishidet o t he

10
11
12
13

14
15
16
17
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19
20
21

22
23
24

25
26

i njection of the polynmer, 16 Injecting into the
formati on an anmount of water effective for driving the

1B3aquemiesmetod ofadaint 13 WwRerel tHavhetHdiefuHREBOMPRASES),
di spl ace the crude oil 18 to thereby recover

hydr oc &PpewEenthowita opsybsrayast toghe injetionof the aqreeus golution
f claimgdz, . aherein.t : ion i :
20 tur cherersi BleftRg S B AR cR S alviat O BRE iflgve for

wei ght drivinghtberaugeus 3dblutibnalietép @) into thbdotmadtictdR. dig@lace
| aim 41, wherein the co-surfactant

42. The net hod of f

's an dre oRbte, oiblo thereby reghyer hetdiaearbang dioy pigedueion well.

gl ycol, a pol y(oxyal kyl ene) gl ycol, a 24

pol y(oxyal kyl ene) gl ycol _ether, or mxtures thereof. 25

430" Thd NecTRIRPINN Q48] 7. 4xheraineiie methad further empioys,

pol y(o ﬁtﬁg‘?" [ I :

gl ycol %E@%I y lt@ﬂﬁgg%%@]% §neet gerﬁgg%fjfltep(éeﬁﬁs &he

- 43 V\Oirjecurdlinlel e fe@matis? ab4manit@3 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.

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

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

43. The method of claim 42, wherein the poly(oxyalkylene) glycol ether is
an ethylene glycol mono-alkyl or mono-phenyl ether, a di-ethylene
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1 glycol nono-al kyl or nono-phenyl ether, a
tri-ethylene glycol 2 nono-al kyl or a nono-phenyl

woebbzrog47a pol yet hyl ene gl ycol nono-phenyl 3 eChars200e/025203

pol ypr opyl ene gl ycol nono-phenyl ether, or mxtures
thereof. 4 44. The nethod of claim43, wherein the

1 pol y(owﬁﬁﬁﬁ@%w drcmbn@h%n?l bv@w&m& n%[m%m 6

gl ycol "or a pol y(oxypropy

2 t her eofmomo-aikyl Tha mendrptenyl atlh@n mprtzlyetwylenelgiydoh mgirepphenyl

3 (a) the ﬁo surfactant is in the rang&é)f abo

el ght GfiP BHOTTORsne ! faigrene R B of Mitfureshéreot

total weight of the aqueous solution. 10 46. The

‘é‘gentm%g\eﬁéorg 4f5¢'?'é'h§§ é@ggﬁeo@glg C{A&%&a{[]enﬁg,gygm is a
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t he aqueous sol uti on. The et hod of aim4

6 wher ei thefe®f.co- surf act ant |s present in the 14 range

of about 0.3 weight percent to about 1.0 wei ght
percent of the 15 total weight of the aqueous
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in the, b 17 .ra

8 e gnt BavadhabByre B3 WoiaNperEn el & WeichE Rtost of the
g total weiaieight of fite aguesssaialion.i on. - 44

10
11
12

13
14
15

16
17
18

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

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

total weight of the aqueous solution.

48. The method of claim 47, 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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