| MPROVED ENHANCED O L RECOVERY SURFACTANT COVPCSI TI ON AND METHOD OF MAKI NG
THE SAME The present invention is directed to the recovery of oil from
subt er r anEanropare@eum 5reservoirs, and nore parti cul ar lpgT/useoians@rhanced
oil recovery surfactant conposition and a nmethod of making the sane. The
present invention is also directed to a nethod. for enhancing the recovery
of oil froma subterranean reservoir which nmethod. enploys the enhanced.

oi | recover yvpakfans @mtnmgswﬁ RRCOVHIE sPRESENE AN P Mi1PoRI TAHBACKGROUND
OF THE | NVENTI ON Crude oil gro uction fromoil in subterranean reservoirs

may invol ve use of vari ¢§¥ ﬂ%ﬁ@@ﬂd3ﬁﬁiﬁ%8§33§“¥ﬁé”ﬂ%tural forces, which
are used in the "primary recovery" process, becone depleted. A Iane portion
of the crude oil may have to be driven out 15 of the formation in

"secondar y" Tigrprespdripyeany s deederee yhoprovewse st iom saiiditticonpoisdin r eservoi rs
may not fave suffigi . fo ~Rr.o n y primry
recover3/g1prg?:ngs“ésé}:ld%[F;B:r %ﬁhﬂﬁgs gnn0§§%¥§%%9%%p9%§%ﬂ9&%8cﬁﬁ%ﬁgg i ng net hods
is one exanpﬁewmmK@nﬁamkw@?brhnmeEbWEﬁympmmawssﬁuﬁ©@mwﬁemthypdbm% petrol eum
i ndustry i S’mr @ %\{cam&yi?‘&i& r}r\/egfhgpilul()) ﬁu&?ﬁém rg% Vonmug*yi%d% ? ability to
recover renaln apped oi Franean reservoirs.

I nj ecting aemtﬂ&\pltmmnﬂlgmtdi it cheoary gﬁﬁicmomgﬂlmmmhwpmdmmg‘vdaeixor e the

conpl ete depletion of the -field by- primary recovery processes. Methods
for inproving displacenent efficiency or sweep efficiency may be used at

t he veryd begi nni ng of theBACKSIRGUINBCH DNE 28ofinai@ispl acing fluid or gas,
rat her than under secondary and tertiary recovery conditions. The easi est
nmet hod of flooding a subterranean reservoir for the production of crude oi
i's by injectibgo@ploligidod oM @ i@ashtbitn@ard D& VB bnaly OnfoOlGee heriehd to the
surface. Water 30 -flooding is the nost w dely used fluid. However, water
does not reéfeﬁfrnﬁﬁ&ﬁ@&{»at@@aftpfdb@é%a§bhlﬁdffH@tPﬁ@h PIHREY FREYEY t ensi on

bet ween t he,hwos bbQii-depRiiCh 1h:esHhdioh Br hi GRaCaPkk] @M 1PhESPMR St hat trap
in porous nedia. The addition of chem cals to nodi the properties of the
f1 oodi ntP | i Gubdforsatinglit “Reowp Yl A TtiEaEr fecefery pfﬁ@%ﬁeé} Ei¥HRCc®a 0] |

recovery. S@&i@ﬁ&%ﬁgsmﬁﬁﬁeQﬂﬁ;@&@ﬁﬁu&Em&ﬂ%&kﬁﬂkmﬁQH&PM@Q%»% Atnhave been
used in aqueous nedia for enhanced oil recovery factants have been
found to effeweiuvebgesseowdic rpdiction drdhaicdlusiiepsitdivopes wedwdoislonsand wat er
and enabl e Q%Q% %%aﬁbﬁ&ﬁQﬁlE&@Q ﬁxg& t hrough the reservoir. Al kylaryl

sul fonatc.s € been use as s ctants for enhanced oil recovery. They
have been used in surfactant roodlng, al one, or in conjunction W th
Sg;\;j;[ (5 CL(Suei% Sk Qge{)ﬁﬁ]tmiﬁgl mauussgv SOFTS h)gﬁ tﬁé iﬁL 1(%0@11{%{1& Wi re‘vg. 'L?iif 2:: f6aCi al

t ensi on betMﬂﬁmKamhn@nﬂnmammmﬂmbummahsﬂfhecausﬁﬁmhmnmmsﬁthm conj unction

W th varyl salts §§uc a e they exhi bi t
Gesi rabil & pHsCEL e e ri boR s hoe BOGIR (gt SGR R0 coul ar
wei ght di Stdﬂaiim}ﬁdl@m pidE@R eRicngy ardepal Maiﬁfd\&Eihﬁt@hﬂ'&)@kﬂ%@fdaélﬁlﬁnal’ yl group to

the al kyl grou al kyl aryl sul fopate n be tailore referential
resi de y gcthu?ncx OF SWH yﬁp efl f}/ucmy may be use at‘i’ ¢ very begmaing o tha tir spmjwtmﬂ y

25  of a displacing fluid or gas, rather than under secondary and tertiary recovery

conditions.

The easiest method of flooding a subterranean reservoir for the production of crude

oil is by injecting a liquid or a gas imto the well to force the oil to the surface. Water
30 flooding is the most widely used fluid. However, water does not readily displace oil

because of the high interfacial tension between the two Hquids which result in high

capitiary pressure that trap in porous media.



15in the aqueous or ol eic phases at different electrolyte concentrations,
i.e., salinities. At lowsalinities the alkylayri sulfonates tend to reside
i n wat er WOQOHI2RG2gh salinities they partition nore int®CTRES2@i01046124
internediate salinities the al kylaryl sulfonates can result in the
formation of mcellar solutions. In either case, the swollen mcellar
solutions that contain sufaetants, oil and water are terned m croenul sions.
At 20opti n&lhc,sa@hmahwc@ﬁmﬁgu@lnow waR bRl b @ndomat Sfqual € wsal ubi lized in
the microenuision. For well tailored and matched. alkylaryl sulfonates, the
hi gh vol umeiost e a8 g8 e ed/ cspingehdi] ieowewy. i WriptHRhiE PBeREsSt on result in
ultra-low lmﬁ&aﬁq@mmm@ag% toliloPhONL 8 RRLEND Bhlo0d ofikalel ] T ecovery
fromreservoirs he salinit he water i1n subterranean hydrocarbon
reservoirs Haic ﬁé@ip?d‘a hﬁ?@ﬁ%m@@aflff‘ﬂm@b lexeiript wioriapial fMi“ﬁa@mé‘YMmﬁiiel din

| ndonesi t 0.3 wei ght percent.
Q her r e%e?%lgl")vrag& %ﬁ%gﬁg}%gﬁég Aﬁ?flﬂit (?%%Béesd Qﬁll t}é\ﬁg%st@igr?esﬁrogiﬁer than 2,0 percent
sodi um chl ori de and over 0,5 percent cal ciumchloride and nmagnesi um

chlori de. Iéﬁéwg hm@t@l ﬁivt % %R} é(m\%%rt%ytgm olr( y}l %ﬁ\{g 0% lilglx 09&@ ?l? f or .
sur f act ant or enhanced oIl re Cf or a parti cul’ar reservoir
by eval uat iimge bmnhmfed swgacginofisadafy, thhe:, at inyba;mydtmsmtﬁl@natanamm th native
reservoir br| g sertvo !}—,Pi-l, Lknde{? reserva {5 g %ns VI a phase
behavi or expPar] Ff%m G R gAY O S R S RS B R T B X P hent s a few

i nterfatl al thé;ens meiamﬁe&smaenmfasmasbmmﬁ&ﬂ%knm au@ ey btithﬁ:to Heheus¢ nt er f aci al
tensions are acceptably | n addition t\‘?\n testi ngdt he surfactants with

native rese?Vdite }f“ﬂ’éiémnﬁaéfmp VBAS PSR ohioHRT f’atllif teth Q6HR  ons are

needed, espegirakhheyehiBR deodihis OB baﬁmn CB&icndingoh Meecli@tiRy Beizhe 1S
different fromnative reservoir bri n nger al I pure al kyl aryl

sul ft - mat es““dti“l’“f%i‘fwidé""“’t"ﬁb@@“ﬁﬁ%ﬂ@“dﬁ H’ar‘lf‘ W‘F‘aﬁ{g‘ SHPCRGI U Er wei ghts, are
useful for LeEOMeRYa1Bfi shduBltiGlbdeuiRinkSs (,a%llﬁ‘huuﬁ}ls»,K)Mb%fcylxaﬁidliﬂc gnates have
exhi bi ted poor phase behavior, i e., poor potential to recover oils,

cont ai nithg Ritgiaiess ebpieembascori TRt Riceydyie PIcpnFtighs. iaxsEbieent general | y
have hi gh eQHbM%Ei@rﬂée»@ﬂ&[}%ﬁ%r&%ﬁﬂ%s%ﬁ%Eézd@lﬁﬁ%eﬁ)nd al Bigh €@l ent al kane
carbon number (EA is a representation of an average carbon chain

| engt h of a?hh‘ym?@@aﬂrmnumm@rieAtAscraiﬁdifﬂln I\ﬁigweaﬁ‘rinmhisiaén»v%fwtc\h@xane and
heptane havesal ik ane, 624 590 AHIRELSIALS 1, GuBndel (ESRACH hYely. However a

m xture contal ning "fole o pentane and one ol exane woul d have an
EACN of 5. Ssolufiord T(ii&t@lour‘dei »@hh*@mar\ei '@dmkeewerwmﬂdrf‘fegosbml%wrﬁemu nteracting

W th susfacts s e S [Wale] nt idwth an EACN

15t hat Lgld; 2 }%Q 4P dihgipx% 1‘& <3f6\1 %n@gdgf %9”@9&??/@(} 1](1 1%A| kyl aryl sul fonat es
havi ng a brmawcmemr 173} wéii tzaamb@an(bﬂnamiﬁndlaﬁn@trﬂsuimmtebﬁhahgmoigmeup are nore

desirable far ..use tor XY .Cru th high

o varent DoUrEE s ek B B o R &) S B RS T o ¢ he
20 nol ecul aensiveis ght pandt eotembdl ee bidroieioghty fainstekdriatitsi on of an al kyl aryl
sul fonate to maxi m ze the ampbunt of oil in the aforenentioned

m cro-enul sion, the use of other conponents in conbination with the

al kyl arad sufifcongtis, ofsicha@sn g@w@awllmya@bér5@zl @&reOls\HeRtEry pabyneri c

material s and co-surfactants nma rove se behavior. .The performance of
an enhanced™8} IFoF 86T )‘;h@c%%‘o%‘h‘ 'BH Wair@ﬁﬁ B b6 &Sy the 250i |

sol ubi | i zatj@n:cRAramRe! weidhligeRetihene iR 0f Q) ko diasalovednipelis 4nit vol ume
of surfactant. The oil solubilization is inversely proportional to the

i nt er f aci al MERALIFBAS. P AT SiPridRanhRer BF pieE crlsiugl déreaslr e by t he

abi lity of fhe Lio6MH.Akd %;xt&'ué&ﬂ'zgﬁﬁmﬁué%%&maﬁﬁ91%@83‘1 85 NSy @Rl ow
interfacial tensions rapidly, Le,, in |ess than one day In the |aboratory.
30 30 flooding for enhanced oil recovery for a particular reservoir by evahuating tailored

verstons of the alkvlaryl sulfonates with native reservoir brine and reservotr otl under
reservair conditions via phase behavior experiments, In addition fo the phase
behavior experiments a few interfacial tension measurements are needed to verify that
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Surthctant forinulations used in enhancing the oil production of reservoirs
traditionally contai ned varyi ng amounts of co-solvents. For exanple, the
formul at iwo 200/t2e620sed in the M nas SFT-2 surfactant fi @Cdl/usesw/oeand ai ns
about 4 A) of the a solvent. The cost of 3 the solvent contributes
significantly to the overall cost of the formulation. The solvent is needed
to maintain what is referred to as aqueous stability (which is the
stability ofcidnersHl actmnte o abkom dittnad wsitd MesUrBS@RN Qi brine).
Reduci ng the amount of solvent required js advantageous. 5 A nunber of

pat ents and*3pt EAt AppIiceariibAs fabevith Beuss et e ascdedressstilificed oi |
recovery using @%&%aﬁﬁﬁﬁ&s 1@%ﬂkﬂﬂtﬂr@1@@§M&M@ﬂm§&n&h@wH§%r%nu§UrfaCtant5
there are a number of patent and patent applications discussing the use of
co-surfactants and sacrifici al agents for enhanced oil recovery 10 Hsu et
al., U % R &@Mﬂvﬁfie Qh‘g ngﬁli%n:gé ﬁnf@ &g s@'ﬂawﬁmg Qc}ﬂa)q E‘th QQJM
surfactant fornufation and process the reco very of ?e3| oil from
subterraneand@etmuheahiRegepvmynklﬁmﬁddnmbegpérﬂkﬁubamﬁwn@ﬂﬂwwproved al kal
sur f act ant f in whi.ch | tensions
Dot vioen the :h%x(?tgc &a%a@%&{@“ p?%gn%r éi}t !‘me“fg?tﬁ o %g% ﬁ,ﬁ%aﬁ
concentrat enbnsaur f@Gstvairit t:v;btozﬂmmgt W mmsvnsgqnmalle bavathi gt amonelemﬁwatam) n above,

t, or, belowit | | trat di t
For mat | o' or etrrages e nER AR B S R BREIOR oF et aral 1y

occurrifly okgasinatiacbtinciveagpomentcganildnzitdia wm]oeeﬁb@dnattkal As@material which
serves to increase the e%ij|%ﬁﬁy of oil recov g é z L al., US
Publ i shed PatBRtongpt FEaty8rf @%@§F5i§é§§§ﬁ Pg@'6§8 ;811 recovery

process andregepalty GitlvakcGl iaaalr@tm@lulﬁyg amble Gped@Naing csURDRGI ant s. The

surfactants, are derived froman al pha-olefin stream having a broad

di stri but i o5& EHehITErbEA ALt Fi&ﬁgtiﬁgmfl*remwit’eﬂze%‘rb%#el 25 A

general treakls8000:RNRAREEY B behBGAM LIS oRasi6 GONGeRLS FlagEnhanced.

Q| Recovery Processes edited by M Baviere (published for SCI by El sevier
Appl i ed!SSci Bpdes MpbrshomtgraNe df Voiors14951) . 30SUMVARY OF THE | NVENTI ON

The present invention is directed to an enhanced oiI recovery conposition

conprising (a)a surfactant conprising an aIkyIated hxdroxyaronatlc

sul f onat e halkhw! stipeaigehenya Fopdropdrum ®bahhe pleivnteRaths s temaliatiky | gr oup

containi ng {, Bﬁm{r@ Hlaguéb‘?c 40u&a u%@\”@t&%@cf%@d?lh%\flcﬁgt Eﬁ&‘%? gt 20%to

about 50% net ranchi ng, an I's a noho-valent cation; (b)ya solvent;
SquiV, alem average carbon numbers {(EACN's). In addition to optimizing the

20 molecular weight and/or molecular weight distribution of an alkylaryl sulfonaie to
maximize the amount of il in the aforementioned micro-emulsion, the use of other
components in combination with the alkylarylsulfonate, such as inorganic salis, co-
solvents, polymeric materials and co-surfactants may improve phase behavior., The
performance of an enhanced oil recovery compasition may also be raeasured by the

25 ol solubilization parameter, which the volume of oil dissolved per unit volume of
surfactant. The oil solubilization is inversely proportional to the interfacial tensions.
In addition the performance is also measure by the ability of the formulation to
achieve stable roicroenulsions and low interfacial tensions rapidly, 1.¢., in loss than

one day in the laboratory.

Surfactant formulations used in enhancing the oil production of reservoirs traditionally
contained varving amounts of co-solvents. For example, the formulation o be used in

the Minas SFT-2 surfactant field fest contains about 4 % of the a solvent. The cost of
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a passivator; and (d)a polyner. The present invention is also directed to a
met hod of maki ng an enhanced oil recovery conposition conprising m Xxing
10(a) a suwbaetizmes2eonpri sing an al kyl ated ' hydr oxy ar omrCirasSgsuofossias e
havi ng the general formula: PH wherein Rl is an al kyl group containing
fromabout 8 to 40 carbon atons and having from about 20%to about 50%

met hyl branching, and 15Mis a nono-va lent cation; (b) a solvent; (c) a
passi vat or ; h@fflvehfdontivRRb ¥iBBFicsnd O hee HF-E51Q0%: of MY eMtdu@Rod STiRlsSRedi rected to
a method of recovering crude oil froma subterranean hydrocarbon cont ai ni ng
f or mat i on whieHeEEmigaahat ippirrd 17 BroerpPe s ool 0AETEAIE 9% nj ecti ng
into said H@IHH&&Q&t@ﬂn@ﬁ@@BQEQhﬁﬂkr&%ﬁ%%%thCQ&E9§h$&Q%m&BQBf'S'ng

(a) an al kyl at ed ydroxyarona tie sultanate having the general 5fbrinu |la
solvent required s advantagoous.

5
A number of patents and patent applications have discussed methods for enhanced oil
recovery using surfactant flooding. In addition to the use of surfactants, there are a
number of patent and patent applications discussing the use of co-surfactants and
sacrificial agents for enhanced oil recovery.
10

Hsu et al., U.S. Patent No. 6,022,843 discloses an improved concentrated surfactant
formulation and process for the recovery of residual oil from subterrancan petroicum
reservoirs, and more particularly an improved alliali surfactant flooding process which
results in ultra-low miterfacial tensions between the injected material and the residual

15 oil, wherein the concentrated surfactant formulation is supplied at a concentration
above, at, or, below its critical micelle concentration, also providing in situ formation
of surface active material formed trom the reaction of naturally occurring organic
acidic components with the injected alkali material which serves to increase the
efficiency ot oil recovery.

20
Berger et al., U.S. Published Patent Application No. 2005/0199395A1 discloses an oil
recavery process and a particular class of alkylaryt sulfonate surfactants, The
surfactants are derived from an alpha-olefin stream having a broad distribution of

even carbon number ranging from 12 to 28 or more.

A general freatise on enhanced otl recovery is Basic Concepts in Enhanced O

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

Science, London and New York, 1991).

30 SUMMARY OF THE INVENTION

The present invention is directed to an enhanced otl recovery composition comprising
(a) a surfactant coraprising an alkylated hydroxyaromatic sulfonate having

the general formula:



Rl wherein R is an al kyl group containing fromabout 8 to 40 carbon atons
and having from about 20%to about 50% net hyl branching, and Mis a

nono- val ewo 208t620622 10(b)a sol vent; (c) a passivator; amrdT(ubpotg/opabyner,
and (ii)recovering the crude oil fromone or nore production wells. 15it
has been found that when an al kyl ated hydroxyaromati e sul fonate is enpl oyed
in the enhanced oil recovery surfactant thrnul ation, the anount of sol vent
used can be reduced signifditantly. The Applicant has di scovered that |ess
solvent is used while apprioxi mately maintai ning, or increasing, the anount
of oil recovered when sodijum hydroxyl sulfonate is enployed in the enhanced
oil recovery surfactant | ati on. 20 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Definitions fi used herein, the following ternms have the
foll owi ng nmeani rigfsC: S expriess 25stated to the contrary: The term
"primary surfactant” ak_us erein refers to the anionic aromatic
surfactant that is presehtsrh the conposition. The term "co-surfactant”
as used herein refers to the dhionic non-aromatic surfactant 5Sthat is
present in the conposition. The terns "active" or "actives" as used herein
refers to the concentratjon of the sodiumsalts of each surfactant species
(i.e., primary surfa®PaRt fors dbalsy e AR Canp P e fPPhebvet i 0afkS%at e* as used
herein refers to theaalkyhahfeh e oy 2000 BdH.Gr BONPAUNG his&tke t O prepare

=3

the al kyl ated hydroxy aromatic sul fonates of the present invention. The
al kyl at ed hydroxy ar 8fhtli'e? EGRPOUAY W& pr epar ed by al kyl ating a hydr oxyl
conpounds Wi th a ¢y neagqadpha ol efin or an isonerized 1 5The term
"isonerized al pha olefin ([AO" as used herein refers to an al pha olefin
that has been subj ect&epstvaion:gddreri zati on conditions which results in an
alteration of th}di?%EgQg;ion of the olefin species present and/or the

i ntroduction of "al kyl "branchi ng al ong the al kyl chain. The isonerized

ol efin product may be obtained by isonerizing a linear al pha olefin

cont ai ni ng TN aRQMendd & QisaBRMkAD 5 GA%RANT 81 OB an ANERNRIE recovery

composition comprising mixing

10 (a) a surfactant comprising an alkylated hydroxy arorsatic sulfonate
having the general fornmla:
QH

wherein R, is an alloyl group containing from about 8 to 40 carbon
atoms and having from about 20% to about 50% methyl branching, and
15 M is a mono-valent cation;
(by  asoclvent
(¢}  apassivator; and

{(¢) apolvmer.

20 The present invention is also directed to a method of recovering crude oil from a
X o

subterranean hydrocarbon-coutaining formation which comprises

()]



20preferably from about 20 to about 24 carbon atons. The term "al kal
netal " as used herein refers to Goup IA netals of the Periodic Table.
25The terwD280l02e622" as used herein refers to al cohol s, PeThEesoandlor a
range of nonionic materials. Cenerally these nonionic materials have a
sonmewhat hi gher tol erance to polyvalent ions, are water-sol uble and may
al so provide a reduction in viscosity of the surfactant fornul ation. 30The
term "passivator” as used herein refers to alkali netal carbonate,
bi carbonate or hydroxide salts., The terns "enhanced oil recovery or "EOR'
as used herein FBf er Mitstips BEREERISTRYONSABAHETHY RO VERCOVBP B
hydrocarbons from subgggtanean reservoirs. The termoil solubilization
paraneter "SPo" refers to the volune of oil dissolved per 5unit vol une of
surfactant. Typical | {8} sisikyhsiddiyitoryaeign lveneheingite geegure via phase
behavi org experinents. @?ﬁmﬁgrns "interfacial tension” or "IFT" as used
herein refer to the surtface tension between test oil and water of different
salinities containing a surfactant conposition at 10different
concentrations. TypicallygHinterfacial tensions are neasured using a
spi nning drop tensioneter jor cal cul ated from phase behavi or experinents.
The term "M ddl e Phase" reffers to the mcro-enul sion formed by conbi ning
test oil and the reservoif~fri ne containing the surfactant conposition
during phase behavi or i5tesfﬁig. The termattachnment” refers to attachnent
of the al kyl grddspO ratic ring wherein the longest alkyl chain is
ic rind at the 2-position on the al kyl chain.

attached, to the aronat :
20Unl ess ot herw se specit™gdy all percentages are in weight percent and the
pressure is in atnospheres. TH& present invention is directed to an
enhanced oil recovery surfactant conposition conprising a surfactant, a

sol vent, a polyner, a_ passivator and optionally a co-_25surfactant; a

met hod of making t he “@RlEntdd*bi v rareveryagFustant 8 ©otpedies on; and a

PEthO?_Of recoveri ng;ehMAR] Riving £ QMisb s UbL & LrRReAN; hyioearlen; cont ai ni ng
ormati on,

and M is a mono-valent cation;
10 (b) a solvent;
(¢} a passivator; and
{d) a polymer, and

(i} recovering the crude oil from one or more production wells,

15 It has been found that when an alkyiated hydroxyaromatic sulfonate is employed in the
enhanced oil recovery surfactant formulation, the amount of solvent used can be
reduced significantly. The Applicant has discovered that less solvent is used while
approximately maintaining, or increasing, the amount of ¢il recovered when sodium
hydroxvl sulfonate is employed in the enhanced oil recovery surfactant formulation.

20

DETAILED DESCRIPTION OF THE INVENTION

Definitions
As used herein, the following terms have the following meanings unless expressly

25  stated to the contrary:

H



The Surfactant The surfactant of the present invention | as the general
formula: OH S5wherein R is an al kyl group containing fromabout 8 to 40
car bon atworoard242avi ng from about 20% to about 50% net Rgr/usc@aokéing, and M
is a nmono-val ent cation. In one enbodinment, Mis an alkali netal, anmonium
or substituted anmoni um Preferably, the alkali netal is an alkali earth
netal; nore preferably, the alkali nmetal 10is an al kali netal hydroxide,

such as but1iqtml +Mnt@dstBeaS0di Wik BYHHOXE A8 AL aPRhAS M. hydiaxi de.
Exanpl es of substituted ammoni um i ncl ude ammoni um i ndependently substituted
with from abdut PEsebindboipmrasiipt phati c or aromati ¢ hydrocar byl ~gr oups
havi ng from 15about 1 to about 15 carbon atons, such as al kyl, aryl,

al karyl and aral kyl, and optionally having one or nore heteroatons, such as
ni trogen, okyrgem oe-syutday asikptivramicipetogpeseeic v-abipiatiiector aromati c

heter ocyel i g ,ﬁ4ﬁg§ <0k, suitable heterocyclic ring substituents
include%%yr%gfggg%?}10 I %ﬁ%f %§ridine, pyrim di ne, pyrazole, imdazole and

qgui noline. The heterocyclic ring substituent nay be 20substituted on the

anmoni um ml‘heett){m sh%gﬁg’h oxa‘ ‘a&?\%?o’ﬂ u%‘%fi@r%{g {ﬁ%]r? tcﬂgc—g &{n?&%xf;h!eng ofr tl’i g, suc h as in

a C pyridyl-substitiuted anmoni um ernatively, quaﬁernary
anmoni um ni fodogenits tSet sumayiabepaiai(t ¢ ggemratofain & bhe-stwdtcemocycl i c ri ng,
such as in a pyridiniumion, 25The prinmary surfactant enployed in the
present invention is an al kyl ated hydroxyaronmatic sul fonate salt obtained
by t he Hl kyTlatit@n 0fyiac phena heafn afsulbshd dutied! phienglaronSictcatb&ind

substituents on the phenol, include al kyl oups nposed .of between | and 5
carbon at orss R GG By aiE P LB o BB ) PR BB Tor

substi t ut edriph@nlicd isydadxk ylatad chpduna vk $icpdre] ©f ainari®Rla Bkdpha ol efins
(N.AO s) or isonerized al pha olefins. Preferably, the alkyl chain contains
from about $"GUHbB 2 HeragdploncEt G SHsFEdeter red from about 20 to

15 The term “isomerized alphe olefin (JAO)” as used herein refers to an alpha olefin that
has been subjected to isomerization conditions which results in an alteration of the
distribution of the olefin species present and/or the mitroduction of alkyl branching
along the alkyl chain. The isomerized olefin product may be obtained by isomerizing
a linear alpha olefin containing from about 12 to about 40 carbon atoms, and more

20 preferably from about 20 to about 24 carbon atoms.

The term “alkali metal” as used herein refers to Group 1A metals of the Periodic

Table.

25  The term “solvent” as used herein refers fo alcohols, cthers and/or a range of nonionic
materials, Generally these nonionic materials have a somewhat higher tolerance to
polyvalent tons, are water-soluble and may also provide a reduction in viscosity of the

surfactant formulation.

30 The term “passivator” as used herein refers to alkali metal carbonate, bicarbonate or

hydroxide salts.

=1



5about 24 carbon atons. Sone of the al kyl chains nmay be branched.
Preferably, 20-50 percent of the alkyl radicals are branched chain

radi cal s.woOhel1zl2kezeat ed hydr oxyaromati ¢ sul fonates of tIRE€TAISe®EOMOI61RAVent i on
are preferably derived froman al kylate forned by the reaction of an

hydr oxyaromati ¢ conpound 10and isonerized al pha olefins in the presence of
an acidic alkylation catalyst. In one enbodi nent, the acidic al kyl ation

cat al yst haghde/iamMBlahcdid®)re@Cb S by HH0Ch 00 Rfein rofer o Ahcds@8Fer 1 N ONE
enbodi nent, the acidic alkylation catalyst has a Hammett (H') acidity
function ofemignemeghe fppeiery Praferabrsy FophvbEERHE '¥PRYIat i on cat al yst
further has an acid nunber of about 5,0 mlliequival ents per gram and
greater. 15 Suitable acidic alkylation catalysts having a Hammett (1-1")

aci di ty funbietom: of sehghilgragen pasgacter gPaeleforsda diwnvoting ¢ieilahsolppd nel ude

Nafi on (@ or oG | $.0ml.6. agi di.ReL I NELEE Qge! ..aci d catal yst
availab%% f%%ﬁ#o fégggg%?ﬁﬁ{%ﬁggg?a””ﬁ??gfﬁggﬁ?gg%ﬁﬁ%Q%%%%ggﬁn (a sulfonic
aci d resin gwsd hedblier dkpgmd®Rohm & Haas, 20Phi | adephia, Pa.) and the like,
Suitabl e acidic al kylation catal ysts having a Harmmett (H') acidity function
of -2.2 or nore are well known in the art and include Anberlyst ag) 15
resin (a sulfeopmns “agirtherabsihnod\aaiFdblae ufed dmeRohitr & tHaastacPhrdi@adephi a, Pa)

and the like, 25 OQefins The.alefins enployed to make the surfactant of the
resent | mBRTBAHaY Do dary LR S AT ) B b ab ERe T MR Cour ces

i ncl udetil hediffermmlonahphanel Bfdindy, ihicrfeas takphasobebiduns usingengivbined | | near
al pha olefins, dinerized qqd l.i gonerized.ol efins, and 300l efins derived
from ol ef | iRREaY HASPETARE  BER TERG 51 SR HE ATEIREr sour ce from which the
ol efins may be derived is through cracking of petrol eumor Fischer-Tropsch
wax. The Fischer-Tropsch wax may be hydrotreated prior to. cracking. O her
commer ci al SEUFEESHIAKLITHES 61T FHEe ey vRY SIS A PE LRI IS PO genat | on
and 10 ol i gouBd 2ali®nr celhuirene anekiot betpRliRbinsss pRI@N ot 0- ol ef i n
processes (methanol cracker) and the like. In one embodi nent, the

hydr oxyHt on'd#i"€, coni pound may be alkylated with a nixture 5of normal al pha
olefins (N.AO s) that have been isonerized and that contain from Cs- C: 10

carbon atons, preferably from C20-C7,1 carbon atons to yield the surfactant
al kyl at e. Sburiges ofikOritiahger§ THe ortimalmelt phdc elkel ¢rowp @npd opedtit o nake t he

surfact ant fidk iR Eh%%&{gest'aﬁ(\{/?ﬂ{alnqg at#cfted 1o the aromatic ring at the 2-position
on the allyl chain.
20 Unless otherwise specified, all percentages are n weight percent and the pressure is in

atmaospheres,

The present invention is directed to an enhanced oil recovery surfactant composition
comprising a surfactant, a solvent, a polymer, a passivator and optionally a co-

25  surfactant; a method of making the enhanced oil recovery surfactant composition; and
a method of recovering erude oif from a subterranean hydrocarbon-containing

formation,



commercially available or may be prepared by nethods that are well known in
the art. The olefins enployed in this invention may be linear, isonerized

| i near, bwarohed2@e partially branched. The ol efin may BeTASIMPGU@2€£ar bon
nunber olefin, or it may be a 15m xture of linear olefins, a mxture of
isonmerized |linear olefins, a mxture of branched olefins, a m xture of
partially branched olefins, or a mxture of any of the foregoing. The

ol ef i ns maynseleetied fromolefins with carbon nunbers rangi ng from about 8
carbon atons to about 40 carbon atons. Preferably, the olefins are sel ected
from 200l ef Fissuripet ehihp s sl HBHYRRANGF Sgerd Sialout 10 to about 30 carbon
atons, nore preferred fromtabout 20 to about 24 carbon atons. |In another
enbodi nent, the olefin or the mxture of olefins is selected fromlinear

al pha ol efins or isonerized ol efins containing fromabout 8 to about 40
carbon atons. 25More preférgply, the mixture of olefins is selected, from

| i near al pha ol efins 05 iso‘“}ized ol efins containing fromabout 10 to
about 30 car bon M&©@ye—;Most prieferably, the m xture of olefins is selected
fromlinear al pha ol ef ins of_.isonmerized ol efins containing fromabout 20 to
about 24 carbon atons. ched ol efins may be sel ected from pol yol efi ns
whi ch may be derived from C3 &t hi gher nonool cJi nspropyl ene ol i goners,

butyl enc.s oligoners, or co-oligoners etc.). Preferably, the m xture of
branched olefins is either propylene oligoners or butylenes ofigoners or

m xt ur es? t heheof R: lsnetie! grbo dimentg 6bmtaheuipriedendrbimarent aginavinthe nor ma

al pha ol efips, af e, bSONRLL ZEolIRIAG: @, 59hid, O d ALY agLd catabyst.
Preferably, the Tifst type of * &1 € catal ysti's a soltd catalyst having at
| east one netalubodivdst, ¥hd ahakilihgeah savenage opobeitsied enobnliess 5than 5.5
angstrons. More preferably, it is a nolecular sieve with a one-di nensi onal
pore system such as SM3, MAPO-11, SAPO-1.1., SSZ-32, ZS: M 23, NMAPO- 39,
SAPO- 39, ZSMeR22Zbanth: 964k 2Qtal Xdalkapessi kel sokd gleRebll teeRbRest s usefitl
for iso rizati,q.inqgu e ZSM 3 ,ﬁSUZ4%,NU-23t‘NUha£_and natural or

synthet 1t feff Flepl PEe! PYHEEE: il st art '§rede saemgiiPXihdhn in the art and
are di scussghskimi@aBeremari e Szostak's Handbook of Mol ecul ar Sieves (New
York, Van Nostrand Reinhold, 1992) and in U S. Pat. No. 5,282,858, which is
hereby incorporated by reference for all purposes. Another type of

i someri zat i RnGAL Ak YFkidRAtnERNIREINMS &S od il ldeeHiaaR DM e Fe(C0) 3.),
15The isonerization process may be carried out in batch or continuous node.
The process™tiefiparhtir dsalwahd pangec praovmaehydGocydyl 25pips bgingfothe bat ch
mode, aid YRigal 1 BBLARYs fnl0abRg sl dnAUkOS) AN ety Ohass flask, which
may be heated to the desired reaction ténpérature. A cohtinuous process is
nmost ef fi cientiohajlydaring ede ourord hetaroftoxeduded pracessye@paedivrariast in a fi xed

bed process e {8 e (Y0 Y o . \ P i xed bed
o ocose. -t it 0 Aot B ooy B s MM b Bl

heterocvelic ring substituents include pyrrole, pyrrolidine, pyridine, pyrimiding,
J : Py 5 I b, ,

pyrazole, imidazole and quinoline. The heterocyclic ring substituent may be

20 substituted on the ammonium moiety through a carbon atom in the heterocyclic ring,
such as in a C-pyridyl-substituted ammoniam, or, alternatively, the quaternary
arpmonium nifrogen iseit may be a nifrogen atom in the heterocyclic ring, such as in

a pyridinium ion.

25 The primary surfactant employed in the present invention is an alkylated
hydroxyaromatic sulfonate salt obtained by the alkylation of a phenol or a substituted
phenol. Suitable substituents on the phenol mclude alkvl groups composed of
between | and 5 carbon atoras, halo- and cyano- groups.

9



dried at a tenperature of at |east 1500 C under vacuumor flow ng inert,
dry gas. After activation, the catalyst is cooled. to the desired reaction
t enper at Wwe 2and22&@2f | ow of the olefin is introduced. TheCramsetow4@s| uent
containing the partially branched, isonerized olefin is collected. The
resulting partially-branched isonerized olefin contains a 25different
olefin distribution (al pha-olefin, beta-olefin, internal-olefin,
trisubstinited olefin and vinylidene-ol efin) and branching content than the
un-isonerized ol efin and conditions are chosen in order to obtain the

appr opri at el $tlrttf R epdgapdisiiytedmesno pefkybtediint Bipepasateeveen car bon |
and carbon_2.0f Iff?&‘(ﬁkb%') oERahRAR ai&aﬂ?oi@h&f ipRe @b 9% Qlefdhma.content). 30
ARyi ati on The hydr oxyaromati c conpound i s reacted th” an isonerized al pha

ol efin, the@@@}“‘»ﬁ?ﬂﬁdﬁ@m@m&ht’al‘W%ﬂétﬂééoﬁyd?@k?@zf@‘r?ﬁtﬁi()@ denpdind. 1 n one
embodi ment,, .3l kyl c%hx'oﬁQmﬁ%k&ﬁ&%ﬂhé&ﬁ%ﬁ%b 135;9!;\'%5% MLE p?éiim 12kl catal yst

The al kyl ation catalyst 1s a solid cata Teast one netal

oxi de, whi cierdest @ellfe@k‘édadﬁxrdbmwEbr@iu@ipd)dpmcitaﬁlsaﬂst| ng of nat ural zeolites,
synthetic zeolite, synthetic 5nol ecul ar sieves and clays. Preferably, the
solid acidic catalyst conprises the acid forns of an acidic clay, or an

aci di ¢ nol et aéimm@m@amaxamz@@aﬁibmma\fiﬂwgna:nmaﬂwmagearppro&mﬁi'ze of at |east
6,0 angstr SZ- 26 and
SS7-33. Ot h‘gB 1’vcds H%m é&(‘; Ec%sm%e{agwl%hecile gaém E¥ ne}aldm[Xé&m%irga ﬁnptoénéb oggsi te,

cl overite. AJABIW&;@HW\A{;‘E{E oidmrﬁ:ﬁg SARE & a:ﬁédﬂ@ﬁgvlat%l@ﬁlﬁﬂﬁ SAR0- 40,

10SAPO- 41, NAPSO- 46, hexago I melinite,
mazzite (on@&?%%%‘f |ﬁf.‘ce‘”)‘“1 b?igﬁgf(‘rnt*émgfgm igl H‘“ﬁ%&ﬂf@“ ?‘H’égg“ %ijallz'gl ysts are

di scussed i& R@Sﬁf@%le&b&ﬁ%ﬁ‘@&v%ulﬂ@&ﬂ@mkn @sfmwlhﬁcmfaﬁm& aygscifiNew York,
Van Nostrand Reinhal d, é More preferab solid acidic, catal yst
conpri ses zZ@BFHRET .2 ﬁ*ﬁ?iéf Yo ﬂ“if’zéiﬁﬂ%“tdé‘* ”%ﬁﬁ?néd‘ﬁ"’f‘ﬁ e Gasiiidna ratio of

at least 103kibedsss &é@@f%ma&tﬂmc@ ¥Seri@Yndeeger i ved fromnatural ly
occurri 5(3‘ or synthetic materials. e skilled in the art would realize that

there at® a nunmber of such cl ays that are known to be al kyl ation catal ysts.

Exanpl es Ofbﬁﬂal&'@ aaﬁﬁf@}%l'i}&fia%l@{ﬁdl}ﬂ éi&ﬁ% AR 'sﬁ’di'&{‘y@un ta%[%?%f"”tﬁosand ,
saponite. Pillared clays may also used as catal ysts. The solid acidic

catal ysts niay dewgelaetdd e r@rﬁléi@hﬂd@ﬁd&@mﬁﬁ f ﬁuwgc@f@@wiﬁ@s acaci d cl ays,
and/ or sil - d tya | td @n exchange
Y %@yrﬁ‘érga@fcfb@még‘? ghd &'r%ﬁ?m%%ﬁi ﬁﬁ% r%z‘hééﬁmt wi ?xon%tgf? PN ex g

resinin its aci orm for exanple cross c’acid catalyst. The
catal yst naymbehat Wobewul @rui§ireveid @singwb!dbierfmlmei&mna& Hjaeves are

sili ca-%i ur@bqﬁg ﬁﬁpﬁﬁ‘%d@ 1%(cul ar 25 sieves or netal

silica-al um nop 1 ecul ar s eves, in which the netal may be, for
exanpl e, iron, cobal t or nickel. CI her sui tabl e exarrpl es of sol i d acidic
ich.is ' herein

catalyet s, 3 ot 35LR3Rdh i PR Mule TR S S
hydr oxyar Oniﬁbiic(m CRdTPIaING in Mayiriahs tichde phepayed 15 resin (a sulfonic acid
resin available from Rohm & Haas, Philadephia, Pa.) and the like.
25
Olefins
The olefins eroploved to make the surfactant of the present fnvention may be derived
trom a variety of sources. Such sources include the normal alpha olefins, linear alpha
olefins, isomerized linear alpha olefins, dimerized and oligomerized oletins, and
30 olefins derived from oletin metathesis and branched olefins. Another source from
which the olefins may be derived is through cracking of petroleurn or Fischer-Tropsch
wax. The Fischer-Tropsch wax may be hvdrotreated prior to cracking, Other
commercial sources include olefins derived from paraffin dehydrogenation and

10



30using a Bronsted acid catalyst or a Lewis acid catal yst. The Bronsted
acid catalyst may be selected froma group conprising hydrochloric acid,
hydr of | uowDoH2ek22hydr obrom ¢ acid, sulfuric acid, perekraseeoagiic4 13
trifluoroinethane sulfonic acid, fluorosulfonic acid, and. nitric acid.

and. the like. Preferably, the Bronsted acid catalyst is hydrofluoric acid.
The Lewis acid catal yst may be selected fromthe group of Lewis acids
conpri si Ng SabBeAuen bf dEhERILE Sihe AbIHsNUB A dol- Y- it SrocAbM MBUMA 1 11 odi de,
boron trifluoride, boron tribronide, boron triiodi de and the i ke.

Pref er abl y, credier) peduhs ligi d catal yst is aluminumtrichloride. The Bronsted
acid catalyst may be regenerated after it becomes deactivated (i.e., the
10catal yst has lost all or sonic portion of its catalytic activity).

Met hods t halt: oae emprdipeknbphydror verenadip eompypnpeay Sedkyloicf sgénenigte t he aci d
cat al ysts f(q nof ’gq@ & Olehl)fqli\g%.é 's'ﬂﬂétcﬁ*@&%egn 1&1@1@11?&‘@ %Qi ﬁ'xta]{ &ﬂmﬁfﬁ(ﬁﬁkon s
typically carri th an aromatic and an olefin in no i5 ratios
from 1: 15 t©:«025bdn atThe mﬁm@sémnmn »atareasiaario yahyée fwtmet00C to 250C, As
the ol efins @qve a high boiling point, the process is preferably carried
out in the 1|qU|d phase. The al kyl ati on process may be carried out in batch
or continuous node. In the batch node, a typical nethod is to use a
stirred. au%ﬁgkg%p %nglass flask which nmay be heated to the desired
reaction temperat A continuous process is npbst 20efficiently carried
out in ﬁ}fFﬂ&dmbﬁﬂ&ﬂﬁ@@&ﬁﬁsuﬁmaﬁﬂiﬁﬁhﬁsmbﬁnﬁmhh%ﬁdnﬁﬁd&ﬁh@ﬂﬁﬁﬁl@an range

from0.1 to 10 or. a fix cess, e cat st is
Chored t o cRE Al ety B gy A s Bt aS beBer AL St nt | east
150C under vacuumor -flowing inert dry, gas. After activation, the

catalyst is_cooled to the desired reaction tenperature and a f|OM/Of t he
aromati c cohFolith Ferioped Hdkie suenippasy frdnd. “"ﬁ%‘t‘b’&%b’&@%’h&}‘d?f’éiéﬁs of a back
pressure Valyeiserdsball The PhESSHEE: {i8aboNe: dhechbubil, %ri@@i thepressure of
the feed conposition at the deS|red reaction te erature. After

pr essuri%i ngitreosirseierivitng. 1 Rikdge st pederpreiaur eeiivhe Midrper Arorhedi s

i ncreased tg.fhe, ﬁ!@é&rl& 86 AL SR LIIREE %r%rix%xm@&ﬂﬁ?@i thy mé’-%‘ﬁ;«ar omatic may
be added to the catal yst at rfeaction tenperature low of the olefinis
then m xed with the aromatic and 30allowed to -flow over the catal yst. The
reactor eff. Al &Pl C icis

col | ect ed. E§¢g§§&§9§§§§#§9?§£5ﬁ525}gﬁage ?ﬁg%§%§%@§?¥%agﬂ§%rlpplng
evapor at i oncatindefonsde aomg &F caobheriome dnderkinipwt defitvgsescikicliffed: in the art.

Pr epar on_;of X te.Jhe Ikylated

hydr ox?éadr Or%?tmsk&h% sfgi‘%}%i{ YIQRXEQS Jreméqb?i F 8{@&3 tg%%&geg 3 NS S &gﬁﬁs o I is furt her
reacted to me&nrénmaBMykaﬁeﬁﬂhyﬁh@xﬁm&mmﬂnt|c sulfonlc acid and then the
correspondi ng sul fonate, 5

In another embodiment, the olefin or the mixture of olefing i3 selected from linear
alpha olefins or isomerized olefins containing from about § to about 40 carbon atoms.
25  More preferably, the mixture of olefins is selected from linear alpha olefins or
isomerized olefins containing from about 10 to about 30 carbon atoms. Most
preferably, the mixture of olefins is selected from linear alpha olefins or isomerized

olefins containing frorn about 20 to about 24 carbon atoms.

30 Branched olefius may be selected from polyolefins which may be derived from Cs or
higher monoolefins (i.c., propylene oligomers, butvlenes oligomers, or co-oligomers
ctc. ). Preferably, the mixture of branched olefins is either propylene oligomers or
butylenes oligomers or mixtures thereof.

11



Sul i Onation Sul fonation of the al kylated ' hydroxy aromati c conpound may be
performed by any nethod known to one of ordinary skill in the art. The
sul f onat iwW@ 20HACR620N is typically carried out in a contipaliaisgoakdieag fi hn
tubul ar reactor mai ntained at about 45"C to 10about 125C. The al kyl at ed
hydroxy aromatic conmpound is placed in the reactor along with sul fur
trioxide diluted with air thereby producing an al kyl at ed hydroxyaromati c
sul fonic acid. Qher sulfonation reagents, such as sulfuric acid,
chl orosul fonic acid or sulfamc acid ma aI so be errpl oyed. Pref er ably, the
al kyl at ed hirdvessaedbett o€ e oFfse Ll MYy <ieons ik froma eghaweRrssii Faretzed oxi de
diluted w tﬁ'!;m%‘fl solid haehgz*{t@&%ca%@@ Fakt0 Ofu@é%ﬂc% ;&ﬁxl 9?&&&9%1 :9 al kylate is
mai nt ai ned at "about utrallzatlono

Hy (| yoxyar oivht ceaigtiferiing aldgdstomentts akidg ard rvingfananeag n@w sa{»etf ess
hydroxyaa'bonaglwaahuso gL GaAE L RY,, Qasqafoﬁsksﬁf el n%%&g&bag%por bat ch

process by any nethod known erson ed inthe art to roduce
al kyl at ed hyeds oxizar @mhtab &%uli‘»ﬁﬁl”\@tiés%?@ﬁﬁ c¥H4-32, Z’SM al.Ryh Bt ed.

hydr oxyar O”&?‘z&!”(ﬁ éu} ns?‘g‘l%?d 2b %)tﬂ Rwoss ié g{ei‘]dﬂ aV\gd G m@i R"xlzr gi“ﬁyf?! al kal i,

ammoni um or subs’t |% ut &d™ armoil um t rodu0| ng AN at ed
hydr oxyar onmmmzsliﬂﬂfm‘riadiaels\@rﬁéf&E{U&blwu 23, h*eL §@and:mmﬁi alskahdtici s an al kal |
earth netal E referab taI hr}/drom de, such

CITICIIe a0 YR 14};‘ et r.‘se S‘? Ef i“». i E?ﬁ Al .ii% i B
as but not f|’ Sd S P SH TR Ao XT LS SRV 0T de. The
Co- Sur faxt am\s,ma&t $@>n1akkwmﬁ»hek e{rﬂzlalm&ﬁ %mk:s (\&&ovamwmmﬁmﬁl on of the

Bt T east onE B TR LS i ha BPRF et BB e Ryl

sul fonate, 1@fﬁiﬂ¥f“ﬂl‘ﬁg§m§)b@§ e0fottles OB 6 ZaferAhphiacaligl ink: GHkE onaties Suitable
exanpl es of isonerize pha ol efin suffonates typically have a general
formul a of : 1“1—*2‘2"9@3‘5@‘5%&#&%4\?2 is an aliphatic hydrocarbyl gToup havi ng
fromabout 12 to about 40 carbon atons, and haying from about 20 to 98

wei ght percent branching, and containing one or nore ol efin or al cohol

noi et i €% or Tfi xanprigdtionepcesrmaydndaxici sugn falab ovapdntcug ieforihe | n one

embodi ment, o, X ds te%@e;@!ul‘&khn %L@mmam@r\bq@@ er. ﬁ;‘%@éﬂldt h%&Q ARRRAI um
10Preferab|y, the alkali metal is an alkali earth netal; nore preferably,

the al kal i webal isicusan shrkbhitogret al elhspdieekivdech sad hagfedistthndesittd i ted t o,
sodi um hydr axi.de m‘?ﬁ I%%é‘sék u%ﬁ@%%&g@?s mERAARLERy Umisthetd f pigd ammonium

i ncl ude anmoni um i f epen ently su tuted
bed process. Space rates in a fixed bed process can range from 0.1 to 10 or more

20 WHSV. In a fixed bed process, the catalyst is charged to the reactor and activated or
dried at a teraperature of at least 150° C under vacuum or flowing inert, dry gas. After
activation, the catalyst is cooled to the desired reaction termperature and a flow of the
olefin is introduced. The reactor eftluent containing the partially branched, isomerized
olefin is collected. The resulting partially-branched isomerized olefin contains a

25  different olefin distribution (alpha-olefin, beta-olefin, internal-olefin, trisubstituted
olefin and vinylidens-olefin} and branching content than the un-isomerized olefin and
conditions are chosen in order to obtain the appropriate structure regarding the level
of double bonds between carbon 1 and carbon 2 of the alkyl chain of the olefin (alpha-

olefin content).

Allylation
The hydroxyaromatic compound is reacted with an isomerized alpha olefin, thereby
producing an alkylated hydroxyaromatic compound.
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15with fromabout 1. to about 4 aliphatic or aromatic hydrocarbyl groups
hayi ng front about 1 to about 15 carbon atons, such as al kyl, aryl, alkaryl
and ar al kyD20amd2@pt i onal | y havi ng one or nore h. et er oalPOTAS2019/0¢¢124S

ni trogen, oxygen or sulfur, which. may be present in aliphatic or aromatic
het erocyclic rings. Exanples of suitable heterocyclic ring substituents

i nclude pyrrole, pyrrolidine, pyridine, pyrimdine, 20maazol e, im dazole
and guil | otjR@e embO8mBAL BE0EUGIHE JebRGsin b RSENL MO 2 1FBYRQagNBst i tuted on

t he ammoni um noi ety through a carbon atomin the heterocyclic ring, such as
ina Gpyridyl-substituted ammonium or, alternatively, the quaternary
anmoni um ni .0 ﬂﬁhk%@*quﬁywﬁﬁa%d%ﬁ&ﬁggmﬁﬁa%mﬂWh&@%xﬁgkﬁﬁﬁﬁyC"C ring,
such as in a pyridinium25 The secondary co-surfactant enployed in the
present i nvshticdfoinshagops erneriined valuef kel fothaticzolko8)theidtde by t he
sul f onatq4 on,.of.. ed.alpha nl LA JA0 is nmade
by the ﬁ%ogggifggfgﬁggﬁﬁéf§§%%%mn X g%?%ﬁgt Q%P]nsﬁ?kg%t&ngﬁ%ferably

Co- Cs norna%wahﬂhaa@ﬁeﬂ&nsormmmtwmnééamneﬁw{mﬂkﬁmwshmmmabhakpga ol efins. 30
I n one enbodi { ] | ) V..l S0 ized,:al pha ol efin
contalnlngggr$§§%®’£$lq%(g%gq(%? %ﬂgg%?ﬁ“§£ ﬁ%&ﬁ%§>§§%ﬁ$?sé§ from about
12 t o aboutSHD2cards=yi-Ht Q}tﬁm pmmb& cpragfﬂermcéwﬁcfirmmmtmmtdcﬂa bepgalrout 28

The TR0 1 5 GBRBDSGAT oMb aleR Vi ShALOIt 26010 AbR0r 'oh M A or anchi ng,

preferalil y $xpmiadiaursagsiot Oo@b@{ﬂ) 180 2 gk 9 i aiie N (TG - 29 [y Ghe AEIGA mm;et erred from

about 60 to about 0 wt. % n ng .a en fromabout 0,1 to about 30
Beoot oot dudonBrbtral B SrTa . Ao L D R e O 8 Tt o apout 20
Wt % resi duaﬂiosaﬂn@ih@b@kﬁil Hq@tb@olﬂ@ﬁ‘&ioﬂ@&.ﬁix%ﬁ@@l ydetrweenad kemaabout 0.5 to

about 10 mﬁ@bre?ldual al pha ol efin 1Qspecies. I n one enbodlnent thell AO is
conposed of Rgjphe %é%%naMﬁﬁﬂwﬁé@F%r%hEﬁﬁﬁ@m“éﬁmﬁégépﬁﬁﬁﬁdfo@@6ré5|dual al pha

ol efin, andybaubdgofifcomaboulc: 20:tQirabaldtorddicgandon atons. I n anot her
enbodlnent the A0 is conposed of at |east about 65% branching, at | east

15about 1. 2- 0. 5% r esi dual al pha 6lefin and haying from about 20 to about 24

car bon atOnﬁwﬂﬂauhQLQﬂ§nﬁV@QQ&H@@hvmWﬂﬁﬁnRhﬁLQﬁﬁ§§ﬂ%n@&ﬁﬂﬁhh&&,'n the
partially isomerized. "alpha olefin is |ess than or équal to 25 wei ght

percent, t herr tkHisdiedi dualovldl pie Slaebin seonrerer 20ush dacthpartial |y
| soneri zed gl.pha, ol ng ﬁii Eﬁdn w&[ﬁ@t@bg@@% %h%&%ﬁédawmﬁiu‘é’e' ght percent. In

one enbodi nent, e percent nching in the'partially isonerized

al pha oIef|mOMSmgH@a$BMQmMQnmbwp@qmaﬁﬂw@diﬁwvmwgﬁﬁﬂpeb@bﬁnamhh@n t he

residu al pha olefin content in such partially isomerized al pha olefin is
| ess than or equal to 15 wei ght 25percent and when the percent branching in
the parti aI liy: soBd medic zmlya:t mlaabm&:fcicn fiogn 4 @o8p tdvamisor zedgisal adid) 15 wei ght
percent, n th

S U C
i SOMer | zed T‘Vﬁha %oolr 81 1§:an§5|m§1ma a i 1bfh~<8pd b’&aﬁ giaﬁ Lagg Qaipa, rﬁ n mé%cent
Typi cal ly, &hﬁ%ﬂ@ﬁhﬂh@@b&h&%@mﬁiﬁﬂSﬁﬁk@LM&@ﬁE&ﬂﬂ&ﬂgaﬁvdaﬂ@ﬂkbed
her ei nabove. 30 SUITOH% an
roolecular sicve. Elgible molecular sieves are silica-aluminophosphate molecular
25  sicves or metal silica-aluminophosphate molecular sieves, in which the metal may be,
for example, iron, cobalt or nickel. Other suitable examples of solid acidic catalysts

are disclosed in U.S, Patent No, 7,183,452, which is herein incorporated by reference.

In one embodiment, the alicylated hydroxyaromatic compound, may also be prepared

30 using a Bronsted acid catalyst or a Lewis acid catalyst,

The Bronsted acid catalyst may be selected from a group comprising hydrochloric
acid, hydrofluoric acid, hydrobromic acid, sulfuric acid, perchloric acid,
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Sul fonation of the 1AO may be perforned by any net hod known to one of
ordinary skill in the art to produce an TAO sulfonic acid internedi ate. The
sul f onat iw@ 20HA2R620Nn s typically carried out in a conPCmisesofoadiRé ng fil m
tubul ar reactor maintained at about 30C to about 73C. The charge nole ratio
of sulfur trioxide to olefin is maintained at about 0.3 to 1.1: 1, 5C her
sul fonation reagents, such as sulfuric acid, chlorosulfonic acid or

sul fam ¢ acig e Ah&OueniE RRY qmdosuﬂ%’dx&f &E@Qﬁd’nmkh@zdlﬁ@'ﬂﬁriﬁéed al pha ol efin
is sulfonated with sulfur trioxide diluted with air. The product fromthe

st | fonati offribeds tapiedred cralystiehydriiprigicgiést ed by heating. 10
Neutralization of the Isornerized Alpha Aefin .Suifonie Acid
Neutralization of the 1AO sul fonic acid may be carried out in a continuous
or batch pr'H@ésﬁswwth YetRD HC fosied ftosn e pens ohl-akp pliddeonprsie art to

pr Oduce lriiqﬁum-lgy Bﬁ i umgﬂm fgmﬁl%ef %Q@ﬁug’lcilﬂg» diB. Neut i&@ilubr% d with a
source of éik 15ammoni um or anmoni um Preferably,

t he source msmammamkéibWWBMabﬁﬂe@eHhﬂbhe?ﬁﬂe@b albt yewishedsoalveigs i s an

al kal i metal, such as but not limted to, sodium hydroxide or
potassrunrﬁadb%gmgéag{(i hot ed above, sulft-mation of the 11A0 may be
fol | owed by thernal drgestron and the 20resu|t|ng product is then
neutralize aust and optionally foll with

causti c, d% gnﬁ th @pla eﬁé??%%%“&?%??%p“ﬁi%?ﬁi &%é% é§e|s conposed
of bet wien ix&mnﬁ@@ui@mommna@mukm?@nm&&@aﬂn&hﬁththuﬁnEuhkbnare I n one
enbodi nent g q@ﬁi of betmeenlfro PUt 5 to about 35 wt % al cohol
sodlunlsulﬁﬁﬁﬁﬁén HALiEY N H i e Staige “@Pyﬁhgnéﬁﬁ? m sul f onat e speci es
bei ng the 25geadiwm @li€fin sulfonate species. In another enbodinent the 10S
i s conposed of between from about 35 to about 60 wt % al cohol sodium

sul fonate species with the remai nder of the sodi um sul fonate speci es being
the sodi um Q{C%ERV%EI%HIIJ:}M@ yPRE[T BFried out withAn AR QFRQOINBA in bl
neutralized isonerized ha ol efin sulfonate is further 30hydrol yzed with
causticl® Vietiv fFayard Rt Tihg praqess prnapsty st fEEe Al KRd- %o ?r%{: "the
CO"SurfaCt@@&eoh@ﬁ@ﬂngiﬁﬁﬁkaQ@Bﬁﬂg%ﬁﬁ;M@@Qﬂ m%ﬁhﬁ@&aﬁ@%&@ﬂﬁheand
preferably are independ enf1y sefécted fromal kali metal, ammoni um and
substi t ut ediaphniuiie gk)e{hip((yq eeseks 1S Fehpatedgut in batch or continuous mode.

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

may be heated to the desired reaction temperature. A continuious process is most

20 efficiently carried out in a fixed bed process. Space rates in a fixed bed process can
range from 0.1 to 10 or more WHSV. In a fixed bed process, the catalyst is charged to
the reactor and activated or dried at a temperature of at least 156°C under vacuum or
flowing inert dry, gas. After activation, the catalyst is cooled to the desired reaction
teraperature and a tlow of the aromatic compound is introduced. Pressure is increased

25 by means of a back pressure valve so that the pressure is above the bubble point
pressure of the feed composition at the desired reaction temperature. After
pressurizing the systern to the desired pressure, the temperature is increased to the
desired reaction temperature. Optionally, the aromatic may be added to the catalyst at
reaction temperature. A flow of the olefin is then mixed with the aromatic and

30 allowed to flow over the catalyst. The reactor efftuent containing alkylate product and
excess aromatic is collected. Fxcess aromatic is then removed by distillation,

stripping evaporation under vacuun: or other means know to those skilled in the art.
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I n one enbodi nent, al kylaryl sul fonates may be enpl oyed as the optional
co-surfactant alone or together with the other optional co-surfactant, the
i somer i zewoabphe2620l ef i n sul fonate. 10Sui t abl e exanpl es Pofl/iskkianyd124
sul fonates are Cp to C40linear, branched or partially branched al kyl
noieties on an aromatic ring :vhere the aromatic constituent may be
benzene, toluene or xylene. Typically, the alkylaryl sulfonates have the
gener al f of ubayuriddy e ANBOBA Hydrox HBomhier@immJR i s hydrogen or an al kyl
gr oup contalnlng fromabout | to 3 carbon atons; R2 is hydrogen or an al kyl
group havi n§erilofaiehsdtoxyapmane pafisopreatiehiay hRBrobe: ﬁwaﬁé&mi«j&ﬂﬁup havi ng
from about ﬁﬂk&r@QQH%aﬁgﬁ%ﬁﬁﬁgﬂr%%?&§xx%BQmﬁ@MJ@né&&EQQﬁM@%%Pt cation. in
one enbodiment, Nl is an alka ,anmoni um or substituted 20 anmoni um
Preferably, copiepoafiRabifoneeal is an alkali earth netal; nore preferably, the
al kali metal is an alkali nmetal hydroxide, such as but not limted to,
sodi um hydr oxi de or potassi um hydroxi de. 25 Exanpl es of substituted
anwoniunlin%wbdﬁﬁannoniun1independently substituted with fromabout | to
about 4 ali )| L ayi, fromabout 1 to
about 15 Cail?xr?ﬁﬂajxt%m @ ﬁcrr?xh d%wdg%g&o ¥ m;goksﬁﬁ%xnp Vn? 5?%?%}%, and
optlonallyﬁhahmhgnmmeooncmhﬂ@nmEsbﬁmaﬁaaB’HsucmmaSmnnhﬁm@émwpm%ygen or
sul fur, which hatic or arg rocyclic
Fings, " exaniid ot Meuer DuPus REPe 4By B Bk SRR E PR e oy r ol e,
pyrroflﬁDnemomwabdlﬂépdmymuﬂngmmey&pymaamkﬁxmnmk®azaiatandmgmum&mt|ne The
heterocyclic. ri substi tu be  subst ammoni um noi ety
Chrough’ a S bBICETERE i E b HEC LI BEY P U PR SaEh PRSPt
G pyri dyl - squbshit: bell eGtRMDRLEAM B r@igem@k&@ﬁ@@hi&ﬂ&ﬁ"a)ésd theoguahRLBiAY ammoni um
nitrogen its If may be a nitrogen atom i n t he etero clic ring, such as in
a pyri di ni uiiesis, et miy i3 b e df FrETED Y BRI dhde i SYARERYF "and t he

al kyl ar omat § e,k EL Yulb®ated with sulfur trioxide diluted with air. The charge mole ratio of

15 sulfur trioxide to alkylate is maintained at about .8 to 1.1: L.

Neutralization of Allylated Hydroxyaromaric Sulfonic Acid
Neutralization of the alkylated hydroxyaromatic sulfonic acid may be carricd outin a
continuous or batch process by any method known to a person skilled in the art to

20 produce alkylated hydroxyaromatic sulfonates, Typically, an alkylated
hydroxyvaromatic sulfonic acid is neutralized with a source of alkali, ammonium, or
substituted ammonium thereby producing an alkylated hydroxyaromatic sulfonate.
Preterably, the source of alkali 1s an alkali earth metal; more preferably, the source is
an atkali metal hydroxide, such as but not limited to, sodium hydroxide or potassium

25  hydroxide.

The Co-Surfactant

Optionally, the enhanced oil recovery composition of the present invention may also

contain a co-surfactant.

The co-surfactant s at least one of an isomerized alpha olefin sulfonate, an alkaryl

sulfonate, or mixtures thereof.



10al kyl xyl ene, More preferably, the al kyl xyl ene noiety is

al kyl -ortho-xyl ene. In another enbodi nent the alkylaromatic noiety is

al kyl - metwoxyliemee22The al kyl . aryl sul fonate enpl oyed i nPCRAISPI1eSHEFIR4
invention is an alkylaromatic 1 5 sultbnate salt obtained by the

al kyl ati on of an aromatic conpound. Preferably, the aromatic conpound is
benzene, toluene, xylene, mxtures thereof or the like. Mre preferred,
aromati ¢ copgpeunds sl eiyRNg /oYl enc., or mxtures thereof. If xylene is
enpl oyed, the xylem conpound. may conprise aril-to-, meta-, or para-

xyl ene, or THIRPGEEE R domerion dRAgiokARn Sy fonise bafaHabie 2eshpdund i s

al kyl ate. d ghh.8em xture of normal al pha ol efins (NAO s) containing from
C8 --- C60 carbon atons, preferably Cl0-050 carbon atoms, and nost
preferred from C12- C40 carbon at ons®t-80ykel d an aromatic al kyl ate. The

al kyl ate; i s sul:fanat 10.far al amatLG . fienl id.which is then
neut r al ?Szedw%%%mlfl'?’ﬁ%cag%g% %t:u'?l E}%?‘g%byﬂﬁ}ﬁghg%ﬁﬁ%&gﬁgg |tdﬁ1mazﬁ)l?y Aédrjg)r?%%li C

sul fonat e cuonpeundavihgromstouplEfodtrethabéreyit htrecling, mabenbynitshetcal kyl ati on
of ortho-xylene. whi-ch pr :an .al.. kyl ate eont ai.nj eyer.al i soners
but 1 wh ot e e BEARHEERGR R o E UM AR S SR RdiE
attachnment stonect:bsdniethia¥ isrg oG itnoet0 Canwh 812w al kopktitatet achwenti. t o t he
aromatic ring (i.e., wherein the | ongest alkyl chain is attached to the
aromatic ring at 30the 2-position on the al kyl chain), preferably 45-55 wt %
2- al kyltint taefmdnt thantkaiioree: preaféal edahout nbo: wtQeaBlvalbkylkahbtzathment to
the aromatic ring. Preferably, the alkylate will. cqontain from1l to 20 Wt %
i al kyl ate SEREREL EAIREPBpH T & ahrg LS PRANITGHERR Kyl at o spec es.
Preferabl y, padssii@astioaldout 95 W % and nost preferred 98 w % of the al kylate
contains the 1, 3, 4-ring attachnent structure. Upon sultbnation of the

al kyl ate, a m xture of al kylaromatic sulfonic acid isonmers are fornmed and
the pref errednippQme kSt 8rdrodhkyihc e SashimiNYldc-henzana suhfi@ni ¢ acid

i somer where the anount of this sulfonic acid isonmer is present,

pref er abl y, Withiran 2oy Adephoubt 2lihehs ibsuratt hydoghbuitrops Wdge fivke preferably
in an amunty, of &8 a8eMbol Sk sBROULISD W Ynand APSLiPS &ferably in amount
of at |east about 70 wt% Aronmage Conpound "At | east one” aromatic conpound
or a mi xt uretighaliylemas pee Yampe beidreataay. sheh e gehrox1omhe sefikyhaieh on
reaction inythe ;B!és%ﬁr‘%%ﬁ;&iﬁi{@wdr&gaﬁcﬁ{e%‘}&é@iﬂl Mgk NEaflhich Sf‘&&taﬁé‘e arormati ¢
conpound or the ‘aromatic conpound m xture conprises at |east one of
monocycl i ¢ =tomatics)e sbghuas ihdnkangolet plrwddes, wylengyriowdene or ni xtures
t her eOfECP . ggw@az%fa,e{frg&%g{e%’nd E}Qﬁgolﬁ"t& %‘Eeafﬁ‘tler Q‘@Eﬁ(,%l’?*%%éi%u@%? 1@9 &0 d or aromatic
conmpound mxture’1s xylene, Phcl-udi ng al P isoners (1,e,.” meta -, ortho- and
para-), andubititiad estht heneofom d&iMystropgtef arialplaygm tohbe Btierbealt rione aromati c

conmpound i s oirth.o- The at | east one

S as ¥ a>8{-|*s eirli%i %glijt[ t(c::gsa 1%!0 ﬁbj‘rno nasajte%i a wqigotgzoduatﬁ'l /
aromatic cotpotind or PYHE BIRTHIE *BF 8P Bkt P EBpouRa s ehi8yed. in the
present i nvemtédiningrogeMRHGhAlHey reokakt ablven g Ivayochaipigpareds by net hods
that 20are well, known in the art. Qefins

a pyridivuum won,

25

The secondary co-surfactant employed in the present invention is an isomerized olefin

sulfonate (108) made by the sulfonation of an isomerized alpha olefin (TAO) in which

the TAO 1s made by the isomerization of C,-Cyo normal alpha olefins (NAO),

preferably Cop-Cog normal alpha olefins, most preferred Cyp-Caa normal alpha olefins.

In one embodiment, Ry is derived from a partially isomerized alpha olefin containing

a residual alpha olefin content.



The ol efins enployed to make the primary surfactant of the present

i nvention nmay be derived froma variety of sources. Such sources include

t he nor mavoabphe2@kef i ns, 25l i near al pha ol efins, i sonerPCzasdioloscear al pha
ol efins, dinerize.d and. oligonerized olefins, and ol efins derived from

ol efin metathesis. Another source fromwhich the olefins may be derived is
through cracking of petroleum or Hscheriropsch wax, The Fischer-Tropsch
wax nay be hydnet feaked R Mout @ ©LBEKLDGarbEX Reks q&t}y&rcggln@b fisQAUr ces include
ol efins derived fron1paraff|n dehydr ogenati on an onerization of

30et hyl ene @NH StiReboudReFarpr atorat Herwtst pislcarefipm ’iﬁ%@gé%@w%t hanol
cracker) and,thewsisn one enbodi ment, the aromatic conpound may be al kyl at ed
with a m xture of normal al pha ol efi ns (NAO s) containing from Cs-C60
carbon atons, preferably from Cl0-050 carbon atons and nore preferred from
Cl2- CAQ #arﬂ%q AR ?@Eﬁ“ {)c%e(}”)l% eteg?mm%h%r 13 %JJ@% &@@Eom%' IKXL ate. Sources Of
A e/l ns The nornma ha ol efins enployed to he pri ry surfactant in
t he presentmLhu@hﬂh@mﬁame¢t®mhen@ﬂaﬁ%yﬁavhhgamiQOQWHﬁHyﬁbemp&Epared by

met hods th \ i ar. o). Qay this

i nvention %%Hgbg“rngtr?Q@Q%H%aﬁggﬁ ‘%é%%}ﬁ“gﬁgaéh%agmﬁ 8«”gmm%ﬁy br anched.
The ol efin mdhﬁinamsfm@ﬂxebm«reb(fmmambm mm'oum WI% mmdmrﬁyipbmlaﬁmﬂ xture of

| i near ol ef] i.SQ ure of

br anched ol %’pr ’S%rﬁ 1i’)%']t 0re ee%fmm f"riﬁfﬁf’ %f’%{%gﬁ & TST%‘f hdgh“ 01? Y mixture of
any of tthe dperiegoi ng. The oleflns may selected fromolefins with carbon
nunbers rangi ng from about 8 carbon atons to about 60 carbon atons.
Preferably, the olefins are selected fromolefins with carbon nunbers
ranging fr mmi@b@;ubmﬂ,ﬁmﬁomamuh @le@asab@@ne&omm 104 Beapii@fcerried: from about
12 to about 40 carbon géfns. 20 I n another enbodinent, the olefin or the

m xture of BPEFIALsiyalgintacleds. FASRIE Hearbal pR F1o8t 14ETor af%tmer i zed

ol efi ns contahfbAGn{themMaDAUAS it QoraRRM o8P 1RALRAN 8l OMEchiNRIL 1R ef er abl y,
the mixture of olefins is selected fromlinear al pha ol efins or isomerized

ol ef i ns!Tontbaitl w5t isrtanhalnhe alofit vrddissie foo daroro abohg? cavbuy

25pr ef er abl Y4 he m xture of olefins is selected fromlinear al pha ol efins
or isonerized olefins containing fromabout 12 to about 40 carbon atons.
The nixture of branched olefins is preferably selected from pol yol efins

whi ch may b oqg i'ﬁ&?gmggov%cg%h uél'ngﬁ%chmo ift %%‘ﬁ}a 1@§0£§1¥3nz%l(_j);g%y?£ opyl ene

ol i goners, uty enes ol igomers, or co-oligorners etc erably, the
m xture of @ﬁan@hﬁdﬁnﬁeﬁmm@ipsa@ﬁthé%ﬂ@ﬁbﬁybénef@¢w@dnhf@ﬂbrabumyIenes

ol i goneis of sm[}ﬁ:[ %’H&?% 13%@1%1[1?&]:&19}5%? riﬁrrL ri!‘s(m or {,\,115}1? %r‘s\Q ﬁ{) ag&hat may be

used for the reac PYN6r ral al pha
ol efins selected fron1o|ef|ns haV|ng fron1about 8 to

In one cmbodiment, when the percent branching in the partially isomerized alpha
olefin is greater than or equal to 15 weight percent, then the residual alpha olefin
content in such partially isoraerized alpha olefin is less than or equal to 15 weight

25  percent and when the percent branching in the partially isomerized alpha olefin is less
than or equal to 15 weight percent, then the residual alpha olefin content in such

partially isomerized alpha olefin is greater than or equal to 15 weight percent.
Typically, the normal alpha olefins are isomerized as described hereinabove.

Sulfonation
Sulfonation of the IAOQ may be performed by any method known to one of ordinary
skill in the art to produce an TAQ sulfonic acid intermediate. The sulfonation reaction

1
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about 60 carbon atons per nol ecule. Mre preferably, the normal al pha
olefinis selected fromolefins having fromabout 10 to about 50 carbon
atoms perwgobaauk@2 Mst preferably, the normal al pha olPefrius2e19/08@bkect ed
fromol efins having fromabout 12 to about 40 carbon atons per nolecule. 5
I n one enbodi ment of the present invention, the nornmal al pha olefins are

i sonmerized using a solid or aliquid acid catalyst. A solid catal yst

preferably Basidaly baast o@nes fRtiak ou@mﬁi@ AN AVRIARGRIROEE ShFRt of | ess
than 5,5 angstrons, I\/breagre erab y, the solid CataN{Q is . a rml ecul ar
ni

sieve with H 6rieatduEhsi th%ﬁr%Oéy%%‘eﬁ?ﬂgh@ﬁ%@“S sTorinpped 11,

SAPO- 11" SSZ-+82x 04SM 43y MAPO-39, SAM 39, ZSM 22 or SSZ-20. O her possi bl e
acidic solid catalysts useful for isonerization include ZSM 35, SUZ-4,
NU-23, NU-87 and natural or synthetic ferrierites. These nol ecul ar sieves
are wel lg k t Iy eq ' s Handbook
of Mol ecul 2@{% g\i}g%h?i{g& ??%nqu& g/%%ﬁf?\iogaraan %g?ﬁﬁ@?%& IO}’QSLE%[é?L%nV\)%lﬁich i's

her ei n i nconporlat mropyortd5Fedferencas someadel 2jphr poses.sulfotaiguiith type of

i soneri zatlg(?L Ct%%'dﬁﬁut%%b gan be used is iron pentacarbonyl (Fe(C0)3).

The process for i1'soneri i'Zation of normal al pha ol efins may be carried out in
batch or continuous node. The process tenperatures may range from about 50C
to about 20250C. ed.is a stirred

st oct ave- of rgras A e iRy DBt B B RS8R pilePuce | on

t enperature, A continuous process is nost efficiently carried out in a

fi xed bed pace rates | e ed process can range fromO0.1 to
10 or nore M%fﬁf“ Hﬁﬁ??’ylsgﬁécﬁ" f”iﬁ’é% 4 g%}é’ ! ixed bed process, the

i soner i zat i QRuu@ak-aby st the SAGC Bﬂﬁ@ﬁdﬁ@m&sﬁ& feagtal inandn@ablyvataghor dried at
a tenperature of at |east 125C under vacuum or flow ng inert, dry gas.
After acti viPFeSHDY ‘tfﬁé“‘t‘%#dﬁé‘ﬁ‘é[flEﬁ‘é?‘é?““t‘*g@ sLiJ ?&Hw%&l?%t e*atlﬁﬁyst i s adj ust ed
to the desi f‘y%ﬁiflﬁ‘?‘%tﬂﬁ@mutf%@-tsuﬂbﬁmﬁ}@gi Auf howrafortihei@legfin is introduced
into the reactor. The reactor effluent containing the artl al | y- branched,

. i soneriZed whefinsoTebsEbIIdEt e g ORI ETIO8S HICPHES | pareikall pipisbpaAched,
i sonerized glef x&&éa&@%@hﬁm@ p%f Jﬂeﬂﬁmmi%@mkﬂe%éﬁ £ Epa%ét@x%{e!i ., al pha
ol efir, heta ol efl n; internal olefin, tri-substituted olefin, and vinylidene
ol ef i n) anobﬂémah‘@ﬁiﬂngic@@nt‘féwvmkh}aiiioﬁtﬂﬁﬁat of the unisone.rized ol efin and
conditions are selected in order to obtain the desired olefin distribution
and the degree of branching. Acid catal yst 5Typically, the al kylated
aromatic coﬁpwmimty &@é‘np?i@pﬁ‘ﬁ'@dﬂﬁsmmgbaibsn‘@ﬁtb\emﬂamﬁ dicctivabybtis a Lewi s
acid c ly m i di.C..C r to catal yst may be
sel ect 2%?]( r% uitm 1§(9u» Q ti@‘% TiLHEF&Ei!&Q{{Q’!&YL&Ri Loig.fl Copgt Q&Eﬁ% iﬁ?@a\r %fblguorl ¢ acid,
hydr obr om chwmiy:k;a xsmﬂ ffamstloc Tae lraﬂ,ﬂnpgscﬁimm 1sm)mm:®da>ﬂ:afﬂ suEI@fareuiﬂ)&Iacm onet hane
sul fonic aC|d nic,a n i.c.aci d.and ke.
Preferably, fﬂ?@g"gr g%%m S A Pcc‘mﬁbougt 2‘? 9"b°ug d]“’ F%ﬁ%O%ﬁ%%Buégm%f“ i1/“h0émLewi s acid
catal yst maymibeinset, QCE&Ctofrl’y@mdtd‘ﬂB»’L@iﬁu@m@hbme\ﬂtédﬁm Heweonpstiosi ng al um num
trichloride, alu numtrlbromg31 al.u {Jﬂ] 'Od'g boron trifl uoride,
15boron tri BAOH B BoEEHT PiF Bairdeinige %S‘I* e Sulopr &pAlE BUR S Lewi s

aci d catml ystivhsolefin sulfonate species. In another embodiment the 108 is composed of
between from about 35 to about 60 wi% aleohol sodium suifonate species with the

reroatuder of the sodium sulfonate species being the sodium olefin suifonate species.

In one embodiment, the neutralized isomerized alpha olefin sulfonate is further

30 hydrolyzed with caustic.

1&



alumnumtrichloride. The solid acidic catalysts may be selected froma
group conprising zeolites, acid clays, and/or silica-alumna. An eligible
sol i d catwiDyst1/428622 cati on exchange resin in its 20aci dpCouspovosciexanpl e
crossl inked sulfonic acid catalyst. The catal yst may be a nol ecul ar sieve.
El i gi bl e nol ecul ar sieves are silica-al um nophosphate nol ecul ar sieves or
nmetal silica-alum nophosphate nol ecul ar sieves, in which the netal may be,
for exanpl eywit kQfsd 6 0PA! the BhimMth CK@cianXREL iSHE t@alracﬁxaﬁpl&st gf solid
acidic catalysts are disclosed MU.S. Patent No, 7,183,452, which is herein
i ncor por at edlwyndeatie e alos s e nstatblasi dudearspybtselvalyd Bemr egener at ed
after it begomBs.deashhvaheds (Jbs@tutcdtaﬂﬁmﬁpirr@l yst has lost all or sone
portion of its catalytic activity). thods that are well known in the art
may be used to regenerate the acid catalyst for exanple, hydrofluoric
aci d. 3Q3Pr%@@ﬁ Oﬁheparlng the A' '"kited Aromati ¢ Conpound The
al kyl ation tec ﬁ |es used to produce the primary surfactant al kyl ate
will |nclud@fﬁwomb@bmmanﬁﬁﬂﬂwhﬁ%hgmacwdiwa@p%ebla%%@s@kwéaaC|d catal ysts
utilized in \ Ll nu e g at
bet ween fr or%%ﬁq%ﬁt% Ioge % 0" g%oﬁt“q%‘dﬁ& i Ogg& Ee gllg%s%E’I’ﬁ'e%gggp%d%qjﬂla st may be
recycl ed mhﬂanumédmﬁm a conti nuous process, The aci d 5catal yst may be
recycl ed or regenerated when used in a batch process or a continuous
process. In one enbodi nent of the present invention, the al kylation process
is carrid @ﬂ@bbyxmﬁﬂﬁhﬁmgaathiﬁ@ﬁeﬁﬂ@ﬂﬂhoﬁﬁoammlaaaﬂm©n£pﬁmmmatic conpound
or a mxturg o anﬂat 10conpounds wi th an aintxture of
ol efi n conpdifds’ 7h tHa~5F 8h 8316‘FC angs%%sthéawg&?fia %ﬁt@?%‘t%’ Such as
hydr of | uorigenagkdohitst @ xbichst reactor in which agitation is maintained,
t hereby producing a first reaction mxture. The resulting first reaction
mxture is held in a first alkylation zone under al kylation conditions for
a time suffigi@ny, doucpnventobhe elefbteatouananatic alkylate (Le,, a first
reaction product) 15Aft§{ a desired tine, the first reaction product is
renmoved frontthe alkylat|0n zone and fed to a second reactor 'Werein the
first reaction product ig reacted wth an additional anmbunt of at |east one
aromati ¢ compound. or affgit re of aromatic conpounds and an additi onal
anount of acid catal ygt~ an&iy optionally, with an additional amount of a
m xture of ol ef iNBogent: erein agitation is maintained. 20A second

[ g is held in a second al kyl ati on zone under
al kyl ati on conditions for=axtinme sufficient to convert the olefin to
aronatlﬁialkylate (Le., a seBond reaction product). The second reaction
product is fRreit®; & {ytlﬂigl:idml dnqUi vl geepanaliQng Fomabbaw iy daocakber, (i.e.,
or gani c) produ% % to separate fromthe acid catal st. The_acid catalyst may
be recycl ed®1d Y HREF AL 6%#( SF ORI GO0l Sy EpR toms: Ry s an

alkyl group having from about 8 to about 60 carbon atoms, and M is a mono-valent

cation. In one embodiment, M is ap alkali metal, ammonium, or substituted

20 ammonium.

Preferably, the alkali metal is an alkali earth metal; more preferably, the alkalt metal
is an alkal metal hvdroxide, such as but not limited to, sodium hydroxide or
potassium hydroxide.

25
Examples of substituted ammonium include armmmonium mndependently substituted
with from about | to about 4 aliphatic or aromatic hydrocarbyl groups having from
about 1 to about 135 carbon ators, such as alkyl, aryl, alkaryl and aralkyl, and

optionally having one or more heteroatoms, such as nitrogen, oxygen or sulfur, which
1%



25The hydrocarbon product is further treated to renove excess un-reacted
aromati ¢ conpounds and, optionally, olefinic conpounds fromthe desired

al kyl at e Woeduar262The excess aromati ¢ conpounds nay al seChase@opedied to the
reactor(s). In another enbodi nent of the present invention, the reaction
takes place in nore than 30two reactors which are |ocated in series.

I nstead of feeding the second reaction product to a liquid-Iiquid
separator, &hesSe6RRdnhEAGH! NrPhAdUGTcrd§ci@eht X @b hk b ig@st or wherei n

t he second reaction product is reacted with an additional anmount of at

| east one atredTec dgnpbiitiernsrindudsinrraicersrolidbsmititecduRpdiits and an

addi ti onal %HBHHHnQ&u@EMqu&ﬂ&@LYﬁR1%&@&49@?&%?@%@Mﬁmwhﬁhxﬁn addi ti onal
amount of a m xture of ol efin conpounds wherein agltatlon IS maintained. A
third reactiubtitaipxeuibe angsninsoand froutied erbon agpng Bi thehaekgiclt foh zone under
al kyl atipn ition ] Vv lefinto
aronatlépalig$g%%d?|§mwQ[S@h% p§d§§£C#§%§9%¥%§ﬁ§ ﬁ%ﬁ%&$§§2t|ons 5t ake

pl ace in asamamymneac%@rewasmnéteyﬁawyﬂ@bﬁnbﬂaﬁwwnheddeshrsd1a1hylated
aromatic rqﬁﬁldgnigr%duct The total charge nole ratio of Bronsted acid
catalyst to h fi'n conpounds is about 1.0 to 1 for the conbi ned
reactors. Preferably the charge nole ratio of Bronsted acid 1lOcatalyst to
the olefin co 0 e th n.the first reactor
and no Iessﬁfﬂg mg%%mF§0£§“ q“”ﬁegﬂéﬂggéégéhpgﬁ %6?Mﬁﬁﬁb total charge
nol e ratd o OfyithercanhomapicCradnpeuwtidityd:ot heio) lilkyl-oopoyads is about 7.5 to
| for the conbined reactors. Preferably, the charge nole ratio of the
15aromati ¢ conpound to the ol efin conpounds is no |l ess than about 1.4 to 1
in the fir st shed&taboaRdn He NRyERLAL haRnaRalti-Bed-fRnd i n the second
reactor. Many types of reactor configurations may be used for the reactor
zone. These include, but are not limted to, batch and continuous stirred
tank react ofs, alil@aCt Aok S@Ep1AR6 Nl Lawhald Oty iehuliatiiB8aded reactors, and
ot her reactor con- urations that are well known in the art. Many such
react or’® arelkidgin’ itugwﬁwéé% thgieiliasian phan Hemalit cosmasr Srdeirblabhe for the

al kyl ati on eagtd foofd f BLAR. IohcSE ] & iefalnifles R RbL AL Afokeact T on and.

can be provided by rotating inpellers, with or without baffles, static
m xers, ki n@ticgcdipxinmge coopiugdsgolugre, aﬁwﬁo@m@wﬂa@l theaetfonl xd&ypb es that are
wel | known 4508, 8L Lote QN RLOGESS Dy ed out at
terrperatureésﬂféogrﬁ ab } nﬁ%%m}%&gjﬁ%%{é@%% c “The proce s s g%{}%% ed out under

sufficient mn@sguh@e@hat a substantial portion of the feed conponents
renainid1the | i quid phase. Typically, a pressure of 0 to 150 psig is
satisfactory to maintain feed and products in the |liquid phase. 30The
resi dence tTnﬁaﬂmthhﬁv@@ﬁDﬁﬂﬁmﬁmﬁﬁa&@h&dwhﬁmUhBhsmémkmhﬂm&mhokﬁmnvert a

ime required is

substanti al & t I (%n 811 ﬁm | efd ncat Qndiatds, SL& g (i axbon 3i0nas
from about §§ ScohEd gﬁtig@ MR f@y pA ﬁ% Breti e ¥ dence time
may be det &fnﬂ]rﬂﬂ&dprb&ntahﬁSﬁ C12-Cag carbon atorus to yvield an &rom&m alkylate. The
alkylate is sulfonated to form an alkylaromatic sulfonic acid which is then neutralized
25  with caustic thereby producing a sodium alkylaromatic sulfonate compound. The
most preferred alloyiate is made by the alkylation of ortho-xylene which produces an
allkvlate containing several isomers , but in which at least 90 wt.% of the alkylate is
the 1, 3, 4-ring attachment structure, having 40 to 60 wit% 2-alkyl attachment to the
aromatic ring (1.e., wherein the longest alkyl chain is attached to the aromatic ring at
30 the 2-position on the alky] chain), preferably 45-5S wit% 2-alky] attachment and more
preferred about 50 wit% 2-alkyl attachment to the aromatic ring. Preferably, the
alkylate will contain from 1 to 20 wi% dialkylate specics and more preferably less
than 10 wit% dialkvlate species. Preferably, at least about 95 wit% aud most preferred
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skilled in the art using batch stirred tank reactors to neasure the

ki netics of the al kylation process. The at |east one aromatic conpound or
m xt ur e ovoarurmaeée compounds and the ol efi n 5conpounds PeRyUSR@Eviowj1e€ct ed
separately into the reaction zone or may be mxed prior to injection. Both
single and nultiple reaction zones may be used wth the injection of the
aromati ¢ conpounds and the ol efin conpounds into one, several, or all
reaction zopes:s, Jhee éiﬁ@i@ﬁeln%}a@@fﬁﬁa neethe Mt FRIALAINRME at the same
process conditions. The hydrocar bon feed for the al kyl ation process may
conprise a WIREPE obfe alkaiist ¢ BMDE ShPSUAGE EnLBREREN iW8IRonds i n whi ch
the molar rakh Al o R0BLiFi GAMMOUDYS LR, OLELERS ofi bt MARONy 0. 5: 1 to
about 50:1 or nore. I'n the case where the nolar ratio of aromatic conmpounds
to ol ef i n iigorserpvigretthe amovnh et @isisgiome e%%e@”guawamu ofefapdred e conpounds
present . P & & Al o AIbEX P RABaOlo0d OMBkLL rgemzzﬁwg& o Su3€Aoh Qb pcr ease
reacti on rate and 1 nprove product sel ect kY en excess aronmatic
conpounds alleokbus &d witshed ewsiese'uum’rl’feanmeﬁo'aeridﬁm‘ita‘oeaiﬁﬁ wike react or

ef fl uent can be separated, e.g. by distillation, and recycled to the
reactor. Preparation Aikylaryl Sulfonate The al kyl aromati c product

pr epar ed byzirwhaez.f@r:afem&ddescrl bed here| nis further react ed 20to form an
al kyl ar omat l\é 2 % / g ond; ng | } %?

sul | onat i on' u?‘f 8 aﬁf?’%a “‘é‘Pth‘é“ il ““r%%l“r%am FCbpoting ‘rr%i? euse Yornmed by
any mettipd kaedmatie: oneionis be ﬁicﬂkﬁn’yn&kiohlPitﬁaidbhebcaﬁiﬂeasfr he aﬁmhafi}@nati on
reaction is typically carried out in a g§conthu us falg fil mtubular
eact or i SYHPHEETAe SRBtE BEeous Rab TR E SRS PEPORETE conpound i s
placed in tzhemﬁteec,wr a@ie@ﬂ@e b bneS AL cdnkdn®@X%t lexndbd mbesk mOtreh air thereby
produci ng an laryl sulfonic acid. Other sul fonation reagents, such as
sul furic acfr?’f'i’]fél %{r %‘deiﬁﬁ B OB OB oL F & iﬁ“‘@“ati’iﬁp(ﬁ’ﬁi}‘%ﬁ‘é% 'be enpl oyed.
Pref er abl y,xﬂéaae iabikyth T%Ei@ﬂ%h@ (COMRAMNGrthS 284 bianate it yerlofur trioxide
diluted with 30air. e charge nole ratio of sulfur trioxide to alkylate is
mRi nt ai fed Hestapsuebip. e cttéedﬁ ope apmatic Reppeuariszatiednlss Al kyl arornatic
Su416- nic Acid Neutralization of the al kylaryl sulfonic acid may be
carried out in a continuous or batch process by any nethod known to a
person ski | fter o veade Coteorpdoduce al kyl aryl sul fonates. Typically, an

al kylaryl syl f.onLg ACL S &%ﬂ}o{aﬁ:{ LzRG LD o@ar&%%ccc%n% s ﬁ'xl foved

in the present invention is commercially available or may be prepared by methods that

20 are well known in the art.

CHefins
The olefins employed to make the primary surfactant of the preseut invention may be
derived from a variety of sources. Such sources inchide the normal alpha olefins,

25  lincar alpha olefins, isomerized lincar alpha olefins, dimerized and oligomerized
olefins, and olefing derived from clefin metathesis. Another source from which the
olefins may be derived 1s through cracking of petroleum or Fischer-Tropsch wax. The
Fischer-Tropsch wax may be hydrotreated prior to cracking. Other coramercial
sources inchide olefins derived from paraffin dehydrogenation and oligomerization of

30 cthylene and other olefins, methanol-to-olefin processes {methanol cracker) and the

like.
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5or alkaline earth netal or ammonia, thereby producing an alicylaryl

sul fonate. Preferably, the source is an alkali netal base; nore preferably,
t he sour cwoi2811zm2@Rkal i nmetal hydroxi de, such as but noPCriusRele®4¢104 sodi um
hydr oxi de or potassi um hydroxi de. 10The Sol vent Suitable solvents enpl oyed
in the present invention are alcohols, such as | ower carbon chain al cohols
| i ke i sopropyl alcohol, ethanol, n-propyl alcohol, n-butyl alcohol,

sec- butyl al'n(b‘ﬁ@%lbod"‘m@fﬁ)’ﬂm @zloﬁﬁh@éom;ﬁ)%ﬁd a0y be ﬁkﬁ@tb@{mh%m&@?ﬁyﬂi al cohol
sechc. xyl alcohol and the |ike; alcohol ethers, polyalkyl ene al cohol

et hers, ~ pol §parryAlRda olefinsgi4e o @‘ﬂi%ﬂ&(ﬁ@war%ywémﬁ) Gy @reéemhiy from

pol y(oxyal Ky, nedalorCaliss RHRRESpQfor@o ARl AMIRALGATER ROl vent or
conbi nati ons of ¥ two or nDre sol vents. Tn one enbodi nent, the solvent is
n-butyl nongirerheriskoethjiene gl ycol (EGBE). The Passi vat or 20Typi cal Iy,

t he passj vator enployed in the present invention is an alkali netal salt.
Preferably, the alkali netal salt is a base, such as an al kali netal

hydr oxi de, ‘%&nbgmé@@ﬂmw bi car bonate, including, but not limted to, sodium
car bonat e, . S| h i um r oxi de,
I|th|urnhyd?i}ngg’%ol{I liﬁ%p$&k%0“%g #ﬂk %Q %ﬁggq&ﬁggggﬁnh ugﬁgas t hose
commonl y enmt@memaﬁmomamhanbedmbbk(%em@%epypmnﬁywb@mnmﬁhudﬂﬂwﬁb control the
mobility ofkthe |g qtlon solution. Such polyners include, but are not
limted to, "Yafthdli *Jum pol yacryl ani de (PAW partial Iy hydrol yzed

pol yacr4il am des (HPAN@ and copol yners of 2- acrylanldo 2- met hyl pr opane

sul fonic 30 ci or so res thereof ol yacryl am de
(PAM.commomiy 8t SRt b TS AT CUSOr e R e CRBH TG copol yimer s
t her eof . T%riﬂ@l&%%ﬂ%d@ﬂe hensedbal ange tdﬂbdnhﬁm@a@h@élﬁﬁdi Rinlaybegovery
conposition or in_conjunction wth_other ynmers. Mol ecul ar weights (M)
of the pol yH&f¥e P%‘ﬁﬂé‘” OIS E L FMIER BLEOT Y1 b"%}é}"ﬁ%fhssdPB‘“&%(&‘&PHQW“ 00, 000

dal tons. PoliyfRI $mdf8e UsRGidIR thendangssof: .abeute H00y Lonmaheulie000 ppm
concentration, preferably from about 1000 to 2000 ppn1|n order to match or

exceed the reservoir oil viscosity under the reservoir conditions of

t enper at ur erang.pKk %%%‘ééi@mc@frrﬁﬂ Bﬁ@ﬁ@@n@iﬂx&ﬁ@%&h@ﬁ{ £ @Gk anfy: onposi tion
The enhanced oil recovery surfactant conposition used in the recovery of

oi | in reserisinEpmsyy abtie tGsebot aigur fackahly, fp @Eﬁﬁhhgcpé@mﬁ fees, conpri ses
a primry S&Eiﬁfg%iﬁl%r 89 Bgﬂlgé}alah&lngf &0 Y fl%ctg ?‘&%ﬁ \(@cﬁﬁ i a%}ﬁs nfdrd assi vat or

and a polyner I'n an aqueous sol btion. Prefe e conposition of the
enhanced oi#relerebirenypbsiif acttantdicorpricbes. fron1about 0.5 to about 4,0
meightzﬂfrcent actives of the primary surfactant, fromabout 0.1 to 3,0
wei ght percent actives of the optional co-surfactant, fromabout 0.5 to
about 6,0 1& amehgt‘ctmbpéim@enthc@ﬂdmhe tieohivent of digfomisabbutd od Hnosrabout 2, 5
wei ght percent assivaf about n1of t he
ol rer < ar ThGr i B s ARET B ORI B IR £ s S ARG PR about 00
to about 10‘;40&(})1@Bﬂiﬂﬁfﬂhami\diuﬁ&@bwﬁﬁk S &di ftaﬁkslfr(ﬂl@l\thfae&p}ﬁce(ﬂe{ﬁﬂx&d t he
conposi tion of thg ephanced . 0'# recov?éy ?urf nt conpr.i ses
isomerized oleting contaming from about o about 5 &r on atoms. Most
25  preferably, the mixture of olefins is selected from linear alpha olefins or isomerized

olefins containing from about 12 to about 40 carbon atoms.

The mixture of branched olefins is preferably selected from polyolefing which may be
derived from C; or higher monoolefing (i.¢., propylenc oligomers, butylencs

30 oligomers, or co-oligomers etc.). Preferably, the mixture of branched olefing is either
propylene oligomers or butylenes oligomers or mixtures thereof.
Preferably, the linear olefins that may be used for the alkylation reaction may be one
or a mixture of normal alpha oleting selected from olefins having from about § to
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fromabout 1.0 to about 3.0 W% actives of the primary surfactant, from
about 0.3 to about 2.0 wt% actives of the co-surfactant, fromabout 1.0 to
about 4. ovetdsigR262ke sol vent, from about 0,5 to about 1PETRIS2010/0441R€

passi vator and from about 1000 to about 3000 ppm of the polyner, all of
which are in an aqueous sol ution containing 25from about 1000 to about

10, 000 ppmtotal dissolved solids. Process of Mking the Enhanced Q|

Recovery Sufblid dtamon BRENSLALbRA .. MmJbﬁt&{ﬂ?@ﬁl’&%r@&ﬂaiﬂﬁ%@ﬁﬁEsy surfact ant
formul ation of the present invention is preBarepb 30by a process of m xing

(a) a surfa®icant iearprisihngraiorirkyrdt &ty ogrRBRBIEEmeliffdnat e havi ng

the gener al wib@rmidry, RL.AST AR IRl i@l oi9RRURVRERLAI BhRG from about
8 to 40 carhbon atom; and having from about 20% to about 50% net hyl

branchi ng, ke .abntde cagberprenyadtentiecslit i on; (b) a solvent; (c) a passivator;
and (d) @ polynmer. In another enbodinment, a co-surfact ant is mxed with the
ot her conponents. The co-surfactant may be an i sonerized al pha olefin

sul fonat e, Taloky babylimsulof trateet rmveiixtuhesowhéripbf oltOFhec present i nvention

is alsodir ?s(t:t edd\() 1(9016'8 rqs}(p?c%%w? wteﬁ.‘?&\{l rc'aiﬂ%st.pn mle@'has Aeh n{(%c%yc@t (€rranean

hydrocarbonc nt'al ni ng i Wihi ch ri‘'se |ng|nto sai d
formation aqsme&rdnancevtmgdporceswmifys hamnP.6 sirgsiroms. c\dmprprﬁéstmigy,(ma) scéd al kyl at ed

hydroxyaromagl C.su 51 1 5wherein

B O R G e T s P AR e T S Shr e -l b g

f r om abfiut ‘ﬂ@&%ﬂ ol 8&@%1159%43@&@\& 2Brrenehi-11g S AROCE AMEESI- B (ronsd-Mal ent

cation; (b).a sol vent c SSi Vv r,.and (d) a palyper,. i)
acoveri ng PR RRtRR it SHEHRERE Sunbr soBrwtiite PeRGLTE s BVt

enbodi nment sNwid3| Nbes ol ineu sl biﬂsyhﬁl@ﬁ@ieﬁr@iléxeﬂlﬁkd’hﬂbl@&i i@fsteves?fe withe fol | owi ng
exanpl es are presented to i|llustrate specif mbodi ments of this invention
and are not*PETPRIEGHEET HEEFHHNY ?ﬂfoavnﬁg "%fi“fﬁiﬂﬁﬁldéﬁﬂ% SEPECUET t he

invention. Sieves (New York, Van Nostrand Reinhold, 1992) which is herein incorporated by
15 reference for all purposes. A liquid type of isomerization catalyst that can be used is

iron pentacarbonyl (Fe{(CO)s).

The process for isomerization of normal alpha oletins may be carried out in batch or
continuous mode. The process temperatures may range from about 50°C to about
20 250°C. In the batch mode, a typical method used is a stirred autoclave or glass flask,
which may be heated to the desired reaction temperature. A continuous process is
most efficiently carricd out in a fixed bed process. Space rates in a fixed bed process

can range from 0.1 to 10 or more weight hourly space velocity.

25  In a fixed bed process, the isomerization catalyst is charged to the reactor and
activated or dried at a temperature of at least 125°C under vacuum or Hlowing inert,
dry gas. After activation, the temperature of the isomerization catalyst is adjusted to
the desired reaction teraperature and a flow of the olefin is introduced into the reactor,
The reactor effluent containing the partially-branched, isomerized olefins is collected.

30 The resulting partially-branched, isomerized olefins contain a different olefin
distribution (i.c., alpha olefin, beta olefin; internal olefin, tri-substituted olefin, and

vinylidene olcfin} and branching content than that of the unisomerized oletin and
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5 Exanple 1 Preparation of 41.4 % Branched C20-24 |sonerized Normal Al pha
A efins (NAO The normal al pha olefins were received from ChevronPhillips
Chem cal worrparmp2620bodl ands, TX and found to have the f®Crasog/opsioperti es:
4L4 % Met hyl Branching 10 Exanpl e 2 Measurenent of % Met hyl Branching and %
Al pha-Aefin in C20_14 Isonerized NAO Infrared spectronmetry is used to
determ ne the percentage nethyl branching and 1 5percentage residual

al pha- ol ef i f.0fichSRIBNI ARG 620: 24NN the Bdsired SIONRELZEGA! RARQeLEN ([ AO .
The techni que invol ves devel oping a calibration curve between the infrared
absor pti on #ttrag82cm 1 (characteristic of the methyl stretch) neasured by
attenuated refl ectance (ATR) infrared spectronetry and the percent

branchi ng determ ned by GLPC anal ysis of the correspondi ng hydrogenated | A0
sanpl es (hyd#ré§esari on 20converts the LAOto a mixture of paraffins in

whi ch t - i .y S ention. Li.ne fors a;,ai ve carbon
nunber) @Si plrﬁg%i?]i}% %ﬂ%’gﬁ? E?%’El {]{bﬁmﬁ 8’?%&\%\%%;% g%}té%(%%gﬁ a[)%t){)/\%%in&% e infrared
absor pti on @tal 807 lemislac{dohhat vesdlidtpidicotiabbpha ol efin G H stretch)

determ ned by attenuated reflectance (.ATR) infrared spectronmetry and the
percent al pha-olefin determ ned by quantitative carbon NVR, 25A |inear

| east squar’Es Biotsigfacdiahaifsomay hesepeted @éntn dgramchinngissh ayddeititre f ol | owi ng

equation: 9% Branching by Hydrogenati.on GC.= 3 0658 (Peak Height at 1378
et O i By e A PSR ST o BT e R s 0. 9391 and
t he br arichi mgucontenic offodibecis dbesulisedsdd sgemeicat & dmbikis: 1gal 1 brati on
equation rapnged fromapproximately 9 30 %to 92 % Simlarly, a linear

| east squa?fgggﬁbkﬂg‘lc Bﬁ%@’“@@f‘ éﬁ‘lalf%ﬁlf)ﬂﬁ%t{”é‘f’f ﬁ‘*’lg'at a showed the follow ng
equation: % Al pha-O efin by Carbon NVR = 0.5082 (Peak Height at 909 cml,
in mm by AIR Inf__rar,ed?pectroscop ) - 2.371. The R2 was 0.9884 and the 31
al pha- ol ef i hedontettd Gfalsheay Bﬁiﬂk@i@d&@é‘aﬂlﬁ §ogBRekare 2tk COWEFBr at i on
equation rap@etuhOmSRR! QXL RLelYodiad Quddude riarPb Loy FuBsepar ati on of
413 % Branched C20_24 Al i(yl phenol To a 10 liter, glass, four-neck flask

fitted W t oaomsbreanic apros fpipdide andripg iy FeipginsBe Lavid 2eHér A dupl e under a
dry nitrogep,aipsphssgiwas charged 2210 granms of nelted phenol (23.5

nol es) foll owed by 1450 granms (4.71 noles) of the isonerized C20_24

al pha-olefin fromExanple 1 containing 41.4 % Branching. To this gently

The solid acidic catalysts may be selected from a group comprising zeolites, acid
clays, and/or silica-alumina. An eligible solid catalyst is a cation exchange resin in its
20 acid form, for example crosslinked sulfonic acid catalyst. The catalyst may be a
molecular sieve. Eligible molecular sicves are silica-aluminophosphate molecular
sieves or metal silica-aluminophosphate molecular sieves, in which the metal may be,
for example, iron, cobalt or nickel. Other suitable examples of solid acidic catalysts

are disclosed in U.S. Patent No, 7,183,452, which is herein incorporated by reference.

25
The Bronsted acid catalyst may be regenerated after it becomes deactivated (i.e., the
catalyst has lost all or some portion of its catalytic activity). Methods that are well
known in the art may be used to regenerate the acid catalyst, for example,
hydroftuoric acid.

30

Process for Preparing the Alkylated Avomatic Compound
The alkylation technologies used to produce the primary surfactant alkylate will
inctude Bronsted and/or Lewis acids as well as solid acid catalysts utihized in a batch,
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10stirring m xture was added 290 grans of Anberlyst 36(r) acidic ion
exchange resin obtained from Rohm and Haas, Phil adel phia, PA (dried

appr oxi mewel2g1128262eurs in an oven at 110 "C). The react POm/USeomodtERUr € was
increased to 120C and held for about 90 hours at which tinme the conversion
was 42 % (by Supercritical Fluid Chromatography), Additional Anberlyst
36(r) catalyst was added to the follow ng 15total reaction tinmes when

conversi on Was HRek o CRRRMRLEprol0 0@ AE a8bcrOaTRUM 850ub0OihamBioat 116 hours
and 50 grans at 123 hours for a total catal yst charge of 500 granms. After

145 hours ofegicéaktFish tine, the conversion was 99,5 and the reaction
product was cooled to approximately 70C, and filtered through a Buchner
funnel with the aid of vacuumand the filtrate conbined with that of

previ ous repwaridreanbni vhsbe e witorign 20Epp R 6% RREBIyocess3Bhkagibf product .
Thi s pragduct,, ; distilled (114 C af: Qr.r_ vac Jen 208-215C
at 30-3 Taﬁ‘rd}a\{\“(\%’g?ég%y%h@&%tﬁ% ﬁvéf?%‘gé%%ﬁ?ng? -@%5%%)%;?} drfOL’-V%Z&ET{gP ?ﬁi{}g% uum t o

af ford 7038rgreans of the al kyl phenol 5610 with the follow ng properties:
0,54 %un-reacted olefin/paraffin, 9.3 %di-al kylate as determ ned by

Supercritical Flujd.Chroomatography, 55 % para-al kyl isoner .as determ ned by
nira 25 Redonsns a0 SR B AR e B 4 SRR et B S Bl oy

Sul f oni ¢ Acieghting a firsTh@odit obaleBr @archet:tiC20mR4Mllky b phemelsf eboEXanpl e 3 was
sul fon din a concurrent 30stream of sulfur trioxide, (SO3) and air in a
Cubut arTE eatPuR G Gy 15 e S HegigorRo g et Bt or) 1 n a
down fl ow nB@esietbidnDeatdiet, iodd WM igficandicld pnsirsReatd-of wilenpgariat ur e: 60C

Al kyl ate Feed Tenperature: 50C. WO, 2011/ 022622PC {USZ 104194612»4 Air Flow 192
L/ hr SO2 FI'&ReedFsiniercay Rypfates "‘F"éﬁéblmﬁ%wil%%@%ﬁ%ﬁ% e TEHEEGR Mol ar Rati o
S03/ A.. | Ollx@tr®isGeB8n 2 fifQI PR idn MRS uBeRekaLesh Rydpassthgiibe m xture of
oxygen and suyl fur dioxide (SO2) through a catalytic furnace contai ning

vanadi um ox{'d& VoS erUng (é%eﬁtl Hegengsndntions, AR reFiie adics (->i)
Branchefs C78ud q dcAtd@HnRN 8R el AN OxYo Rl £ onh& cAeig: (RE Qdueesh was di gested at
approximately 70 ")(_:. for 20 mnutes and the resulting
and fed to a second reactor wherein the first reaction product is reacted with an
additional amount of at least one aromatic compound or a mixture of aromatic
compounds and an additional amount of acid catalyst and, optionally, with an
additional amount of a mixture of olefin compounds wherein agitation is maintained.
20 A second reaction mixture results and is held in a second alkylation zone under
alkylation conditions for a time sutficient to convert the olefin to aromatic alkylate
(i.e., a second reaction product). The second reaction product is fed to a liquid-hiquid
separator to allow hydrocarbon (i.¢., organic) products to separate from the acid
catalyst. The acid catalyst may be recycled to the reactor(s) in a closed loop cycle,
25  The hydrocarbon product is further treated {o remove excess un-reacted aromatic
compounds and, optionally, olefinic compounds from the desired alkylate product.

The excess aromatic corapounds may also be recycled to the reactor(s).

In another embodiment of the present invention, the reaction takes place in more than
30 two reactors which are located in series. Instead of feeding the second reaction

product to a liquid-liquid separator, the second reaction product is fed fo a third

reactor wherein the second reaction product is reacted with an additional amount of at

least one aromatic compound or a mixture of aromatic compounds and an additional

25



10hydroxyl sulfonic acid had the follow ng properties: 14.78 wt.S0311 and
0.6 wt '?4) H2SO4.. Exanple 5 Neutralization of 41.5 A Branched C20-24
Hydr oxy Saibf2omiie2add - Preparation 15 of Sodi um Hydr oxy PEuIUSeoas@2ihe 41. 5
% Branched C.2.0_.2:1 hydroxy sulfonic acid of Exanple 4 (288 grans) was

pl aced into a 500 m gl ass beaker fitted. with a nechanical stirrer and
heated to approximately 70 'C. A total of 48.31 grans of 50 ?4) aqueous

sodi um hydrgxh@eors@ldukiaBRt MasoAdRad, wnh ROkdH @NS! L@RBr simbel f | to |
grans each) over 90 ninutes 2(5r whilée the tenperature increased to a maX| mum

of 89 C. ThecH] yatroprdietehadates puliteiidng BFbesion sgxupiE®ds 6 (as LO

W . aqueous ﬁgliygl@ﬁ)aﬁhﬁf;gzkyi%on mﬁg u;@ic/%lﬁmﬁm dlﬁdﬁibﬁsrf@iti%% surfxagpl e 6 25
Preparation of -0- Xyl ene Al 2000A (al kyl ated

ort ho- xyl en?e)wmyf *br@ﬁmfe@ﬂwﬁehéww(afpy% ihedawy%wr*@wwofha@"xwhpnm with a
Cl_30+ b é){g‘a Qa» mQ 1@‘4 t4 &%@&Eﬁ% gﬂgﬁl}ﬁ%{?{eﬁgﬁ WS PRI chased. from

Chevron Ph| em c rrpany an e follow ng conposition: Total
G o or | essWkt9@pOiiudot aI Cl2W' %3. 92 Total Cl14W %2128 Total Cl6WI 9%i8. 12
Total G sWI %43. 74 Total C20. W 98,88 Total C22W % .49 Total C24, W %b. 97
Total C26W 9%3.23 Total C25W 9%3.50 Total C30+WI %1. 86

The total charge mole ratic of Bronsted acid catalyst to the olefin compounds is about

1.6 to 1 for the combined reactors. Preferably, the charge mole ratio of Bronsted acid
10 catalyst to the olefin compounds is no more than about 8.7 to 1 in the first reactor and

no less than about 8.3 to 1 in the second reactor,

The total charge mole ratio of the aromatic compound to the olefin compounds is
about 7.5 to 1 for the combined reactors. Preferably, the charge mole ratio of the
15 aromatic compound to the olefin compounds is no less than about 1.4 to 1 in the first

reactor and is no more than about 6.1 to 1 in the second reactor.

Many types of reactor configurations may be used for the reactor zone. These include,
but are not limited to, batch and continuous stirred tank reactors, reactor riser

20 configurations, ebulating bed reactors, and other reactor configurations that are well
known in the art. Many such reactors are known to those skilled in the art and are
suitable for the alkylation reaction. Agitation is critical for the alkylation reaction and
can be provided by rotating impellers, with or without baffles, static mixers, kinetic
mixing in risers, or any other agitation devices that are well known in the art,

25  The alkylation process may be carried out at temperatures from about 0°C to about
160°C. The process is carried out under sufficient pressure that a substantial portion
of the feed componenis remain in the Hquid phase. Typically, a pressure of 0 to 150

psig is safisfactory to maintain foed and products in the Hquid phase.

30  The residence time in the reactor is a time that is sufficient to convert a substantial
portion of the olefin to alkylate product. The time required is from about 30 seconds

to about 30 minutes. A more precise residence time may be determined by those



The properties of the resulting AL 2000A obtained were as follows: Brom ne

| ndex = 358 ng Br2/gram of sanple; Karl Fisher Water r= 148 ppm 1,2,3 Ring
| somer Cowibent1/022222 % Viscosity (100 DC) = 4.5 cSt; MACTAS2G6/04@2Exanpl e

7 Preparation of Sodium Suifonate of Al 2000A SACS 2000A was prepared by

t he sulfonation of the AL 2000A from Exanple 6 using 503 /Air in a 0.6 inch
di aneter tubular filmreactor. Just after the bottomof the 10fil mreactor

the freshl ygimden the fa@t.lsgﬁubirgm@ B¢ MRBI R 1B kA cli@rgencportion of
cool ed - rec%gl ed sulfonic acid. The portion of sulfonic acid not recycled

back to the!b8ttEm et he reactor was netered though a di gestion system
consisting of a heat exchanger followed by plug flow digester(s), followed
by a variable | evel digester. The digested sulfonic acid was netered to the
neut ral | zer TRAHéFastione EaRRLPRRNR S RId D K B v gogesodhamdhyat b Peér The

di gest ed; sulf,on "ﬁdﬁ’%@gﬁ%ﬂ]&ﬁia&%‘%ﬁﬁmk}%m“m‘g‘? gﬂeg\ﬁgk %gmﬁ"ﬁhg{ﬂéﬁm' nto the

suction of a m xer was ne punp used
to recycle laiahf'amgéiotﬁle%icomd@ﬁi trhercpaion ratds zeg bpreducth baolection ¢the i nl et of

S

Concent r at | ;mnes=The Qavtton 20465 pl& d_ztmtist nmgintitbd aBhe kagﬁdmem ‘Raambm Te nper at ure
= 65C Feed ﬁqugir(\%%%on i’eegli iOb(al i«t %ﬁ%{g gallro:g%é%‘%%(‘y) nmomang) an K%’l We o Onéﬁtl o nDI gestion

Tenperature = U Al

Tenper atlur ec,mpZﬁmEau&Tllaﬁﬂ L(ﬂﬁ;&ﬁiﬂﬁ‘dh&ﬂﬁb&ﬁd gopr aducedopitiitontpouniBus r al | zati on
had the foll.owin 2,8 % RSG3H and 0, 7

resul ting sﬂ‘rff%ﬁg? i ‘ﬂ“b ie tF‘GE‘T‘B\R?ﬁé’I B &p &t B é@mgﬁm'f{“(mmﬂ i)ah%ﬁ{]l ves, pH =

9.6 (1 ,, VvtarofaticdhonREUROUSOISHL M1 0M)s ExRRPk es 8:clf JPhaserBehavitor and Core
Fl ood Testing The Hydrox ¥y Sul fonate of Exanple 5 was tested alone and in
combi nat | onﬁ%%ﬂ% RESEt TralNstl PrapEr s PR ECRMBrE Y Spd BHEE S hehavi or

(added sodium:earhonatiepasadrditanPohay 201800 R MR SYREReLILaM nas Brine
- SSMB) and core flood performance as described by Jackson (Jackson, _A.C,

" EXper | ent wrd. gﬁﬁye%pnf%étegé%ﬁpg & tg¢ reactor effluent can be separated, e.g. by

distillation, and recycled to the reactor.

Preparation of Alkylaryl Sulfonate
The alkvlaromatic product prepared by the process described herein is further reacted

20 o form an alkylaromatic sulfonic acid and then the corresponding sulfonate,

Sulfonation
Sulfonation of the alkylaromatic compound may be performed by any method known
to one of ordinary skill in the art. The sulfonation reaction is typically carvied out in a
25  continuous falling film tubular reactor maintained at about 45°C to about 75°C. The
alkvlaromatic compound is placed in the reactor along with sulfur trioxide diluted
with air thereby producing an alkylaryl sulfonic acid. Other sulfonation reagents,
such as sulfuric acid, chlorosulfonic acid or sulfamic acid may also be employed.
Preferably, the alkylaromatic compound is sulfonated with sulfur trioxide diluted with
30 air. The charge mole ratio of sulfur trioxide to alkylate ts maintained at about 0.8 to

i1

N3
~



1 5Sodi um Carbonate on Surfactants for Enhanced Ol Recovery," MSE Thesis,
University of Texas at Austin, Decenber 2006) using crude oil fromthe

M nas r eswOwoiwo2e¢22Sumatra, | ndonesi a: The co- sol vert/ussed/ ou¢124 he
formul ati ons was et hyl ene glycol nono-butyl ether 20 (EGBE). The oil

sol ubilization paraneter (SP) and Optimal Salinity (S*) for different

formul ations are tabulated in Table |I. Table | 25Phase Behavi or Performance

Experinment yQurtachadl iW¥iodlait Quifmduidactant 2wt % w. %ECBE SP S* W.
1 Neutralization of the alkylaryl sulfonie acid may be carried out in a continuous or
batch process by any method known to a person skilled in the art to produce alkylaryl
sulfonates. Typically, an alkylaryl sulfonic acid is neutralized with a source of alkah
§  or alkaline earth metal or ammonia, thereby producing an alkylaryl sulfonate.
Preferably, the source is an alkali metal base; more preferably, the source is an alkali
metal hydroxide, such as but not hmited to, sodium hydroxide or potassium

hydroxide.

10 The Solvent
Suitable solvenis emaploved in the present invention are alcohols, such as lower
carbon chain alcohols like isopropyl alcohoi, ethanol, n-propyl alcohol, n-butyl
alcohol, sec-butyl alcohol, n-amy! aleohol, sec-amyt alcohol, n-hexyl alcohol, sec-
hexyl alcobol and the Hike; alcohol ethers, polyalkylene alcohol ethers, polyalkviene
15 glveols, poly(oxyalkyleneiglycols, poly{oxyalkyleneiglycols ethers or any other

common organic solvent or combinations of any two or more solvents. In one

embodiment, the solvent is n-butyl mono ether of ethylene glycol (EGBE).

The Passivator

20 Typically, the passtvator employed in the present tnvention is an alkali metal salt.
Preferably, the alkali metal salt is a base, such as an alkali metal hydroxide, carbonate
or bicarbonate, including, but not limited to, sodium carbonate, sodium bicarbonate,

sodium hydroxide, potassium hydroxide, lithium hydroxide and the like.

25  The Polymer
Polymers, such as those commonly employed for enhanced oil recovery, may be
included to control the mobility of the injection solution. Such polymers include, but
are not limited to, xanthan gum; polyacrylamide (PAM); partially hydrolyzed
polyvacrylamides (HPAM); and copolymers of 2-acrvlamido-2-methylpropane sulfonic

30 acid or sodium salt or mixtures thereof and polyacrylamide (PAM) commonly
reterred o as AMPS copolymer and nuxtures of the copolymers thereof. The
polymers may be used alone in the enhanced oif recovery composition or in
conjunction with other polymers. Molecular weights (M) of the polymers range

28
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from about 10,000 daltons to about 20,000,000 daltons, Polymers are used in the
range of about 500 to about 5000 ppm concentration, preferably from about 1606 to
2000 ppro 1o order to raatch or exceed the reservoir oil viscosity under the reservoir

conditions of temperature and pressure.

Enhanced Oil Recovery Surfactant Composition

The enhanced oil recovery surfactant composifion used n the recovery ot oil in
reservoirs, by the use of surfactant flooding techniques, comprises a primary
surfactant, optionally a co-surfactant, a solvent, a passivator and a polymer in an

aqueous solution.

Preferably, the composition of the enhanced oil recovery surfactant comprises from
about 0.5 to about 4.0 weight percent actives of the primary surfactant, from about 0.1
to 3.0 weight percent actives of the optional co-surfactant, from about 0.5 to about 6.0
weight percent of the solvent, from about 0.3 to about 2.5 weight percent of the
passivator and from about 200 to S000 ppm of the polymer, all of which are in an
aqueous solution containing from about 500 to about 10,000 ppm total dissolved

solids.

More preferred, the composition of the enhanced oil recovery surfactant comprises
from about 1.0 to about 3.0 wit% actives of the primary surfactant, from about 0.3 to
about 2.0 wi% actives of the co-surfactant, from about 1.0 to about 4.0 wi% of the
solvent, from about 0.5 to about 1.5 wt% of the passivator and from about 1000 to
about 3000 ppm of the polyraer, all of which are in an aqueous sohution containing

from about 1000 to about 10,000 ppm total dissolved solids.

Process of Making the Enhanced Ol Recovery Surfactant Formulation

The enhanced oil recovery surfactant formulation of the present invention is prepared
by a process of mixing (a) a surfactant comprising an alkylated hydroxy aromatic

sulfonate having the general formula

29



5 Example 5 2. 00 2.50 8 2.0 6 Exanple 52.00 3.00 8 2.0 7
Exanple 5 0,5 Exanple 7
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OH

wherein R, is an alkyl group containing from about § to 40 carbon atoms and having
from about 20% to about 50% methyl branching, and M is 2 mono-valent cation; (b) a

solvent; (¢} a passivator; and (d} a polymer.

[€31

In another erabodiment, a co-surfactant is mixed with the other components. The co-
surfactant may be an isomerized alpha olefin sulfonate, alkylaryl sulfonate or

mixtures thereof

10 The present invention is also directed to a method of recovering crude oil from a
subterranean hydrocarbon-containing formation which comprises (i} injecting into
said formation an enhanced oil recovery composition comprising {a) an alkylated
hydroxyaromatic sulfonate having the general formula;

OH

15 wherein R; s an alkvl group containing from about 8 to 40 carbon atoms and having
from about 20% to about 50% methyl branching, and M is a mono-valent cation; (b)
a solvent; (¢} a passivator; and (d) a polymer, and (i1} recovering the crude oil from

one or more production wells,

Other erabodiments will be obvious 1o those skilled in the art.
20



1.5 3.00 1.0 8 Exanple 5 0.5 Exanple 7 15 200 7 (L9 The formul ation of
Experinent 8 in Table 1 containing 2600 ppm pol yner (1.5% Exanple 7
sur f act arwO(@B82R26220. 5% Exanpl e 5 surfactant (HDXL), 2. PerRESBH)/00:13%06
Na2CO3, 2600ppm AN 125 in SSMB ) followed wth a polynmer drive (1900ppm AN
125 in SSMB) was core flood tested using a BriarHi Il core. The properties
of the 5BriarH ||l stone are summarized in Table 'fable IL BM 12 BriarHill
VC\;) 3 tehF’r opertiasiande Pahmealtd ditdtnGataBMab2 601 € difedBdEndd tupi t s Length

invention and are not to be construed in any way as limiting the scope of the

invention.

5 Exampled
Preparation of 41.4 % Branched Cygay Isomerized Normal Alpha Olefins (NAG)
The normal alpha olefins were received from ChevronPhillips Chemical Company,
Woodlands, TX and found to have the following properties: 41.4 % Methyl
Branching
10

Example 2
Measurement of % Methyl Branching and % Alpha-Olefin in Chp.q Isomerized
NAO
Infrared spectrometry is used to determine the percentage methyl branching and

15 percentage residual alpha-olefin of isomerized Cyp04 NAO or isomerized alpha olefin
(IAQ). The technique involves developing a calibration curve between the infrared
absorption at 1378 cm-1 {characteristic of the methyl stretch) measured by attenuated
retlectance (ATR) infrared spectrometry and the percent branching determined by
GLPC analysis of the corresponding hydrogenated TAO samples (hydrogenation

20 converts the TAG to a mixture of paratfing in which the normal paratfin has the
longest retention time for a give carbon number). Similarly, a calibration curve was
developed between the infrared absorption at 907 cm-1 (characteristic of alpha olefin
C-H streteh) determined by attenuvated reflectance (ATR) infrared spectrometry and
the percent alpha-olefin determained by quantitative carbon NMR,

25 A lincar least squares fit of data for the percent branching showed the following
equation:
% Branching by Hydrogenation GC = 3.0658 (Peak Height at 1378 em-1, in num, by
ATR Tnfrared Spectroscopy) — 34.679. The R2 was 0.9321 and the branching confent
of the samples used to generate this calibration equation ranged from approximately 9

30 %t 92 %.
Similarly, a lincar least squares fit of the percent alpha-olefin data showed the
following equation: % Alpha-Olefin by Carbon NMR = 0.3082 (Peak Height at 509
cru-1, in mm, by ATR Infrared Spectroscopy) — 2,371, The R2 was (1.9884 and the
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30.48 5.08 cmcm Height 5.08 cm Bul k Volune 786.6 cc Rock wt. Dry w Sat w
1615. 00 3999. 02 4143.81 cO PV 144.79 cc It (cl7) 0.9 Tr Tenp = 185"17
WO 2011/022622 PCT/US2010/046124

alpha-clefin content of the samples used to generate this calibration equation ranged

from approximately 1% to 75 %.

Example 3

o

Preparation of 41.5 % Branched Cypp4 Alkylphenol
To a 10 liter, glass, four-neck flask fitted with a mechanical stivrer, reflux condenser
and thermocouple under a dry nitrogen atmosphere was charged 2210 grams of
melted phenof (23.5 moles) followed by 1450 grams (4.71 moles) of the isomerized
Cognq alpha-clefin from Example 1 containing 41.4 % Branching. To this gently
10 stirring mixture was added 290 grams of Amberlyst 36® acidic ion exchange resin
obtained from Rohm and Haas, Philadelphia, PA (dried approximately 25 hours inan
oven at 110 °C). The reaction temperature was increased to 120°C and held for about
90 hours at which time the conversion was 42 % (by Supercritical Fluid
Chromatographv). Additional Amberlyst 36® catalyst was added to the following
15 total reaction times when conversion was not complete: 100 grams at 90 hours; 60
grams at 116 hours and 50 grams at 123 hours for a total catalyst charge of 500 grams.
After 145 hours of reaction time, the conversion was 99.5 % and the reaction product
was cooled to approximately 70°C and filtered through a Buchner funnel with the aid
of vacuum and the filtrate combined with that of previous repeat reactions to afford
20 approximately 1.30 kg of product. This product was vacuum distilled (114 °C at 50
Torr vacuum, then 208-215 °C at 30-35 Torr vacuum and then finally 247-195°C at
10-12 Torr vacuum to afford 7038 grams of the alkylphenol 3610 with the following
properties: 0.54 % un-reacted olefin/paratfin, 9.3 % di-alkylate as determined by
Supercritical Fluid Chroraatography; 55 % para-alkyl isomer as determined by Infra

25 Red.

Example 4

Preparation of 41.5 % Branched g4 Hydroxy Sulfonic Acid

The 41.5 % Branched Coopq Alkyiphenol of Example 3 was sulfonated i a concurrent
30 stream of sulfur trioxide {(SOs) and air in a tubular reactor (approximately, 2 meters

long, 1 cm inside diameter) in a down flow mode using the following conditions:

Reactor Tempearature: 60°C

Alkylate Feed Temperature: 50°C
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0.184 AP (psi) 0.10 q (cc/mn) 0.5 k (nD) 1284.8 0,21 1.0 1223.6 0.42 2.0
1223.6 0.6 Average 3.0 perneability: 1223.6 1238.9 10The oil flood was run

at constawO20mte2@2 1.0 .triliinin at 185 "F through theCtarseoiandgsithe
Air Flow: 192 L/hr
S0, Flow: 16 L/hr
Alkylate Feed Flow: 4.09 grams/min

Charge Molar Ratio SO / Alkyvlate  0.98

The SO; was generated by passing the mixture of oxygen and sulfur dioxide (SO;)
through a catalytic furnace containing vanadium oxide (V20s). Under these
conditions, the crude 41.5 % Branched Choze Alkylphenol Hydroxy Sulfonic Acid
produced was digested at approximately 70 °C for 20 minutes and the resulting

10 hydroxyl sulfonic acid had the following properties: 14.78 wt. % SG:H and 0.6 wt %

H2S0,.

Example 8

Neutralization ¢f 41.5 % Branched (4 Hydroxy Sulfonic Acid — Preparation
15 of Sodium Hydroxy Sulfonate

The 41.5 % Branched Cop.z4 hyvdroxy sulfonic acid of Example 4 (288 grams) was

placed into a 500 mi glass beaker fitted with a mechanical stirrer and heated to

approximately 70 “C. A total 0f 48.31 grams of 50 % aqueous sodium hydroxide

sohution was added in portions (approximately | to 17 grams each) over 90 mimites
20 while the temperature increased to a maxtmum of 83 °C. The final product had the

following properties: pH =9.6 (as 1.0 wt. % agueous solution}, Actives =57.6 %

{Hyamine titration).

Example &
25  Preparvation of Al 2000 A: Cip500 NAG Alkyl ~o-Xylene

Al 2000A (alkylated ortho-xylenc) was prepared by the catalytic alloylation of o-
xylene with a Cyo30: blend of NAO s by a third party.  The NAO blend was
purchased from Chevron Phillips Chemical Company and had the following
composition:

Total Cig or less WT % (.01

Total Cyy WT % 392
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pressure was recorded. Mnas crude oil was used to saturate the core. The
crude was filtered through a 20 mcron filter at reservoir tenperature
prior to Wwojetti2es22 The end saturation of oil was 61.2 Peaisego88160 n oil
in the core as listed, in Table fa. Table 111. BM12 O 1| Flood Data Tot al
Water displaced 88.60 cc PV G| in Core 144.79 88.60 cc cc Saturation of
Ol soi) 61.2% QI Perneability udpoint (ko) AP (psi) q (cc/mn) k (nD)
1.0 1.0 970.7 O | nelatiyve perneability gndpoint (k160)

Total Cie WT % 18.12
Total Ciz WT % 13.74
Total Cyp WT % 8.88
Total Cxy WT % 7.49
Total Cy WT % 597
Total Cye WT % 3.23
Total Cyg WT % 3.50
Total Cyp WT % 11.86

The properties of the resulting AL 2000A obtained were as follows: Bromine Index =
358 mg BrZ/gram of sample; Karl Fisher Water = 148 ppm; 1,2,3 Ring Isomer

Content = 2.2 %; Viscosity {100 °C) =4.5 ¢St; MW = 355,

o

Example 7
Preparation of Sodium Sulfonate of Al 2080A
SACS 2000A was prepared by the sulfonation of the AL 2000A from Example 6
using SO3/Air in a 0.6 inch diameter tubular film reactor. Just after the bottom of the
10 film reactor the freshly made - hot sulfonic acid was mixed with a large portion of
cooled - recycled sutfonic acid. The portion of sulfonic acid not recycled back to the
bottom of the reactor was metered though a digestion system consisting ot a heat
exchanger followed by plug flow digester(s}, followed by a variable level digester.
The digested sulfonic acid was metered to the neutralizer where it was neutralized
15 with 50% sodium hydroxide. The digested sulfonic acid and agqueous sodium
hydroxide were metered into the suction of a high shear mixer. The mixer was
followed by a vane pump used to recycle a large portion of the neutralized product
back to the inlet of the mixer; the remainder was discharged to sample coutainers.
The process conditions were as follows:
20 CMR SOy AL 2000A = 0.98
805 in Alr Concentration = 5.9 wt. %
Sp3 Loading = 1.35 kg/hr-om
Reactor Temperature = 65 °C
Feed Temperature = 60 °C
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kro = 0.784 The water flood was run at constant rate of 1.0 m/mn at 185
"F through the core and the pressure and effluent fluid fractions were
recor ded,w@yntieeé2e M nas Brine was 5 injected fromthePSaraS2&ng4@b4 t he
core as the oil only inverted in the gravity stable direction, The end
saturation of oil after water flooding for 1.6 PV was 27.3% | eaving 39.6
nil oil in core (00IP) as listed in Table IV. Table IV. BM 12 Water Fl ood

Data Tot al . NQikiigkisPlraeedalPN 4890 144.79 cc cc Residual oil in core 39.60

cc Soi 27.3% .
Digestion Temperature = 65 7°C

Digestion Time 30 minutes
Neutralization Temperature = 75 °C

&  The intermediate acid produced prior to neutralization had the following properties:
92.8 % RSO3H and 0.79 % H2504. The resulting sulfonate had the following

properties: 82.7 % actives, pH = 9.6 {1 wt. % aqueous solution)

Example 8

10 Phase Behavior and Cove Flood Testing
The Hydroxy Sulfonate of Example 5 was tested alone and in combination with the
sulfonate prepared in Example 7 for phase behavior (added sodium carbonate scan
from 0 to 20,000 ppm in Synthetic Minas Brine - SSMB) and core flood performance
as described by Jackson (Jackson, A.C. “Experimental Study of the Benefits of

15 Scdium Carbonate on Surfactants for Enhanced (i Recovery.” MSE Thesis,
Untversity of Texas at Austin, December 2006) using crude oil from the Minas

reservolr in Sumatra, Indonesia:

The co-solvent used in the formulations was cthylene giycol mono-butyi ether

20 (EGBE).

The oil solubilization parameter (8P} and Optimal Salinity (S*} for different

formulations are tabulated in Table L

Table
25 Phase Behavior Performance
Expeviment Surfactant | Wt Surfactant | Wt | Wt % | SP 5%
1 %% 2 % | EGBE {(Wt. %)

1 Example 5 | 2.00 2.00 11 1.8
2 Example 5 | 1.00 1.00 Type 1
3 Example 5 | 2.00 2.00 12 1.7
5 Example 5 | 2.00 2.50 3 2.0
6 Example 5 | 2.00 3.00 3 2.0
7 Example 5 | 0.5 Example 7 | 1.5 3.00 7 1.0
8 Example S § 0.3 Example 7 | 1.5 2.00 7 0.9




Water Perneability endpoint AP (psi) (kw) g cc/mn) k (nD) 0.5 1.0 211,3
Water relative perneability , krw = endpoint (kr,) 0.171 The chem cal

fl ood corsp=20Bad204220. 15 ?V of L5% surfactant of Exanpl e PET(US3RBN4614 5%
surfactant of Exanple 5 (1C) 0468/ 73E), 3% EGBE, 1.0 wt % Na2CO3 and 2000
ppm VHM AN- 125 polynmer in SSM B that was |oaded in a flow | oop and driven
by 5 0.1 PV of polymer drive 1 conposed of L5% EGBE, 0.9% Na2C01, 2000 ppm

VIM AN-125 pol shaRliaton og%m%{bﬁt 8 th BuRY n@gﬁta@gigyzmls otk b%ﬁ%m@r @oposed of 1400
ppm VHM AN- 125 on in SSMB. The fluids were |n§§cte at _constant rate

of (15 nl /e i%ﬁi&épﬁﬁtfhé@@g%ﬁ‘fo%dé*@ke sutipday ka8 .- ah 858 | uent 1 uid
fractions wegg N’ae@@f %ﬂégaﬂ%h@r{ﬁi% skvg V&ﬁ&?&i‘v% é"@tﬁxﬂ%w@ 1ob8xnF and 10

sec-1 and two drives VISCOSIty wer e under the same
condi ti ons. AR k‘ﬂpﬁéﬁér"ﬁ\ erai o ved %Fiﬂ‘éf@r“mcesfb Feapbesaf the

Sl E1111 %3 2 1§ua¢.1 91{11 g’@;c axe elsu%lf&rﬁgé fneigible i,

Table II. BM-12 BriarHill Core Properties and Permeability Data

BM-12 core #C3R7R-42 umits
Length 3048 ¢
Width 5.08 cm
Height 5.08 cm
Bulk Volume 786.6 ce
Rock wi, 1615.00 g
Dry wt 3999.02 g
Sat wt 4143.81 g
Py 144.79 e
wiep) 0.9
T 0.184

Temp = 185°F

k
AP (psi} g {ce/min) {(mh
0.10 0.5 12848
0.21 1.0 1223.6
0.42 2.0 1223.6
0.6 3.0 1223.6
Average permeability: 1238.9

10 The oil flood was run at constant rate of 1.0 mU/min at 185 °F through the core and the
pressure was recorded. Minas crude oil was used to saturate the core. The crude was
filtered through a 20 micron filter af reservowr temperature prior to fujection. The end

saturation of oil was 61.2 % leaving 88.60 ml oil in the core as listed in Table HL



Leng.t.: 13.
Coy 1.R O

atucv

0..6 :pa;

o

ROTE. VO1.111::1 141. inl _
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Table 1l BM-12 Ol Flood Data

Total Water displaced 88.60 ce

PV 144.7% ce

Oil in Core 88.60 oC
Saturation of Oil (soi} 61.2%

Oil Permeability endpoint (ko)

AP {psi} g (cc/min} k (mD)
970.7
1.0 1.0
Oil relative permeability endpoint (k)

km =

0.784

uf 2g) ppm
?ye:au:re Dnf

The water flood was run at constant rate of 1.0 mi/min at 185 °F through the core and
the pressure and effluent tloid fractions were recorded. Synthetic Minas Brine was
injected frora the same end of the core as the oil only mmverted in the gravity stable
direction. The end saturation of oil after water flooding for 1.6 PV was 27.3% leaving

35.6 mi oil in core (DOIP) as listed in Table IV.

Table IV. BM-12 Water Flood Data

Total Qi displaced 49.00 ce
PV 144.79 oC

Residual oil in core 39.60 ce
Soi 27.3%

Water Permeability endpoint (kw)

AP {psi}

g (ce/min)

k (mi»

0.5

1.0

2113

Water relative permesbility endpoint (k)

krw =

3.171

(O8]
~




Oi 1Ete. covury: 95% - Jackson, A. C. "Experinmental Study of the Benefits
of Sodi um Carbonate on 25Surfactants for Enhanced G| Recovery." 1\, 1SE
Thesi s, UNDwerwgizeez20f Texas at Austin, Decenber 2006. WHNUSRBOGUARED | S:
1. An enhanced oil recovery conposition conprising 5(a)a surfactant
conprising an al kyl ated hydroxyaromatic sul fona - having the general
formula: OH Ri wherein Rl is an al kyl group containing fromabout 8 to
40 carbon atonms and having from about 20%to about 50% net hyl branching,

10and Mis a nono-valent cation; (b) a solvent: (c) a passivator: and
The chemical flood consisted of 0.15'PV of 1.5% surfactant’ of Example 7 {C82 2Py,

0.5% surfactant of Example 5 (10 0468/73L), 3% EGBE, 1.0 wi% NayCOs and 2000
ppm VHM AN-125 polymer in SSMB that was loaded in a flow loop and driven by
5 0.1 PV of polymer drive 1 composed of 1.5% EGBE, 0.9% NayCOs, 2000 ppm VHM
AN-125 polymer in SSMB and ~1.3 PV of polymer drive 2 composed of 1400 ppm
VHM AN-125 polymer in S5MB. The fluids were injected at constant rate of 0.5
ml/min at 185 °F through the core. The pressure and effluent fluid fractions were
recorded. The ASP slug viscosity was 10cp at 185 °F and 10 sec” and two polymer

10 drives viscosity were 10 cp under the same conditions,

Rock Properties and Coreflood properties:

Table &1 Senunary of BR-81 Propertiss

15 Length Irowm
Pore VWohuue il
Povosity HER
Permestuliy £.3 Darey
Sat S0
20

Polviner Chase TPV el 2800 ppa AN B2 in $3RE

Pesk Pressare Drop

Firssd Frengrre Drep
18 Eecovery Q5%
Bar £.5%

! Jackson, A.C. “Bxperimenial Study of the Benefits of Sodium Carbonate on
25 Surfactants for Enhanced Oil Recovery.” MSE Thesis, University of Texas at Austin,
Decernber 2006,

38



(d) a polyner. 2. 15 3. 20 4. 5. 25 The enhanced oil recovery
conposition of Claiml wherein RL is derived froma partially isonerized

al pha ol evpreo11iines2enhanced oil recovery conposition of @Caiuseé1o/oydies ein the
nono-val ent cation in the surfactant is an al kali metal, amroni um or
substituted ammoni um The enhanced oil recovery conposition of claim3,
wherein the nono-valent cation is an alkali nmetal, The enhanced oi

recovery cowposi tgomeisshkai m4, wherein the alkali nmetal is sodium WO
2011/ 022622PCT/ US2010/ 046124

L. An enhanced o1l recovery composition comprising

5 (a) a surfactant comprising an alloylated hydroxyaromatic sulfonate having

the general formula:

OH

X

<

R4

wherein Ry is an alkyl group containing from about § to 40 carbon
atoms and having from about 20% to about 50% methyl branching,
10 and M is a mono-valent cation;
(b} a solvent;
{c} a passivator; and

{d) a polymer.

2. The enhanced oil recovery composition of Claim 1, wherein Ry is derived
15 tfrom a partially isomerized alpha olefin,

3. The enhanced oil recovery composition of claim 1, wherein the mono-valent
cation in the surfactant is an alkali metal, ammonium or substituted
ammoniun.

20

4. The enhanced oil recovery composition of claim 3, wherein the mono-valent
cation is an alkali metal,

5. The enhanced oil recovery composition of claim 4, wherein the alkali metal is

25 sodium.
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6. The enhanced oil recovery conposition of Claim1l wherein the conposition
further conprises at |east one co-surfactant. 57.The enhanced oil recovery
conposi t iw 20f1/2k@2m 6 wherein the at | east one co- sur PaTiERA10/0g6124€
i sonerized olefin sulfonate. S.The enhanced oil recovery conposition of
Claim7 wherein the isonerized olefin sulfonate is an alkali netal,
ammoni um or a substituted ammoniumsalt. 10 9. The enhanced oil recovery
conposi tion of claim1, wherein the solvent is selected fromthe group
consi sting of an al cohol , ether al cohol, polyether al cohol, glycerol,
pol yet her d-ycerd snlgngil ispyeporyerhiam iy | whsap trremppiisiced oi |
recovery conposigiiQR.QfybaliMads ondhgLeicidipe passivator is a base. 11.The
enhanced oil recovery corrp05| tion of claim 10, wherein the base is an
al kali metal hydroxide, alkali nmetal carbonate or al kali netal bicarbonate.
20 12, The ephancgd ef?ﬁd'médﬁ QUE v&én%% 934 dd 9 {u@%ﬁérah%m Q!t%h{ of.ne pol ynmer
i's xant hum gum pol yacry , partia ydrolyze yacryl am des
(FI PAM or copolsyirfreﬁcsﬁQé-da(rﬂroweamddd@mw&rﬁbm-propane sul fonic acid or the
sodiumsalt or mxtures thereof and polya.crylamd.c. (AWMPS) or m xtures
25t hereof 13. The enhanced oil recovery conposition of claiml., wherein
t he pol yners.is pil"heseimmddmﬂacmn&;@nh@%ﬁﬁimf@ﬁaifmb@@hmﬂt@ immpmn to about
g??or ggg]vte)ra;ego?rpglﬂ %%llh’)nrg'l'f-c‘ E% dV\EE!{‘g}ﬁnFtalmﬁigirﬂéﬁni l‘mﬂ a. sg'hsélputed] '1(1‘11110}“111%1% S&Hecggtlglnﬁleﬁg
fromabtiut 20 to 30 car bon at ons. V\D 2011/ 022622PCT/ USZOlO/ 046124 15. The
enhanced oi(g recover 03| tion of rp? V\/ner in the lsomerl zed

. fheen amc TQCOVLI'V LOl‘ﬁpOiithﬂO aim , WHICTTInD the solvent s

selected from the group consisting of an alcohol, ether aleohol, polyether

alcohol, glycerol, polyether glycerol, glycol and polyether glycol.

15 10 The enhanced oil recovery composition of claim 1, wherein the passivator is a
base.
i1 The enhanced oil recovery composition of claim 10, wherein the base is an

alkali metal hydroxide, alkali metal carbonate or alkali metal bicarbonate.
20
12. The enhanced oil recovery compaosition of claim 1, wherein the polymer is
xanthum gurm, polvacrylamide (PAM), partially hydrolyzed polyacrylamides
(HPAM) or copolymers 2-acrylamido-2-methylpropane sulfonic acid or the
sodium salt or mixtures thereof and polyacrylamide (AMPS) or mixtures

25 therent.

13. The enhanced oil recovery composition of claim 1, wherein the polymer is
present in a concentration of from about 200 ppr to about 5000 ppm based on

the total weight of the formulation.

4. The enhanced oil recovery comaposition of Claim 1 wherein R is an alkyl

group containing from about 20 to 30 carbon atoms,



ol efin sulfonate has the general fornula: R2-SOX 5wherein R2 is an

al i phatic hydrocarbyl group having fromabout 12 to about 40 carbon atons,
and havi ngofzpam2adzout 20 to 98 wei ght percent branchi ngpCans$2@omnt@ryi ng one
or nore olefin or alcohol noieties or mxtures thereof; and Xis a
nmono-val ent cation. 1016. The enhanced oil recovery conposition of Claimb®6
wherein the at | east one co- surfactant is an al kylaryl sultanate. 17.A

nmet hod of maki ng an enhanced oi l recovery conposition conprising m Xxing
(a)a surfactant conpr|S|ng an al kyl ated ' hydro’y aromatic sul fonate

15havi ng t h gendf gRhapesd igeover compoidrelinimn 7 ghaapin #lekyImsgEstp cont ai ni ng
from about 8 to(&nggﬁgg&qﬁgqn§kﬁqgfgﬁyg g from about 20%to about 50%

met hyl branching, and Mis a nono-valent cation; 20(b)a solvent; (c) a
passivator; and (d) &:pokymer. 18. A nethod of recovering crude oil froma
subterranean hydpaearRoRGoRNAl0HAG.AR ALIRLIAN hh 60 COMRIbSESD
(i)injecting into sai or mat 1 on ‘an enﬁaﬁ recovery comnmposition
conprising WO 280%f 622622PCT/ I USEGERPOABE 21498 weight percent branching, and

containing one or more oletin or alcohol moieties or mixtures thereof; and X s

a mono-valent cation,

10 16 The enhanced oil recovery composttion of Claim 6 wherein the at least one co-

surfactant is an alicylaryl sulfonate,

17. A method of making an enhanced oil recovery composition comprising mixing
(a) a surfactant comprising an alkylated hydroxy arorsatic sulfonate
15 having the general formmula:
OH

MSO; i
%
2
R
wherein Ry is an alloyl group containing from about 8 to 40 carbon
atoms and having from about 20% to about 50% methyl branching, and
M is a mono-valent cation;
20 (b}  asolvent;

{¢cy  apassivator; and

{(¢) apolvmer.

I8, A method of recovering crude o1l from a subterranean hydrocarbon-containing
25  formation which comprises
(1} mjecting into said formation an enhanced oil recovery composition

comprising
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(a)an al kyl ated hydroxyaromatic sul fonate having the general fornula: R1
wherein P.) is an alkyl group containing fromabout 8 to 40 carbon 5at ons
and havi nyofznom2ad2out 20% t o about 50% net hyl branchi ngpCan$2Moioge1a4
nono-val ent cation; (b) a solvent; (c) a passivator; and (d) a polyner, and
10recovering the crude oil fromone or nore production wells.

{(a} an alkylated hydroxyaromatic suifonate having the general

formula:

OH

MSG- “"""'“"“i“ \
| Li"\fX

Ry

wherein R is an alkyl group containing from about 8 to 40 carbon
5 atoms and having from about 20% to about 50% methyl branching,

and M is a mono-valent cation;

(b a solvent;

() a passivator; and

{dy  apolymer, and

10 (ity  recovering the crude oil from one or more production wells.



