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eg@g&g%d oil recovery surfactant fornulation of the
present i nventi on. BACKGROUND COF THE | NVENTI ON Crude
oi | production fromoil in subterranean reservoirs nay
i nvol ve use of varjous flooding nethods as the natura
f SRCRISSenfHIVERtiQ 6 dirseigd fonthe Kecoveryigheilyfrane sehverranean petroleum
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recovery process. Currently, the petroleumindustry is
re-eval uati ng teghng e at ..\
ability to reco ‘R Liims B*“J'l appeo
subt erranean reservoirs. Injecting di splacing fluid
or gas.may begin early, |long before the conplete _

& Oil prodyctiom Bom ¢l i WwhteprneprTgserEiBRENiNpelye vesefsvarious
' ' i.snl fif. L gl ency or sweep,
o eAEmE bt ARRO KD eo ARREERS vl ih Ble A (150
fprosdss,itepa@at depleted. A large portion of the crude oil may have to be driven out

of the formation in “secondary” or “tertiary” recovery processes. In addition, some
reservoirs may not have sufficient natural forces for oil production even by primary
recovery processes. The production of crude oil using such flooding methods is one

example of enhanced oil recovery process.

Currently, the petroleum industry is re-evaluating technologies that will improve the
ability to recover remaining and untapped oil from the subterranean reservoirs.
Injecting a displacing fluid or gas may begin early, long before the complete depletion
of the field by primary recovery processes. Methods for improving displacement
efficiency or sweep efficiency may be used at the very beginning of the first injection
of a displacing fluid or gas, rather than under secondary and tertiary recovery

conditions.




of a displacing fluid or gas, rather than under _
secondary and tertiary recovery conditions. The easi est

woredobosBsed fl oodi ng a subterranean reservoir fHET/UBTB)08l081616

10

15

20

25

30

production of crude oil is by injecting a I|qU|d or
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arcePIgary; nrpysutedhatdrapan petbusimediaecovery. Surfactants are
one class of chem cal conmpounds that have been used in
aqueous nedi a for enhanced oil recovery. Surfactants
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in the aqueous or oleic phases at different electrolyte concentrations, i.e., salinities.
At low salinities the alkylayrl sulfonates reside in water and at high salinities they
partition into the oil. In either case, the swollen micellar solutions that contain
sufactants, oil and water are termed microemulsions. At optimal salinity an equal
volume of oil and water are solubilized in the microemulsion. For well tailored and
matched alkylaryl sulfonates, the high volumes of oil and water solubilized in the
microemulsion result in ultra-low interfacial tensions that provide potential for high

oil recovery from reservoirs.

The salinity of the water in subterranean hydrocarbon reservoirs may vary a great
deal. For example, the Minas oil field in Indonesia has total dissolved salts of

between 0.2 and 0.3 weight percent. Other reservoirs may have salinities as high as or




volune of oil and water are solubilized in the
m croenmul sion. For well tailored and matched al kyl aryl

w@iobossrses, the high volunmes of oil and wat erPCT/US2008/081616

10

15

20

25

30

solubilized in the mcroemulsion result in ultra-|ow
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Alkylaryl sulfonates having a broad spectrum of carbon chain lengths in the alkyl
group are more desirable for use to recover waxy crude oils or crude oils with high
equivalent average carbon numbers (EACN’s). In addition to optimizing the
molecular weight and/or molecular weight distribution of an alkylaryl sulfonate to
maximize the amount of oil in the aforementioned micro-emulsion, the use of other
components in combination with the alkylarylsulfonate, such as inorganic salts, co-
solvents, polymeric materials and co-surfactants may improve phase behavior. The
performance of an enhanced oil recovery formulation may also be measured by the oil
solubilization parameter, which the volume of oil dissolved per unit volume of

surfactant. The oil solubilization is inversely proportional to the interfacial tensions.
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oil solubilization paraneter, which the volune of oil
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f effigienay bDoil sedvggyocess for the recovery of residual

oil from subterranean petroleumreservoirs, and nore

particularly an inproved al kali surfactant flooding

pBQ%%?& Ahed pushsteli Patet Ak)f)%@tibﬂ‘l\ld. DOES/6 B®3as A1 discloses an oil
e

t ensi ons between the injec material and the
r esbukralprocess and a particular class of alkylaryl 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 treatise on enhanced oil recovery is Basic Concepts in Enhanced Oil

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




oil, wherein the concentrated surfactant formnul ation
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serves to increase the efficiency of oil recovery.
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The surfactants are derived from an al pha-ol efin
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Enbidrfogaul&lidn fakopetsnt Rveagsses edited by M Baviere
(published for SCI by Elsevier Applied Science, London
and New York, 1991). SUMVARY OF THE | NVENTI ON The
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recovery surfactant formulation conposed of a primary

s foimadstamt congprisegondary co-surfactant, a co-solvent, a
passi vator and a polyner. The present invention is

al so directed to a nethod for enhancing the recovery

of 0il (fy oMaghrinhty SUfANRRBoMBASHY Bh hlkWRkdRatiterhbiet) having the
enpl oys said fornulation of the present invention. In
one enbodi mgaeerak feemplaesent i nvention is directed to

an enhanced oil recovery fornulation conprising (a) a
primary surfactant conprising an al kylaromatic noiety
havi ng the gener@l formula: wherein R is hydrogen or

an al kyl group cpntaining fromabout 1 to 3 carbon

atons; R2 is hy genger an al kyl group having from

about 1 to <
| /J
/\

R3

MSO;
wherein R, is hydrogen or an alkyl group containing from about 1 to 3
carbon atoms; R; is hydrogen or an alkyl group having from about 1 to
3 carbon atoms; Rj is an alkyl group having from about 8 to about

60 carbon atoms and M is a mono-valent cation;
(b)  asecondary co-surfactant having the general formula:
R4-S0O3X

wherein Ry is an aliphatic hydrocarbyl group having from about 12 to

about 40 carbon atoms, and having from about 20 to 98 weight percent




3 carbon atons; R3 is an al kyl group having from about
8 to about 60 carbon atonms and Mis a nono-val ent
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general formula: R4-SGBX wherein Ris an aliphatic

hydr ocar byl lﬂé&ﬂﬁlg (Qﬂltéflﬁlﬁg]bﬁp%o%léﬁl &bﬁéﬁho‘ffglowtles or
carbon atons, and havi about 20 to 98 weig

per cent br an@hﬂg@sthmeﬁ@ndXimmtglom&nbcatmse ol efl n or
al cohol noieties or mxtures thereof; and X is

nono-val ent cation; (c) a solvent; (d) a passivator;
and (e)cp palsiRht; | n one enbodi ment t he present
invention is directed to a nethod of naki ng an
enhanced oi | recovery fornul ati on conprising m xing

(a) a mar t conprising an al kylaromatic
noi ety jaV| r?ya?ﬁ{égtglgtﬁg@al formula: wherein Rl is
hydrogen or an al kyl group containing fromabout 1 to
3 carborB atoms R2 is hydrogen or an al kyl group

havi ng @ ¢ ARYYBEFom R3 is an al kyl group having from
alRidhe gmBleﬁﬁﬁy tthqueééﬂf R9BntAMAEBire @tPtoM thsthBd of maklng an
mono- val ent cation; (b) a secondary co-surfactant
hanhanged hd rgwwetryefbrrmdamn comRirgaBXingherein R4 i s an

al i phatic hydrocarbyl group having from about 12 to
about 40 carbon atons, and having from about 20 to 98
wei ght (ger cerrinan @fﬂﬂfzﬁ@ant ADMpASIAG ah alkp&r&ﬁﬁlmow}&vmg the
ol efin or alcohol noieties or mxtures thereof; and X

i s a nono- vaeeeral foanplsh;

/

3&\

wherein R is hydrogen or an alkyl group containing from about 1 to 3
carbon atoms; R; is hydrogen or an alkyl group having 1 carbon atom;
R; is an alkyl group having from about 8 to about 60 carbon atoms,

and M is a mono-valent cation;
(b) a secondary co-surfactant having the general formula:
R4-SO3X

wherein R is an aliphatic hydrocarbyl group having from about 12 to

about 40 carbon atoms, and having from about 20 to 98 weight percent




(c) a solvent; (d) a passivator; and (e) a polyner.
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meani ngs unl ess expressly stated to the contrary: The
term "primarp I rs to the
ani oni (F:) ar orra??d(l:ll Eﬁgﬁ%ﬁﬁn&eg?ﬁg @{s gf }s?l%éereé)elgfé%? ; iﬁﬁ&}% groteties or
f or mul at i on.mMiRkes hereof;@od Misfaantrantdlerasatised her ein
refers to the anionic non-aromatic surfactant that is
present in the fornulation. The terns "active" or
"activgs) asaswbegitherein refers to the concentration
of the sodiumsalts of each surfactant species (i.e.,
primary surfactant or co-surfactant). The term
"al kyl qfie" Qﬁxﬁ§€£oﬁ§£@in refers to the al kylaromatic
conpound used to prépare the al kyl aromatic sul fonates
of the present invention. The al kyl aronmati c conpound
was prgg@red u iqg an aromatic conmpound and | i near
al pha ot’efi A T8 ™ <oneri zed ol efin. The term
"isoneri zed al pha olefin (1AO" as used herein refers
to an al pha olefin that has been subjected to
i soneri zat i oREbAHED SIS CRHPETHON &HUTHE INVENTION
alteration of thedistribution of the olefin species
present and/or the introduction of branching along the
alDefinitoinai n. The i soneri zed ol efin product may be
obt ai ned by isonerizing a |linear alpha olefin
contai ning fromabout 12 to about 40 carbon atons, and
o ar bon
o B o) A i b e Fo ARl k1 Oy sty
t sta@ddathelcantretyal s of the Periodic

The term “primary surfactant” as used herein refers to the anionic aromatic surfactant

that is present in the formulation.

The term “co-surfactant” as used herein refers to the anionic non-aromatic surfactant

that is present in the formulation.

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

sodium salts of each surfactant species (i.e., primary surfactant or co-surfactant).

The term “alkylate™ as used herein refers to the alkylaromatic compound used to
prepare the alkylaromatic sulfonates of the present invention. The alkylaromatic

compound was prepared using an aromatic compound and linear alpha olefin or

isomerized olefin.

The term “isomerized alpha olefin (IAQ)” as used herein refers to an alpha olefin that

has been subjected to isomerization conditions which results in an alteration of the




Table. The term "co-solvent" as used herein refers to
al cohols, ethers and/or a range of nonionic material s.
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hi gher tol erance to polyvalent ions, are water-soluble
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higae elklyl él&ﬁxe r $hd @omkizddi olefat produa ﬂmrt&t(ﬂ)lalhﬁcb’[&f isomettizing a

h "
indateb 48T S R Bp B 15 ABF DBl a0 4 Hore
e@%ml Pot ol EEPNSuCTs Hysioaanhbons from

terranean reservoirs. The terns "Gas
Chr omat ogr aphy” or "GC' as used herein refer to Gas

I lsf i B2F meorebar bp st RO hets of e Prgiod

oTdpléli ssol ved per unit volune of surfactant.
Typically, oil solubilization paranmeter is nmeasure via
phase behavi or experinments. The terns "interfacial

teRSian “Bc?-%oll\lulerl: P as Q{Qd re gé ?'tdqal&%o?sr gfh@rstd?lﬁ/(ﬁldrrgﬁé%eof

t ensi on ween wat er o I fferent
3&1’2:11@16 ireseriatsn tGdnefally thess mnﬁmntcanﬂterﬁ?ds haMeat som\»dmat higher
i fferent concentrations. i.cal | i erfac
Cokeamesedo 15 GG O oL g i PR A B 85)“‘he a reduction in

t@i@édslﬁggfﬁ{e sBFfaG Rt GHHAlIRSbd r om phase behaVI or

exper nts. The term "M ddl e Phase" refers to the
m cro-enul sion fornmed by conbl ning test oil and the

RS TP et oy SO PPl kAP hasb Gy bRt o

ah;&gﬁq@ggl refers to attachment of the al kyl group on
the aromatic ring wherein the longest alkyl chain is
attached to the aromatic ring at the 2-position on the

all"ﬁé( lten%g aqi:t{ﬂranced oil recovery” or “EOR” as used herein refer to processes for

enhancing the recovery of hydrocarbons from subterranean reservoirs.

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

Chromatography.

The term oil solubilization parameter “SPo” refers to the volume of oil dissolved per
unit volume of surfactant. Typically, oil solubilization parameter is measure via

phase behavior experiments.

The terms “interfacial tension” or “IFT” as used herein refer to the surface tension
between test oil and water of different salinities containing a surfactant formulation at
different concentrations. Typically, interfacial tensions are measured using a spinning

drop tensiometer or calculated from phase behavior experiments.




Unl ess otherwi se specified, all percentages are in
wei ght percent and the pressure is in atnospheres. The
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r é’@d\ﬂ@ﬁ’ igsarveif huncamntatmmgmlhmfantanﬂlfoenﬁlanmadynng phase behavior
gtant The primary surfactant of the present

|nven ion has the general fornula: wherein R is

hydrogen or an al kyl group containing fromabout 1 to

3 arbon_atons; R2 is_hydrogen or an al kyl group

A Tomkglaaehment) r@er@&p pigashmeone; thﬂahkgl gmu@bk tHe aromatic

grﬁh RyHRay car at

] % Mis g%&%&ﬁaﬁkﬂ%aﬁvg gm?cl?l g‘g A 1& H@rﬁ?%l\% -pgsition
annahfkakyl aeinal , anmoni um or subst i tuted ammoni um
Exanpl es of substituted amoni um i ncl ude anmroni um
i ndependently substituted with fromabout 1 to about 4
alUnMa biterwise S5RIRUI £11 PyrdsRsas v
about 1 to ab%t 15° ca?bo orrs,lnsuc%lﬂze&@¥ﬁ<ﬁ?,tﬂéﬁ£}sweIS n
aktagsphergnd ar al kyl | andopt| onal | y having one or nore
het er oat ons, such as nitrogen, oxygen or sulfur, which
may be present in aliphatic or aromatic heterocyclic
r Thg preséntaninton Bf difedic a® b efihesOsY feebery sit@actant formulation
substi tuents include pyrrole, pyrrolidine, pyridine,
p§PIRIHNS: PripFausiagtant, Aicesathetaning S@]mnﬁm polpmeiTdnal a passivator

:‘ Qlté@éa %ﬁ%f%:d{?%n{dld% the! Qﬁlﬁa‘n& Lrec 9 rebrg gur% l“!:kt)ant’c forny e Wt aglon

het erocyclic ring, such as in a G yrldyl substltuted
ao .U r | ternatively, the quaternary anmoni um

i y be a nitrogen atomin the

het erocyclic ring, such as in a pyridiniumion. In one

embodi ment, R and R are nethyl and the al kylaromatic
nbhepEimpEy surfactant of the present invention has the general formula:

/

MSO;4

/
R3

wherein R, is hydrogen or an alkyl group containing from about 1 to 3 carbon atoms;
R is hydrogen or an alkyl group having from about 1 to 3 carbon atoms; R; is an
alkyl group having from about 8 to about 60 carbon atoms, and M is a mono-valent

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

ammonium.

Examples of substituted ammonium include ammonium independently substituted
with from about 1 to about 4 aliphatic or aromatic hydrocarbyl groups having from

about 1 to about 15 carbon atoms, such as alkyl, aryl, alkaryl and aralkyl, and




al kyl xyl ene. Mre preferably, the al kyl xyl ene noi ety
i s al kyl -ortho-xylene. In another enbodi nent the

w@bdoglsssemat i c noi ety i s al kyl - et a- xyl ene. TheCPU2088/§81616
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surfactant enployed in the present invention is an

+;ﬁ}6n§fl§3mﬁ ot ARG PR dmO R e[%ergtrp%é t&?ygen or sulfur, which
ylat1on of an aromatic conpound. Preferably, the

amayrbe pmsmﬂnqn@]uphatlc sr renmdn h;:tetqcb'cjgrmgsx@xmes of sultable

Xt u theref or th More pr.eferre ar onafg.
e e aps Behs BYrolf TR fiechirklipe, BRARIE
Xfﬂ'rﬁﬂﬁe Ii%i RPPle e Quinblife. Xk BBR e BROMRGsUBBNtUEAITRA) e
ortho-, neta-, or para- xylene, or mxtures thereof.
Tyubsigtatadyon thee emamwm meiet tsenghich Gasbon atgman ghe }wtqrwyahc ring,

Frhde £ CanplEBlRAR RO LRy D Ao 8P ey

ArRA®nivaNAitiop&t 1t5&lt&ﬁ£}f besnitrogen &bar i€ tﬁb kaeboytliatrmggsuch as in
yield an aromatic alkylate. The alkylate is sulfonated

t ®PYRHMUENIOBI ky| aromati ¢ sul fonic acid which is then
neutralized with caustic thereby producing a sodi um

al kyl aromatic sul fonate conpound. The nost preferred
aIrkqdeedndaadsnemdél zbyd Rivae alekyil and thae abifylasempiic sopicnis

Vel RhE e Rl Ruih e o (R o O B Bl SR

1, 3, 4-ring attachment structure, havi ng 40 to 60 Wm %
2-al kyl attachnent to the aromatic rlng? e., wherein
t Ireariodheg embodimept thelatiiviarpmatis matehets ally ﬂféa'éyléﬁ“at ic
ring at the 2-position on the alkyl chain), preferably
45-55 wt % 2- al kyl attachnment and nore preferred about
5®h&\431°{m2ry6dukﬁabtaﬂ1t dxﬁﬂbmh theopredeat Arventidn is an ialkylaromatic

Preferably, the ] t f %

Grilpiel il ot of ST b, ! e
glcgﬁﬁkéﬁrﬁl i3 B@ﬁeﬁé tolge R, ?}W@Hé Ymix@ired Ba@bf Gafe!likdSMore

wt % an t preferred 98 wt? ‘the al kyl ate contai ns

t bgfc‘hed?,aromatlp agmpourslch tdnenesxylers, ar BUXIWSS thereof. If xylene is

2Fep PPt rdens optd o ForDuf P e orgaresepser

phﬁiﬁfersqgieré(gpner is the 2-al kyl-4,5-di met hyl benzene

sul fonic acid
Typically, the aromatic compound is alkylated with a mixture of normal alpha olefins
(NAO?’s) containing from Cg — Cgo carbon atoms, preferably C,-Csp carbon atoms,
and most preferred from C,-C4 carbon atoms to yield an aromatic alkylate. The
alkylate is sulfonated to form an alkylaromatic sulfonic acid which is then neutralized
with caustic thereby producing a sodium alkylaromatic sulfonate compound. The
most preferred alkylate is made by the alkylation of ortho-xylene which produces an
alkylate 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 wt% 2-alkyl attachment to the
aromatic ring (i.e., wherein the longest alkyl chain is attached to the aromatic ring at
the 2-position on the alkyl chain), preferably 45-55 wt% 2-alkyl attachment and more
preferred about 50 wt% 2-alkyl attachment to the aromatic ring. Preferably, the

10




i somer where the anount of this sulfonic acid isoner
is present, preferably, in an anount of from about 1

W 200088889 90 Wt % nore preferably in an anmount POf/U$20081081616
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about 10 to about 80 wt % and nost preferably in anmount
ll@tlaté G bR Yhond ¢ é 6ot PARYILE Sg€ GRSt plreqa%t)ly less

one “aromat i ¢ conpound or a m xture aromati c

C dhzpolinato dmj{k}bae speetksf d?reftﬂablyabtldyzisaabmm 9b ed¥%t andmnmaost preferred

entlon fer bI th at | east
L8 R RE B Al o ag e g, Srnnd ateshan ik Bon
CQUREA598 oRihd RAite %l)&ure@am?mémal@gu%ﬁkl 0} isSTHE are
as enzene to uene, Xy ene, cunene or m Xt ur es

t Hermeaskand ke erefﬂr@ﬂemnﬂrys the ﬁeallaxl 4, =dipethyldenzepanplifenic acid
¢ g%ﬁ%) Ir\]ﬂlée?er ﬁh? raglgg}ln% off tﬁl? an?om(g ac Xsto%{e? 1§ }frﬁg% g)re erably, in an
pakhfuht ofdfeh abxitrte &bblh@loaﬁ%, nMrs brqﬁxﬁfal@ﬁﬁtbh ymotufterf dtom about
| east one arommtic conpound is ortho- é%Lgne Sour ces

ofl VAP ahet| Qvec{msluﬁastmeferablw ig ggeuphpf aj reastgbpt 70 wide.
conpound or the m xture of aromatic conpounds enpl oyed
in the present invention is comercially avail able or
marohnatip Copmwoend by net hods that are well known in the
art. Aefins The ol efins enployed to nake the primary
surfactant of the present invention may be derived
f raMeadt ¥iRd dr6in¥ti©@EoripMind s a niiifie SPAbMAEC Edfipdias HAQ be used for
normal al pha ol efins, linear alpha olefins, isomerized
| ithrealkylatiprhesagsiasy inrike prgsemt inveriipna Reeferablydheat leastione aromatic
ol n Y

cg{nﬁ)eﬁnds(gr[}g% goﬁalgrgn% V\%ﬁ %ncfr%n{tﬁr gbtl%hggér?%f/ [E%Et%gllg %ﬂr?o ocychc
| Srdrhdtitd Buck aabdtizege, lug@rel xdkm) ouendoranixeures memﬁ ﬂMore
wax. TheFlschg¥ Tropsch wax na§ Ee hydr gt r eat ed prJor )

t Preferabl Hete smaiccoaPospd, Prarsmatie FoRBOWIddRixHYe is
d‘?{yle\’l@ qnélﬁ@?ﬁk elﬁrlﬁjl’lflérg]g%e s OSRMmat !qu‘pa%lQi and mlxtures thereof.
ol fgoneri zatton of ylI’ene dnd ot her ol ef
meM bt podferablyothe fal leagirone egwssatic (comphamdbis omaewm: and
t he

Sources of Aromatic Compound

The at least one aromatic compound or the mixture of aromatic compounds employed
in the present invention is commercially available or may be prepared by methods that

are well known in the art.

Olefins

The olefins employed to make the primary surfactant of the present invention may be
derived from a variety of sources. Such sources include the normal alpha olefins,
linear alpha olefins, isomerized linear alpha olefins, dimerized and oligomerized
olefins, and olefins derived from olefin metathesis. Another source from which the

olefins may be derived is through cracking of petroleum or Fischer-Tropsch wax. The

11




l'ike. I'n one enbodiment, the aromatic conpound may be
al kylated with a m xture of nornmal al pha ol efins (NAO

W@ 200005888% ni ng from C8-C60 carbon atons, prefeP@bUF2008/081616
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from CL0-C O carbon atons and nore preferred from

L
somlceymdlude olefine dérinedifrdnmpargffaudehydtogemation an eligeraerégation of

i nvention are mrercj al |y avai |l abl
PgaReca yher e REREE o 4Bl RPN RS e raghgr) and the
Thg. olefins enployed in this invention may be |inear,

i sonerized |inear, branched or partially branched. The
olefin may be a single carbon nunber olefin, or it may

e a mxture of |i . ol efing, ' . .

13 sfe Frdfienh dhs s ffPd M, M8 At Yicn a mivaure of

A ohbNfphatol Bfinet W0 8f cqadihing|ftom Of-@hetwbbmitefis nsefemblafrom
m xture of any of the foregqing. The olefins may .

S&b€on earbon aamspad mese picfarred 47amR f1n wﬁé’febgnr%m@ﬁ %@ﬂ?‘ﬁ o

g?g#gé?,g%{f@cﬁgﬁﬁle@{ﬁqgs to about 60 carbon atons.

0 é_flns are selected fromolefins with
car bon nunbers ranging from about 10 to about 50

car bon giggs nore preferred fromabout 12 to about 40
: 0 = | n anot her embodi ment, the olefin or the
m xture of olefins is selected fromlinear al pha

ol efins or isonerized ol efins containing fromabout 8
t Bhearxomel @phaeleureraployis tonvmake the prBpLfactapldn thepraseat

of olefins is select 0 I '

o B pbesf S eI CR B BB By s e vl
Sghowdl @R @t.ons. Most preferably, the mixture of

olefins is selected fromlinear al pha olefins or

i sonerized ol efins containing fromabout 12 to about

491’1??&581&“&9@8?&1‘ i-lmﬁs Fﬂ\?&hﬂéil?m‘a;/ bO 18k Nesmeri 2l 1Sar, Sranched or
preterably selecte rom pol yol efi ns” whi ch mafy be

partially branched. The olefin may be a single carbon number olefin, or it may be a
mixture of linear olefins, a mixture of isomerized linear olefins, a mixture of branched

olefins, a mixture of partially branched olefins, or a mixture of any of the foregoing.

The olefins may selected from olefins with carbon numbers ranging from about 8
carbon atoms to about 60 carbon atoms. Preferably, the olefins are selected from
olefins with carbon numbers ranging from about 10 to about 50 carbon atoms, more

preferred from about 12 to about 40 carbon atoms.

In another embodiment, the olefin or the mixture of olefins is selected from linear
alpha olefins or isomerized olefins containing from about 8 to about 60 carbon atoms.
More preferably, the mixture of olefins is selected from linear alpha olefins or
isomerized olefins containing from about 10 to about 50 carbon atoms. Most
preferably, the mixture of olefins is selected from linear alpha olefins or isomerized

olefins containing from about 12 to about 40 carbon atoms.

12




derived from C3 or higher nonoolefins (i.e., propylene
ol i goners, butylenes oligoners, or co-oligoners etc.).

woe@bessakd y, the m xture of branched ol ef i ns | BCEUS1008/081616
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propyl ene oligonmers or butyl enes oligonmers or m xtures
thereof. Preferably, the linear olefins that may be

used for the al kylation reaction nay be one or a

mi Theumigtué oflbnanetied alqiina iopreferatdy sdé¢atet Eemfpotymlaiine fwhich may be

B T R
sl gs&@ﬁk o mmédﬂ{dr@étc hartkfagably, 9K b o?@rain@héiﬂﬂé‘ﬁnsﬁ@ either

carbon atonms per nol ecule. Mst preferably, the normal
a|ppml¢ﬂeelflugﬁmﬁ§ of dubdensg oligamers bemixigren Merend. f rom

e%%’%{a% A t}%ol?r}%?ﬁ&leﬁﬁ)s t%gtrlggfb%s% 01pt?1£: F{;Eg/la?gﬂ r%c’u!)rﬁ1 m%g%e one

e presen nven
oloehinnistua¢ ef lil(ﬁ'ﬁﬁbail'phfedleﬂﬁ:i rugecasdsftrim dledins havihg fioth zafoluds to

cat al A solid catalyst preferab as at |east ope,
né’i’%‘i‘ty@ﬁabté’%ﬁ‘a"%\ﬁef %@% %@F@r%fﬁrfgf/yogﬂem@ggaka@w oelin is
angRtied Mom Nefifs lPé'Vﬁ{geﬁ&H l¥ourl 1080 §9$dt@0%§flﬁh3éﬁ}m§ per olecule.

mol ecul ar sieve W th a one-di mensional pore system
s Most peef@Rbl3, themp@ndl alphaSMFD- is sdlect8EioB8XlefigMazBig from about

N?Eg g APO 39, . ZSM 22 i SZ 20. O her possible
Pé %‘8 P FADRP QRIS RET OIS £ or i soneri zat i on
i ncl ude ZSM 35, SUZ-4, NU 23, NU-87 and natural or

ﬁnt hetic ferrierites. These nol ecul ar sieves are wel |
kABRAC Prﬁb@%@eafr of thepresqns inyientens Shenqrmalelglamelefies are isomerized

S A PPl A SRR e
by)xr(kfmdenaeerbgﬂ p(a'b lsizp of [pesthan 54 dnigstuords. tMgre p@éferably, the solid

ngﬂa “51,%%:5]'1, FCU‘(i aral S{}n tellq gl%%%%%‘nglggé}%fd%%ysstelmr such as SM-3,

| S0APOLZRSAPD-01, SBZ( @lzsthawlr&m?ssm 39278852 BFSSZ-20.
out in batch or ‘continuous nbde. The process$

t é}fb@rmsmbleﬁcquhéwg@lyfstw@b@us@@a@za@orai@elym ZSM}@S SUZ-4,

I t t cal sed |

amlg-?ﬁalsg—%}: anéiI o} Euralfqr gﬁﬁt‘hetlc ferrlerl &k "IJIJlese molecuqar Sicves are well
known in the art and are discussed in Rosemarie Szostak’s Handbook of Molecular
Sieves (New York, Van Nostrand Reinhold, 1992) which is herein incorporated by
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 olefins may be carried out in batch or
continuous mode. The process temperatures may range from about 50°C to about
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 carried out in a fixed bed process. Space rates in a fixed bed process

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

13




whi ch may be heated to the desired reaction
tenperature. A continuous process is nost efficiently

w@aopfossssout in a fixed bed process. Space ratBSI/US2088/081616
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fi xed bed process can range fromO0.1 to 10 or nore

th Qrﬁxeﬁ BUE brocefiafhe i o‘?xllxé?fihﬁ(yné l?srt fid Qgekaqg tHY RE&SrSand

he i soneri zati oh cat s C e reactor
aradtnaa:ttd viadred avm tednp@atuax ofat teastpléﬁéﬂi underoficiatm befiswing inert,

C er va or flow ng_.i.ner as., After.
5 AT e atpRpelemr A ra Pt (e il e i djusted o
C &h@ﬂ%ﬁ%d réacBsl HBiRFhnire ahd 8 MdQsdftBSolefAtd inBBduced into the reactor.
tenperature and a flow of the olefin is introduced

i niths reastorredBieant eontainingrtbeipartiallebranclkads isewatizsdolplnsin eollected.
pai“}le r@édh?(r%%bﬁa?{‘eﬁgﬁfrla%‘}q%gfﬁgéﬂlér?%dg)'l&{ﬂs '&8nﬂraﬁlzag&’kégfeg4 §1‘§gn

he résulting p ranc

c Qﬁ]:itﬁblli’tl(ﬂl (tlef hlpheokefin) vdd oleflhsihtertial blein, fri-substitugdd@idéfin, and
ol efin, bet internal olefin, tri-substituted

| ef
|Vé@xlwen%wa? U)Ofﬁ’g%l ﬁrgtéﬁélgcﬂoaf%shaamt Bt ths aRisREcEEst lpkin and
t %Hdﬁlaﬁ‘é ar@selb&t8d WSS ro'b th@ldgﬁlké?l AE¥h &%@hﬁéﬁﬂﬁi the degree

are selected in order to o taln the desired ole
dioftbranghingon and the degree of branching. Acid
Catal yst Typically, the al kylated aromati c conpound
nay be prepared using a Bronsted acid catal yst, a

edig Cailydt cat al yst, or solid acidic catalysts. The
Bronsted acid catalyst may be selected froma group

conpri sing hydrochloric acid, hydrofluoric acid,

PO RS AU LB SRR g i
andtatyst, ailevds add amdlyster sdlideacidiy edftaysthl y, t he Bronsted

acid catalyst is hydrofluoric acid. The Lewis acid
catal yst may be selected fromthe group of Lew s acids

COMRRIBrohdied &id Hataw théy sélée@e’ctéaefmrﬁﬂa ?‘i@d’iﬂd&ﬂﬂrisﬁ{gqmd%hlonc

alum numtriiodi dé, boron trifluori bor on
t racisk bydraBuorioorcich hydiobouthigacidnsn!funis acid perchlost eeidbl vy,

t erﬂllic?rvommsethaaﬁcle guli;o%tlcaellc\{(itﬂuio?osﬁifu L 98 H] §I{<f 1910 ac%cf:l and the like.

Preferably, the Bronsted acid catalyst is hydrofluoric acid.

The Lewis acid catalyst may be selected from the group of Lewis acids comprising
aluminum trichloride, aluminum tribromide, aluminum triiodide, boron trifluoride,
boron tribromide, boron triiodide and the like. Preferably, the Lewis acid catalyst is

aluminum trichloride.

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
acid form, for example crosslinked sulfonic acid catalyst. The catalyst may be a
molecular sieve. Eligible molecular sieves are silica-aluminophosphate molecular

sieves or metal silica-aluminophosphate molecular sieves, in which the metal may be,
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The solid acidic catalysts may be selected froma
group conprising zeolites, acid clays, and/or

W@ 200003888 umi na. An eligible solid catal yst i SPEI/Us1008081616
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exchange resin in its acid form for exanple

C rfB? &dnﬂh@ qro?luwlﬁﬁ'o? nﬁ:‘f(bfj Flas!u:'{él?le eH}ﬁ 1eabBoytac i@ catalysts
be a nmoledul ar si eve. ecul sl eves are

sidre dmelaqunnrﬁbﬁhmma{oe 7rh88,662|,| wihick lsehﬂe@n orcorpeirated by reference.

silica-al um nophosphat e nol ecul ar sieves, in which the

nmetal may be, for exanple, iron, cobalt or nickel.

O Bodittaidie c@t&@ﬁﬂh@ﬁb@fegé&irét@d aférdt Becoled lyftivatdd fi.e., the

disclosed in U S. Patent No, 7,183,452, which is

hesetalyst hardestsdlarseme pyrtioaradits satel Vs et Bhg e thadg thatiare well

ol BlunSh P 1Ry BEARRED L RH-ALLRL alil cABATR cxample,

pdtyﬂmfruonf: atids catalytic activity). Methods t hat ar e

vmcali kn wr}l)lnthea eus.e to regenerate the
#Bgﬁéfo%l—%ﬁ——’lgéﬁ—‘é aci d. Process

for Preparing the Al kylat ed Aromati ¢ Conpound The
al kyl ation technol ogi es used to produce the pri rrary
S u’Plfeavékﬁatttonatwmomg@swsm toj m@duc@éheapmnw@rfaﬁmt@dkw%mll

1 d caf,a d

papeRdE Bty aR” B i e S BV QleEectd bapuf g8 plfiechin o baten,
bekigdatch op oraRRYLs Srotdks dpautindiibetleghdRin Rt 0Us abd1800
acid catal yst nay be recycled when used in a

coleeress 665Uy ocess. The acid catal yst may be recycl ed
or regenerated when used in a batch process or a
conti nuous process. In one enbodi nent of the present
i blerdcidorataly st enagyl Heyrbgtcladnvigmased m 4 ssomianmisqdoms!; T acid

reacting a. first rmunt of | east, on romat
CSHAbITIEha8 e SE ok e RS erated e St ISP o o continuous
figrsdes@nount of a mixture of olefin corrpounds in the
presence of a Bronsted acid catal yst, such as

hydrofluoric acid, in a first reactor in which

adntoat: pmhoqhmenaoﬁtha present 1m\reehemyhmll§mlabomgroaessu$ edrried out by

reac xture gqq {e | ting.first gact
Téac 1ng a irst amount of at Teast’one aromatic compound Of a mlxture of aromatic

compounds with a first amount of a mixture of olefin compounds in the presence of a
Bronsted acid catalyst, such as hydrofluoric acid, in a first reactor in which agitation
is maintained, thereby producing a first reaction mixture. The resulting first reaction
mixture is held in a first alkylation zone under alkylation conditions for a time
sufficient to convert the olefin to aromatic alkylate (i.e., a first reaction product).
After a desired time, the first reaction product is removed from the alkylation zone
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.
A second reaction mixture results and is held in a second alkylation zone under

alkylation conditions for a time sufficient to convert the olefin to aromatic alkylate
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m xture is held in a first al kylation zone under
al kyl ation conditions for a tinme sufficient to convert
wWao beoossssd n to aromatic al kylate (i.e., a firsSeCT/US2008/081616
reaction product). After a desired time, the first
r t I
T B B e e P R AR tuid
prssyarator tesaliayabydrdeanberh(ian oeghdich prdatts dererpatatofromithe acid

TR aC e e L GRS R BB A UG i SRR d0p el

anThe 1BfkdcartRdnl produst istuARerafédict it® Rthov@BREEYs uBfretted aromatic
m xture of olefin compounds wherein agitation is

S neﬁqmpaun@foland/\omeﬂu defirde reyapernds e the degired allyydate groduct.
dxded ﬁcﬁﬁ&&dcoﬂ{ﬂ%h&’st ﬂ%’?’? al%@ B@réégé?i@& tPhE ¥éa%Ldr82. _
or atrne su lefin

con 1t1ons ci ent convert t
to aronmatic alkylate(| e., a second reaction product)

T a S 5 01?91{1 {‘I:IFJIE’R?Q @qj;?rgge%}; B)Iaan{gqend Q}eore%tnjgéﬁ%j@f place in more than
pr%%i&o& WHEGPARE ?Jcﬁteﬁri@ Rl e{naeadioic@&(ﬁhgafe seddifd @sdti%n
catal yst may be recycled to the reactor(s) in a closed

10 | qupduyy & @liquiddigniditeparatonche pecoddicgaciien produdias fedieatln
t Ore!ic?gm l?erglngﬁs ecgnd re%atﬁgélggﬁrﬂ%%??sa%l %cg\m oun?(i gonfﬁ 'amount of at

optoa Ic CO

al lkast ahearpmdu ebmp('ﬁhﬁ oaaRikure baematic cOMPOwIAd anday additional
al so be ﬁe%%cled to . the reactar(s).. In another
QCI

erflRHIABHEcIGFatalig apdeantionally,vatirancidditional st phmixture of
t a(h@l?n &l HQWJHPII’CEI %g‘@ﬁoﬁ M?élﬁlgﬁlgerg t &Qct?d’n ixture results

Iocated seri es. ead edl ng the secon
15 r emdtis bcid or @ thuck alksdatwri ioqauddériatjgiladionepaditibns for alime sufficient

second reactjan product is. fe hird rea t

a8 carvert B olsBB R AP AR sty Sab o BRGUGH (e gppetions
adglkd plactain a8 MR redRfordhs hRaSshryad @baiPiRR deSirddMBAMBE afmatic

a mxture of aromatic conmpounds and an additiona

arfgaftiongrodyet.-d catal yst and, optionally, with an
addi tional anmount of a m xture of ol efin conpounds
wherein agitation is nmaintained. A third reaction
20 miRieuotal cl%gd msleantdo bBBlvaktdd acid@atahist 1 tht kiehiatcomporaiids about
und@ f yl ation conditions _faor a tine suf[icLen
o & fqrt

to .
e cqrtingdl eaetausoRigfarebly hy Pires polegatio &l Biginpigd acid
I QAGY <Pt tBE RYHIcbmpblfds'i§ A6 rld?fhan about 0.7 to 1 in the first reactor and

no less than about 0.3 to 1 in the second reactor.

25  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
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.

30  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

configurations, ebulating bed reactors, and other reactor configurations that are well
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take place in as many reactors as necessary to obtain
the desired al kylated aromati c reaction product. The

W@ oa0alosssBar ge nole rati o of Bronsted aci d cat ab@gBUS1008/081616
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the olefin conpounds is about 1.0 to 1 for the
COmMWREH theeRe tl\%r?}l suth ?Ja@fo?s,belrbf kn&vbﬁ t&ﬁ‘l@!iegﬁcll'f@?i if tl'i@etr{ fnd are

of Bronsted acid’catalyst to the olefin conpounds is
nosuitable fortthe alklation Eeagtiorp Algitation Iseriticaldor the abitytatioamepction and

| ess than about. 0.3 to 1 in th ct
oo SrS RORBing Pt otk n GHEEF BRst, 3Bk Fixgr Wnetic
t heixhein rive &8Py HBeriagit@abRUicvicedthaPard v&eq)lrkri)kl@i in the art.

conbi ned reactors. Preferably, the charge nole ratio

of Therpbkatinmaprpeess s1ay desarried ouhet temmr@wrt’cscfrﬁs@ abe 0P tgabout
! efopot! oL 1s]1:a4r écpou]c uhqer snﬁicﬁlénﬁ ?llesgl.ﬁ@fﬁapﬁ s%gan'tlﬁl portion

no nore than about cond reactor
Meofithé fepé sombortee&n’emmmn niié Wauid phaasTymgallyea pﬂeesilré of 0 to 150
t he.react (%r zone. These include, but are n$8P| imted

t PSiSSRETagerY do maiHas feedand preducisp the i

reactor riser configurations, ebulating bed react ors,

and ot her reactor configurations that are wellknown in

t hEheaesidengtiynesindhe reaeter sradimg hakigowhiciant toepnwers Rishbsgantial
|nte tablef he al kyl at

r ortion gtr th %pc?lnq\clg glrl](.%/ija %rlofi%tc etime T XA fr(?r%tapmﬁ 30 seconds

r etaabomns OaﬁﬁhutbanA Borp pevise essideyicd @ma&nayg:el dmeinﬁreﬂfb,y those
with or, without baffles, static m xers, kinetic mXxing

i rokpliedin dhe a5t using b reddrnkaicpeiars de meagye thedinatics of the

Weliky 5iiVitotddst he art. The al kylation process may be
carrl ed out at tenperatures from about OC to about

100C. The process is carried out under sufficient
e that a substanti of the
e e S P anaratt Soniung og ARl el man opmioryds apd the olefn
PredafpeufdsthaPbd Mjekhdd d@ﬁérﬂtelysln&ﬁﬂhb $daRE6PFOel? nid BitAixRd prior to
feed andH%roducts int d phase. The residence

t iIRisction. Bogh single mad mudtiple rqaﬁ%ort #ues may baupedowish thetigjection of
Eé/ ?t;%naﬁc %H@EB@&_@& t OJrlréeﬁr?éb uﬁ g? infd ?ééd r@ﬁ\}ae alU(%r a.\]),ldeactlon

s eumeml ghe oeaabom roriz® needmidt &s ma@ntmnede afthe samseproesss defididons.

t I,H'l% hn%}/ocaﬁ)on%e%rfm or H’l lky){at}olgopsfgcess may comprise a mixture of aromatic
compounds and olefin compounds in which the molar ratio of aromatic compounds to
olefins is from about 0.5:1 to about 50:1 or more. In the case where the molar ratio of
aromatic compounds to olefin is > 1.0 to 1, there is an excess amount of aromatic
compounds present. Preferably an excess of aromatic compounds is used to increase
reaction rate and improve product selectivity. When excess aromatic compounds are
used, the excess un-reacted aromatic in the reactor effluent can be separated, e.g. by

distillation, and recycled to the reactor.
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skilled in the art using batch stirred tank reactors
to neasure the kinetics of the al kylation process. The

W@eoobmes8889 one aromati ¢ conpound or m xture of BCDIBL008081616
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compounds and the ol efin conpounds nmay be injected
seppah@dnyof AMklatNSulfeast i on zone or nmay be m xed
prior to injection. Both single and nultiple reaction
zones may be used with the injection of the aromatic
e
or TR 4RGeS B EBYBRAPRS ! BB her G (iher reacted
mago IfH@n aledlkglarddmicmlfemp raoidemd tidinté tordaspondihg sulfonate.
hydrocarbon feed for the al kyl ati on process nay
conprise a mxture of aromatic conpounds and ol efin
COSARYMAGSH I N Which the nolar ratio of aromatic
conpounds to olefins is fromabout 0.5: 1 to about 50:
1 or nore. In the case where the nolar ratio of

o SlBnafor SRR AR Brd ot risdohd s b et By S nbifod known

Prtefoae abbidirdify kil &S theQlrt. ALO stﬂfdn@n@@faa@wﬂs typicdliyedrried out in a
increase reaction rate and i nmprove pr odu

s efoatinyeustigllingyfiip tebudardeackorapaintatned @hﬁwh @§°Ca'i0eab9§'€7c5°c The
t

A UORRR BRI SRLITL ot e MR SR ST

t owitlneir ltlmmycp"rocﬁrom@maalkydaryd) ﬁulmrkg/dxcad yOthsu bilfomatien feagents,

al aronptic oduct t he proces

ceth A Sl el SR RE AT an i sl G aap be employed.
al Mfe@mmﬁé &lk M}Jn%!cfcoﬁff,ban@ia @ultf&ﬁ?ed\k}ﬁh ¢ fUreseandingded with
sul fonate. onati on Sul fonation of
al &y (The shmgfb mowr@pg @h dulﬁayn@ed@@xeﬂbylnte ds myln@mlyedmtahmt 0.8 to
knllormlto one of ordinary skill in the art. The

‘Tonation reaction is typically carried out in a

continuous falling filmtubular reactor naintained at
abhqut 45C to a ut 75C The al kyI aromatic conpound is
glization omatig SyHenigAGUd syl fur trioxi de
diluted with air ther eby produci ng an al kyl aryl
sul fonic acid. OQher sulfonation reagents,

Neutralization of the alkylaryl sulfonic 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 alkali
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 limited to, sodium hydroxide or potassium

hydroxide.

The Co-Surfactant

The enhanced oil recovery formulation of the present invention also contains a

secondary co-surfactant.
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such as sulfuric acid, chlorosulfonic acid or sulfamc
acid may al so be enployed. Preferably, the
w@bdoglosasenat i ¢ conmpound is sul fonated w t h sul PCF/US2008/081616
trioxide diluted with air. The charge nole ratio of
su r@hﬁ i ned at about 0.8
JfoéJéecBﬁda%kgut r%ltilﬁg g%@i %%%el#é%l al?ormt ic Sulfonic
ACId Neutralization of the aIkyIaryI sul fonic acid nay
be,carri{ed out in a continuous or batch process by any
]({ﬁg@3 nown to a person skilled in the art to produce
al kylaryl sulfonates. Typically, an alkylaryl sulfonic
acid is neutralized with a source of alkali or

S aI whereeRelg an ﬁhnltattlalhyérocmbﬁbgrpap havieg &b ghovdlioragoutrrt0 carbon
ryl
%tX*r@ érfrlgth‘;AP gi;bgﬁ gbrr%url? gﬁft 5?9/'&:%’51 é&%xﬁ%}‘gsngﬁlrn an% contalnlng one
aI chﬂahoremhetfﬁi oﬁwcdjhokmd&:nesbmhlmﬁmbﬂierd@ﬁtanﬂ IXﬁsta&ﬂoﬁcﬁvalent cation.
so |um hydr.oxi de 0 ssi um hydr oxi de. The
InQnye Qmen%ﬁé Rankdcacsl amfRQIEYR Of SYRSHRE AT HAniymM.
the present i nvention al so contains a secondary
co-surfactant. The secondary co-surfactant has the
10 gebeanples Qﬁsumtautedmm@mm@tdemnmomsmand@bn@may isgbstituted
hy arb u from abo apout
oo b AiouPt REbo R iSRRI bk o3E8 ko vine from
pedtoant tdatane h a@boraﬁldnﬁosiknwhmgl @ye, ditarfiltind a®d1Rf1l dhd
or al cohol noieties or mxtures thereof; and X is a

motRslonall e haviRgeney merg hgigeoaiqms grehedstnitrogensoxigen Pk syl fur, which

supey b BTEGt b iae UPRbinhi RECRRTAN il EXIRLER Slable

15 sulieserpeyelie dingistbstitwenrs iatladé pyrrdle mzlm@uﬂmé @}nqixlmapyﬁmtthne

aromatic.h car avi ng from about
oS iR 2n oSl he BEtatRohe rog GPStapit e be
anghbatitadeld oh th@@Hmonium moiety through a carbon atom in the heterocyclic ring,

such as in a C-pyridyl-substituted ammonium, or, alternatively, the quaternary
ammonium nitrogen itself may be a nitrogen atom in the heterocyclic ring, such as in

20  apyridinium ion.

The secondary co-surfactant employed in the present invention is an isomerized olefin
sulfonate (I0S) made by the sulfonation of an isomerized alpha olefin (IAO) in which
the TAQO is made by the isomerization of C,,-C49 normal alpha olefins (NAO),

25  preferably Cy-Cyg normal alpha olefins, most preferred C,(-Ca4 normal alpha olefins.

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

a residual alpha olefin content.
30  The IAO comprises from about 12 to about 40 carbon atoms, more preferred from
about 20 to about 28 carbon atoms and most preferred from about 20 to about 24

carbon atoms.
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optionally having one or nore heteroatons, such as
ni trogen, oxygen or sulfur, which my be present in

w@bdiophsss8e or aromatic heterocyclic rings. Exampl/es2008/081616
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suitabl e heterocyclic ring substituents include
pyrrole, pyrrolidine, pyridine, pyrimdine, pyrazole,
i m dazol e and qui noline. The heterocyclic ring

sublst IAQJ @rﬂonrmyedo@f betmsesmi fram ebous 20t @btmtrﬁ& mrt%ﬁwbrmheng/

thy opgh, accar terocyel jc Linge s

o P Bl A GRbbl o GO Bk fnd G ter Y abous

al G(Btbra@butvm W% bh@ckidghed BaheFORHbYm 0 td Sgrn30 m%l rE31dua1
be a_ nitrogen atomin the heterocyclic rlng

salpfﬁi %le%\y Prefersplyratween fror abeld Grdieraporicdswip a%Stdaat alpha olefin
|

o1 B S plPeraF SR RS Hord NREH'SR abZuTD eopREIdEGHpf olefin

i sspaeies.zed al pha olefin (IAQ in which the AOis nade

by the isomerization O G 2-C40 nornal al pha ol efins

(NAO, preferably C20-C28 nornal al pha ol efins, nost

Priafope 8boSiitnE e NOO TR onFdREBo LAt $dsisbout P3%Meanching, at least
enbodi ment, R4 is derived froma partially isonerized

al abent Broaesidual alphaplefingand hawinediom aboyRA to pledut 34 carbon atoms.
coqt C b

Qg G A Ao AR A BOEH g e
C aaboon0.24003% residhairaipha plefif and kavihg fromadbout 2P0 dboutedsiosskbon

24 carbon atons. The 1AO i s conposed of between from
aleMs-20 to about 98 wt % branching, preferably from

about 45 to about 80 wt % branchi ng and nost preferred

from about 60 to about 70 wt % branchi ng and bet ween

f rlomna bmbt)ditmem twhealibeperamt Waching indtralpastiafy asomegized alpha

pr betmeen fr abqut 0. Q_about. .2 %

P R R Saleh 2N EHRS e 515l olafgyontent
abigayticpdtidlly isbaertizel AlpHa’6léfasis @raater dhadhed eglififtd 8 weight percent.
species. In one enbodinment, the AO is conposed of at

| east about 23% branchi ng, at | east
In one embodiment, 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 isomerized alpha olefin is less than or equal to 15 weight
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 JAO may be performed by any method known to one of ordinary
skill in the art to produce an IAO sulfonic acid intermediate. The sulfonation reaction

is typically carried out in a continuous falling film tubular reactor maintained at about
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about 9% resi dual al pha olefin, and having from about
20 to about 24 carbon atons. |In another enbodi nent,

w0 b@oh#e889 s conposed of at | east about 65% br aPCTiUsZY08/081616

10

15

20

25

30

at | east about 0.2-0.5%residual al pha olefin and

haypagid 8m APey tTh%Q:hEu%e AN atidbf @é‘l‘fwoﬁﬁg 'tB;olehH i¥&intained
enbodi nent, when the péercent branching in
paﬂhﬂ@ht93ﬁ@bdeﬂtzed al pha olefin is less than or

equal to 25 wei ght percent, then the residual alpha

olefin content in such partially isonerized al pha

ol Okhed sulforgkioAt@peithancipas fufudl atid, thlv@sdiniPadié Gﬂiulfamlc acid
In onekggPodlnent when t he percent branching in

paPay dlsopeieamieeds Jereferabin the ispmearized ajphaplefin tsrsatfmtﬁted with
quﬁhquaﬁée&@ngang% cent, then the residual alpha
olefin content 1 n suc partlally i soneri zed al pha

olefln is |less than or equal to 15 wei ght percent and

a1 PR B B oo P e Bty Afeevied 5 heating

percent, then the residual alpha olefin content in

such partlall |soner|zed alpha olefin is greater than
N il D x O 1ZRE atOlefy § G) Acid he nor nal

al pha ol efins are |soner|zed as descrlbed her ei nabove.

Sul fonation Sul fonation of the | AO may be perforned by

anNemmHmtimkmﬁﬂm IAO saifeniofacidr ﬁhgﬁ bé yarsikd ght inr dohﬁmiifu% or batch

rodyce an | sul foni c acid | nternediate.

S PRSI GHY kovindo pynsrsen skijled it the agt to Bdeiuﬁe the 10S.

c omplbleatguan &bl s'uﬁgmf: labiié HOMaRbed \@ﬁﬁﬁ%uﬂ@bﬂlﬁﬁpﬁgta@t

about 300C to about 75C. The charge nole ratio o
uammontwn,@xsd@tltt@ecbaremM% Rreferabdy, tedsoatcedb am tlkoli tetal base;

to sul f.onat ents,, suc

L opiprettran, WY sctile € B LR pl SR AT BcR1ePHER o8 Butpg fimited to,
nayﬁ&hﬁhy@@xﬁﬁnkpy@ﬁmuﬁ z&©kﬂbly' the isonerized al pha
olefinis sulfonated with sulfur trioxide diluted with

air. The product fromthe sulfonation process may then

beat Refiabdv, Siifnsti&itdo e &]Rétd.u%gbe followed by thermal digestion and the

resulting product is then neutralized with caustic, and optionally followed by

hydrolysis with caustic. The resulting sodium isomerized olefin sulfonate (IOS) is
composed of between from about 1 to about 70 wt% alcohol sodium sulfonate. In one
embodiment, IOS is composed of between from about 5 to about 35 wt% alcohol
sodium sulfonate species with the remainder of the sodium sulfonate species being the
sodium olefin sulfonate species. In another embodiment the I0S is composed of
between from about 35 to about 60 wt% alcohol sodium sulfonate species with the

remainder of the sodium sulfonate species being the sodium olefin sulfonate species.

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

hydrolyzed with caustic.
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Neutralization of the Isonmerized Al pha Aefin Sulfonic
Acid Neutralization of the | AO sulfonic acid may be

W@ a009/088880Ut i n a continuous or batch process PYI/ES2008/081616
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met hod known to a person skilled in the art to produce

t thhQ@gara-YcPM:ﬁ‘ll thy prif@ry Aga&'dhtf zﬁ’lﬁ')@ irPk dolsdrfactant, M and X are
neutralTzed with a source of al'i metal, ammonium

or indegspdentlyt mdnawatent cationsPaad me&mla}y aretindependendlyiseleetad from
al_base rabl the source is an
alé ﬂ‘“pgééPnﬂmHPhxrgégb“@ﬁF X{ ot limted to

sodlun1hydrOX|de or potassi um hydroxi de. As noted

abagve quonatlon of the 1AO may be followed by

t tgestion and the resulting product is then
neutrallzed wi th caustic, and optionally foll owed by
hydrolysis with caustic. The resulting sodi um

i shurtabl ezeodlventsefnploysadl if threagresept Wntiw ar alpolses| soéh as lower
bet ween fro t 1 to ahout @6alcoho

o et e R Aot e s R Lol frbutyl
beilvsirn, seé-BMyaRRUkolPn-hdyRiIesHol Fecwhi¥ alc6K10h-h |al&§hol sec-
sul f onat e species wth the remai nder of the so

suneyhaleehd gad thedikiseqlpehol mhersopolyatkpicas alaokal |ef1@rﬁap@lyalkylene

S R g e A T T S R

s utdnrnent ergapieGobenwertcdonibiretivenal angewo of ntdﬂ@scﬂ@tdﬁsu m

sul fonate speci es being the sodiumol efin sulfonate
species. I n one enbodi nent, the neutralized isonerized
al phapfkiebiop sul fonate is further hydrolyzed wth
caustic.Wth regard to Min the primary surfactant and
X in the co- surfactant Mand X are independently

A L St R AT

anPferably, tﬂ'ehelkﬁﬁ)hlé&ﬂltsalﬁlslatt&bé ,8ustpdsvindliSal EdaPlyREloxtife, carbonate
ion are alcohols such as | ower

the present inyenti \ _
¢ AL Inchuckis Gt nat kignijed dprsopipm earbesists sodivmdigsrbonate,
N- QAR hydtb€AB PotasBiuBHipdroxide, lithium hydroxide and the like.

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, partially hydrolyzed polyacrylamides (HPAM) and
copolymers of 2-acrylamido-2-methylpropane sulfonic acid and/or sodium salt and
polyacrylamide (PAM) commonly referred to as AMPS copolymer. Molecular
weights (My,) of the polymers range from about 10,000 daltons to about 20,000,000
daltons. Polymers are used in the range of about 500 to about 2500 ppm
concentration, preferably from about 1000 to 2000 ppm in order to match or exceed

the reservoir oil viscosity under the reservoir conditions of temperature and pressure.
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al cohol, sec-butyl al cohol, n-anyl al cohol, sec-anyl
al cohol, n-hexyl al cohol, sechexyl alcohol and the

wo pdoe/osseBrohol et hers, pol yal kyl ene al cohol et PEF/ES$2008/081616
pol yal kyl ene gl ycol s, pol y(oxyal kyl ene) gl ycol s,
PO XA DR &BCHYISIFALSnEt fubtiBh any Ot her common
organi ¢ solvent of conbi nations of any two or nore
sol vents. The Passivator Typically, the passivator

STRUab PR S PO b B R

S ueRRem®irgibyahk asd ofi¥atfadtari bo@ig d€chn e s @BRpFisédra primary
bi carbonate, including, but not limted to, sodium
5 caPEeiAnG 2 SeeRNdary o-vifaseAk eSO vVeRtelR DRSS @Rd @@olymer in an

00 . . Lithi . i
oL ARSI B0y ALUMILEKAGRN A R bl o o
f 010,80 pproectabdiksohedeehdsy, may be i ncl uded to control
the mobility of the injection solution. Such pol yners

i nclude, but are not limted to, xanthan gum

papridfehbly, Y foralwARM oF ‘t’lﬁé@@R)éhﬁH&ﬁ&ﬁ%oﬁl‘ﬁE@é\@fr&ﬁ f‘Qbout 0.5 to about

copol yners of 2-acryl am do-2-net hyl propane sul fonic
10 acttd vightpercsaihctiiesefi the primapoiugfactayt, faimcbogrlio 3.0 weight

co - ef VP .V Ter,. l.ecul ar. .
PR S o S IR AR, (E e CRRE PRl TS 6 4l 6 yveie
dapéroers of dle&bh;lceht, %nﬂﬂﬁg%@.@ tol alédub ﬂ&zw%ighwmeﬁt af the pa&ivator
int rapge about 5 to about 25 pm
poi’f&gﬁ?ffléggw%%? g&i@ amn of thegalbapgugl! quvgwtl 81e7D@D agpaaus
| NsANBEH conaifiRb F0nPabotk SRPQ dbbE: TRFRY ﬁg‘?ﬁ fot@ \dissolved solids.
vi scosity undef the reservoir conditions o

15 t enperature and pressure. Enhanced Q| Recovery
Su ctapt Fo lation T nc oil recove
UMD Ao bR fon S PR S s oSS i ebpyt 1.0 10

I estesuy ®10rvet%s fitivehef te gritfarsiirfaagha filonf AREDRY0 about 2.0 wi%
techni ques, conprises a ernar sur f act ant

s ednanPhthe secondary suepntant ofrers beit] 0 o gbayit.0 g’tt%rofah@scavent,
. N ey
COPAFTESHTLIN, ABHEOSS AL PP T 6 i h06: AR o

20 3000 ppm of the polymer, all of which are in an aqueous solution containing from

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

Most preferred, the formulation of the EOR surfactant comprises about 1.5 wt%
actives of the primary surfactant, about 0.5 wt% actives of the secondary co-

25  surfactant, about 3 wt% of a solvent, about 0.85 wt% of a passivator and about 1500
ppm of a polymer, all of which are in an aqueous solution containing from about 1000

to about 10,000 ppm total dissolved solids.

Process of Making the Enhanced QOil Recovery Surfactant Formulation

30

The enhanced oil recovery surfactant formulation of the present invention is prepared

by a process of mixing
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10,000 ppmtotal dissolved solids. Preferably, the
formul ati on of the EOR surfactant conprises from about

wO2®98888bout 4. 0 wei ght percent actives of theCpUSIv88/§81616
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surfactant, fromabout 0.1 to 3.0 wei ght percent
actives of the secondary co-surfactant, from about 0.5
to about 6.0 wei ght percent of the solvent, from about
0. 3 t o (abouta prirfaryesiugirtam bavieg theggenelabiopawki vat or and
from about 500 to 4000 ppm of the polyner, all of
whi ch are in an aqueous sol ution containing from about
500 to about 10,900 ppmtotal dissolved solids. Mire
preferred, the f¢rnulation of the EOR surfactant
conprises from ut L. 0 to about 3.0 wt % actives of
the prinary axght - fromabout 0.3 to about 2.0

' t he secondary surfactant, from about

vvt%act,\h%cgs
1.0 to about |#.0 wt% of the solvent, fromabout 0.5 to
about 0.85 wt fXfie passivator and from about 1000
to about 3000 ppm ofr} he polyner, all of which are in

an aqueous solution containing fromabout 1000 to

about 10,000 ppmtotal dissolved solids. Mst

preferred, titgrdia Ry Bidréfen®r ah AkyEQRupdbhaiidifrom about 1 to 3

conprises about 1.5 wt%actjves of the primary,

surfact ant, camenatems; Reyshvdregapes agplkyh grovphghiag fipm about 1 to
cosur f act ant 0.0 . ;

of a passi vftbggtbg%&db%*b%{'l‘ftﬁ%’l Olgaggirlr(wyg gp ggﬁgﬁeﬁg"ﬁg‘i"w 8o
of whi ch ar ebbut rcademenerss, ol M isonmonevalent cagof;r om
about 1000 to about 10,000 ppmtotal dissolved solids.
Process of Making the Enhanced G| Recovery Surfactant
For mul gby on alReeorRIaRARE fifatiaht AREOVBE Yeddthll oah@AR

formul ation of the present invention is prepared by a
process of mxing(a) a primary surfactant having the
general for rml_§(:)3)¥\/nerei n RL is hydrogen or an al kyl
group containing tromabout 1 to 3 carbon atons; R2 is
hydrogen or an al kyl group having fromabout 1 to

wherein Ry is an aliphatic hydrocarbyl group having from about 12 to
about 40 carbon atoms, and having from about 20 to 98 weight percent
branching, and containing one or more olefin or alcohol moieties or
mixtures thereof; and X is a mono-valent cation;

(c) a solvent;

(d) a passivator; and

(e) a polymer.

Other embodiments will be obvious to those skilled in the art.
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about 3 carbon atons; R3 is an al kyl group having from
about 8 to about 60 carbon atons, and Mis a

WOorRwesssBent cation; (b) a secondary co-surf acP@mnus2008/081616
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having the general fornula: R4-SOGBX wherein R4 is an
al TRBb FiddyeaApRs v prédehih ﬁa ﬁwsﬁgtfefsbée?ﬁ@aﬁ%di&%n& 3t this

about 40 carbon at ons, aving from about 20 to
weihgtritiopand eretnab kb ¢insgyedaincing ovaly ais inngnoihe soeperad itee

ol.efin. or alcohol noieties or mxtures thereof; and X

i SP¥M9R0- val ent cation: (c) a solvent: (d) a

passi vator; and (e) a polynmer. O her enbodi nents wll

be obvious to those skilled in the art. The foll ow ng
exB¥NRY lare presented to illustrate specific

enBlead aeRtimart SuHaaantptesandasy Suractantand Ethyleneglycol Mono n-Butyl
coftberued in any way as limting the scope of the

i nvention. Exanple 1 Blend of Primary Surfactant,

SeLoa dab ! Serkiea fittedtvithadndchhyit @ndgtyanl a tbmoodouple tcphnected to a
Et.her To a 500 beaker fitted with a chani cal

sthat plyte ‘é(ﬁ%jadgief‘ ?érﬂr%@aﬁ Bl be pEAREE TS C{aatngowgl%ampéq @ followed by

120, 9 P A, S BBt 1 Al 90om 4

sUiG: abae ts stirriagrsditionwas themaddeddB88 rgramgs 06@Dylepeglycal mono n-
4 . L ' Irrd ti t ded .133. 7
araher<4p el b RS RGP eby e S R ulRE e

f rwap hsistaired aChe T eal seeeabpvard 30heinies dhd Edtled to room
m xture was_mai ntai ned at 40 OC and stirred as above

f demperaire Ut is mixyrekas the fallowingeamposition and properties: 26.8 wt %
active primary surfactant, 8.9 wt. % active secondary surfactant and 53.5 wt. %
ethylene glycol n-butyl-mono ether; Viscosity = 23.6 ¢St (40°C), 12.7 ¢St (60 °C),
4.04 ¢St (100 °C), Specific gravity (15 °C or 59 °F) = 0.97, Density = 0.95 gm/ml at
40 °C, Density = 8.1 lbs/gallon at 15 °C, Water content approximately 4-5 wt. %, pH
(1 wt. % in water at room temperature ) approximately 9.0, Flashpoint = 73 °C
(ASTM D93, PMCC).

Example 2

Preparation of Alkyl ortho-Xylene Alkylate

To a 4 liter, glass reactor fitted with a mechanical stirrer, thermocouple, solids
addition funnel, 1 liter addition funnel and an ice water cooling bath was added 1000
grams (9.4 moles) of ortho-xylene. To the reactor was then added 56.0 grams (0.42
moles) of solid aluminium trichloride followed by 7 grams (0.39 moles) of deionized
water while maintaining the reactor temperature at about 24°C . To 550.6 grams
(approximately 2.09 moles) of a normal alpha-olefin (NAO) mixture containing the

following percentages of NAO fractions obtained from Chevron Phillips Company:
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53.5 wt. % ethyl ene glycol n-butyl-nono ether;
Viscosity = 23.6 cSt (4000, 12 7 cSt (60 00, 4.04

cSt (100 0C), Speci T WSQ oF) =
0. 97, mn5|ty:O9NAn§ﬁXb 40 0C, sity = 8.1

n
| bs/ gal l on at 15 0G—_\Water—eontent—approxi mately 4-5
w. % pH( 1 wm. % t rnvmte.. erature )
approxi mately 9.0, FEddhpoint = (A%TM D93, PMCC
) . Exanple 2 Prepar&i6on of Al I«\194ort or Xyl ene
Alkylate To a 4 litg€]l8glass readddr fitted with a
mechani cal stirrer, | Chgraocoupl 2250l i ds| addi tion
funnel, 1 liter add)tpengfunnel [&d an 1 ce water

cool ing bath was addggpL000 grans (9.4 nples) of

ort ho-xyl ene. To the Teactor—was then ad ed 56 0 gramns

oy 848k ) BT B R 8 o

math@tabon ﬁ@nbéreilftﬁamc@lrpré@ﬂpmreabmmhawe(b@ta&u&éc . To
550.6 granms (approximately 2.09 noles) of a nornal

al pha-olefin (NAO mxture containing the foll ow ng
percent ages of NAO fractions obtained from Chevron
Phillips Conpany: This NAO bl end contained the

foll ow ng carbon nunber distri butwg;ght:al cul ated from
the carbon nunbeicagbhed NubliberOn PpR&At i n each of the
NAO fractions: Wi ght rbon NunbejsPercent Cl2 4.5
Cl4 25.5 Cl16 19.5 C18C14. 5

25.5
C16 19.5
C18 14.5
C20 9.0
Cc22 8.0
C24 6.5
C26 35
C28 3.0

C30+ 6.0

To approximately half of this warm (65 °C) NAO blend was added approximately 60
grams of room temperature (25 °C) ortho-xylene . This NAO/ortho-xylene mixture of
was charged to the addition funnel and then added to the reactor dropwise with
stirring (approximately 250 rpm) over 57 minutes while maintaining the reactor
temperature between approximately 15 -18°C with the ice cooling bath. To the
remaining warm warm (65 °C) NAO blend was added approximately 60 grams of
room temperature (25 °C) ortho-xylene and charged to the addition funnel and then
then added to the reactor dropwise over 30 minues while maintaining the reactor
temperature between approximately 15 -18°C with the ice cooling bath. The reaction

was held between approximately 15 -18°C for 1 hour with the ice cooling bath and
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0C) ortho- xyI ene . This NAQ ortho-xyl ene m xture of
Wetfierf otupxﬁ metgﬂ&ncofn%ﬂﬁht r&%&eﬂﬂﬁﬁ)‘jgrér%% of ice in

the r actor eW| stirring (approximtely 250
r g liey beaks ”ﬁhemmmtw thebemiemwveresiirrgd trheualb'amﬂma stirring rod

t ture between a tely 15 - Cwth the

A She Phep o ae T TR RS PLAE MK g vhein R R sEvas added
NAG R aRerWaish e sﬁﬁﬁlﬁomaewlt@@olgﬁ etSisted irf B Beaker, the
tenperature (25 0C) ort xyl ene and charged to the

acc@ntep@rofmmb?@keraﬁ@e traagienrerbie aagpargtory funmel and4he water layer was

SCSRIAE, XTSRS, R e
I (neutrﬂiaind nigenb@timic ]Hgg ‘;vmdzﬂddmwmaﬂly{dﬁhd M@](%Aegegga:)vstly filtered and
-1
%g%hg%a %@wy@ﬁgwéﬁ@a@%%@v %@nvxh-el%r@a BYaCUBREBAEL

Er(ﬁiﬁ}ﬁﬁt@w g¥BiCe) 4 2PR Qf'/a@graﬁfs JrefkylRyRné afk'yfa?é This reaction
e Thé contents of the beaker weré stirfed

namﬁablbqatam thige gnage timep M@umfoadﬂﬂi G38ch 6apBranst 660 erams each of

2o P Bl Bl e (b B o S MG hEned it found o

CCHaOdS tIﬁ&de)\Sing(i)rcbp%rtﬁé%eBhﬁﬂhe [ndelk 2330 DLAIRY ISA @dchhdedt = 51.6 %,

beaker were _transferred to a separatory funnel and the

wadler Ky T Tviaé agd by nlragd spasiowogRmMmy | dyiati-fbstitutian on the
water until the washings were neutral and

}A%Z%}ﬁ%}dég%éﬂc | ayer was dried over anhydrous MyS04,

gravity filtered and the excess ortho-xyl ene renoved

byExdingile Bl ati on (1-10 nm Hg vacuum and at

Sulfonation of Alkyl-Xylene Alkylate

The alkyl-xylene alkylate from example 2 was sulfonated in a glass, water jacketed,

falling film tubular reactor (0.6 cm ID and three reactors in series, R1 =30 ¢cm, R2 =

30 cm and R3 = 70 ¢cm) using SO3/Air and the following conditions:

IAO Feed Temperature = 50 °C

Reactor Temperature = 55 °C

Air Flow = 192 liters/hr

SO2 Flow = 16 liters/hr

SO2 to SO3 conversion = 87 %

Alkylate Feed Rate = 3.8 g/minutes

Charge Molar Ratio of SO3/Alkylate = 1.00

In two separate sulfonation runs, the resulting alkyl ortho-xylene sulfonic acid
obtained had the following properties: 95.7 and 88.0 % SO3H; 1.46 and 0.9 %
H2S04, respectively. The resulting ortho-xylene sulfonic acid was digested at room

temperature for about 24 hours.
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granms each of al kyl -xylene al kylate. The four
al kydmyhlg€ene al kyl ates were conbi ned and found to have

t 1 o . | : I ndex = 233; 2-Al kyl
P #é%!“ﬂi&%@%%pﬁﬁeh@gu PP 7.2 and by

{ E{éﬂega:lgdl lel en%%lqgﬂlﬁ_sflgygrogu?e#i Xaréllg wte%tneggaﬁ)z%d in
Al tlh}ﬂe—sxydrelﬁ ®atshéy(929 £530had 38R granxy/dfailiey] aktkiyIxglepe fsﬂil@cmlc acid
exanF)I e 2 was sulfonated in a glass, water jackete

f a9acihig a4 Yiter beaker b adding 3. o 2gueoHs mugﬁdlymxed@ tothe alkyl
I etk lendSufShicesid (h2.T, ﬁ@ eﬁ@l IB% Fario Jgiﬁeéﬁ\%lm@

cm usi'ng SGB/Ar and t he oW n con I ons:
Feteellmﬁempg ﬂmtmnpemtu&ooitx@e ReatiorobetiVeerpdd At an(b66=°(55'itﬁ®igourous
16 liters/ hr

El 192 Fl
¢ oheaRtalints (aabEahetoh 00 rafh Toscinoust 8 1ufous 3odium
o/ WjidReii@saddeangs sMPcaint Raddntpl&t theGRuthkatioh. eTﬁle {Jesﬁ?l@ing Rodium

two separate sul fonation runs, the resulting alkyl
orét iy ogijipeydens shifeites were qombingd ieafford dhe pramany|suiogtang with the

RGO Tt S5, 058 R e

s Ulwfedghit avaageddanﬁmmh(ﬂgsélaﬂlroapray Oafizdtienmessabpecaoimetry) = 444; pH

I f
abog% i?;pgﬁ @h?’f Exa TQXIK@F%Y i’t ! %o Iacfu%tohg Qoll.?tlon of the sodium alkyl

ortho-xylene sulfonate with a calibrated pH electrode).

Example §

Isomerization of C20-24 Normal Alpha Olefin

The primary olefinic species in Normal Alpha Olefins (NAO’s) is normally alpha-
olefin. The isomerization of NAO’s over the solid acid extrudate catalyst ICR 502
(purchased from Chevron Lummnus Global) isomerizes the alpha-olefin to other
olefinic species, such as beta-olefins, internal olefins and even tri-substituted olefins.
The isomerization of NAO’s over ICR 502 catalyst also induces skeletal
isomerization in which methyl groups are introduced along the hydrocarbon chain of
the isomerized alpha olefin (IAO) which is referred to as branching. Both the alpha-
olefin and branching content of IAQ’s is conviently monitored by Infrared
spectrometry (the alpha olefin C-H stretch band is at approximately 907 cm-1 and the
methyl —CHj stretch band is at approximately 1378 cm-1) by attenuated reflectance
(ATR) infrared spectrometry. A calibration curve was developed between the
infrared absorption value at 907 cm-1 and the percent alpha-olefin determined by
quantitative carbon NMR to allow the quantitative determination of the amount of
residual alpha olefin present in an IAO sample by ATR infrared spectrometry.

Similarly, a calibration curve was developed between the infrared absorption value at
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The al kyl ortho-xyl ene sulfonic acids produced in
Exanple 3 were neutralized in three separate batches
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aci d each) in a 4 liter beaker by adding 50 wt. %
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anfditarbén AGHRRY® Bl HEghipdiakiedeteafitREondSthe amount of methyl
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r dganchingpressat wmndW@/Faflmlf By ANR Bfares ireSHamEy . wer e
conbined to afford the primary surfactant with the
follow ng properties: Activity (Hyamne titration) =

75T i8omévidation bAC2WA2H NA O (otethiged franﬂflaageord%ltiﬂimﬂwtbahy) was

oS LB B B A BB B DRk B o v
S qlm'ﬁ h bkt driveandQeiceahk Bbitdth tah@ fik¥d Wﬂtﬁ a§y%o&ﬁﬁét51§ 10 cm of
with a calibrated pH el ectrode). Exanple

| SoerebalksBirom ipfliagmeerpan fsrbestbmaifjshereaster fOHOWﬁé by approximately
p{%&gﬁ( yof?bﬁfﬂoala% %l?e%ce%pgﬁom PB{?‘@B&W]A}’ p Hﬁ'xtgreegf‘ 1{?631 ballsf(3 mm

I'S norrra a e tsoneri zation o

NAﬂdS Oam@rin ﬁmmb IThea®A0R4NAOfEad evas tatd/titoughR HedPexchanger
(purchased fr evron Lummus d obal) isonerizes_ the

al YRR GF Bifthp i Vg of theeacipre ferired SPPETABEC wa Opfween 203- 206°C ata
b
. refllcﬁ)g § §{1\I5ét? 1né %ﬁB%lﬁ{ate‘Py 8 RSrsIM ( z?‘éxge{‘%ht Hou; ly N'RgzesVelocxty of

Ins.” The isoneri on of
0\apprdxGRABIY . @)atvat §6 howk soprioddeccd8dikers of BAO with the following

h et hy/
A RRFT s Oy o EReBe wer g oage Sp HeBials B AT R frred
ol s@écbtfbsédp@o)ﬁlml-&hﬁm s 0/ Bf Bétatefiro= 39 h)MaReMAl-0RfinBoLN%, Tri-
t he al phaol efin _and br anchi ng content of IAQ s

c &W@Wiqdyplﬁ@hrﬁér/e by gyantisativgcatbos PBYR;: Hiveesity ﬂ RSt (100 °C),

al doﬁl@ é@@ ') GehbiRfL 617881 PRY)! SotPofR RN BYATR£h Yol L 80.2 °C
(ASTM  PMCC); Water = 32.4 ppm; C18 and lower = 1.1%, C20 = 38.3 %, C22 =
32.7 %, C24 = 19.9, greater than and equal to C26 = 8.0 % by GLPC and SFC.

Example 6
Sulfonation of IAO and Neutralization of IAO Sulfonic Acid

The Isomerized C20-24 alpha-olefin (IAO) from Example 5 was sulfonated in a
vertical, falling film reactor (water jacketed stainless steel , 0.6 inch ID, 5 feet long)
using concurrent SO3/Air down flow, a cyclone separator where a portion of the acid
is cooled acid and recycled to the bottom of the falling film reactor. The crude acid
is optionally digested by passing through a water jacked, plug flow vessel at 40 °C
and neutralized by the addition of 50 wt. % aqueous NaOH by means of tee inlet
followed by passing the neutralized acid through a high sheer mixer at 85-90 °C .

The following sulfonation, digestion and neutralization conditions were used:
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OﬂTHeHBII@xOIntg%gM&néshﬂ theidtdRedibelismn@ thed MIphR BleBki sﬁﬁbﬁlc)émd
502 and t henmﬁopr oxi mat el {I 20 cmo

235 k
m%@%@lf@fu%@é} angghe gorrespordingepdivgn sl (IR St agdien §abt) following

T %Elg s heated through a heat
e%ﬁgﬁgzgﬁé%uc %lﬁﬁﬁ %? the inlet of the reactor, the

feed tenperature was between 203-206 0C at a flow rate
aver apAOSuiMopicoXtidetrepyrties8 | it ers /Sédiutad O Paderties
Hourly Space Vel ocity of approximtely 0.6) over 36

hours to produce 630 %rs of IAO W|t he foI | owi ng
0 f Free
ro 6 7
pﬁg ef ﬂ“?- g sco nate Base

Alphé%l ef i (78 % P efln ‘%9 o0 () pH (%)
Internal -olefin = 25 % Tri- Substlituted-éPefin 69 %
by qb@&btitatZve carbohlNVR, viscdehty = 2%27cst PFoo 0.77
0C), (15.@dcud8ed (sifg 0€)weignsetage moleciBS wt:igh5 detexd)inedbyielectro-
Poi nt =praydofiZatidnl rasds spaitioineay§BSREMXE].

(2) Determined by electro-spray ionization mass spectrometry (ESI-MS).

(3) Determined on approximately a 1 wt. % sodium IOS in water using a

calibrated (pH 7 and 10) pH electrode.

Example 7
Hydrolysis of Neutralized Sodium Isomerized Olefin Sulfonate

The sodium IOS obtained following neutralization was then subjected to batch
hydrolysis. In a typical experiment, 668.2 grams of sodium IOS was transferred to a
steel pressure reactor (Parr Model 4540 — 600 ml capacity equipped with a Parr Model
4843 temperature controller) followed by 22.3 grams of 50 wt. % aqueous sodium

hydroxide. The reactor was sealed and the reactor temperature was set to120 °C and
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filmreactor. The crude acid is optionally digested by
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neltis hydralydisaedcton vae rpeatad Mingdre sies to afifordrS. kg 86th®Qecondary
0C .. The foll ow sul fonatio di gest,ion a .
et U oBPE pmeriss; SlolcuiAVpizh SHo (weight average
TedmRemMedrss cl&etrdptAFofiR8ton R IREp&HIntotryS; ARIVI§RST 00 %
Tenperature, C 30 S in Air Concentration, Vol %2.5
S@g)yma@t tifrationh dividgoxykylfemaigroamteny 7 27hk%of (Y lelpgirorgpray mass

o SRGFAS3: By 4T B PRSI o PATRC g o i

correspondi ng sodiumsalt (10OS Sodium Salt) follow ng
neganaple®at i on were obtained: | AO Sulfonic Acid

Prene fdgasr yum | CS Properties Acid Nunmber Hyam ne
Hydr oxy Free BH H2SO4 (ng KOH / gm Activity

Suflfe%ﬂﬁaqy BATRtdnthbr E&a&fﬂml ifi cotibirat®n Riin e secondary surfactant of

Example 7 were tested for core flood performance according to the following
reference (Jackson, A. C.: "Experimental Study of the Benefits of Sodium Carbonate
on Surfactants for Enhanced Oil Recovery," M.S. Thesis, The University of Texas at
Austin, December 2006; Identification and Evaluation of High-Performance EOR
Surfactants, D.B. Levitt, SPE, A.C. Jackson, SPE, C. Heinson, SPE, and L.N. Britton,
U. of Texas at Austin; T. Malik and Y. Dwarakanath, SPE, Intera Inc.; and G.A. Pope,
SPE, U. of Texas at Austin, SPE 100089, 2006) using the following sequence of

materials: Surfactant Slug, Drive 1 and Drive 2:

Surfactant Slug
Component Source Concentration
Primary Surfactant | Example 4 1.5 wt. % Active
Secondary Example 7 0.5 wt. % Active
Surfactant
Co-Solvent Ethylene Glycoln- | 3.0 wt. %
Butyl Mono Ether
Passivator Na,CO; 0.85 wt. %
Polymer AN 125 1500 ppm
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= lﬁéﬁﬁlﬁ—@am nglltéla gz ion), Hydroxy Sul fonate

Cont]e tal DISS Yved S/Ql gib.y28%%e(:t LO spray nmass

The Synthetic Brine recipe:

Calcium chloride, dihydrate (CaCl,-2H,0) 73mg/L
Magnesium Chloride, hexahydrate (MgCl,-6H,0) 42 mg/L
Sodium Chloride, NaCl 1,214 mg/LL
Sodium Sulfate, Na,SO4 27 mg/LL
Sodium Bicarbonate, NaHCOQO; 1,515 mg/L
Potassium Chloride, KCl 29 mg/L
Total Dissolved Solids: 2858 mg/L

The salts used to make up the solutions need to be dry. Dilution is with deionized
water. Before adding the calcium salt, adjust the pH to about 7.35 by bubbling CO2

through the solution. Keep container closed.

The AN 125 polymer used is a commercially available 2-acrylamido-2methyl propane
sulfonate. AN 125 may be purchased from SNF Floerger (Andrézieux-Boutheon,

France).
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spectronetry; pH = 10.5; Free Base = 1.44 % (by HC

titration). Exanple 8 Core Flood Testing The primry
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33




Cal cium chl ori de, dihydrate (Cad 2-2H20) 73ng/L
Magnesi um Chl ori de, hexahydrate (Mgd 2- OH20) 42 ny/L

weeapomsehl ori de, NaC 1,214 ng/L Sodi um Sul f aP@&F/US2008/081616

10

15

20

Na2SO4 27 ng/ L Sodi um Bi car bonate, NaHCO3 1,515 ng/L
R AP {gle, KO 29 ng/L Total Dissolved
Sol'| ds?y%ggkﬁ%j/%eme salts used to nake up the
solutions need to be dry. Dilution is with deionized
ter. Before adding the calciumsalt, adjust the pH
th abolf eﬁ'}.‘aé‘ge‘g?}ijbqﬁgﬁwE%‘“t’:'&ﬁ“{nhcrogllféﬁinlghe sol uti on.
Keep container closed. The AN 125 polyner used is a
commercially avail abl e 2-acryl am do- 2net hyl propane .
sul fon@l e. ANImEY sypfpctet gompERRgaa AkydarrRriic Moy B%‘fmg the
(Andr ezi eux: .France). The core material was
Briar Hill ,gesgg%gfog% F engt h nount ed hori zont al
placed in plastic nold and hel d together w th duct
tape and cl anpsgio prevent |eakage. The oil used was
crude oil obtairled fromthe Mnas field on the island
of Sumatra in Irdonesia. The core was oil flooded and
then water fl 2ng synthetic brine until no

further oil s proguced before the Surfactant Sl ug
(30. 98mMaD d Driyes 1 and 2 were used (all at 85
0C). The cu ati oil recovery fromthe core was 85%

after 1.4 core nes of total material (30.98 m of
Surfactant Slug fol Rewed by Drive 1 and Drive 2) were
punped through the core. WHAT IS CLAIMED I'S: 1. An

enhanced oil _recayery fornul ati conpri si ng. a) .a

primary sur VHEE W ‘ég‘ﬂ‘ﬂﬁoggr? Wganaﬁig)gl %E{}Er‘ppa?"é‘.’ﬁd?‘i‘% f'&?ﬁ‘% %lf%}lt lto3

having the gep& AbmkOokMIhgdrogen or an alkyl group having from about 1 to
3 carbon atoms; R; is an alkyl group having from about 8 to about

60 carbon atoms and M is a mono-valent cation;
(b)  asecondary co-surfactant having the general formula:
R4-SO;3X
wherein Ry is an aliphatic hydrocarbyl group having from about 12 to
about 40 carbon atoms, and having from about 20 to 98 weight percent

branching, and containing one or more olefin or alcohol moieties or

mixtures thereof, and X is a mono-valent cation.

(c) a solvent;
(d) a passivator; and

(e) a polymer.
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wherein Rl is hydrogen or an al kyl group contai ning
fromabout 1to 3 carbon atons; R2 is hydrogen or an

w@bkdoghssgsoup having fromabout 1 to 3 carbon aPONES20RB081616
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is an alkyl group having fromabout 8 to about 60
cay.bon Bieahaditd ol bdovary RAulabEoF 39@{ 1 WherbifR Pand R2 are

secondary co-surfactant "having t enera or

R4- SOB3yneihe-asdihealkylarommtiz] meiktytis elkiixgtenear byl gr oup
havi ng from about 12 to about 40 carbon atons, and
havi ng from about 20 to 98 wei ght percent branching,

arid coriftai enhageddél redoveBr Rrabiafibmotdlaitd 2.0l PhEAIkA%ylene
or m xtures t hlir eof; and X is a nono-val ent cati on.

(c) a JBYIGRE alkylortho-syleng.vat or; and (e) a pol ymer. 2.

The enhanced oil recovery formulation of claiml,

wherein R and R2 are nethyl and the al kyl aromatic

o et y The eahdnces pil ecroverd. foiithaatorhaiClain @] WhereBOR.ES Yerived from
formul ation,of. claim,2. ~wherein the al kyl xyl ene npi_ety

s al kPR spitized Aope olefe cofainipe aTsidua) pa elefn content.
formulation of Cdaiml, wherein Ris derived froma
partially isonerized al pha ol efin containing a

r @si dudiicgnpanged pd reoeveryforamtlatian oflaine Ahahereid wdlidn the percent

recove Wabrf‘cﬂfng% e }%ﬁlaﬁﬁ/ i%r%ér?eﬁ ’a*p\f\lig %Eeg{ an re,%g glata :gg faual to 25

percent branchi ng e partialtty is
ol ef i n vweight peenththen dlie residadl alhaefWedogkkint RESR Phstially

then the residua ha ol efin content in such
parti alf¥PF @8&51?}’% a&ﬁallbﬁﬁa‘é’f bep Ar pquagiatweight pripensy
equal to 8 weight percent. 6. The enhanced oi

recoveg{%l formul ation of claim1, wherein the
méno- vdlhegnhanced oil recovery formulation of claim 1, wherein the mono-valent

cation in the primary surfactant is an alkali metal, ammonium or substituted

ammonium.

7. The enhanced oil recovery formulation of Claim 1, wherein Ri, Ry, and R; are
all alkyl and wherein the alkylaromatic moiety has at least 90 wt% of a 1, 3, 4-

tri-alkyl aromatic ring attachment structure.

8. The enhanced oil recovery formulation of Claim 7, wherein the 1,3 4-
aromatic ring attachment structure is such that the longest alkyl chain on the

aromatic ring has 40 to 60 wt% 2-alkyl attachment to the aromatic ring.

0. The enhanced oil recovery formulation of claim 6, wherein the alkali metal is
sodium.
10. The enhanced oil recovery formulation of claim 1, wherein R; is an alkyl

group derived from olefins having from about 10 to about 50 carbon atoms.
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cation in the primary surfactant is an alkali netal,
anmmoni um or substituted anmonium 7. The enhanced oil

wOo ewowsssyo f ormul ation of Caiml1l, wherein R, R2I/UsS2008/081616
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R3 are all alkyl and wherein the al kyl aromatic noiety

hag. at TiRashaRld W% ved t%rm&l’atlﬁn of 51 infh %er&ﬁ%g hif alkyl

ring attachment structure e en ance

r ecov ergfounderived fioonolefinChaviimg Fomwhbentel2rtotabeut 0% atbon atoms.
aromatic ring attachnment structure is such that the

| ongest al kyl chain on the aromatic ring has 40 to 60

W% 2- & He)dnhaicbdohﬁedﬂveﬁyqohﬁﬁaﬁé@GMlaﬁnm WhereRr thd ffono-valent
enhanced .oi ecovery formul ation of claim®6, wherein

the al KC&fion Wéﬁlﬁﬁeqogd% gpewiactapt is 7 alkehimgiele ampionium or

r ecoverypdiphirdbtdafef claiml, wherein Ris an alkyl
gr oup o?enved fro0 ﬂlefl ns having fromabout 10 to

about 50 carbon atoms. 11. The enhanced oil recovery

f | kyl
ad ved PO se & T okt G SRR s ¥IckEim e st s an

car bon akioh# ethéalcdHe, %Ié Rb1L oFBEIY ther gl
fornmul ati on of C aim wher ei r? th% ygrrono-%\(/)?eerﬁetrg C?ll on

in the secondary cosurfact ant is an alkali netal,

' Th h d oil
eI S0 S AR o RS bdr

i s an a&hsohol, ether al cohol, polyether alcohol,
gl ycol or polyether glycol. 14. The enhanced oi |
recovery formulation of claim1, wherein the

Passi Vah@enhasicdd BidgRovey forjr;{@at%m 18! WhERGPRED

formul ati on of claim13, whereln thgﬁgasé I's an al éseﬁsan
metal  Rikeli oytal dydeixidel alkate treetal carbbuatebealbali aletdbicarbonate.
metal bicarbonate. 16. The enhanced oil recovery
formulation of claiml, wherein the polyner is

16.  The enhanced oil recovery formulation of claim 1, wherein the polymer is
PAM, HPAM or AMPS.

17. The enhanced oil recovery formulation of claim 1, wherein R4 has from about
20 to about 28 carbon atoms and has from about 45 to 80 weight percent

branching, and contains a mixture of olefin and alcohol moieties.

18. The enhanced oil recovery formulation of claim 1, wherein the polymer is
present in a concentration of from about 500 ppm to about 3000 ppm based on

the total weight of the formulation.
19, The enhanced oil recovery formulation of claim 1, wherein the isomerized

alpha olefin contains at least about 23 wt% branching, at least about 9%

residual alpha olefin, and has from about 20 to about 24 carbon atoms.
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PAM HPAM or AMPS. 17. The enhanced oil recovery
formul ation of claim1, wherein R4 has from about 20

W@ 20004068889 28 carbon atons and has from about 4BCT/OSR08/081616
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wei ght percent branching, and contains a m xture of

ol2ef i N BREnRIHENEH rRVEL BSnul i |l isomeri
recovery fornul ati (Sn ofarycflsg?trln;&i?n %ﬁ?lgpga{lﬁgg%g}eﬁ Fr%nrlenzed
is pre olgfinecontanesen teaat abont 6% ranshialgpattleds08baup 01206

about ased on,the total i ght qf, the

f or nul g%?(glr??&igbg Ol%ﬁrel agdl ﬁgsnﬁ% ai?f”l‘t %8 %g%‘ft&“fcﬁfqﬂﬂ AMYn

of claim1, wherein the isonerized al pha olefin

cgnt ains at |east about 23 w % branchi ng, at |east

atdut gunethed ¢f makimgmenbanced a1l regeyeryformulatiombmuprisiy mixing
to about 24 carbon atons.20. The enhanced oil recovery
formul ation of claiml1, wherein the isonerized al pha

ol ef i n(@ont aipnigaay surézsint adrapdisifbin sikaaomaAR, méktyl R} the
about 0.2% resi%jal all pha ol efin and has from about 2

to about 24%FXFHIR™ABns. 21. A nethod of nmking an
enhanced oil rdBovery fornul ati on conprising m Xxi ng

(a) a primary sjurfactant conprising an al kyl aromatic

noi ety havi ng gner al forrmula: wherein R is

hydr ogen or |~ group containing fromabout 1 to

3 car bwro ; R2l is hydrogen or an al kyl group

havi ng froml@bo 1 to about 3 carbon atonms; R is an

al kyl group hawing, from about 8 to about 60 carbon

atonms, and Mis a rono-val ent cation; (b) a secondary

co- sur f act anheteavR ng hyim gge oesamalkflogrow eontR4m3E i about 1 to 3
wherein R4 is, an aliﬁﬁati ¢  hydrocar bilﬂlé groug 1avi ng

from about FBPHAGBSUR: BlverdesR AT af dlkel crawrinaang frgm about 1 to
from about but 9 ABoWaidail RRS £filkyl group having from about 8 to

about 60 carbon atoms, and M is a mono-valent cation;

(b) a secondary co-surfactant having the general formula:

R4-SO5X

wherein Ry is an aliphatic hydrocarbyl group having from about 12 to
about 40 carbon atoms, and having from about 20 to 98 weight percent
branching, and containing one or more olefin or alcohol moieties or

mixtures thereof; and X is a mono-valent cation;
() a solvent;

(d) a passivator; and

(e) a polymer.
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branchi ng, and contai ning one or nore olefin or
al cohol noieties or mxtures thereof; and X is a
wWOorRweNssBent cation; (c) a solvent; (d) a passSPUHUS2008/081616
and (e) a polyner.22. The enhanced oil recovery
f I | & i N :
pranch; s Shiced B dventtEhBaflod be i PabiBh i the perpent
griganahing 1hahle pm‘tleldbumbmt:nzeﬂEalpm aléfin p@r@ﬂmﬁhaﬁ dremqualhte 15 weight
resi dual 0 i,n C ent in.suc
| Gl b BF BBl b EE Peoemtin SiFhalRiaiy Jporderizeg alph olefn
etk g% tHAATE 8fal &N 65 WRRhEpdcdrdt ahdd wh@ﬁ:hmrﬁﬁe G Biaﬂghlhé‘ in the
the partially isonerized al pha olefin is l'ess than or
S equatiallygsarserygsil glphaplafindaiess thaaor equal e b$ waight a¢rpm then the
ol ef:j [ J
o1 St SR BN o 56 blalY AL 56 BB Begppater than
or equal to 15 weight percent.
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