WO 2009/055584PCT/US2008/080980 1 ISOMERIZED ALPHA OLEFIN SULFONATE AND METHOD
OF MAKING 2THE SAME 3 4This application claims priority from U.S. Provisional Application No.
60/982,847 SHeep¢iNEE%dber 26, 2007, the entire contents of which are inREFISHGSHBNREN by
6reference. 7 8The present invention is directed to an isomerized alpha olefin sulfonate and a method

those comaiting SNt A SEEETN s O RSO AERIRER, cbtu

1.5 million tohs reportedly being produced 15in 18HE. S¥pHB-olefins are also used as intermediates in
the manufacture of detergents, 16as monomers (especially in linear low density polyethylene), and as
intermediates for 17many other types of products. Alpha-olefins may also be employed in the oilfield

18drilling fluffs ndrreprikaligasBrasimieanfiosndd Sukrevisienal gkrplitetior Neob¥pi284Pto internal
olefins, has inCreRRadNUAEBE H52H 7 tha SRS EIMERL MREAVERE i20.msteds gLmaking these
compounds gre of value. 21 22Most commercially produced alpha-olefins are made by the
oligomerizat%n dFZ381HYlene, catalyzed by various types of compounds, see for instance B, Elvers, et
al., 24Ed. Ulimann's Encyclopedia of Industrial Chemistry, Vol. A13, VCH 25Verlagsgesellschaft mbH,
Weinheim, 89,r%b2§§3-62%7n\a}n i(2)r?15s_ 17r6¢tan B. Comils, 2 ﬁfl.,ﬁd., Aﬁ)plied Homogeneous
Catalysis with Organometallic Compoun S PESHPrRAEHERA G5HBSER o A feghod
Verlagsgeselischefimaiir Weeiameim, 1996, 28p. 245-258. The major types of commercially used
catalysts argpalkylaluminum 29compounds, certain nickel-phosphine complexes, and a titanium halide
with a Lewis 30acid such as diethylaluminum chloride (DEAC). In all of these processes significant
31amountsdf vinylidene and/or tri-suBs4s andldrinteraalidefiyd Ky

produced depending on the carbon number of the olefin and the specific WO 20091055584PCT/U
82008/080%0 1§r%e5?. fISince in mé)st instances these are undesired, and often difficult to separate
ofrom the desired IEaY S =CHIEHALY ARTRHoRRENNSr PR B9 APOULAYCIEbem HipS3TiMall, U.S. Patent
No. 6,911,505 disojssesipracsssestondhe, prubtion1of alphen dalsfipsrisaciusing giggrization and
isomerizatiqR of olefias using, & It catalyst Scomplex are provided herein. The. qlefins so produced
are describqe%l in %?s%%’téﬂn?}gasao&%%gg ﬁs%%‘ﬁllué%%rﬁsolr%erﬁ’é?s‘?ﬁ fulﬁﬁ?éer 8 8?&%363%%%5 and
useful as clémic mpremesdriresialp Palivpardval depsy Peltatiylmel 280 25 Oytismlixtiatesifte improved
drag reducify aganks dRangmelda Rhioming TR Ad iRg 5@%@&{@@%&%@ samgeng the steps

of 11isomerizing oletin monomers to form isomerized olefin monomers, polymerizing the 12isomerized

olefin monorersdrilting Prademeskek atheass shertealpiingrrotinbaandieteltfinl igwauireihg agent

having unexpectediysuarsiefifiAgientietion iRiReytiss When crseqingd.with ligwg hydrocarbons,
such as vis§8us Pnrégjlg oil. Thiﬁ.lS&atent further discloses that the drag reducing agents may be
introduced nto condui ss,ofé%ucl:ﬂgaseﬁ(ﬁp%(ﬂﬁggﬂgsi%8 ¥&fie flow of the hydrocarbons through the
conduit. 17218SUMMARY OF THE INVENTION 19 20The present invention is directed to an
isomerized-aiph fi f resent 2linvention is.also directed to.a method of making the
isomerized%phg\ggfﬁgﬁfégﬂgzg g@%‘%ﬁ? g?r%aé% (‘f(’;ﬁfﬁérﬁ’t‘f‘ ?ﬁclag %g%é)ir:%g?ﬁr\)/eenr?ﬁgﬂ”iso irected to an
isomerized%iph£Bfirc2salaehky Naving thecgeherainomds|scobRBRBOB. MIRZs28 wherein R is an

aliphatic hyzifocaghyluasimRavieg fspaaiaReutdRdareRuL A Carion 13 vy
25  Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and 275-276, and B. Cornils,

26  etal, Ed., Applied Homogeneous Catalysis with Organometallic Compounds, A

27  Comprehensive Handbook, Vol. 1, VCH Verlagsgesellschaft mbH, Weinheim, 1996,
28  p.245-258. The major types of commercially used catalysts are alkylaluminum

29  compounds, certain nickel-phosphine complexes, and a titanium halide with a Lewis
30  acid such as diethylaluminum chloride (DEAC). In all of these processes significant

31 amounts of vinylidene and/or tri-substituted and/or internal olefins and/or diolefins,

32 can be produced depending on the carbon number of the olefin and the specific



29 atoms, having from about 20 to 98 weight percent branching, and containing one or 30more olefin
or alcohol moieties or mixtures thereof; and R is derived from a partially 3lisomerized alpha olefin
containing a WR¥UPHEPHa olefin content, wherein when the 32percent brBQERIRY IV RO Hartially
isomerized alpha olefin is less than or equal to 25 WO 20091055584PC1/US2008/080980 1weight
percent, then the residual.alpha olefin contentin such partially isomerized.2alpha olefin is greater than
or equal to 8[?we'r%rr(1)tC %Sé'r?%ﬁltc;% éﬁgj M ilsmg?lr%%ﬁé@sg egﬁ% ﬁ%%%ﬁxﬂagfﬁog{ﬁg (grfng Cb‘%?r%é?ﬁﬁﬁtg present
invention is direciemthadesetoenetrapking eineisomarizedpalpthesteivpmdtotsdtescoghprising the steps

of 7 8(a)sulfgnatife aniserpariaedalpa oiesnadibsy frs drioxids, imingJaRsRNSs AfAAIr thereby

producing primarily an isomerized alpha olefin sulfonic acid, 10wherein the isomerized alpha olefin is

derived fronfthe QS ictidnefiesszative apdispmaTizabng i etifusiing anebrlbeaialy thermally

d:gelsting ItLles pro@iﬁphrkﬂ ﬁﬂesﬁftilh(@h ﬁékelﬁ.(mmetuh itz mrb@@wgwﬁ&@%&aa ﬁml IM&EI% a'iﬂu rce th
alkali or alkgline earth 16metal or amines such as ammonia; and 17 18(d)optipnally, hydrolyzing the
product fron(:é steBeCf:1 \?v?fh@a%{ﬂ%%%ﬂ“ 258 %r@@rc%%?gffée.r%tﬂ)lﬁe%ﬁéo‘éﬁﬂ 8ﬁ’?é}1ﬁstﬁéef5¥’§§lent invention
is directed td an isemerdieesalpha olefin 22sulfonate having the general formula: 23 24R-S03 M 25
26wherein Ryis an aliphatic hydroearbyl group having from about 12 to about 40 27carbon atoms,
having from about 20 to 98 weight percent branching, and 28containing one or more olefin or alcohol
moieties or MixtdreerhelrdofUre iS RV 3 aipdittatid itomerived iphedielig egatéining a

residual alpiga 3%@%&9&%@%%%@%;&5@&Qﬁé%@@&@ﬁ@qg@gsi@omgrzﬁ?{ ially Jsamg¥ized 3lalpha
a

olefin is greater than or equal to 15 weight percent, then the residual pha olefin content in such
partially isohcriZSRIPRR RIS RCDHHS I SPriy P B ERISES A PERID S oS oBuTBeE 1B ual to 15
weight perdent aizdmérieedioléfinepereent inraaghienc: bra2rastialy isaearizegsalpha olefin is less
than or equg] to 15 weight percent, .3then the residual alpha olefin content in such partially isomerized
alpha oIefiLrjl'aiis &%lg?g?% gga F %%‘6%{1%8%%%‘{8%% ‘b%%%‘%f??%ﬂﬁ% BReledidlent scation. 6
DETAILEDBES@RpPTIHO NI@FcoHErddwE i Tighid 8pbfinitions, ichlAyissad bridinitEhiellowing
terms haveye falipwirgaeangs.gen eplepali AP alen RO AN 13 flliig grms "active”
or "actives" as used herein refers to the concentration of trie metal 15salt of the SUTORAte as described
herein. 16 19 Theeh?s Risissz kuingpsase Sherffrrrad thadysseerrhonsithrenahsthe eondiipha olefin that
18has beengubjected to isomerization conditions which res-ults in an alteration of the 19distributibMof
the olefin species present and/or the introduction of branching along 90the alkyl chain. The isomerized
olefin prodLTgt may be obtained by isomeNAtg 2 e HEIRNEEREEN  ontaining from about 12 to
about 40 cdfon atoms, and more 22 preferably from about 20 to about 28 carbon atoms. 23 24The

term "brangiing The Hxse%gnp%rvee'n iroenf?sr A éﬁ%h%ﬁ)ysgrsnggngg ﬁp%%rl%%%rgﬁ or?zirt]gl nl"he present
21 invention is also directed to a method of making the isomerized alpha olefin sulfonate.

22

23 In one embodiment, the present invention is directed to an isomerized alpha olefin

24 sulfonate having the general formula:

25

26 R-SO;M

27

28  wherein R is an aliphatic hydrocarbyl group vhaving from about 12 to about 40 carbon
29  atoms, having from about 20 to 98 weight percent brahéhing, and containing one or
30 more olefin or alcohol moieties or mixtures thereof; and R is derived from a partially
31 isomerized alpha olefin containing a residual alpha olefin content, wherein when the

32 percent branching in the partially isomerized alpha olefin is less than or equal to 25



25as measured by infrared spectroscopy. 26 27The term "alkali metal" as used herein refers to Group
IA metals of the Periodic 28Table. 29 30Unless otherwise specified, all percentages are in weight
percent and We prsgsiasedis 31atmospheric pressure. 32The present inverr{srilis2aigzatesto an
isomerized alpha olefin sulfonate. 1 2The Isomerized Alpha Olefin Sulfonate 3 . 4The isomerized
alpha olefin ,?ulfon_at of the pr se%nve%ti%‘{gags thefeneral 5 formula: 6 7R-SO3M 8 9 wherein R
is an aliphatic hydF trBVF&%ﬁbe AGFHPBR) ARBLP EARS B A S R HAL 1P RFHEY having from
about 20 to 98 waligji Peficepghranchingeanpidanthimiighopeant hndore iolefitoms-adtahol moieties or
mixtures theéeof;cgggnR is derived from a partially 12isomerized alpha olefin containing a residual
alpha olefin content, Wherein when the 13percent branching in the partially isomerized alpha olefin is
less than or €qual to 25 14weight percent, then the residual alpha olefin content in such partially

isomerized k>alpha plefifbitigheatand R0 At A S HRIGRL PRICSItRR KRG M is @ mono-

16alent cation. Preferably, M is an alkali metal or ammonium or substituted 17 ammonium ion.
Preferably, the alm?ﬁéfélq]?%ﬂlﬁfm.Wﬁ@@@ﬁ%@%’%f%ﬁﬁ@ﬁéd ammonium include ammonium
independenty substituted 20 with from about 1 to about 4 aliphatic or aromatic hydrocarbyl groups

having from 21abaqut 1 to about 15 carbon.atoms, such.as alkyl, aryl, alkaryl and aralkyl, and 22
optionally ndbing Bhe of TR REAI R AR AS UL B LG M RIS Ahay be

present in altphatic or aaornhatebhetedocirgdipriingslylaxamptesioddsaliihbld<Zdhetéroeyalia, ring
substituentgdnclude pyryt g) j ridine, pyrimidine, 25pyrazole, imidazole apd quinoline. The
heter‘ocyclic??ing substi%%elﬁl? %ﬁ%"o %@%@%ﬁéﬁ#ﬁ%ﬁ)oﬁ‘tﬁg ea%%r?)%%ﬁnnﬁh an?é{lfrfﬁ?gaaﬁggdﬁrbon atom in
the heterocltlic ring, 2 tsuekrashalabe deHieryl-substituted ammoniurn, or, alternatively, the quaternary
.. 28ammonRm nitrogen itself may be a nitrogen atom in the heterocyclic ring, such as in 29a
pyridiniurn ion. 30 31The present invention is directed to a sodium isomerized olefin sulfonate (JOS)
made 32 by the $BkonatriPerLihenmlyAeesinrabsimivsdtomstonieh the 1A0 is made by WO
2009/055584PCT/US2008/080980 1the isomerization of C12-C40 normal alpha olefins (NA.O),

preferably C20-C28 normal 2alpha, olefin st preferred.C20-C24 n rré%ial lefins. 3 4 The TAO
is com pose(E of bcfweeﬁef%?ﬁnl%%%%eﬁ%@;}gﬁ%%@ B’?gén%ﬁ?ﬁéc,eé’ EO)? é’éﬁ???ﬁf‘ﬁ?ﬁﬁ%t 45 to
about 80 wi% branchingretatiommsingsestatred fromoatapand 60 to about 70 wt% branching and between
from about {3;1 to about 30 wt% residual 7alpha olefin, preferably between from about 0.2 to about 20
wt% residual alpha olefin 8and most preferably between from about 0.5 to about 10 wt% residual
alpha olefin! Sspeldies. 10°4amABnkydrbsiimbsdisaim ssinfossthaiditiensittasoat 23% branching,
at least 12ajgout 9% resigiuglalpha olefin, and having from about 20 to about 24 carbon atoms. 13 14In
another e diment, the 1AO is composed of at least about 65% branching, at least 15about 0.5%
residual al olefin and having from about 20 to abbut 24 carbon atoms. 16Sulfonation of the 1A0
may be follawed byoitrermialdiigestitie prdetheénvestisraliztitiona tansisopiipnad yipyeidysis, with caustic,
in which th esusl;gﬂ?ns é:l%xu‘rpnis rgeggeedllfg%%ﬁian sulfonate (108) is composed of between from about
1 to about 56 wt%% alcohol 19sodium S|ﬁ?onate, preferably from about 3 to about 40 Wt% alcohol
suifonate aRd 20most preferably from about 5 to about 20 wt% alcohol sulfonate species with the

24 R-SO; M

25

26 wherein R is an aliphatic hydrocarbyl group having from about 12 to about 40
27 carbon atoms, having from abous 20 to 98 weight percent branching, and

28 containing one or more olefin or alcohol moieties or mixtures thereof: R is

29 | derived from a partially isomerized alpha olefin containing a residual alpha
30 olefin content, wherein if the percent branching in the partially isomerized

31 alpha olefin is greater than or equal to 15 weight percent, then the residual

32 alpha olefin content in such partially isomerized alpha olefin is less than or



21remainder of the :Sodium sulfonate species being the sodium olefin sulfonate species. 22 23In one
embodiment of the present invention, the normal alpha olefins are isomerized 24using at least one of a
solid or liquidvsh2alyes3F¥He NAO isornerization process can be 25either a batch$29esrispefieh,
continuous fixed bed or coinbination of these proCesses 26using homogenous Or heterogenous
catalysts. A §o|id Cata%%tuﬁ{?(fef?@%ﬁ hgs at é%?st Z\,lgee{ngtgleoxeid‘% k: r{)orl 2an,average pore size of less
than 5.5 angstroms. More preferab y’%‘ gihe sofid cata ys’% Is‘a Tholecular Sieveawith'a one-dimensional
pore sySten? such as 29818 iSmrized alpBreRAnZS eboBanipkRREY S AP®eiRdt ESMdrD2 or
30SSZ-20. Gther poss'@J@n%ﬂé'@egﬂ@yme%@éﬁhfw@mﬁ%%g@ﬂﬂﬁiy%@@:Meémyﬁ%%ﬁ“’ NU-23,

NU-87 and natural or synthetic ferrierites. These molecular sieves aré well 32known In the art and are

discussed irffRosemariés £35mtbanasapdr bt Wbt RriFettcddb105 558WREe IIER82008/080980
1Sieves(New York, Vagayestrand Reinhold, 1992) which is herein incorporated by 2reference for all
purposes. A liquid type of isomerization catalyst that can be used is 3iron pentacarbonyl (Fe(CO0)5). 4
5The process for isomerization of normal alpha olefins may be carried out in batch or continuous
mode. The pfocess temperatur@Eivall Ein GESORTRBHION BFCTI0HRDOVERBMN In the batch mode, a
typical methgd used is a sfirred autoclave or glass flask, 8which may be heated to the desired reaction
temperature :A continuous process is 9most éfficiently carried out in a fixed bed process. Space rates
in a fixed befl prd2efiitiondcan range from 0.1 to 10 or more weight hourly space velocity. 11 In a fixed
bed procesggthe isomerization catalyst fa charged to the reactor and 13activated or dried at a
temperature of at about 150C under vacuum or flowing inert; .14dry gas. After activation, the
temperaturd bof tHes et esisimidhe datlayinedammtbea t foliny mednedirssciiesiampessiture and a flow
of the olefiri s inkragdasdhinéeriherveactor. 16The reactor effluent containing the partially-branched,
isomerized Qlefins is collected. 17The resulting partially-branched, isomerized olefins contain a
different olefin 18distribution (i.e., alpha olefin, beta olefin; internal olefin, tri-substituted olefin, and
19vinyliden®tolefihe anthbranchifigrctetons thatutind umsomdérized ttefimantratnditichs2@are selected
in order tp gktainthe dgsirael olefin g@gllpoté 'q]rgrgm the degree of 21branching. 22 23 Su Ifonation 24
25 Sulfonation of the IAO may be performed by .any method known to one of ordinary ":?". 26skill in the
anto 'prodJ@e an TAO sullonie acid intennediate. The suffonation reaction 27is typically carried out in
a continuouy faiiinge filmntuRRE SRCAHNSIKRINAMDR ADQUHARRIR19-ADRUIHSha TgiahAgpe mole
ratio of sulf¥§ trioxide to 'olefin is maintained 29at about 0.3 t61.11 1. 30 Other sulfonation reagents,
such as sulfliric 48fPERBIYEEIFS IR sRmFTrALRAoncHeN Pl Hrlthie arpigsanefdherably, the
iSonierized1@IphaistatintisnSiliinalefthwidviss prystioxitdiod thy eatitic ain o Seionaisriihe product
from the sulf nattign Iﬂfr cglss may trils%n be tk{ﬁg eﬁrll%r%ii%%%ted q}ey ating. 7.8Neutralization of the
Isomerized Alpha Ofetin Stlionic AGd & TORGtrama ion ofthe’ IAD 8tfifo ﬁ%&%&% Be carried out in
a continuo’d or Biaeh dlpprolefss doptaiminm &t davowhttoahope Aorrekitietbmsthedanidee produce the
105. 12Typgeally san Al sHianie agiddsaiseadzediigihg sQurce of a mono-covalent 13cation.
Preferably, the mono-covalet cation is an alkali metal or anmionium or 14substituted ammonium ion.
Preferably,ztﬁe alkali metal is sodium. 15 160ptionally, the neutralized isoinerized alpha oleiiO
sultanate.nmly berfisribier Irbieimlyzagidédmadritional RageyPErAps it 19 MathedfMaking an
Isomerizgdﬁlpha Olefin Shllgona e S : .

as measured by inirared spectroscopy.
26 |
+ 27  Theterm “alkali metal” as used herein refers to Group 1A metals of the Periodic
28 Table. ' | A |
29 '

% 30 Unless otherwise specified, all percentages are in weight percent and the pressure is
31 atmospheric pressure. ' " ‘

32 The present invention is directed to an isomerized alpha olefin sulfonate.



20 21A method of making an isomerized alpha olefin sulfonate comprises the steps of (a)

- 22sulfonating an isomerized alpha 'olefin with sulfur trioxide in the presence of air 23thereby producing
primarily an Béh3edtA88584pha olefin sulfonic acid, wherein the isomerized BiptiESehefifede98erived from
the isonterization of C12-C40 normal alpha 25olefins; (b)optionally thermally digesting the prodUct
from step (a), (c.) 26 neutralizing the product from step (b) with a smuce 6f an alkali Metal or
ammonium, 27and (d) optionally, hydrolyzing the product froth step (e) with additional base or
28caustic, 28 30The IalpHAeflafhularateoth about 12 to about 40 carbon atoms, and from
;51about 20 40 98 weight percent branching; and comprises a partially isomerized alpha 32olefin
containing a residual alpha olefin content, wherein when the percent branching WO *
2009/055584PC Ubrssunaresh dsbanls iR piptalmoibinarrsent iyeniionhns ibasasan or equal to 25
weight percent, thgmthe residual alpha olefin content in such partially isornerized alpha olefin is
greater 3than or equal to 8 weight percent. 4 .5 The partially isomerized alpha olefin is composed Of at
least about 23 wt%branching, 6 at least about 9% residual alpha olefin, and having from about 20 to
about 24 carbon 7atomRB-Sbgvpartially isomerized alpha olefin is composed of at least about 65%
branching, agleast about 0.2% residual alpha olefin and having from about 20 to about 24 carbon 11
12 13In one eritdiment, when the partially isomerized alpha: olefin'is less than or equal to 1418 weight
percent, the® thewegkind & phalplediis bodreerrhysgromp avally isonabuzetl 16 akgha 4A\ctirbis greater
than or eques to A eialRerRent:L LTQUY caedment WL S phyious g hgss sgled i the art

. a4 one of .. .
18 19The following examples are presented to Mu-strati’, specific e iments of this . 90invention
and are riot'tb bethSiFTRPTRsAoBS eisTRTmigBsesdhersalomA & o1 deviend dronpa BEtakample | 24

95 MeasurerpenioiiérBeangingans Ynipha Olefinn ©2R:24:IsomatizedAlpha 28.Qlplins (140) 27
98Infrared. ectrometr%%vg\%/%s used to:detewine the pereentage methyl-branching and 29 percentage
[

residual alpha-ol&fiTSF et (5 B NAEP B TR AHIR P Liih 455 fBAR YTA6Yee2iechnique
involved del#lopwjghtqeibeat]trec v eckidivibaipith eldfiinérarent absaippam Atyli3d8dhed (Characteristic
of the methyk strejch) ttenuated reflectance (ATR) infrared spectrometry and the
percent branching%33 %?égf%?r&r%ri%%éq %ry%%%er?éf l|12§eq I?a‘gf é’?n%?ﬁ%l“éc%?ﬁdp%’ SR ELPEPER lysis of the 34.
correspondify hy@tegeatiesd Dagasaphpldbigaprbgimsehaenvensiteot Absttatetixture of paraffin's
in which the norraak-naainhasiag langestraientian fimesfps a2 give carbon number). Similarly, a
calibration ﬁt rve was developed between the 3infrared absorption at 907 cm-I (characteristic of alpha
olefin C-H stretch) .. 4determined by attenuated reflectance (ATR) infrared speCtrometry and the
percent 5i alpha-Blefitprietef sttty guaniiaby encRIOAMVaibn/fdipeat-IRastaguaies fit of data
forpercent Branchi howed the following 8equation: 9 % Branching by Hydrogenation GC --- 3.0658
(Peak Heig%?at ﬁ[}fgbg(:orxr?- ‘,g?rlfrtﬁutr?, Lﬁ‘%%@? qﬁﬁﬁé’rreadv%‘baéﬁtm'g&w Y@%?@W%ﬁ?%as 0.9321
and the bradithingbeuntenibottdbthetsanaplos.ssell 4o ajkyicratt thisrghlibdalionyeouation ranged from
approximately 9 dghichlf) Hathy brel HBIAMANBRR [SeRLINAES P RSITRR! Slpas-o'e n dara
showed the A ’
- 23 may be present in aliphatic or aromatic heterocyclic rings. Examples of suitable

AET PR

SR B FRAD

24 heterocyclic ring substituents include pyrrole, pyrrolidine, pyridine, pyrimidine,
4225  pyrazole, imidazole and quinoline. The heterocyclic ring substituent méy be
26 substituted on the ammonium moiety through a carbovﬁ atom in the heterocyclic ring,
27 suchasina C—pyridyl?substitutéd ammonium, or, altematively, the quaternary |
i 28 amonium nitrogen itself may be a nitrogen atom in the ﬁetefoéjfciic ring, such as in

29 apyridinium ion.

31 The present invention is directed to a sodium isomerized olefin sulfonate (10S) made

32 by the sulfonation of an isomerized alpha olefin (IA0) in which the IAQ is made by

5



16following equation: 17 18 % Alpha-Olefin by Carbon NtvIR 0.5082 (Peak Height at 909 cm-1, in mm,
by ATR 19Infrared Spectroscopy) - 2371. The R2 was 0.9884 and the alpha-olefin content of 20 - the
samples usedt2genesss this calibration equation ranged from approximatetyus2e R ad %. 22 23 24
Example 2 9C 96 C20-24 Iso erized Alpha Olefin (LAO) - % Branching Venus % Alpha Olefin 27

28The primayy olefinic species ingl rmal Alpha Olefins élAO' % normally alpha- 29olefin. The
isomerization of K&SPEVEFHRE & ??dz'a 8%%‘0%\{’ 24t %?ﬁt%l gﬁ%&f%@hﬁ 28 MM hevron
Lumnutus Glbbbakl)pberiedizettsepaiphaedEfinCa othernBdplefslidispeies, such as beta-olefins, internal
olefins and eyen tri-substituted olefins. 32The isomerization of NAO's over 1CR 502 catalyst also

induced skeletal 33isornerization in which methyl groups were introduced along the hydrocarbon chain
WO 2009,038584bCi35 2008080 98Dt weahér o e d0dip Ao sl Sfrvtiabieatiibteis referred to as

branching. Both afthe.glphasalahinuans branching.onteahafil N WetecoRyuenigaty manitored by

Infrared 3spectrometry (Example 1). The degree of olefin and:skektalisomerization of ark - 4 NAO

depends on the G5HAiRBAY &P (WA LERAEINEIM Brovess FaERkaBAtdve it gpsidual
residualalpha-olefiphdsoldie. dpréfamshibgirainrftbeisemerizatiofehthe W824-8:NA G phtaipgd from
Chevron-Phillips Chemical any in a tubulat fixed.bed 7reactor (2:54,cm ID x 54 cm Length
Stainless Stgel), ana?cﬁ)é’ ggé%g%grﬁ'aﬁé}‘r%% e ,%’88&@?%81’3 t Oé“régérto(%’t%sﬁﬁ%?%) %}fatﬁée@’actor-as
folloWs: 145%rasmsAtandum .24,.40 9 grams of ICR 505 mixed with 85 grams of Alundum 100, 134
grams of Ajmdurn 24. 10, The reactor was mounted vertically in a temperature controlled electric

dilumace and 11 the NAO was pumped upflow at a weight hourly spate velocity (WI-EV) of 1.5 while
the catalyst' Bed WoerReR mdigieeatifds irrnrgssetniad teagetohitlebarcara 3airsspheric

pressure:ang samplasoh kesibbngsscaliaated athe oulat Qhithedeastsi A Rssidughflpha- Olefin
L1l .-4.-4,110 .~ lcol r-0...4I[L I LLI —1 Jtplatigutt 99 L9 ZL9[S'L9

14 In another embodiment, the IAO is composed of at least about 65% branching, at least
15 about 0.5% residual alpha olefin and having from aboLt 20 to about 24 carbon atoms.
16  Sulfonation of the IAO may be followed by thermal di geszion and then neutralization
17 and, optionally hydrolysis, with caustic, in which the resulting sodium isomerized
18  olefin sulfonate (108S) is composed of befwéen from a:;t‘duf 1to abbut 50' wt% aicohol
18 sodium sulfopate, preferably from about 3 to about 40 wi% alcohol suifonate and
20 most prefc;'ably from about 5 'to aboutZAO W% alcohol sulfonate speciés with the
21 remainder of the sodium sulfonate species Eéing the éodizﬁn oleﬁnvsulltiéri‘atc .specbies.
. 22 In one embodiment of the present invention, the norma! alpha olefins are isomerized
+ 24 using at Jeast one of a solid or liquid catalyst. The NAD isomerization process can be
25 either a batch, semi-batch, continuous fixed bed or coiﬁbixﬁation of these proteééég;
28 using homogenous or heterogenous catalysts. ‘A solid catalyst pféferably has at least
27 one metal oxide and an average pore size of less than 5.5 angstroms. More preferably,
. 28 the solid catalgfst is a molecular sieve with a'one—dilﬁéﬁs‘,iéﬁal pore system, such as
29 SM-3, MAPO-11, SAPO-11, SSZ-32, ZSM-23, MAPC-39, SAPO-39, ZSM-22 or
» 30 S5Z-20. Other possibie solid catalysts useful for isomerization include ZSM—3S, SUZ-
31 4, NU-23, NU-87 and natural or siynthéﬁé ferrierites. "*hese molecular sieves are .ﬂvell

32  known in the art and are discussed in Rosemarie Szostak’s Handbook of Molecular
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Sieves (New York, Van Nostrand Reirhold, 1992) which is herein incorporated by
reference for all purposes. A hquxd tpr of isomerization patalyst that can be used is

iron pentacarbonyl (Fe(CO)s)

vThe process for isomerization of normal alpha oletms may be carried out in batch or
con‘qnuous mode. The process temperatures may range from about 50°C to about
250°C. In the batch mode, a typlcal mefhod used is a s 1rred autoclave or glass ﬂask
which may be heated *0 the desu‘ed reacnon tﬁ'mperamre A contmuous proceds is
most efficiently carried out in a fixed bed procesc Space 'ates ina ﬁxed bed process

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

N - O W '~ O g A WN -

[N

In a fixed bed process, the isomerization catalyst s charged to the reactor and

13+ activated or dried at a temperature of at about 150°C vnder vacuum or flowing inért,
14 dry gas. After activation, the temperature of the isomerization catalyst is adjusted to
15 the desired reaction temperature and a flow of the olefin is introduced into the reactor.
16 The reactor effluent containing the pamally-branched, isomerized olefins is collected.
17 - The resulting ;Sajtially-branched, isomerized olefins contzin a different olefin

18  distribution (i.e., alpha olefin, beta olefin; internal ‘olefm, tri-substituted olefin, and
19 viny}idené. olefin) and branching content that the unisomerized olefin and conditions
20 are selected in order to obtain the desired olefin distritiution and the degree of

21 branching.
23 Suifonatibn’

#25  Sulfonation of the IAO may be performed by any method known io one of crdinary

+26  skill ‘in' the art to produce an IAC sulfonic a(‘id intermediate. The salfoniation reaction
27  is typicaliy carried out in 4 continuous fall ling film mbqlar reactor maintained at about

28 30°C to about 75°C. The ohnrgc mo k, ratio of suifur frioxi: 3e to oleﬁn is maintained
29 atabout0.3to1.1: 7. ’ ’

~3
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Othf:r suiforation reagents, such as sulfuric acid, =hlorosulfonic acid or sulfamic acid
ma), also be e.nployed Preferaolv the 1som‘*nzcd uIp‘m olefin is su}fonated with

=ulfur tnomde dlluted WI’(h atr.

Optionally, the product from the sulfonation process may then be thermaliy digested

by heating.

Neutralization of the Isomerized Alpha Olefin Sulfonic Acid

Neutralization of the IAO sulfonic acid mav be cairied out in a continuous or batch
process by any method known to a person skilled in the art to produce the I0S.
Typically, an IAO sulfonic acid is neutralized with a scurce of a mono-covalent
cation. Preferably, the mono-covalet cation is an alkali metal or ammonium cr’

substituted ammonium ion. Preferably, the alkali metal is sodium.

Optionally, the neutralized isomerized alpha olefin suifonate may be further

hydrolyzed with additional base or caustic.

Method of Making an Isomerized Alpha Olefin Sulforate

A method of making an isomerized alpha olefin sulfonate comprises the steps of (a)
sulfonating an isomerized alpha olefin with sulfur trioxide in the presence of air
thereby producing primarily an isomerized alpha olefin sulfonic acid, wherein the
isomerized 'alpha olefin is derived from the isomerization of C12-Cag normal alpha
olefins; (b) opnonallv ther'nally dlgest;ng the pzod act from step (a); {¢)
neutrahz*ng the producf from 916]’) (b) with a source of an alkali metal or ammonium;
and ( d) opnonaliy, hydrmyzmg the prnduct from :Do (¢) with additional base or

caustic.

The isomerized alpha olefin has from about 12 to abowt 40 carbon atoms, and from
about 20 to 98 weight percent branching; and comprises a pariially isomerized alpha

olefin containing a residual aipha olefin content, wherein when the percent branching
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191 19.91 698! J509/6k3s584 ‘ PCT/US2008/080980
1 inthe partially isomerized alpha olefin is less than or equai to 25 weight percent, then
2 the residuat alpha olefin content in such partxally isorserized alpha olefin is greater
3 than or equal to 8 wexght percent
5 Thé partially isomerized alpha oi:eﬁn’is);cbrﬁpoSedlidf at Iéé;st' about 23 W% branching,
-6 at least about 9% residual alpha olefir, and having from about 20 to about 24 carbon
./.7 atoms.
g ‘
' ’:9 ‘The pamaﬂy isomerized alpba oleﬁn 1s composed 6* ' t .east about 65% branch*ng, at
10 least about 0 2% residual alpba oiefin and havmg from about ”0 to about 24 calbop
11 atoms.
12!
13- In one embodiment, when the partially isomerized aipha olefin is less than or equal to

14. 18 weight percent, then the residua! alpha olefin content in such partially isomerized

15 alpha olehn is greater than or equ’\l to 10 wught pcrc.,nt o

6.
17:  Other embodiments will be obvicus to those skilled in the art.
18

;

19 The followmg e‘camples are prcsmtﬂd to nllusna’te sper‘lﬁc embodiments of this
20  invention and are not to be construed in any way as limiting the S Jpe of the

21 invention.

23  Examplel

25 Measurement of % Branchmg and % Alpha~01ef i in C”'() ”’4 Isamerued Alpha
26 Olefins (JAO;}

28  Infrared spectrometry was used todetermine the percentage methyl-branching and.
29 percentage residual alpha-olefin of isomerized C20-24 NAO or isomerized alpha
"50 clefin (IAG). ‘The technique invelved developing a calibration curve between the
31 infrared absorption at 1378 cm-1 (characteristic of the methyl stretch) measured by
32 attenuated reflectance (ATR) infrared spectrometry and the percent branching

33  determined by Generalized Last Principa! Component (GLPC) analysis of the

34, corresponding hydrogenated IAQ samples (hydrogenation converts the JAO oa



24<1rN1'we 11l Il LI L-4 1ciiiilcil [tin ioiM Lzu L VU 8/L 8.5L tl[llig96L 076 116'C6 7.6
0c-040 44 oo oo cr. wi- Lc "Lt. 0-acooo "4 4 -4 L-4rifr,a -0,10 tr..071nr, ,LOo Invmrnrnrq
C-lr--1,. 1" OQ\D5hub70555431 C- N (N C) :51 ZN 1 Example 3 2 Snifonation gfBransiaddes0-24

Isomerized Alpha Olefins (IAO's) 3 4 Isomerized C20:24 alpha olefin (TAO) feeds containing varying

amounts of branching _ _
1+ mixture of paraffin’s in which the normal paraffin has the longest retention time for a

2 give carbon number). Similarly, a calibration curve was developed between the
3 mfrared al*sorpnon at 907 cm-1 (cha_ractencnc of alpha olefin C-H stretch)
“ 4 determde by attenuated reﬂf.ctance (ATR) mffared Jpectrometry and the percem
5 alpha oleﬁn determmed by quamltatwe carbon NMR ' .
5 =
7 A hnear least squares fit of data for the percent branchmg showed the fol Iowmg
8 equatlon o | ) |
é :
1@ %‘Br’ahchihg by Hydrogenation GC = 3:065:8 (P?:i"ik e ght at 1378 cm-1, in mm by
11 ATR Infrared Spectroscopy) — 54.679. The R2 was 0.932] and the branching content
12+ of the samples used to generate this calibration equation ranged from approximately 9
13 %1092 %. '
14
15 Similarly, 4 linear least squares fit of the pei‘ceﬁi‘ alpha-olefin data showed the
16 following equation: ' N | 1 7
17
18 % Alpha- Olefin by Carbon NMR = 0.5082 (Peak Hei ¢ht at 909 em-1, in mm, bv ATR

19 Infrared Spectroscopy) — 2.371. The R2 was 0. 98*’4 and the alpha-olefin content of

2G -  the samples uﬁed to generate this calibration equatxon ranged frcm appro> 1mateh 1%
21 1075 %.

2 Example2 -

26 C20-24 Isomei'ized Aipl‘a‘a Clefin IAQ) - % B‘mmbihg versus % Albiﬁa'()leﬁn

28 The primary olefinic species in Normal Alpha Olefins (NAQ’s) was nermally alpha-
29 olefin. The tsomerization of NAO’s over the solid acid extrudate catalyst ICR 592
30 (purchased from Chevron Lummnus Global) isomerized the alpha-oletin io other

31 oiefinic species, such as beta-olefins, internal olefins and even tri-substituted olefins.
32  The isomerization of NAQ’s over ICR 502 catalysk also induced skeletal

233 isomerization in which methyl group: were ;nirodu»ed'along the hydrocarbon chain



5and alpha-olefin Obtained from Example 2, wetesulforsated in a glass, water jacketed, . 6falling filth.
tubular reactor (0.6 cm ID and three reactors in series, Rl =30 cm, R2 =7 30 cm and R3 = 70 cm)
using SO03/Ayanddhesiedlpwing conditions: 8 9 IAO0 Feed Temperature = 59¢G,1&:ReasIRE emperature
= 30 C 11Air How 192 liters/hr 19SO2 Flow = 16 litem/hr 13 SO2 to S03 conversion = 87 % 14 15The
IAO feed rate was varied to obtain the desired charge molar ratio of 803 to TAO. " 16The
ttUde.konieriZed *6REfirs SUbHR 2etd MsEMENOpHRaIIY igESide 9n tshimeygthgfehsperatures
and times with ma@ghasieat (hagneliaistircbanmettationinas dderenraakenibha gsiiiagisornerized

olefin stilfonig "acid was then analyzed by.- 19cycloliex-34ainine titration. Tabrle*z illustrates the
propenies f IAO'S %eﬁg(ﬁﬁ??&r@@ﬁgﬁz'&?n 'O%Fndgﬁf%rﬁg( ‘38?853881%{‘??1}8&1 Kp@enzation of ar
2009/055534P CTVAS2008/10SHOBO doRdiable 3fEntiydAlr Radpe riteseSulmnddid b dhgestioms Conditions
IAO Sulfonic Acid,Propgries., gé]i (%) Alpha- Olefin (26) 0,4 CMR SOMAQ 0.8 erature (C)
40 Time (minutes) 20 36311‘%?3% .%256&6%3%33.’1”1’7’.6{()’“%’6‘bome‘”‘za“"“88‘“ A

.8 NAG-obtained from Chevron Phillips Chemical Company in a tubular fixed bed

7  reactor (2:54-cm ID x 54 cm Length Stainless Steel).packed sequentially from the
- 8  bottom of the reactor to the top of the reactor as foilows: 145 grams. Alundum 24, 40
9  grams of ICR 505 mixed with 85 grams of Alundum 100, 134 grams of Alundum 24.

10-. . The reactor was mounted vertically in a temperature controlled electric furnace and
11 the NAQ was pumped upflow at a weight hourly space velocity (WHSV) of 1.5 while
12+ the catalyst bed was held at temperatures ranging between 130 °C and 230 °C at

13 afmospheric pressure and samples of IAO were collecied at the outlet 61 the reactdr.
14
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18.94.40.30.8402044.01.01.192094.40.30.9402049.01.3 9440.3
WO 2009/055584 ; BCT/US2008/620980

Example 3

Suifonat!on of Branched C20-24 Isomerized Alpha Olefins (1AO’s)

Isorriedzéd 820-'24 alph.a olefin ‘(IAO) feeds containing vaiying amounts of branching

and a ph'%olcun obtained from meple 2, were suifouated in a glass, water jacketed,
30 cm and R3 = 70 cm) using SO3/Air and the following conditions:

IAO Feed Temperature = 50 °C
Reactor Temperature = 30 °C
Air Flow = 192 liters/hr

SG2 Flow = 16 liters/hr

13 - S0O2 to SO3 conversion = 87 %

1
2
3
4
5
6 falling film tubuldr reactor (0 6 cm ID and three reactors m series, R1 =30 cm, R2 =
, :
3
9
0
1
2

15/ The IAO feed rate was varied to obtain the desired charge molar ratio of $03 10 JAO.
16 The crudé ifomerized olefin sulfonic acid was theh optionally digésted i air at

17  varying tvmperatures and times "mh mechanical (magnetic stir bar) agitmion in an

18  open beaker. The resvltmg xsomeuzcd olefin sulfonic acid was then aralyzed by

19 cyclohex vlamxm titration. Table 2 illustrates the Dmp"rbes of IAOs and

20 corresoond!ng olefin s Julfomc acids obtained.

14



1.04020521.5 1 Example 4 2 Neutralization of C20-24 Isornerized Aloha Olefin. (TAO) Sulfonic
Acids 3 4 Isomerized alpha olefin (IAO) sulfonic acids obtained from Example 3 were 5neutralized by
the successiyg aglditienrsqf aliquoms (typically between 1 and 3 grams 6 eggh)QhGR,Mbaqueous
NaOH to the TAO sulfonic acid over approximately 45 7 minutes to 80 minutes at between 25 and 40
C with mechanical stirring 8(approximately 340 rpm). The resulting sodium alpha olefin sulfonates
(10S's) wefe 9 analyzed and found to have the following properties as shown in Table 3: 10 11Table 3
17 Entry TAO Sulfonic Acid from Example 3 Produgfijyi.oAverage pHMIA' (1) (Daltons) Activity(2) (%)

Hydroxy suitonate Content (3) (%) 177 A Entry1 105 385 B-"'"Entry 2 109 ...
YAO Sulfonic
Acid Properties
Entry 1A O Properties Sulfonation Digestion Conditions «
Branching | Alpha-
(%5 . Olefin CMR Temperature Time SO3H | H2504

%) SO3/1A0 (°C) (minutes) | (%) (%)

] 17.0 0.4 0.8 40 20 304 1.1

2 23.0 9.2 0.8 40 20 49.7 0.9

3 23.0 9.2 0.9 40 20 51.9 1.1

4 23.0 9.2 1.0 40 20 49.7 1.6

5 43.3 0.5 0.8 40 20 54.2 1.2

6 48.3 0.5 0.9 40 20 56.5 1.4
7. 483 0.5 1.0 44 20 56.5 . 1.9
8 65.0 0.5 0.8 40 20 61.0 1.4

9 65.0 {05 0.9 40 20 64.5 1.9
10 65.0 | 05 1.0 40 20 67.7 2.6
1! 65.1 0.4 0.8 40 0 589 | 08
12 65.1 0.4 0.8 40 2 58.9 1.1
i3 . 651 | 04 08 40 40 . 58.6 1.2
14 651 04 0.8 40 60 584 1.2
15 65.0 0.4 ~ 0.8 : 40 30 . | 626 1.1
16 63. 04 0.8 _ 80 30 47.2 2.5
17 65.0 0.4 0.8 120 | 3 145 | 04
18 94.4 0.3 0.8 40 20 44.0 1.0
19 94.4 - 0.3 0.9. 46 , 20 49.0 1.3
20 94.4. 0.3 1.0 46 . 20 52.2. 1.5

h



41.t11""'30.328.1 Entry3 7.8 41334537.9DEntry4 10.1 408 37.3 27.9 E Entry 5- .11.2
410...42.3 15.7 Entry 6 10..4 406 43.9 11.1 G Entry? 11.2 405 44.3, 10.9 14 Entry 8

WO 2009/055584 PCT/US2008/08C980
1 Exampie 4
2 Neutralization of C20-24 Isomerized Alpha Glefin (14.0) Sulfonic Acids
3
4  Isomerized alpha olefin (IAO) sulfonic acids obtained from Example 3 were
5 neutralized by the successive addition of aliquouts (typically between 1 and 3 grams
6  each) of 50 wt % aqueous NaOH to the TAC sulfonic acid over approximately 45
7 minutes to 80 minutes at between 25 and 40 °C with mechanica! stirring
8  (approximately 340 rpm). The resulting sodium alphz olefin sulfonates (I0S’s) were
9  analyzed and found to have the following properties as shown in Table 3
10
1 Table 3
12
Eniry | TAO Sulfonic Acid | Product E Wt. Average | Activity(2) Hydroxy
from Example 3 rH MW (1) (%} ~ Sulfonate
) (Galtons) ' Coxnteni (3)
{&o)
A Entry 1 10.5 383 - 27.7
B * "Entry 2 109 gt +303 23.1
C Entry 3 7.8 413 34.5 37.9
D ~_Entry 4 10.1 408 37.3 27.9
E - Entry.5 - 11.2 41 423 - 157
13 Entry 6 10.4 406 . 43.9 il.1
G Entry 7 11.2 405 443, 10.9
H Entry 8 10.2 L 40z 47.2 2.6
I Entry § ' 107 407 49.4 3.7
Jo Entry 10 0.6 -1 401 1 504" 4.1
K “Entry 18 10.8 : 405 35.2 5.2
L Entry 19 10.6 4G8 , 38.9 5.6
M CUERtry 20 -0 1 7 184 R R 407 5.7
C L L SRR . o
4 {1 Weight Average Molecular Weight was de&cmw ince from El 2ciro-Spray lom? nor
15 Mass Spectremetry (ESI-MS)
15 ’
17 (2) Activity was de(e"mmed by chmmﬁ Tma*um using the weight average
18 molecular wm«m‘ determined by ESI-MS
19



10.2 40247.22.61 Entry 9 Entry 10 10.7 10.6 ' 402 4W-.7H 49.450.4 3.7 4.1 Entry
18 10.8 40535.25.2L Entry 19 10.6 408 38.95.6 M Entry 20-' 104 " L406 403 '5.7

WO 2609/055584 PCT/US2008/080980
1 (3) The % Hydroxy Sulfonate was determined by Electre-Spray lonization Mass
2. Spectrometry (ESI-MS).
.3 - ‘
4 Examples
5  Sulfonation 5f 65 % Branched C23-24 Isomerized Alpha - Olefin
6
7
8  Isomerized £20-24 alf)ha-oleﬁn cé'ritaiﬁing 65 % branching and 0.5 % alpha-olefin

9 obtained from the isomerization of C20-24 normal aipha-elefin (purchased from
10 Chevron Philips Corapany) in a fixed bed reactor centaining the solid acid extrudate
11 catalyst ICR 502 (purchased frem Chevron Lummnus Global) at atmosvheric
12 pressure in up-flow mode at 2a WHSV of approximately 0.7, The C20-24 was pre-
137 heated by means of a heat exchanger and the catalyst bed temperature ranged between
14 187 °C and 190 °C was sulfonated i ina vertical, falhrm film reactor (water jacketed
15. stainless ﬁeﬁl , 0.6 inch 1D, 5 feet lnnn) usmg concurrent SO3/Air down ﬂow a
16'“;' cyclone separater where a portion of the acid is cooled acid and recycled to the
17 bottom of the falling film reactor. The crude acid is rmtxfmal y digested by pasoiﬁg
18 throuﬁ,n a water jacked plug flow vesscl at 40 °C and neutralized bv the addition of 50
19 wt. % aquecus NaOH by means of tee iniet follo wed by lﬁa&;mg the neutralized acid
20 through a high sheer mixer at 835-90 °C . The following sulfonation and digestion
27 conditions were used (See Table 4):
- . : o ,
Avr /180G T emperature e ' 38
IAQ Feed Temperature, °C° 25
Reactor Temperature, °C 3
SCs :n.Air Concentration, Vol % 2.5
: 503 Reactor Loading, kg/hr-cm 0.777
23



WO 2009/035584PCM320081080980 1(3) The % Hydroxy Sulfonate, was determined by
Electro-Spray lonization Mass 2Spectrometry (ESI-MS), 3 4 Example 5 5 Sulfonatimt of 65%
Branched C23Q24vs@Haesizec! Aloha - Olefin 6 7 8lsomerized C20-24 alphg:glafin goRidining 65 %
branching and 0.5 % aipha-olefin 9 obtained from the isornerization of C20-24 normal alpha-olefin
(purchased from 10Chevron Philips Company) in a fixed bed reactor containing the solid acid
extrudate 118atalyst ICR 502 (purchased from Chevir@rid irnmnus (3lobal) at atmospheric 12,
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The foilowing properties of the intermediate isomerized alpha olefin sulfonic acid

5 (IAD Sulfonic Acid) and the corresponding sodiem salt ({0S Sodium Salt) following
6. neutralization were obtained (See Table 5):
7.
8 Table 5
9
XAO Sulfonic Amd Properties - Sedium JOS Properties
T Acid T o
Number Hyamine' | Hydroxy Free
N RSO3H | HoSOq | (mg KOH/ | Activity (%) | Sulfonate, Base
Condition (%) (%) gmof . (I - (7)(2) 1 pHG) | (%)
MNumber Sample) .
1 60.9 2.1 113.5 104 25.7 9.7 10.77
2 59.8 1.1 101.1- 71.8 23.0 -1 9.8 | 0.69
3 55.4 0.6 88.7 . - 66.2 12.0 9.7 1 0.69
4 559 0.4 £8.9 68.0 - 8.7 . 9.5 | 0.80
5 61.4 1.5 107.4 73,5 20.5 9.5 | 0.69
1 6 60.9 1.6 1084 65,3 12.9 9.7 0.9
10 o
11 ’(1 3 Calculated using a weight average molectilar weight of 493.
12 2) Determined by electro-spray icnization mass specirometry (ESJ- -M8S).
13 ’3 ) Determined on approximately a 1 wt. % sodium 10S in water vsing a
1? calibrated (pH 7-and 10) pA electrode.
1R
16 The i0S sodium saits obtained following neutralizaticn were then subjected to
17 - hydrolysis wnmtzona T}*“ gencml hydrolysis precmurr‘ nvolvca W ghmg 30 grams
18  of the I0OS sodium saxt mto a 50'ml mechanicaily stirred pressure reactor (Parr Model
19 -

4590 Micro Bench Top Reactor equipped with a Parr 'ModeL 4843 temperature



3.72 17.473 3 0.7 none 3.72 19.969 4 0.6 none 3.72 23.297 .5 0.9 none 3.72 15.532 0.9 30 3.72
15.532 4The fol owing properties of the in crrnediate isomerized alpha olefin sulfonic acid 5(IA0
Sulfonic Acig)@nghihg-cprresponding sodium salt (I0S Sodium Salt) followipg @neitialisation were
obtained (See Table 5): 7K 8Table 59 MO Sulionic Acid Properties Sodium JOS Properties Acid
Number Hyarnine Hydroxy Free RSO3H H2S04 (mg KOH / Activity (%) Sulfonate, Base Condition
(%) (%) gm bf (19o66¥{ Ry 1o 24481 a specified amount of 50 wi. % aqueous NaCH, initiating stirring

2 (apprommat"?y 200 rpm) and increasing the temperature to the desired hydrolysis

3 temperature (iyp]cally over 15-25 minutes), hold‘ng thc re actor comen's at the desired
4 ‘emperature followed by cooling to room temperature and removmg the contents of
5 the reactor. Using this procedure to hydrolyze the sodiura I0S’s cbtained above
€  afforded products with the following properties (Sec Table 6):
7 o
-8 Table 6
9
Hydrolyzed Se)dmm 105 Properties
. Hydrolvzed
Sodium
108 Hydroxy
Hydrolysis | Hydrolysis |  Amount of Rase Hyamine - | Sulfonate,
! Cox dition | Temperature Time | added per 30 grams | Activity %ey(2)
Number (°C) (hours) | of IS Sodinm Salt (%) (1)
ooy 1200 0.5 - - 2.0 ‘758 1 274
2 120 0.5 200|730 19.8
3 120 0.5 2.0 67.3 13.8
4 T 120 05 zQ - 60.1° R
5. 120~ 0.5 A 724 |+ 226
5 140 0.5 2.0 67.3 27.6
5 160 0.5 200 67.7 22.7
5 S 120 05 v 7 1.0 70.1 24.6
, 5 120 0.5 1.5 73.4 23.5
5 120 1.0 2.0 72.3 25.7
) 120 0.5 2.0 73.8 15.4
10
11

12 Example § _
13" Isomerized £20-28 Alpha Olefin (JAO) - Fixed Bed Process

15 A mixture of C20-24/C26-28 NAO (70:30 & md ‘W Wt gtat respeciively ﬂmamm

18 - from—FmL!m Chemical Com;ﬁéﬁy} waz Sﬁo.mrmz:':d h\f mss'ng the NAO blend

17 fhrou,u a fixed bed fetlctor as deseribed in Example 2 at 2 WHSVY nf I 2 Pruau 't
P8 was (("lut“d with time and samples an a:y"z,ed to ;ipproximate ( since the data used in
19 mumple !isfor \V)O 24 TAO) the percent brancli ng ‘zvmg the method of Example 1.

20  The 1cmperaturc of the catalyst bed was ﬂmdua‘l rinereased over 36 haur‘; from 221



(%) Number Sample) 160.92.1113.576.;25.7 9.7 0.77 259.8 1.1 101.1 71.73 23.0 9.& 0.69 3
55.4 0.6 88.7 66.2 12.0 9.7 0.69 4 55.9 0.4 88.9 68.3: 8.7 9.50.80 5 61.4 1 ? 107.4 -7,-..C., " j,, 20.5

9.5 0.69 6 60,9 %0991139?341 12.9 9.7 0.69 11(1) Calculated using a weight gﬁg&@@%@@dlar vyeight of
403. 12(2) Determined by electro-spray ionization mss spectrometry (ES1- . 13(3) Determined on
approximately a 1 wt. % sodium 10OS in water using a 14calibrated (pH 7 and 10) Pi-1 electrode.

°C 10 223 °C to maintain the branching at approximately 65 %. The firal product

—

obtained contained €6.5 % branching and 0.5 % residal alpha-olefin.

2
3

4 Example 7
5

Isomerized C2(-28  Alpha Oléfin (IAOQ) — Batch Process -

6
7  Fourliters (approximetely 3.2 kg) ofa-mixture of €20:24/C26-28 NAD {80:20 blend
'8 byweight respectively obtained:from Phillips Chiernical Compariy) was added t6a 10
9  liter, g’lass,’rmmdbettom flask fitted with a‘msch‘zmical’stirfér, reflux condenser and a
10  thérmocouple under d dry nitroget atmospkiere. T4 this mixturé was added 25 grams
11 of dry ICR 502 cataiyst, as used in Example 2. The reaction temperature was
12+ gradually raised from 150 °C to 180 °C using a temperature controller cver
13 ¢ approximaiely 10 days. Aliquots from the reaction flask were analyzed with time'to
14 determine the approximate (since the data vsed in Example 1 is for C20-24 JAQ)
154 p'ercerif Bréhching and alpha olefin by infrared spectroscopy using the method of
16" Example 1. Additional ICR 502 catalyst was added after approximately 7 days (40
17 . grams). The final product contained approximately 85.1 % branching and 0.2 %

18  residual alpha-olefin by the method of Example 1.

20 Example 8

21 Sulfonation of C20-2§ IAO containing 85.1 % Branching and 0.2 % Alpha-Olefin

23 Tsomerized C20-28 alpha-olefin (IA.0) containing 85.7 % branching and 0.2 % alpha-
24 .. clefin obtained from Example 7 was sulfonated as in fxample 3 using the following

25 conditions:

27 1AO Feed Temperature =30°C
28 Reactor Temperature = 30°C
29 Air Flow = 192 liters/hr

CO SO2 Fiow = 15 liters/hr

31 802 to SO3 conversion = 87 %

20



r J 16The 105 sodium salts obtained following neutralization were then subjected to 17hydrolysis
conditions. The general hydrolysis procedureinvolves weighing 30 grams 18of the 105 sodium salt into
a 50-ml meghgnigRlsstired nressure reactor (Parr Model 19 4590 Micro Bengh, fapfReartor equipped
with a Pan. Model 4843 temperature WO 2009/055584PCT," S2008/080980 1controller), adding a
specified amount of 50 vitt. % aceeous llaGH, initiating stirring (approxiinately 200 rpm) and increasing
thetemperature to the desired hydrolysis temperature (I)over 15-25. ininuteS), holding the ractor
conteMs at she degired,dempsraiye laWeL iy S0 IR IRIRIRSIAIG S Lulf Femoving the
contents of 5the reactor. Using this procedure to hydrolyze the sodium 10S's.obtained above 6afforded
products with thEEsAGHA Y Properiessut TaBleschenta e ams i yHr iR g BHeM a05 Propyrties
Hydrolysis BAmepst sédkasend imeaduedaes 38 cdkaamentiruis}ebiOTRodive FelliHydmlyzed

Sodium 10S. Hyamine Activity, (%) (1) Hydraxy Sullonate, Condition Number Hydrolysis Temperature
€) 1 120%0.5-°‘g¥6“¢9§§?§§}%§2’%§%%&§%w??§%‘T@%Wfﬂﬁ’%.‘?%.‘U’ 81BS §YPEARY 5 2.0 60.1

11.7, 6 between | and 3 grams each) of 30 wt % aqueous NaGH to the IAQ sulfonic acid
7 (.gv.er approximately 45 minutes to 80 minutes at between 35 and 40 °C with
.8 mechanical stirring (approximately 340 rpm). The resuliing sodium alpha olefin
9  sulfonates (10S’s) were analyzed and found to have the following properties (See
10 Table 7):

11
12 Tabie 7
134
IAO Digested IAD
- *{ Entry Sulfonation | Sulfonic Acid Neutralized I0S Properties
i Conditions Properties
o o N 4 Wt 1 Activity. Hydroexy
. CMR 503 | H2804 | pH | Average 2) Sulfonate
SO3AQ H | &)y | @ "MW@ | (%) Content (3)
‘ 1y 1 .| (Daltens) - (%)
1 0.8 41.4 3 10.1 417 33.5 2.5
2 L 09 40.8 53 p1en [ooals o 32.0 2.2
ﬂ 3 | . 10 35.7 6.5 | 93 | 416 280 23
14
15

18 (1) Weight Average Molecular Weight was determined from Electro-Spray Tonization

17  Mass Spectrometry (ESI-MS)

19 (2) Activity was determined by Hyvamine Titration using the weight average

20 molecuiar weight determined by ESI-MS™ ©

22 {3) The % Hydroxy Sulfonate vrzs detérmined by Electre-Spray Jonization Mass

Spectrometry (ESL-MS).

N
O3

25 (4) Determined on approximately a [ wt. % scdium 1GS in water using a calibrated

26  (pH 7 2nd 10) pH electrode



1200.52.072.4122.6 1400.52.067.327.6 160 0.52.0"67.7 22.75.120 0.5 1:0: 70.1 24.6 5 120
0.51573.423551201.02.072.323.761200.52.073.8 15.4 15A mixture of r20-24/C26-28 NAO.,
(70:30 blendypy >dysigedgiespectively obtained " .. Lifrorn-Philllips Chemicg) Ganpaeyi¥es isomerized
by paSsmg theiNAO blend 17 Thiough a fixed bed reactor as described in Example 2. at a WHSV of
1.2. Produet 18was collected with time and samples analyzed to:.:pproximate (since the data. used in
19 - Exampl@ -1 i-WeHERE 24t ERd Hiereent branching -Lming the method-Of Example 1. 0The
temperature-of the catalyst bed was gradually increased over .36 hours from 221 WO
20091055584PCT/US2008/B0980.1C to 223 'C to maintain the branching at approximately 65 %. The
final product>obtained ¢8MAREFEEAPRGISFRHE AR tr5i0s esidres disaSlefin. 3 4 Example 7 5
isomerized G20-28 Alpha Olefin (IAO) 1 Batch Process '6 7 Fourliters (apprOxiinaely 3.2 kg)
ea-mixture- fCZO:24/C§2~§5/2 AO (80:20 blend .8 by weight respectively obtained:from Phillips
Chemical Company) Was ad ed to-a 10 9liter, glass,Mtmd bottom flask fitted with a mechanical stirrer,
rellux condefiser and a 10 thermocouple under a dry nitrogen atmosphere. To this mixture was added
25 grams 11pf dry ICR 502 catal ' g{pﬁl .- Ne reaction temperature was, 12gradually
raised from fSOC.to 18(?@%1%?\5 ﬁ%%%gﬁﬁrg}%ﬂro e?rg?)\)/lg)r 13(@6}: Ho.m %O& 1220 ,am’?“% 46

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

9 | ”*COntéining one or more olefin or aicoho! moieties or mixtures thereof; and R is
10 derived-from a partially isornerized alpha olefin containing a residual alpha

11 clefin content, wherein when the percent branching in the partially isomerized
12 zipha clefin is less than or equal to 25 weight percent, then the residual alpha
13. ‘olefin content in such pariially isomerized alpha clefin is greater than 6r equal
14 to & weight percent; and M is a mone-valent caticn.

15 o

16 2. The selfonate of Claim | wherein the partially jsomerized alpha olefip ic

17 composed of at least about 23 wi¥% branching, at least about 994 residual alpha
12 olefin, and having from about 20 to about 24 carlion atoms.

19 J

200 3. he suifonate of Claimn 1 wherein the partially isemerized alpha olefin is

21 cdfr%poéed of at least 2bout 65% bz-'ah'chiﬁ:g,v afirzas%:a’bbut 3.2% résid{xéi 'éi;'ihé
22 olefin and having from about 20 to about 24 &drbon atoms. '

24 4. A methiod making an isormerized alpha olefin sulfonate comprising the steps of
26 (2) ~ “sulfonaling an isemefized alpha olefin with sulfur trioxide in the

27 ' presence of air thereby producing prmzsily an isomerizad alpha olefin
28 ©sulfonic acid, wherein thé isomerized 4io%a olefin is derived from the
29 | isomerization of C,,-C g normail alphz olefins;

31 (by  ‘ optionally thermaily digestin 2 the 'ﬁfdduﬁ! from step (a);



13 T approximately 10 days. Aliquots from the re-action flask were analyzed with time o 14determine
the approximate (since the data used in Example 1 is for C20-241A0) 15percent branching and alpha
olefin by infr copy using the method of 16Example 1. Additional l\CE lyst was
added *after%a{%%r%%ﬁ%gg[gy 7 days (40 17 grams). The final product contari}r?é@%gg%éfrqn@ﬁely 85.1 %
branching and 0.2 % 18residaal alpha-olefin by the method of Example I. 19' 20 Example 8
21Sulfonatioh C20-28140 comeitisiaz8®. thepRrarthiog ated (MPvith Adphadliefimad 23stimerized
C20-28 alphg-olefin (TAO) ckiMp&@S.l' A, branching and 0.2% alpha- 24 , olefin obtained from
Example 7 was sulfonated as in hxample 3 using the foiloWing 25cOnditions: 26 97 1A0 Feed
Temperatur'e3- 30C 28 Reactor Temperature = 30 C 29Air Flow = 192 litersihr 30 807 Flow- 16 litersthr
31 SO2 to S@3 conversign = &pfbiddly, hydibs resitiogisarnarizadiaintswiafindlAd.swionic acids
obtained werge then .3digested at 40 C for 20 minutes with mechanical (magnetic stir bar) agitation in
an 4 open beaker and then an%lf@é%l%y cyclohexylamine titration. The TAO sulfonie acids 5obtained
were then néutralized by the successive addition of aliquouts (typically ,6 between |, and 3 grams
each) of 50 wt % aqueops NaGH.to.the IAQ sylfonic acid 7 over approximately 45 minutes to 80
minutes at b\thesgn 350%?2%%0%ﬁ %Iél(%gnﬁ%rgf% w?iﬁ%’(‘é[ﬁﬁ’?@%%aﬁéﬁ%ﬁ Xﬁf : %Wé*s?ulting
sodium alph& olefin sulferigmas {{CSSpwermranaiydeemab fodA doé havig thedolonting groperties (See
10Table 7): Bl 12Table,Z A3 WHAT,IS GHAMED:1Ss 31:An aeimetizedalphalsfin sulfgnate having
the general formula: 4 5R-S03 M 7wherein R is an aliphatic hydrocarbyl group havmg(f“r%m about 12 to
about 40 , 88hrb.on atofEMEATT HrSHCEBBUISD tor SSRFRSiBRE pRirseia Beareriy lsmeegeohtaining
one or more dlefin or alephelaBgiefiasenmikdrsiherestvand:Rde dAdsrxed: ramanagially
isomerized plpha olefin coptaining a residual ?.I%wa 11olefin cﬁ?n , wherein when the percent
branching inhe partiall§ 60rReHzed 13 EAlHA BleftTe 658 R 6ie88Ua LI5S Righitssaréent, then
the residual’@lpha 13 - ¢ifindghteatcensuch partially isomerized alpha olefin is greater than or' ecitial
14 ;.to 8 wejght percent; and M is a mono-valent cation. 15: 2.The sulfonate of Claim | wherein the
partially isomerized alpha olefin is 17composed of at least abbut 23 wt% branching, at least about 9%
residual alph? 18blefin, Hikd e ¢ fr&ianditeeio the oot b x sxtsorracdmioRa 91208 T he suifonate of
Claim | wheygin the partialipdsamarizesisalnRaialelinds RisanRosedaf 2idaasiabauL 8594 hianohing,

at least aboys 0.2% resi%%;al alph%zz 23 244. m%thod _maki,nf an isornerized alpha olehn s:ullonate
comprising tAé steps of 2% 36239 Y856 J6™ FASRIpHIAREPY His ERRGRSep Ca): ly digestin2 the pro

19 7 The method of Claim 4 wherein the partially isomerized aipha olefin is

20 compesed of at least about 65% branching, at least about 0.2% residual alpha

21 olsfir: and having from about 20 ‘o about 24 carbon atoms. M

o o S ‘ ‘

23 8 The sulfonate of Claim 1 wherein when the percent brancking i; the partizlly

24, isornerized alpha clefin is leks than of equal to 18 weight perceat, then the

#5 residual alpha olefin content ir such partially isoraerized alpha olefinis

26 greater than or equal to 10 Wweight percent. B

27

28 9. An isomerized alpha olefin sulfonate having the genaral {ormula:

30 R-S0, M

23



32 1(c)neutralizing the product from step (b) with a source of a rcono-v-oent 2cation; and 3
4(d)optiohally, hydrolyzing the product om step (c) with additional base 5or caustic. 6 75.The method
of Claim 4 Wherein the isomerized alPha olefin has from about 12 8to about 40 carbon atoms, and
from about 28%@@’\%@@& percent branching; 9and comprises a partially %%%%Sﬁ%%‘%?ﬁﬁ% olefin
containing a residual alpha 10olefin content, wherein when the percent branching in the partially
isomerized 14alpha olefimdsclass thanOppeushiordhmeight Dereen; then dBsuedidyabalpha 12olefin
content in such partially ispmertizeq %If?ha C#Eecrr] IS ré{}terg-uan,or e%ual :*L%.tona weight percent. 14 ,
156.The method of Claifd WA E TRE BN FO8hieDed AIFHR'NEEN RPERGFEEed of at least
about 23 wt% branchingeai:iesst alzourtBéteresitiual ailkialImobeiin candxhavingedmf ahpbrtE20 to about
24 carbon atpms. 18 19 -Glaim. 4 wherein the partially someriz.ed alpha olefin is
QOcomposed&)of at Ieast%ggh% %%%E %?g%{l: |§g@) at 35%?3 Jgﬁto(s.%%%é%ﬁ%ﬂ’ glrﬁﬁlgl@’igig ifi and having
from about 29 to about 24arIBIsRitoThe PR ip dy. Mvecst hormelinsf i hinpartiehieisimenired the pereent
branching L.g the partiallyedisamaizadainham defin:is {8i§5tb@i‘%9f squalienls weighhpgreent, then the
residual alpha olefin content in such partially iojerized alpha olefin is 26greater than or equal to 10
weight perceht. 27 289.ﬁW%BW&iE@&%‘l‘ﬁHé‘&éﬁﬁ%ﬁ%h&@%ﬁ‘@‘ﬁhé Jefeinl s gL29 30R-SO,
31 WO 20091055584P&14US 608413093k chvier eindrois Amhaliphakic fgeasarhyi-group having from
about 12 to gpout 40 2carbon atoms, .haying, from ahout 20 to 98 weight percent branching, and
3containing Z(?“))tr)ie or morgaé?xé iR of gi‘éfolﬁ%%/#%aé |§§395M?§fﬁp§§ ﬂ%gféjg?;tgrﬁ)g FEI8YRREFRREd from a
partially isofferized alpltizeoléfinccontaliniphy @ idsidoalcalphna Sl efir e ienteriher elphif thefjpercent
branching.ip the.partially, isarngrizes lefin, s greater. than anequal to 15 weight percent, then
the residual 7alpha olef?% %%%%n{%?fﬁag@%%ﬁléﬁ&g(%%ﬁé%idg dlpﬁ%%l%sﬁnnl? ess Ffé?nC aoifoéléqual to 15
weight perc’é%t and wherein if the percent branching in the 9 ,partially isomerized alpha olefin is less
than or equggto 15 weight percantniiihesribairesdurkalpba plefig-contantdn ligh partially isomerized
alpha olefin 11is greater than or equal to 15 weight percent ; and lvi is a monc-valent cation. 19

1310.The méthod of Claim 4 i P\Zfﬁewb%ﬁﬁl‘&f"ﬁ%ﬂf Sraf i) T EARRRAERPAE VAt a WM-Ca of an
alkali metali@r-ammonium or lbdulistitdtedasanioniviiet; and 1618 = 77

17

18



