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Alpha-olefins, especially those containing about 6 to about 20 carbon atoms, are
important items of commerce, with about 1.5 million tons reportedly being produced
in 1992. Alpha-olefins are also used as intermediates in the manufacture of detergents,
as monomers (especially in linear low density polyethylene), and as intermediates for
many other types of products. Alpha-olefins may also be employed in the oilfield
drilling fluids market. The use of alpha-olefins as such, and alpha-olefins isomerized

to internal olefins, has increased in recent years. As a consequence, improved

methods of making these compounds are of value.

Most commercially produced alpha-olefins are made by the oligomerization of
ethylene, catalyzed by various types of compounds, see for instance B. Elvers, et al.,
Ed. Ullmann's Encyclopedia of Industrial Chemistry, Vol. A13, VCH
Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and 275-276, and B. Cornils,
etal., Ed., Applied Homogeneous Catalysis with Organometallic Compounds, A
Comprehensive Handbook, Vol. 1, VCH Verlagsgesellschaft mbH, Weinheim, 1996,
p- 245-258. The major types of commercially used catalysts are alkylaluminum
compounds, certain nickel-phosphine complexes, and a titanium halide with a Lewis
acid such as diethylaluminum chloride (DEAC). In all of these processes significant
amounts of vinylidene and/or tri-substituted and/or internal olefins and/or diolefins,

can be produced depending on the carbon number of the olefin and the specific
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SUMMARY OF THE INVENTION

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

invention is also directed to a method of making the isomerized alpha olefin sulfonate.

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

sulfonate having the general formula:

R-SO; M

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

percent branching in the partially isomerized alpha olefin is less than or equal to 25
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i ntroduced into conduits, such as pipelines, to
i ncrease the flow of the hydrocarbons through the
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cation. In one enbodi ment, the present invention is
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sul fonating an isonerized al pha olefin with sulfur

trioxide in the presence of )
(©) neutralizing the product from step (b) with a source of alkali or alkaline earth

metal or amines such as ammonia; and

(d optionally, hydrolyzing the product from step (c) with additional base or

caustic.

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

sulfonate having the general formula:
R-SO; M

wherein R is an aliphatic hydrocarbyl group having from about 12 to about 40
carbon atoms, having from about 20 to 98 weight percent branching, and
containing one or more olefin or alcohol moieties or mixtures thereof; R is
derived from a partially isomerized alpha olefin containing a residual alpha
olefin content, wherein if 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



air thereby producing primarily an isonerized al pha

ol efin sulfonic acid, wherein the isonerized al pha
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i sonerized al pha ol efin containing a residual alpha
olefin content, wherein if the percent branching in

t Aefipgtiansal |y i soneri zed al pha olefin is greater than
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10 olefin content in such partially isonerized al pha

11 ol et gt e 610 g e Bt sy
12§ statashtp thecoatrptya ol efin is | ess than or equal to 15

13 Wei ght percent,

14  The terms “active” or “actives” as used herein refers to the concentration of the metal
15 salt of the sulfonate as described herein.

16

17 The term “isomerized alpha olefin (IAO)” as used herein refers to an alpha olefin that
18  has been subjected to isomerization conditions which results in an alteration of the
19 distribution of the olefin species present and/or the introduction of branching along
20  the alkyl chain. The isomerized olefin product may be obtained by isomerizing a

21 linear alpha olefin containing from about 12 to about 40 carbon atoms, and more

22  preferably from about 20 to about 28 carbon atoms.

23

24  The term “branching” as used herein refers to alkyl groups along a hydrocarbon chain
25  as measured by infrared spectroscopy.

26

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

28 Table.

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.
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Tt er el f rati on of the netal salt
of the sulfonate as descrlbed herein. The term
"i sonerized al pha alefin (1AQ" as used herein refers
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al'teration of the distribution of the olefin species
present and/or the introduction of branching along the
al kyl ggg The isonerized ol efin product may be
obt ai n 5@”%soner|2|ng a linear alpha olefin
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isomerized alpha olefin containing a residual alpha olefin content, wherein when the

percent branching in the partially isomerized alpha olefin is less than or equal to 25
weight percent, then the residual alpha olefin content in such partially isomerized
alpha olefin is greater than or equal to 8 weight percent; and wherein M is a mono-
valent cation. Preferably, M is an alkali metal or ammonium or substituted

ammonium ion. Preferably, the alkali metal is sodium.

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
optionally having one or more heteroatoms, such as nitrogen, oxygen or sulfur, which
may be present in aliphatic or aromatic heterocyclic rings. Examples of suitable
heterocyclic ring substituents include pyrrole, pyrrolidine, pyridine, pyrimidine,
pyrazole, imidazole and quinoline. The heterocyclic ring substituent may be
substituted on the ammonium 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

a pyridinium ion.

The present invention is directed to a sodium isomerized olefin sulfonate (I0S) made

by the sulfonation of an isomerized alpha olefin (JAO) in which the TAO is made by



Unl ess otherwi se specified, all percentages are in
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and wherein Mis a nonoval ent cation. Preferably, Mis
aipedidsal i nmetal or anmoni um or substituted amoni um

ion. Preferably, the alkali netal is sodium Exanples
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heteroatons, such as nitrogen, oxygen or sulfur, which

In another embodiment, the IAO is composed of at least about 65% branching, at least
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about 0.5% residual alpha olefin and having from about 20 to about 24 carbon atoms.
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Sulfonation of the IAO may be followed by thermal digestion and then neutralization
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and, optionally hydrolysis, with caustic, in which the resulting sodium isomerized

—_
oo

olefin sulfonate (I0S) is composed of between from about 1 to about 50 wt% alcohol

-
©

sodium sulfonate, preferably from about 3 to about 40 wt% alcohol sulfonate and

N
o

most preferably from about 5 to about 20 wt% alcohol sulfonate species with the

N
-

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

N N
w N

In one embodiment of the present invention, the normal alpha olefins are isomerized

N
~

using at least one of a solid or liquid catalyst. The NAO isomerization process can be

N
()]

either a batch, semi-batch, continuous fixed bed or combination of these processes

N
(e}

using homogenous or heterogenous catalysts. A solid catalyst preferably has at least

N
~

one metal oxide and an average pore size of less than 5.5 angstroms. More preferably,

N
oo

the solid catalyst is a molecular sieve with a one-dimensional pore system, such as
SM-3, MAPO-11, SAPO-11, SSZ-32, ZSM-23, MAPO-39, SAPO-39, ZSM-22 or
SSZ-20. Other possible solid catalysts useful for isomerization include ZSM-35, SUZ-

w W N
- O O

4, NU-23, NU-87 and natural or synthetic ferrierites. These molecular sieves are well

w
N

known in the art and are discussed in Rosemarie Szostak’s Handbook of Molecular



may be present in aliphatic or aromatic heterocyclic
rings. Exanples of suitable heterocyclic ring
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heterocyclic ring substituent may be substituted on
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heterocyclic ring, such as in a pyridiniumion. The
present invention is directed to a sodi um i soneri zed
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about 0.2 to about 20 wt % resi dual al pha ol efin and
mst referabl bet ween from about 0.5 to about 10 wt %
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The reactor effluent containing the partially-branched, isomerized olefins is collected.
The resulting partially-branched, isomerized olefins contain a different olefin
distribution (i.e., alpha olefin, beta olefin; internal olefin, tri-substituted olefin, and
vinylidene olefin) and branching content that the unisomerized olefin and conditions

are selected in order to obtain the desired olefin distribution and the degree of

branching.
Sulfonation

Sulfonation of the IAO 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
30°C to about 75°C. The charge mole ratio of sulfur trioxide to olefin is maintained

atabout 0.3to 1.1: 1.
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pdiiedyred oAl additipaldasy or caustic.

Method of Making an Isomerized Alpha Olefin Sulfonate

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 C1,-Cs9 normal alpha
olefins; (b) optionally thermally digesting the product from step (a); (c)
neutralizing the product from step (b) with a source of an alkali metal or ammonium;
and (d) optionally, hydrolyzing the product from step (c) with additional base or

caustic.

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

olefin containing a residual alpha olefin content, wherein when the percent branching



The process for isonerization of normal al pha ol efins
may be carried out in batch or continuous node. The
WELe@emesHss enper at ures nmay range from about 50CPCDUSINOL080980
250C. In the batch node, a typical nethod used is a
stirred autoclave or glass flask, which may be heated
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process, i st, efficiently.carried out.in a fixed bed
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3 f rpam B: dqubDtolweikhimi&nwei ght hourly space vel ocity.
In a fixed bed process, the isonerization catalyst is
charged to the reactor and activated or dried at a
t . t [ flhow .
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7 reaction tenperature and a flow of the olefinis
i M*P8%uced into the reactor. The reactor effluent
g containing the partially-branched, isonerized ol efins
is collected. The resulting partially-branched,
9 i sBirepartially istrogrized alpbaokifim ia coinpésed efiat ledse Abaut 65% branching, at

di i.put i i £. | pha.ol efin, beta ol efin;
10 {1 13 Bt 0720 fei it )R i im0 B0 about 24 carbon
11 vidiyhis.dene ol efin) and branching content that the

uni soneri zed olefin and conditions are selected in
12 order to obtain the desired olefin distribution and

t ; I ] . £ | I at i on_.of
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16

17 Other embodiments will be obvious to those skilled in the art.

18

19 The following examples are presented to illustrate specific embodiments of this
20  invention and are not to be construed in any way as limiting the scope of the

21  invention.

22

23 Example 1
24

25  Measurement of % Branching and % Alpha-Olefin in C20-24 Isomerized Alpha
26  Olefins (IAO)
27

28  Infrared spectrometry was used to determine the percentage methyl branching and
29  percentage residual alpha-olefin of isomerized C20-24 NAO or isomerized alpha
30  olefin (IAO). The technique involved 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 Principal Component (GLPC) analysis of the

34  corresponding hydrogenated IAO samples (hydrogenation converts the IAO to a

9



is typically carried out in a continuous falling film
tubul ar reactor mai ntai ned at about 300C to about 75C.

wab@oossasge nole ratio of sulfur trioxide to oPEF/US200%080980

W 0 N O O h WO N -

N N N B m m b  my A e =
N = ©O O 00 ~N O o A W N ~ O

NN
N hwW

W W W W N NN
W N 2 O O oo ~N

mai ntai ned at about 0.3 to 1.1: 1. O her sul fonation

reagents, such as sulfuric acid, chlorosulfonic acid
omigtvré ahpasatéio sdnvehjctaths aoteal gaysitioy bes, thetanest adsentionttinee for a

i soneri.zed al,pha ©olefin is,.sul.fonated wi,th,sul.fu
AR IRER T B DRI St Gt reen he
f rigfiartd ebsoutfoar@ b Dempr @EgSsteiBtk dffagshalitefinhEHEtdtoh)

di gested by heating. Neutralization of the Isonerized

Alsteamied oy Ftteppatedirtecianeg (NEBY rrarsdaineeirorastnt 3l thayppreent
S 4] 'gngﬁéﬁ ok ' conti nuous or
bﬂ%ﬁ%%@gﬁgs y a%ql%g?ﬁgggﬁﬁg%h]%ﬁa person skilled

in the art to produce the 10S. Typically, an I AO

sul fonic acid is neutralized with.a source of .
o dTEBUSRE Ruacs o B o BF mepmt ta g0 et B dellowing
caljh&tont s an al kali netal or ammoni um or substituted
anmmoniumion. Preferably, the alkali netal is sodium
Optionally, the neutralized isonerized al pha ol efin

ri. I i i onal.
e G S e g S e T R
O &ATR MnfEubd Spatresodpipt 50879 TheRD Rgis 81930 $ afi®thebeghching content
al pha ol efin sulfonate conprises the steps of (a)

st thsnsampies used tosgshenatebis calibmaoneamriian fHnged Fomfapproximately 9
t roj, oxbsle, in the presence of air thereby producing
primarily an isonerized al pha olefin sulfonic acid,

wherein the

Similarly, a linear least squares fit of the percent alpha-olefin data showed the

following equation:

% Alpha-Olefin by Carbon NMR = 0.5082 (Peak Height at 909 cm-1, in mm, by ATR
Infrared Spectroscopy) —2.371. The R2 was 0.9884 and the alpha-olefin content of

the samples used to generate this calibration equation ranged from approximately 1%

to 75 %.

Example 2

C20-24 Isomerized Alpha Olefin (IAO) - % Branching versus % Alpha Olefin

The primary olefinic species in Normal Alpha Olefins (NAO’s) was normally alpha-
olefin. The isomerization of NAO’s over the solid acid extrudate catalyst ICR 502
(purchased from Chevron Lummnus Global) isomerized 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 induced skeletal

isomerization in which methyl groups were introduced along the hydrocarbon chain

10



i sonerized al pha olefin is derived fromthe

i sonerization of Cl2 -C4 normal al pha olefins; (b)
wopipossaBd y thermal |y di gesting the product frper/Esmps/080980

(a); (c) neutralizing the product fromstep (b) with a

source of an alkali nmetal or ammoniunm and (d

ot i morizilatelof AN st mrrercmmsmpﬁmg) Batl f the

gél}al o‘igﬁﬁl a#’cf‘%‘r%ncarn ieéllt f IA lﬂesr'ggc?ﬁ(’:vgﬁﬁegt ogﬁ%red 3}4 &nfrared

f rs@mtﬁihmmty (BRahple9y. Thé Qégreep@ﬂ‘ slefivi aa skelel] idimegiRgtion of an
ally isqnerized, alpha olefin

Tl
03}% es %Qgﬁ‘%%?qa@&wnapﬁﬂﬁ igearizAtiahproesse. Tolpled dielpw shows
vvnﬁm Ilaad@ara&matolaim meﬁ,@'bpantcﬂﬁgeﬁ{r% t}gg%&lrgﬁg&{ b8 C20-24

ha olefin’is less than or equ
p éﬂA@rqbtamddefmm I€élem9|mhuhps thzlhaaldllmﬁpamyam att@ndarifixed bed

h tiall t h
oreuylide gt ST et Sefis Sslishried SarSiihy hoadne
alum@nmf&ﬁé féa¢t§r @%@@geﬁ 11 re@dtod £ABLoRHAYS g?é’mm%qdum 24, 40

branchin | east out 9% residual al pha olefin,
aramact Wi}?ﬁ’@@dﬂth 8f0erems b dliundam L8k bishgratsrof Aldiam 24.

P S f. at
:f;ﬁsetrg% %ru‘%acs r anc 8 g e‘?{% ?atyr%ac%gme&e%ﬁm Rimace and
r ebé Nrad was plrrapeeﬂ wgifloy zaradxéighmh@gﬂﬁz spdte azbl@uity ?WHSQ/) of 1.5 while
tmm I n one enbodi nent,

ab ar bon

&l?? fatp V?%eé SRehFll teaMRSFRAUTSH EMERE betwesad 39 i naf{§1r230 °C at
e%&ﬂbsﬁh@né‘- & ORd ﬁﬁfﬁ?ﬁ%rgf IAbh/%}e Q:Qﬁec?é?isdt‘a%aé tl%‘h@lhtﬁe reactor.
olefin content in such partially isomerize 1

olefin is greater than or equal to 10 wei ght percent.
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O her enbodi ments will be obvious to those skilled in
the art. The foll owi ng exanples are presented to

WO Rdoass3set e speci fic enbodi nents of this i nvene¢DOSZNE080980
are not to be construed in any way as limting the
scope of the invention. Exanple 1 Measurenent of
o%8r anchi ng and %Al pha-A efin in C20-24 |sonerized
Al pha Aefins (IAO Infrared spectrometry was used to
determ ne the percentage nethyl branching and
per cent age residual al pha-olefin of isomerized C20-24
NAO or isonerized alpha olefin (1AQ. The technique
i nvol ved devel oping a calibration curve between the

i nfriar egd ,abqorptlcn af 1378|cm 1 (charagter|stig pf
t he ﬁet@ﬁ Sjletch) [measyted by|attenuated [gfl get ance
(ATP? @f& ed spect romhd:ir'y“ and | The | PET Cent |Bdrapsiing| ™
det e y |Gener al ijzed | Last Princi pal Comppnent
( LR —amatysirs Tofr trhetorresponding—hytrpgenat edrHAG
sanp| es Qw rogenatiion ¢onverts|the|l AQtpo am xture| of
paraffin sﬁﬁgi\cﬁ! rhe E()ﬁlf@l@)ﬁl@ﬁ&@% ‘ﬂ@gf@ ~
| ongest pets | 1%017 | 5| eroh o o geye SapbBnonaMer)s |~ |=|™
Sim|arly, & qgalli bration ¢utve was devel oped befweep
t he nfrared—absorptton—at—9807+—cmt-(characterist+e-—o
al phaoefTm ¢ Hstretci)TdeternrpedPpyrattenpate
refligetiinea|(ATR) |infrnared spectronetry|and|the
per clent2 g.ﬁ*ev@ & Dn—ded Br Bi Bed -b_b}aa@? At VB s+ bolT:
NVR. ém@ar | east [squares|fit|of daf Dr | t he
per clent—branching  showed the {ollow ng
[=Te
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equation: % Branchi ng by Hydrogenati on GC = 3. 0658
(Peak Height at 1378 cm1, in mm by ATR Infrared

wEp@enssscopy) - 54.679. The R2 was 0. 9321 andp€TrES2008/080980

branchi ng content of the sanples used to generate this
calibration equation ranged fromapproximately 9 %to
92 % Simlarly, a linear |east squares £it of the
percent al pha-ol efin data showed the foIiEovvi ng
equation: % Al pha-Q efin by Carbon NVR #0.5082 (Peak
Hei ght at 909 cm1 , in nm by ATR Infraged
Spectroscopy) - 2.371 . The R2 was O. 988§‘ and the

al pha-olefin content of the sanples usedzto generate

this_eal | brjatii gn|equatijon nanged from apgroxi mately 1%
to [85 362 Banplle |2 [C2Q-24.Jlsogeri zed Al pga Qefin
(IAg'g anthimg |Vecsassydl oha Oefinghe primary
ol eft mZ & Shedi @s [in Norimal |All pha A efing (NAO s) was
nor ety —ghptagtegf T —Thg—irsomeri zati on £f NAO s over
t he| sol i\gi,saci d extruchate catalyst ICR 5 (purchased
from Chéyrgie| EUMITAIE |G obl|f i Tsomeri zed fhe
al pha-ol;fﬁﬁ?'cn\cﬁﬂl\cﬂ;eﬁl oije | speci es, .Juch as
bet - ol €f i&is,| i|ntlernal |ollefii ms|and even§
tri Ssubstituted—otefins—Fhelisererizati gn of NAO s
over— 1 CR 502 catatystr—atsoTinducedyskel é@al
i sopgerd zatd|on ifn [wWhi ¢h [met hyll ¢gr oups|wer® introduced
- | 1. H o~
al ong%l'&}ycr—c dgrhen—ghai-ned —the—i Zonerszed al pha
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al pha-ol efin and branching content of 1AO s were
conveniently nonitored by Infrared spectronetry

w@ BEboapdses 1) . The degree of ol efin and skel et aPCT/US2008/080980

0 N O b WO -

[\ IR L N " N G N U N . §
©C O 0 N OO oA W N -~ O ©

i sonerization of an NAO depends on the conditions of
the isonerization process. Table 1 bel ow shows the %
r #iaghyd¢ 3al pha-ol efin vs. the % branching fromthe

[ rizati of  t -24 NAO [ fr evron
oG hChr et e A P metia S lebarSie pnt AR
reactor (2.54 cmID x 54 cm Length Stainless Steel)
packed. sequentially fromthe bottom of the reactor to

t Heonghred 20174 alrhglefin GAOD &rads grntainyrg veFdRg amnpyitel ahbpranching
2 . i i ; ;
T ApoRTR Mlaindd b Tt . Mt onlcl TP Blast i iBkerca,

v dalling &ilth yububar aedcenpi@.6anuiiR awbthtaeakictels @ scies,iR1 =30 cm, R2 =
furnace _the NAQ npeq u ow. at a wei ght

oy SRS s Py S aTRRg ol St coneligndar ai yst

bed was held at tenperatures rangi ng between 130 0C

and 230 OC at atnospheric pressure and sanples of | AO
weA® Eesd|Tgowetitare =t W’Cout | et of the reactor. Tabl e
1Tabl I nue 2 For conparison, the isonerized
Cg%gﬁtgri%%g%}%@rdﬂfsgrlncsmll Chem cal conpany shows 10.7
%8¢ BlehENg2 Hivgs/B. 2 % resi dual Al pha-d efin 3 content
and. Exanpl e 3 Sul fonati on of Branched C20-24

| sk leyenl Qlieahra efins (1 A0 s) |somerized C20-24

a'%@to@@fédﬁvéﬂsﬁg):éﬁﬁds containing varying anounts of
i I

branchi ng and al pha-ol efin obtained from Exanpl e 2,
were sulfonated in a glass, water jacketed, falling

];Ie'lfj'{géé?)b gﬁleg&at% Sgag%]gﬁ?ét%:o%tegp t}{e%egirl)edd tcl!;arrgee mroFa?(l:”etltloordc’f gO% to [AO.
The crude isomerized olefin sulfonic acid was then optionally digested in air at
varying temperatures and times with mechanical (magnetic stir bar) agitation in an
open beaker. The resulting isomerized olefin sulfonic acid was then analyzed by
cyclohexylamine titration. Table 2 illustrates the properties of IAO’s and

corresponding olefin sulfonic acids obtained.
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30 cmand R3 = 70 cm using SOG3/Air and the follow ng

conditions: |1 AO Feed Tenperature = 50 0C React or
waewpesasure = 30 OC Air Flow = 192 |iters/hr BORUS1008080980

= 16 liters/hr SO2 to SOG3 conversion = 87 % The | AO

feed rate was varied to obtain the desired charge

nolar ratio of SO3 to IAO The crude isonerized olefin

sul fonic acid was then opti g@gle\ll@/ digested in air at

varying tenperatures and ti th nechani cal

(magnetic stir bar) [agitation [n an open beaker. TH€ A0 Sulfonic
resulting isonerized olefin suffonic acid was then Acid Properties
ERA?| Y280 Drop¥itted "XV @Ridifioh' | " 2Diftiod €Rhfitons |
I I J%l!a%lCi lII lﬂll U[JCI LTS5 0Ol AT S artu LT spurrariTy
ol ef I ‘P_gn ds o&}\;ﬁgned bl e 2Exanpl e 4
Neut raI 25t i on ‘f“b: mef (IFEWPER YRS (O dims (| AG3H | H2504
Sul fonic Acids &)\m::rl ha_ol #6h (1 Adminuteshni €%) | (%)
hci s ot%i neld Orom ExanQ)Be 3 re AButralli ze@0by 1ha0.4 1.1
sucgcessive additionjof aliquouts (typicallly between 1
and| 3 di3hs egach)2 off 50 W8 % apueoud0NaCH |t o Dbe | AO49.7 0.9
sulfonizz.@ci d over approgpmately 454¢1i nutgs 1980 | 519 1.1
;nnptespsay bet ween 25 andp40 0C w tao mechani CQIO 497 16
STIfTI ng (approm ma EIy 340 Tpm™ he—Tesutting—sodium
Sli pra U486- Y bupSUIIclll es ’. €5-s)—we Eigar‘a. : ZEdz Al g 12
Sabl o 4*8.-"” 05 7 T097 Y 407 TT[TT20 ] 565 1.4
7 483 0.5 1.0 40 20 56.5 1.9
8 65.0 0.5 0.8 40 20 61.0 1.4
9 65.0 0.5 0.9 40 20 64.5 1.9
10 65.0 0.5 1.0 40 20 67.7 2.6
11 65.1 0.4 0.8 40 0 58.9 0.8
12 65.1 0.4 0.8 40 20 58.9 1.1
13 65.1 0.4 0.8 40 40 58.6 1.2
14 65.1 0.4 0.8 40 60 58.4 1.2
15 65.0 0.4 0.8 40 30 62.6 1.1
16 65.0 0.4 0.8 80 30 47.2 2.5
17 65.0 0.4 0.8 120 30 14.5 0.4
18 94.4 0.3 0.8 40 20 44.0 1.0
19 94.4 0.3 0.9 40 20 49.0 1.3
20 94.4 0.3 1.0 40 20 52.2 1.5
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Table 3 (1) Wi ght Average Mol ecul ar Wi ght was
determ ned from El ectro-Spray |onization Mss

wEepmensseetry (ESI-MS) (2) Activity was det er mP@EUS1998/080980
Hyam ne Titration using the wei ght average nol ecul ar
wei ght determ ned by ESI-M5(3) The % Hydroxy Sul fonate
vvd"sxampleﬂm ned by El ectro-Spray |onization Mass

oy aERua e of E27Cksames BER figRa Dlet IR Pulinir Rsidy

C20 24 al pha-ol efin containing 65 % branching and 0.5
% al pha-ql efin_obtained fromthe isonerization of

&4 f%lf( pidscobiaed fromhixample brvere

CZIQQIE%IZWéra}F&Ha olgfrdAe)

g e?ﬁ%e@ﬁ@@l@%ﬁc oEkik Jddﬁ

aci d ‘extrudate cata
Cheavin)ard S0uvirtha aguddus balOH a)tthalm@splfemc acmro@&sappmmmately 45

£ _at V 0
ainsfF 80 e

RS ahL B IC F antere

TSt

t Wﬁpﬁ@klﬁ{a&’e‘ﬁ 3be thoh 2 MR Ui JornBephe

0C was sulfonated in a vertical,

cycl one separator where a pof
cool ed acid and recycled to t

“Eo

f

e?\!vgg drhegrams
m

ase fro

The

hé&‘&?\‘asﬂgé}g and

gl‘éﬁﬁ @31%&1 LGERY) were

re@éky@ﬁ:d fwefiornd fodusive theeofod oaing] reslserts«tsmlshqwmuﬁ'rahi@h | D,
5 feet long) using concurrent SOQ3/Air down flow, a

of the acid is
ttomof t he falllng

L'aig et alqu) ulf ke Acc'i T 5 WE ‘Aéét’ ¢ ecstn‘lv t;ytigt ydroxy
dc and neu ng’c}wg algddl kg 8’ ulfonate
( a tons Content (3)

(%)

A Entry 1 10.5 385 - 27.7

B Entry 2 10.9 410 30.3 28.1

C Entry 3 7.8 413 34.5 37.9

D Entry 4 10.1 408 373 27.9

E Entry 5 11.2 410 423 15.7

F Entry 6 10.4 406 43.9 11.1

G Entry 7 11.2 405 443, 10.9

H Entry 8 10.2 402 47.2 2.6

I Entry 9 10.7 402 49.4 3.7

J Entry 10 10.6 401 50.4 4.1

K Entry 18 10.8 405 35.2 5.2

L Entry 19 10.6 408 38.9 5.6

M Entry 20 10.4 406 40.7 5.7

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

Mass Spectrometry (ESI-MS)

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

molecular weight determined by ESI-MS
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wt. % aqueous NaCH by neans of tee inlet followed by
passing the neutralized acid through a high sheer
worRo0ens#84 85- 90 0C . The fol |l owi ng sul f onat i onPE@MNTS2008/080980
di gestion conditions were used (See Table 4): Ar /
SG3 TenPerature, 0C 38 | AO Feed Tenperature, C 25
1 Re@eibe Yordngroxnulfenatowaddgaminetd by FleGomSeraylatizagion Mass
Vod, % S tor Loading, kg/hr-cmO0.777Table 4
2 Tgéepef%%?“%w %Slg\?lg erties of the internedi ate
3 isonerized al pha olefin sulfonic acid (I AO Sulfonic
Acid) and the correspondi ng sodiumsalt (10S Sodi um
4 SaKXampl§|S owi ng neutralization were obtained (See
T - 5] j [
5 aver Bution G Pe Braden e A LG I AP T e
6 el ectro-spray ionization nmass spectronetry (ESI-MS).
7 (3) Determined on approximtely a 1 w. % sodiumI|CS
in water using a calibrated (pH 7 and 10) pH
8 el BeheRga CI0Ry difkn-sReh ¢ohaRideSe PR RSt of Ml 024 Wpha-olefin
neutral i zati on were then subjected to hydrolysis
9 coniinecbiiem tihisomeneatian off 2P dyormalpl phred efie (flunshakeade from

1o Ve R AR ) o N8R b PSR Mo
11 catalyst ICR 502 (purchased from Chevron Lummnus Global) at atmospheric

12 pressure in up-flow mode at a WHSV of approximately 0.7. The C20-24 was pre-

13 heated by means of a heat exchanger and the catalyst bed temperature ranged between
14 187°C and 190 °C was sulfonated in a vertical, falling film reactor (water jacketed

15 stainless steel , 0.6 inch ID, 5 feet long) using concurrent SO3/Air down flow, a

16 cyclone scparator where a portion of the acid is cooled acid and recycled to the

17 bottom of the falling film reactor. The crude acid is optionally digested by passing

18  through a water jacked, plug flow vessel at 40 °C and neutralized by the addition of 50
19 wt. % aqueous NaOH by means of tee inlet followed by passing the neutralized acid
20  through a high sheer mixer at 85-90 °C . The following sulfonation and digestion

21  conditions were used (See Table 4):

22
Air / SO; Temperature, °C 38
IAO Feed Temperature, °C 25
Reactor Temperature, °C 30
SO; in Air Concentration, Vol % 2.5

SO; Reactor Loading, kg/hr-cm  0.777
23
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Table 5

initiating sPCT/DBI0G8/080980

ielﬁn %%;oﬁowmg

IAO Sulfonic Acid Properties

Sodium I0S Properties

Condition
Number

RSO;H
(o)

H,S0,
(%)

Number
(mg KOH /

Sample)

Acid

gm of

Hyamine
Activity (%)

(1)

Hydroxy
Sulfonate,

(%)(2) | PH(3)

Free
Base
(%)

1

60.9

2.1

113.5

70.4

25.7 9.7

0.77

59.8

1.1

101.1

71.8

23.0 9.8

0.69

554

0.6

88.7

66.2

12.0 9.7

0.69

55.9

0.4

88.9

68.3

8.7 9.5

0.80

61.4

1.5

107.4

73.9

20.5 9.5

0.69

(o) A% B IR AVAY | 9]

60.9

1.6

108.4

66.5

12.9 9.7

0.69

(1) Calculated using a weight average molecular weight of 403.

(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.

The 10S sodium salts obtained following neutralization were then subjected to

hydrolysis conditions. The general hydrolysis procedure involves weighing 30 grams

of the IOS sodium salt into a 50 ml mechanically stirred pressure reactor (Parr Model

4590 Micro Bench Top Reactor equipped with a Parr Model 4843 temperature
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adffedied preiucapptiothi feltetiyg propagtes (S Tiben®) . The fi nal
product contai ned approximtely 85.1 % branchi ng and
0.2 %residual al pha-olefin by the nmethod of Exanple
1. Exanple 8 Sul fonation of f2R-@8 | AO containing 85.
1% Branching and 0.2 % Al pha-O ef m | sonmeri zed C20-28
| pha-olefin (1AQ containing 85 1 % hbranching and 0.2
- , ;
o Erpapho— s HTOAET PR TIS PEoRes 0 A0
Feed Tenperature =| 30 O0C Relact or Tenper at ur%vdqug%ﬁdc?lc
Air Flow = 192 liters/hr Sodium
I0S Hydroxy
Hydrolysis | Hydrolysis | Amount of Base Hyamine | Sulfonate,
Condition | Temperature Time added per 30 grams | Activity (%)(2)
Number (°C) (hours) | of IOS Sodium Salt (%) (1)
1 120 0.5 2.0 75.8 27.4
2 120 0.5 2.0 73.1 19.8
3 120 0.5 2.0 67.3 13.8
4 120 0.5 2.0 60.1 11.7
5 120 0.5 2.0 72.4 22.6
5 140 0.5 2.0 67.3 27.6
5 160 0.5 2.0 67.7 22.7
5 120 0.5 1.0 70.1 24.6
5 120 0.5 1.5 73.4 23.5
5 120 1.0 2.0 72.3 23.7
6 120 0.5 2.0 73.8 15.4
Example 6

Isomerized C20-28 Alpha Olefin (IAO) — Fixed Bed Process

A mixture of C20-24/C26-28 NAO (70:30 blend by weight respectively obtained

from Philllips Chemical Company) was isomerized by passing the NAO blend

through a fixed bed reactor as described in Example 2 at a WHSV of 1.2. Product

was collected with time and samples analyzed to approximate (since the data used in

Example 1 is for C20-24 IAO) the percent branching using the method of Example 1.

The temperature of the catalyst bed was gradually increased over 36 hours from 221
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SO Flow = 16 liters/hr SO2 to SO3 conversion = 87
%he resulting isonerized al pha-olefin (1AO sulfonic
wW@eiod®533Rt ai ned were then digested at 40 OC f oPCR0S2008/080980
m nutes with nmechanical (magnetic stir bar) agitation
in an open beaker and then anal yzed by cycl ohexyl am ne
1 t i ‘Crta22oiC Theainta® the bfanhiog atcippsoxabatel yned owe T lee fited product

e uce SSi Vv gli al i.quout s
2 Lf)ttdlr?dd ‘I%n e%é V6Vte625ﬁ% ching ad-n(rd (ﬁg 7 ra?éxﬁ}lal&fl 1%[%J 04
3 aqueous Na(]—| to the | AO sul fonic acid over
ap I OXi rmt ely 45 mnutes to 80 m nutes at between 35
4 amplo® wi t h rrechanlcal stlrrlng (approxurately 340
r RS I g%g sul f onat es
> (1 Q%’Sm%r;%\%ec: e an‘y gﬂpg fo a%/% the foll ow ng
6 properties ( See TabI e 7) Table 7 (1) Wi ght Aver age
ecul ar, \\éi rmnedfr I
7 | i Pt rmd et o Bt Ay ONBT e S 2t U B s0ag bend
8 dqiy%ﬂ'gmgsﬂé}itl\l'ﬂyaﬂbtﬂﬁed fﬂbﬁfi‘l”}hmﬂ)s '@’h’eﬂlﬂ:aﬁ CempEi Négmas added toa 10
average nol ecul ar %g determ ned by ESI -
9 oplitgre elassy rsmidrbetiamdlask dittde wathra mechahigaltisret, rroﬂmcmgienser and a
I net r ESI - 4
10 | SLARLER. A SRR Yol 5 S g
11 c alfidpy ECRd0% adrﬂal}stamusw)n Ekhrﬁ;ble Qt IThe e340Adn temekaYRas
12 gradually raised from 150 °C to 180 °C using a temperature controller over
13 approximately 10 days. Aliquots from the reaction flask were analyzed with time to
14 determine the approximate (since the data used in Example 1 is for C20-24 IAO)
15 percent branching 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.
19
20 Example 8
21 Sulfonation of C20-28 IAO containing 85.1 % Branching and 0.2 % Alpha-Olefin
22
23 Isomerized C20-28 alpha-olefin (IAO) containing 85.1 % branching and 0.2 % alpha-
24 olefin obtained from Example 7 was sulfonated as in Example 3 using the following
25  conditions:
26
27  1AO Feed Temperature = 30 °C
28  Reactor Temperature = 30 °C
29  Air Flow = 192 liters/hr
30  SO2 Flow = 16 liters/hr
31 SO2 to SO3 conversion = 87 %
32
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| east about 65% branchi ng, at
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Band 6
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| east

20 to about 24 carbon atons. 4. A nethod nmaking an

i somerized al pha ol efin sul frabdd® conprising the steps

of (a) sulfonating an isonerized al pha olefin with

sul fur trioxide in|the presence|of air thereby
produci ng pria@rily ®DigdsedBAO®zed al pha ol efin
Entry Sulfonation | Sulfonic Acid Neutralized 10S Properties
Conditions Properties
Wt. Activity Hydroxy
CMR SO3 | H2SO4 | pH | Average ) Sulfonate
SO3/1A0 H (%) “) MW (1) (%) Content (3)
(%) (Daltons) (%)
1 0.8 41.4 4.1 10.1 417 33.5 2.5
2 0.9 40.8 53 10.1 415 32.0 2.2
3 1.0 35.7 6.5 9.3 416 28.0 2.3

(1) Weight Average Molecular Weight was determined from Electro-Spray Ionization
Mass Spectrometry (ESI-MS)

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

molecular weight determined by ESI-MS

(3) The % Hydroxy Sulfonate was determined by Electro-Spray Ionization Mass

Spectrometry (ESI-MS).

(4) Determined on approximately a 1 wt. % sodium IOS in water using a calibrated
(pH 7 and 10) pH electrode

21
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20 tO G comtbnt H KRR pALAITE isomerized alpha olefin is greater than or equal

to 8 weight percent; and M is a mono-valent cation.

2. The sulfonate of Claim 1 wherein the partially isomerized alpha olefin is
composed of at least about 23 wt% branching, at least about 9% residual alpha

olefin, and having from about 20 to about 24 carbon atoms.

3. The sulfonate of Claim 1 wherein the partially isomerized alpha olefin is
composed of at least about 65% branching, at least about 0.2% residual alpha
olefin and having from about 20 to about 24 carbon atoms.

4. A method making an isomerized alpha olefin sulfonate comprising 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 C,-C49 normal alpha olefins;

(b) optionally thermally digesting the product from step (a);

22
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The method of Claim 4 wherein the partially isomerized alpha olefin is
composed of at least about 23 wt% branching, at least about 9% residual alpha

olefin, and having from about 20 to about 24 carbon atoms.

~

The method of Claim 4 wherein the partially isomerized alpha olefin is
composed of at least about 65% branching, at least about 0.2% residual alpha

olefin and having from about 20 to about 24 carbon atoms.

8. The sulfonate of Claim 1 wherein when the percent branching in the partially
isomerized alpha olefin is less than or equal to 18 weight percent, then the
residual alpha olefin content in such partially isomerized alpha olefin is

greater than or equal to 10 weight percent.

9. An isomerized alpha olefin sulfonate having the general formula:

R-SO; M
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wherein R is an aliphatic hydrocarbyl group having from about 12 to about 40
carbon atoms, having from about 20 to 98 weight percent branching, and
containing one or more olefin or alcohol moieties or mixtures thereof; and R is
derived from a partially isomerized alpha olefin containing a residual alpha
olefin content, wherein if 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 wherein if 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 ; and M is a mono-valent cation.
10.  The method of Claim 4 wherein the product from step (b) is

neutralized with a source of an alkali metal or ammonium or

substituted ammonium ion; and
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