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ISOMERIZED ALPHA OLEFIN SULFONATE AND METHOD OF MAKING
THE SAME

This application claims priority from U.S. Provisional Application No. 60/982,847

filed on October 26, 2007, the entire contents of which are incorporated herein by

reference.

The present invention is directed to an isomerized alpha olefin sulfonate and a method

of making the same.

BACKGROUND OF THE INVENTION

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
drifling 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. Comnils,
et al., BEd., Applied Homogeneous Catalysis with Organometallic Compounds, A
Comprehensive Handbook, Vol. 1, VCH Verlagsgesellschaft mbH, Weinheim, 1996,
p. 245-258. The major types of commercially nsed catalysts are alkylaluminum
compounds, certain nickel-phosphine complexes, and a titanium halide with a Lewis
acid such as diethylaluminum chioride (DEAC). In all of these processes significant
amounts of vinylidene and/or in-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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précess. Since in most instances these are undesired, and often difficult to separate
from the desired linear alpha-olefins, minimization of these byproducts is sought.
Small, U.S. Patent No. 6,911,505 discloses processes for the production of alpha-
olefins, including dimerization and isomernization of olefins using a cobalt catalyst
complex are provided herein. The olefins so produced are described in this patent as
being useful as monomers in further polymerization reactions and useful as chemical

mtermediates.

Eaton, et al., U.S. Patent No. 6730750, 1s directed to improved drag reducing agents
and methods of forming improved drag reducing agents comprising the steps of
isomerizing olefin monomers to form 1somerized olefin monomers, polymerizing the
isomerized clefin monomers in the presence of at least one catalyst to form a
polyolefin drag reducing agent having unexpectedly superior drag reduction
propertics when combined with liquid hydrocarbons, such as viscous crude oil. This
patent further discloses that the drag reducing agents may be introduced into conduuits,

such as pipelines, to increase the flow of the hydrocarbons through the conduit.

SUMMARY OF THE DISCLOSURE

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

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

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

sulfonate having the general formula:

R-SOs M

wherein R is an aliphatic hydrocarbv! group rhaving from about 12 1o 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
1somerized alpha olefin containing a residual alpha olefin content, wherein when the

percent branching in the partially isomerized alpha olefin is less than or equal 10 25



weight percent, then the residual alpha olefin content in such partially isomerized
alpha olefin is greater than or equal 1o 8 weight percent; and M 1s a mono-valent

cation.

In one embodiment, there is provided an isomerized alpha olefin sulfonate having the general
formula: ‘

R-SO; M
wherein R is an aliphatic hydrocarbyl group having from 12 to 40 carbon atoms, having from 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,
and M is a mono-valent cation wherein
(1) 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; or
(ii) 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.

In one embodiment, the present disclosure is directed to a method of 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 Cys-

Cag normal alpha olefing;
(by  optionally thermally digesting the product from step (a);

(c) neutralizing the product from siep (b) with a source of alkali or alkaline earth

metal or amines such as ammonia; and

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

caustic,



In one embodiment, there is provided a method of 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;;-Cyonormal alpha olefins; (b) optionally
thermally digesting the product from step (a); (c) neutralizing the product from step (b) with a source
of a mono-valent cation; and (d) optionally, hydrolyzing the product from step .(c) with additional
base or caustic; wherein the isomerized alpha olefin has from 12 to 40 carbon atoms, and from 20 to
98 weight percent branching; and comprises a partially isomerized alpha olefin containing a residual
alpha olefin content, wherein when the percent branching in the partially isomerized alpha olefmn is
less than or equal to 25 weight percent, then the residual alpha éleﬁn content in such partially

isomerized alpha olefin is greater than or equal to 8 weight percent.

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

sulfonate having the general formula:
R-S0s M

wherein R is an aliphatic hydrocarby! group baving from about 12 to about 40
carbon atoms, having from about 20 to 68 weight percent branching, and
containing one or more olefin or alcohol moieties or mixtures thereof; R is
derived from a partially 1somerized alpha olefin containing a residual alpha
olefin content, wherein if the percent branching in the partially isomerized
alpha olefin 15 greater than or equal to 15 weight percent, then the residual

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

3a
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egual 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-covalent

cation.

DETAILED DESCRIPTION OF THE INVENTION

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

stated to the contrary:

The terms “active” or “actives” as used herein refers 1o the concentration of the metal

salt of the sulfonate as described herein.

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

preferably from about 20 to about 28 carbon atoms.

The term “branching” as used herein reier% 1o alkyl g;rcups along a hydroc& bon chain

as measured by infrared spﬁclroscopy

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

Tabie.

Unless otherwise specified, all percentages are in weight percent and the pressure is
atmospheric pressure, '

The present invention is directed to an isomerized alpha olefin sulfonate.
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The Isomerized Alpha Olefin Sulfonaie

The isomerized alpha olefin sulfonate of the present invention has the general

formula:
R-80;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 thereaf; 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

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 hydrocarby! groups having from
about 1 to about 15 carbon atoms, such as alkyl, aryl, alkaryl and aralkyl, and
optionally having one or more heteroaioms, such as nitrogen, oxygen or sulfur, which
may be present in aliphatic or aromatic heterocyclic rings. Examples of suitable
heteracyclic ring substituents include pyrrole, pyrrolidine, pyridine, pyrimidine,
pyrazole, imiddzole and quinoliné The heterocyclic ring ‘subqtituev)t may be
substituted on the ammonium moiety through a carbon atom in the heterocyclic xmg,
such ag in a C«nyﬂdy‘ -substituted ammanmm, or, alt fmat*vely, the qua‘esm
ammopium nﬁmgfzn itself ma ay bea miroof,n Amm m lhe f‘tcrocychc r*mg, such as in

a pyridinium ion.

The present invention is directed to a sodium isomerized olefin sulfonate (J0OS) made

by the sulfoudnon of an 1somerized alpha olefin (1AQ) in which the IAO 1s made by
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the isomerization of C2-Cyo normal alpha olefins (NAD), preferably Cop-Cog normal

alpha olefins, most preferred Cyp-Cos normal alpha olefins.

The IAO is composed of between from about 20 to about 98 wi% branching,
preferably from about 45 to about 80 wt%o branching and most prcfcrred\from about
60 10 about 70 wt% branching and between irom about 0.1 to about 30 wi% residual
alpha olefin, preferably between from about 9.2 to about 20 wi% residual alpha olefin
and most preferably between from about 0.5 to about 10 wt% residual alpha olefin

species.

In one embodiment, the [AO is composed of at least about 23% branching, at least

about 9% residual alpha olefin, and having from about 20 to about 24 carbon atoms.

In another embodiment, the IAO is composed of at least about 65% branching, at least
about 0.5% residual alpha ole fin and having from éEdﬁt 20 to about 24 carbon atoms.
Sulfonation of the IAQ may be followed by ¢ thermal C‘Westlon and then neutralization
and, optionally hydrolysis, with caustic, in which the resulting sodium isomerized
olefin sulfonate (I08) is composed of befwéen from about 1 to abbut 504 wit% alcohol
sodium sulfonate, preferably from about 3 to about 49 Wt%% alcohol suif onate and
most prefc ably from about 5 to about 20 vﬁ% alcohol suifonate spec;es with the

rernainder of the &odium sulfonaw sp hcxng the sodium oiejm suffonate spccves

in one embodiment of the present invention, the normal alpha olefins are isomerized
ueing at Jeast one of a solid or liquid catalyst. The NAD isomerization process can be
either a batch, semi-baich, contibuous fixed bed or o’nbmatmn of these }JIOCEQS‘;‘&;
using homogenous or heterogenous caie,iy LA sahd catalyst preferably has at Jeast
one metal oxide and an average pore size of less than 5.5 angstroms. More preferably,
the solid cdid.y%t is a molecular sieve with a one-dimens mna] pore system, such as
SM-3, MAPO-11, SAPO-11, S§Z- 32 ZSM- 3 MAPC 39, SAPOG-39, ZSM-22 or
§87-20. Other possible solid catalysts useful for ﬁomtznzam(m include ZSM-35, SUZ-
4, NU-23, NU-87 and natural or synthelic ferrieries. 'i"hesc molecular sieves are welk

known in the art and are discussed in Rosemerie Szostak’s Handbook of Moleculor
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Sieves (New Yerk, Van Nostrand Reirhold, 1992) which is herein incorporated by
ref‘*rcxme for all purposes. A hquid tpr uf 1somerization f‘aw}yst that can be used is

iron pentacarbony (Fe(CO)ﬁ)

The nrocess for isomerization of normal alpha oleflns may be carried out m batch or
con‘rmuous mode. The process temp{*mtureb may ranga from about 50°C to about
250°C. in the batch mode, 2 typxcal method used is a s\m’ed dutochwe or glass flask,
which may be heated io the dssm,d rwcnox} tempemture A t,ontmuous process is
most efficiently carried out in a fixed bcd process. ‘Spmce fate% ina ilxed bed proces

can range from 0.1 1o 10 or more weight hourly space velocity.

In & fixed bed process, the isomerization catalyst is charged to the reactor and
activated or dried at a temperature of at about 150°C under vacuum oy flowing inert,

dry pas. Afler activation, the temperature of the isomerization catalyst is ad}bsted to

the desired reaction temperature and a flow of the olefin is introduced into the reactor.

The reactor effluent containing the partially-branched, isomerized olefins is collected.

_The resulting partially-branched, isomerized olefins contzin 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 distriiution and the d egree of

branching.
Sulfonation

Sulfonation of the IAC may be parformed by any method known o one of ordinary
skif) Ai‘n the art 1o produce an 1AO sulfonic acid intermediate. The sutforiation reaction
is typically carried out in 4 continious falling film tubular feaétor maitained at about
30°C to about 75°C. The chqrg,c mole ratio of suifur tioxide to olefin it maintained

at about 0.3 t0 .17 1.
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Other sulfonation reagents, such as sulfaric acid, shiorosulfonic acid or sulfamic acid

may also be employed. Preferably, the isomerized alpha olefin is sulfonated with

(A5 e

ulfur mioxide diluted with air.

Op'tioaaiiy, the product from the sulfonation process may then be thermally dizested

by heating.

Neutralization of the Isomenzed Alpha Glefin Sulfonic Acid

‘entralization of the IAO sulfonic acid may be cagried owt in a continuons or batch

process by any method known to a person siailied in the art to produce the [0S,

I e B <o B e S B R “2 IR 62 I

Typically, an TAO sulfonic acid is neutralized with & source of a mono-covalent
3 . cation. Preferably, the mono-covalet cation is an alkall metal or ammonivm or’
4 substituted smmonium jon. Preferably, the adkali metal 1s sodium,

Optionally, ihe nevtralized isomerized alpha olefin suifonate may be further

17 hydrolyzed with additional base or caustic.

19 Method of Making an Isomerized Alpha Olefin Sulfonate

21 A method of making an isomerized alpha olefin sulfonate comprises the steps of (a)
22 sulfonating an isomerized alpha olefin with sulfur trioxide in the presence of air

23  thereby producing primarily an isomerized alpha olefin sulfonic acid, wherein the
24 isomerized alpha olefin is derived from the isomerization of C1a-Cag normal alpha
25  olefins; (b) optionally thermally di.gesfifxiz the product from step (a); ¢)

26 nmitraiizing the pmduét from step (b} with 3 'smirce of an alkali metal O amrnonium;
27 and( éi) ()ﬁtiﬁnai}y, hydroiyzing ‘{he'produ'ct from s:te:i)' (¢) with additional base or

28 causuc,

30 The isomerized alpha olefin has from about 12 1o abaw 40 carbon atoms, and from

€.
pet

about 20 to 98 weight percent branching; and cornprises a partially isomerized aloha

(™)
a™

olefin containing a residual aipha olefin content, whercin when the percent branching
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In the pam'al}y isomerized alpha olefin is less than or equal to 25 weight percent, then
the residual alpha olefin content m such parhally isorserized alpha olefin is greater

than or equal to § weight percent.

The partially isomerized alphé olefin is composed of at Ié'asi about 23 wi% branching,
at least about 9% residual alpha olefin, and having {rom about 20 {o about 24 carbon

atoms.

"fhu artially ;smr'en.wd al ba olefinis com ose\x 0* .d; least 'xbouz 65% branch,n«z, at
P Y p

least about £ 0.2% residual ajpba olefin and havmg frora abom 4-‘) 10 about 24 cas Bon

atoms.

Ir. one ernbodiment, when the partially isomerized aipha olefin is less than or egual to
18 weight percent, then the residual alpha olefin content iu such partially isomerized

alpha olefin is greater than or equal to 10 weight percent.
Other embodinents will be obvious to those skilled i the art.

The following examp}es are prusmiﬁd 10 111{.3’(1310 spcmﬁc embodimems of this
invenrion and are not to be construed in dny way as 1*m1t~np the seo pe of the

mvention.

Exampie 1.

Measu%ﬂmem of o Bx‘ém:hiﬁg and Y% Aipha»@ief’m i 2024 Isomerized Alpha
Olefins (140}

Infrared spectrometry was used lo-determine the percentepe methyl - branching and.
percentage residual alpha-olefin of isomerized C20-24 NAO or isomerized alpha
olefin (IAQ). The technique involved developing a calibration curve between the
infrared absorption at 1378 cm-1 {characteristic of the methy! streich) measured by
attepuated reflectance {(ATR) infrared spectrometry and the: percent branching
determined by Generalized Last Principal Component (GLPC) analysis of the

corresponding hydrogenated IAQO. samples (hydrogenation converts the JAG 1o a
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mixturs of paraffin’s in which the normal paraffin has the longest retention time for a
give carbon number). Similarly, a calibration curve was developed between the
infrared ahorpuon at 907 cm-l (ChdIﬁCfCI‘l“hC of alpha olefin C-H stretch)
deterrnlnPd by attcnuated reﬂ ctance (ATR} mffared Jpc(,rrometry and the perccnt

alpha-olefin determine ed by qua*}matwc carbon NMR.

A Imea.r Ez:ast %quares fit of data for the percent bramhmg showed the fo! 1owmg

LQUdtIOﬂ

% Hr'mc hing by Fydrogenanon GC =3, 065" (Peal ¢ Hei ght at 1378 cm-1, in }nﬁ}, by
ATR Infrared Spectroscepy) — 54.679. The R2 was (.9321 and the branching content

of the samples used t¢ generate this calibration equation ranged from approximately 9
Yo 10 92 %,

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

following equation:

% Alpha- ﬂe{m by Carbon NMR = 0.5082 {Peak ‘Iemht at 909 cm-1, in i, by ATR
Infrared Spectroscopy) — 2.371. The R2 was 0. 98% and the alpha-clefin content of
the samples used to generate this calibration equation ranged from approximately 1%

to 75 %.

Frzample 2 -

C20-24 Tsomevized Alpha Olefin (IA0) - % Brauching versus % Alpha Olefin

I'! e primary olefinic species in Normal Alpha Olefing INAO’s) was nermally alpha-
olefin. The tsomenzation of NMAO’s over the solid acid extrudate catalyst ICR 502
(purchased from Chevron Lummnus Gigba.; isomerized the ;~11pha~01€tm to other
olzfinic species, such as beta-olefins, internal olefins and even tri-substituted olefins.
The 1somerization of NAO’s over ICR 502 catalyst also induced skeletal

isomerization in which methy! groups were introduced along the hydrocarbon chain
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of the isomerized alpha olefin (TAC) which is referred to as branching. Roth of the
; alpha-olefin and branching content of TAQ’s were cohwveniently monitored by Infrared
spectrometry (Example 1). The degree of olefin and skeletal isomerization of an -

NAO deperds on the conditions of the isomerization process. Table 1 below shiows

Gy o W N

. the % residual.alpha<clefin vs. the % branching from therisomerization of the C20-24
NAG-obtained from Chevron Phillips Chernical Company in a tubular fixed bed
reactor (2.54-cm ID x 54 cm Length Stainless Steel) packed sequentially from the
A bottom of the reactor to the top of the reactor as foilows: 145 grams Alundum 24, 40
grams of ICR 505 mixed with 85 grams of Alundum 100, 134 grams of Alundum 24,
. The reactor was mounted vertically in a temperature controlled electric furnace and

the NAQ was pumped uptlow at a weight hourly space velocity (WHSV)Y ol 1.5 while

fa
oy
¢

the catalyst ned was held at temperatures ranging between 130 °C and 230 °C af

afmospheric pressure and samples of IAG waye collecied at the outlet &f the reactdy.

.
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Tabie |
TTTwWewn T wew [ W% Wi ]
| Residus) - | Residusi Residual Residual
We, % | Alpha- WL % o) Alpha- We Y Alpha- Wt % Alphe-
© L Bravghing |© Olefin || Branchipg - Olefin | | Branching | Olefin Branching | Olefin
4.4 688 | 205 - 145 334 1 65.7 2.3
77 40 205 13.1 33.6 0.8 66 1
8.1 475 ]| 206 17.1 343 L1 67 1
8.1 432 207 12.6 34.5 2.5 67.2 1
8.3 53| | 207 14 36.9 L || 675 1

29 | 453 20.7 142 | | 406 [ 675 0.3

N 404 | 208 68 | | 418 08 || 677 0.4
109 | 412 1L 209 | 125 428 1 08 678 I
127 344 209 41 4 0.8 68 1
12.8 262 1 2 8.7 432 68.5 03
128 269 | [ 213 136 44 i 68.6 1
14 223 11921k 144 44 i 68.6 1
Tae | ae4 |22 TTin 488 1 686 | 1
s s Ty azzo 126 508 ] 0a | [ ey |
s | 177 222 129 51.8 06 | 693 1
15 ] 192 1 22.4 11.4 52.3 1 || 694 1
16 | a7 22.4 4 || 524 25 70.2 0.4
16.4 151 | 226 37 52.8 0.5 704 L
“les 138 276 107 | 549 1] 706 04
L 163 14.8 226 16 55.4 3 71.6 I
173 2.3 236 | 58 555 1 1 71.8 J
175 136 23.6 95 55.5 0.4 72 1

086080/800HZ8 /104



e B Table § Contigued o -
WY ‘ LWL Y% Wit % Wt %
i1 Skesidual Residual Residual Residuat
WioYe - Alpha- C W % | Alpha- Wt Y% Alpha- Wt % Alpha-
.| Branching |  Gicfin || Brapehing | Olefin | | Branching | Olelin  Branching | Olefin |~
176 1 153 | 238 2.8 57.7 1 72 L o
18.7 67 || 246 | 18 59.2 . 722 I
189 | BT . 2438 1.9 6l 04 724 i
29 165 FE 94 612 1 73.8 [
01 7 266 49 61.5 1 75.8 [
““““““““ 19.1 8.2 279 3.2 61.6 1 [ 1796 04
97 v 282 ] 07 61.6 I 81.2 0.3
EE 08 || =282 |07 | 623 1 94.7 0.3
20 i6s ) 10029 2.5 62.8 i 55.9 03
o 16.3 294 2 63.5 i 97.1 0.4 - |
203 |77 07 27 63.6 1
203 | 133 298 123 | 64.7 1
| 205 102 107363 1 n ) e4s 03
2. -Forcoraparison, the isomerized C2U-22 obtained from Shell Chemical company shows 10.7 % Branching and 8.2 % residual Alpha-Olefin

DIy

content and.

PREGEH/600T G

086G80/860TSN/L3d
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Example 3
Sulfopation of Branched CI0-24 lsomerized Alpha Olelins 1A07s)
Isorrierizéd 520424 alpha olefin (TAO) feeds containing varying amounts of branching
and alpha-oléfin obtained from Example 2, werejsﬁ.&lfo;:atea in a glass, water jacketed,
falling ﬁi'méﬁbuiar reactor (0.6 cm 1D and three reactors m series, R1 =30 em, R2 =
30 cm and R3 = 70 cm) using SO3/Air and the following conditions:

g  1AQ Feed Temperature = 50 °C

0 Reactor Temperature = 30 °C

1 Alr Flow = 192 liters/hr

2 SO2 Flow = 16 liters/hr

3 0 502 10 8O3 conversion = 87 %

.

15 The IAO feed rate was varied 1o obtain the desired charge molar ratio of $03 1 JAQO.
16 The crudé isemerized olefin Sulfonic acid was then optionally digested i air at
17 varying temperatures and times with mechanical {magnetic stir bar) agitation in an

18  open beaker. The resulling isomerized olefin sulfonic ‘acid was then analyzed by

9 cyclohexvlamine titragion, Table 2 illustrates the properties of IAOs znd
0  corresponding olefin sulfonic acids obtained.
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2 Table 2
FAQ Bulfonic
Aci@ Properties
Entry 1AO Properties Sulfonation Digestion Conditions :
Branching | Alpha-
(% . Olefin CHMR Temperaturs Time SO3H | H2504
3 %) | SOIAO C) (minutes) | (%) | (%)
I 17.0 04 | 0.8 40 20 30.4 1]
L2 23.0 92 0.8 40 20 49.7 0.9
L3 23.0 9.2 0.9 40 20 51.9 1.1
4 23.0 9.2 1.0 40 20 497 1.6
5 48.3 0.5 0.8 40 20 542 1.2
% 483 0.5 0.9 40 20 56.5 14
7 433 0.5 1.0 41 20 565.] 19
8 650 0.5 08 a0 g% &0 | 14
9 65.0 0.5 0.9 40 20 645 | 1.9
10 65.0 0.5 1.0 40 20 67.7 2.6
58 65 0.4 0.8 40 0 589 | 08
12 65 0.4 0.8 40 20 58.9 1.1
i3 651 0.4 0.8 407 40 58.6 1.2
14 651 04 0.8 40 60 58.4 1.2
K 50 04 0.8 a0 30 626 | 1.
16 5 0.4 0.8 80 30 472 2.3
17 5 0.4 08 126 30 145 | 04
18 94 4 0.3 0.8 40 20 44.0 1.0
16 ] 944 0.3 0.9 46 20 490 | 13
20 94.4 0.3 1.0 44 2 522 1 15
-~ : ;




WO 2009/085584 PCT/IUS2008/08C580

-

BN O

[ P s B Cw S o > IR N N @ D R & 3

R R

13

14
15
15
17
18
19

Exampie 4

Negtralization of C20-24 Isomerized Alpha Glefin (140) Suifonic Acids

Isomerized alpha olefin (IAO) sulfonic acids oblained fom Example 3 were
neutralized by the successive addition of aliquouts {typically between ¥ and 3 grams
gach) of 30 wt % aqueous NaOH to the IAC sulfonic acid over approximately 45
minutes to 80 minutes at between 25 and 40 °C with mechanical stirring
(approximately 340 rpm). The resulting sodinm alpha olefin sulfonates (10S8°s) were

analyzed and found o have the following properties as shown in Table 3:

Table 3
Bairy | 1A0 Sulfonic Acid | Produoct {} Wi, Average | Activity() | Hydroxy ]
from Exawmple 3 o l WMWY (1) (Yo}  Sulfonate
) [ (Dyaltonsg) ' Couteni (3)
| (%)
AL Entry 1 | 105 383 - 27.7
R U Entry 20 Coige gt b 303 28.1 §
C Entry 3 7.8 413 34.5 37.9 |
D ~ Entry 4 0.1 408 37.3 27.9 i
E -~ Entry§ - 112 LA e el AR ]
13 __Entry 6 104 406 43.9 i1
G " Entry7 112 405 44,7,
H . Entry 8 10.2 4072 i 47.2 2.6
[ Entry 9 107 407 ' 45 .4 3.7
J © Entry 10 - 0.6 401 50.4 4.1
K " Entry 18 108 405 35.2 5.2
_ Entry 19 0.6 408 38.9 5.6
MO U Entry 200 60 104 I A M Y 1 ‘5.7
[ ! : L i E o

{1) Weight Average Molecular Weight was determined from Elzeiro-Spray lonization

Mass Spectremetry (ESI-MS)

(2) Activity was delermined by Hyvamine Thration using the weight average

moiecular weight determined by ESI-MS

43y
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(3) The % Hydroxy Sulfonate was determined by Elecro-Spray Ionization Mass
Spectrometry (ESI-MS),

Sulfenation of 65 % Branched £28-24 Isomerized Alpha — Olefin

fsomerized £20-24 albha-ﬁ!eﬁﬁ cé'ﬁiaining 63 % branching and 0.5 % alpha-olefin
obtained from the isomerization of C20-24 aormal alpha-clefin (purchased - from
Chevion Philips Corapany) in a fixed bed reactor containing the solid acid extrudate
catalyst ICR 502 (pwrchased from Chevron Lummnus Global) at atmosoheric
pressure in up-flow mode at 2 WHSV of approximatety (7. The C20-24 was pre-
heated by means of a heat exchanger and the catalyst bed temperature ranged between
T87 “C @nd 190 °C was sulfonated in a xemcai, falling film reactor (water jacketer
Jtam 258 atu E 0.6 inch ID; 5 feet rm,g) ussn, concurrent SO3/Air down ﬂow

cyclone scparator where a poztion of the acid is cooled acid and recyeled to the
bottom of the falling film reactor. The crude acid is optionally digested by passing
through a water jacked, pluﬂf flow vesse:l at 40 °C fw_‘f r;e‘uirai;zc'i by the addition of 50
wi"t,l%"aqué‘c}ﬁé'NaO}‘"I by means of {ee inler follo awed by ﬁabsmg the neutrelized acid
through 2 high sheer mixer at 85-90 °C . The following sulfonation and digestion

conditions were used (See Table 4):

e .

AIHSG» *empf‘ratur“ s ‘ 8

IAQ Fecd Temperature, °C° 25
Recilor Temperature, °C 3y . )

SOy . Ale Concentration, Vol Yo 2.5

805 Reactor Loading, kg/hs-em  0.777
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1 Tablc 4
2 ,
T —
| . MR Digestion FLOY :
Condition SOy %im: FLO ;VRATES
Mumber L SOy | IAO Feed
1AC {minutes . \
kg/hr kg/hr
1 1.0 none 2.72 13.978
2 0.8 none 372 17.473
3 0.7 none 272 19.969
4 0.6 none 3.72 23.297
. 0.9 none 52 12.532
, 6 0.9 30 372 15.532
3
4. The following properties of the intermediate isomerized alpha olefin sulfonic acid
5 (YAO Sulfosic Acid) and the corresponding sodicm salt (I0S Sodium Salt) following
8. neutralization were obtained (See Tabie 8):
-7 N '
8 Table 5
9
EA’} Sulfonic Acid Properties - Sodinm 108 Properties
. Acid o '
: Nurnber Hyamine' | Hydroxy Free
REOsH 1 HaSO4 | (g KOH/ | Activity (%) | Sulfonate, Base
Condition {%) (%) gm of (1 - (v)(Zy 1 pHG) | (%)
Number ' Sample) .
3 60.9 2.1 113.5 C 704 25.7 5.7 1077
2 59.8 1.1 1011 71.% 230 1 9.8 | 0.9
3 55.4 0.6 88.7 . 662 12.0/ 9.7 | 069
4 55.9 0.4 £8.9 68.3 - &7 9.5 | 0.80
§ Gl A 1.5 107.4 738 20.5 9.5 1049
6 50.9 16 | . 1084 6.5 | 129 9.7 1069
10 o
11 (1Y Calculated using a weight average molectiar weighi of 403,
12 {2) Delermined by electro-spray ionization mass spectrometry (ESI-MS).
13 (3) Delermined on approximately a 1 wi. % sodiwn [0S in water vsing a
14 - calibraisd (pH 7Tand 10) pA electrode.
15
16 The I0S sodivm salts obtained following neutralization were then subjected 1o
1 hydrotysis wna;imm T}\, greneral Pydrotysia prgcmurr qulve; weighing 30 grams
18 of the 108 sodium bdxi mto a 50mli me:chamccniv stirred nressure reactor (Parr Model
19 -

4590 Micro Bench Top Reactor equipped with a Parr Modf:i 4843 temperature
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1 controller), adding a specified amount of 50 wi. %% equeous NaOH, intiating stirring

2 (approximately 200 rpm) and increasing, the temperature to the desired bydrolysis
3 temperature { ivpmaily over 15-25 minutes), hold ‘no ihc re arior Lonten ts at the desired
4 temperature followed by cooling to room ~temperau_src and removmg thie contents of
5 the reactor. Using this procedure to hydrolyze the sodjum I0OS’s obtained above
&  efforded products with the following propenies (See Table 6):
.7 N .
8 Table 6
g rrrrrrrrrrrrr
’ Hydrolyzed Sodiwm [US Propertics
! 1 Hydrolvzed |
Sodium
108 Hydroxy
Hydrolysis | Hydrolysis | Amount of Base Hyamine | Sulfonate,
I Condition | Temperature Time | pdded per 30 srams | f‘ac“'vit\f 9532y
Number | (°C) (hours) ! of IOS ‘muwm Salt | (90 (U }
T T - 0.5 - ¢ 2.0 {758 L2174
P2 120 0.5 20 175 19.8
3 120 0.5 2.0 ; 67.3 13.8
: 4 120 05 PRV 6.1 RN
[ 5. 120 0.5 oz 24 1 226
5 140 0.5 2.0 67.3 27.6
5 160 0.5 2.0 67.7 22.7
5 ~. 120 0.5 10 70.1 24.6
; 5 120 0.5 2 1.5 73.4 23.5
1}_ 5 120 1.0 2.0 72.3 25.7
L6 120 05 | 2.6 738 ] 154
10
11
12 Exawple§ . ‘ R
13" Isomerized £20-28 Alpha Olefin (IAO) - Fixed Bed Process
14
15 A mixture of C20-2 ’C"’é 28 NAO ( 0.3‘) blend by weight respeciively o tmumu

&

A y N N .
18 from Phililing Chemical C‘on‘mw; w23 isomerize d '0\,' assing the N. AO blend

17 7hroun-,rf a fixed bed r(é;zctor as deseribed in Example 2 ot 2 WHSY of 1 Z. Prc;lc'i\xi;.:t

i3 was collectad with rime and safxfwle.s analyzed to spproximate (since the data used in
19 Eix.:a‘aﬁplt:"; v for ©20-24 IAO) the percery branching u L;tr‘ﬂ the method of Example |
20 | The 1cmpé?a‘mrc of the cata’zys‘t bed was Qrssdua‘.‘ly i‘ncr::s_fsad over 36 haurs:ﬁ'om 221

Y9
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1. °Cto223°C to maintain the branching at approximaiely 65 %. The final product
2  obtained contained 66.5 % branching and 0.5 % restdual alpha-olefin,
3
4 Example”
5 isomerized C20-28 Alpha Olefin (TAO) - Daich Process -
“6 R o - : oo . Vot '
7 Fourliters (approximately 3.2 kp) oF a-mixture of €20:24/C26-28 NAD (80720 blend
B by-weight fespectively obtained.from Phillips Chemical Compaiy) was added to'a 10
"9 liter, glass, round-bottom flask fitted with a'mechayiical's;ir%er, fefhux condenser and a

10 themmorouple under 4 dry nitrogen atmosphere. “To this mixturé was added 25 grams
11 of dry ICR 502 cataiyst, as used in Example 2. The reaction temperature was

12 ¢ graduelly raized {from 150 °C to 180 °C using a temaperature controller gver

131 approximetely 10 days. Aliguots from the reaction flask were analyzed with time'to
140 determine (he approximate (since the data vsed in Example 1 is for C20-24 JAO)
154 percert branumng and aipha olefin by infrared specim'zwvy using the mmhod of

87 Example . Additional ICR 562 caw‘"'st was added after dr‘p’onm tely 7 days (40

17 . grams). The final product contained approximately &5.1 % branching and 0.2 %

18 residudl ¢ lpna oic“n by the method of I‘.}.a*npie 1.

20 Example 8

21 Suifonation of C20-28 IAQ containing 85.1 % B"“x \:mnv and 0.2 % pha-OI'c:ﬁh

B

23 Escmeri?ed C20-2R alpha-olefin (IA0) containing 85 1 % branching and 0.2 % a?p’nz»

24 . olefin obtained fmvr Ixau}pic 7'was sulfonaied ag in Zxample 3 using the following
25 ad(mdzhmm:l ' I

25

27  1AQ Fead '-":fnpf:'r' U'lr"‘z"%(}';‘c o

28  Reactor T ‘pc’ 30 °C
29  AirFlow= 192 Titers/hr
30 S072 Flow = 15 liters/hr

202 10 SO3 conversion = 87 %
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2 * The resuiting isomerized alpha-olefin (IAO) sulfonic ccids obtained were then

3 dwe.sted at 4(} °C for 20 minutes with mechanical {magnetic stir bar) agitation in an
! open. beakel wd then analyzed by cyclochexviamine titration. The IAO sulfonic acids

5  obtained were ihen neutralized by the successive addition of aliquonts (typically

5 between 1and 3 grams each) of 50 wt % aguecus NalGH to the IAQ sulfonic acid

7 gver approximately 45 minutes to 0 minutes at between 35 and 40 °C with

8  mechanical suring (approximately 340 rpm). The resuliing sodium alpha clefin

9  sulfonates (108’s) were analyzed and found to have the {ollowing properties (See
10 Table 7x

11
12 Tabie 7
134
1 |
| IAC Digested TAO
| Entry \ Sulfonuation | Salfonic Acid Neutralized IO5 Properties
w I Conditions Properties N
. 5 . o . Ao WL Artivity Hydroxy
‘ - CMR 503 | HIsO4 | pH | Average {2 Sulfonnte
SO3FAD H ";"%} @ MW | (%Y Content (3) |
. , (Vo) . 1 {Dalcus) : (%}
! 0.8 g4 4 10.1 417 33.5 2.5
2 0.9 408 1 53 J161 ] 415 320 22 |
Y 3571 65 193 |- 416 | 280 2.3
14
15

18 (D prd‘ Avcrave Molecular Werght was determined from Llf*cfro Sma\ fonization

17 Mass Spectrometry (ESI-MS)

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

20 molecuiar weight determined by ESE-MS™

21

22 )Tne Vo Hv' m‘(}, %uléfmata vns c‘e‘iermm ed by IF h‘cno %prcw inm,z,‘ jon Mass
23 "*p«“"?romn,trj fE’S*’ \f‘iS)

24 o ,

25 {4) Determined on apnroxxm»tel 1 1wt Y sedivm 103 i water using a calibrated
26 (pH 7 2nd 10) pH electrode '

27



WHAT IS CLAIMED IS:

|93

An isomerized alpha olefin sulfonate having the general formula:

R-80s M
wherein R is an aliphatic hydrocarbyl group having from 12 to 40 carbon atoms,
having from 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, and M is a mono-valent cation
wherein
(i) 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; or
(i) 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.
The sulfonate according to claim 1, 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.

The sulfonate of Claim 2 wherein the partially isomerized alpha olefin is composed of
at least 23 wt% branching, at least about 9% residual alpha olefin, and having from 20

to about 24 carbon atoms.
The sulfonate of Claim 2 wherein the partially isomerized alpha olefin is composed of

at least 65% branching, at least 0.2% residual alpha olefin and having from 20 to 24

carbon atoms.

22



The sulfonate of Claim 2 wherein when the percent branching in the partally
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.

The sulfonate of claim 1, 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 egual 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 1s greater than or equal to 15 weight percent.
A method of making an 1somerized 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 Cys-
Cyo normal alpha olefins;

Ve e e s

(b) optionally thermally digesting the product from step {(a),

{¢) neuntralizing the product from step (b) with a source of a mono-valent cation;

and

{(d) optionally, hydrolyzing the product from step (¢) with additional base or
caustic;

wherein the isomerized alpha olefin has from 12 to 40 carbon atoms, and from 20
to 98 weight percent branching; and comprises 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 weight percent,
then the residual alpha olefin content in such partially isomerized alpha olefin is

greater than or equal to § weight percent.

23



10.

The method of Claim 7 wherein the partially isomerized alpha olefin is composed of
at least 23 wt% branching, at least a 9% residual alpha olefin, and having from 20 to

24 carbon atoms.

The method of Claim 7 wherein the partially isomerized alpha olefin is composed of
at least 65% branching, at least 0.2% residual alpha olefin and having from 20 to 24

carbon atoms.

The method of Claim 7 wherein the product from step (b) is neutralized with a source

of an alkali metal or ammonium or substituted ammonium ion.



ISOMERIZED ALPHA OLEFIN SULFONATE AND METHOD OF MAKING THE

SAME

ABSTRACT OF THE DISCLOSURE

The present invention is directed to an isomerized alpha olefin sulfonate
and a mathod of making the same wherein the isomerized alpha olefin
suifonate is derived from sulfonating an isomerized aipha olefin with suffur
trioxide in the presence of air thereby producing an isomerized alpha olefin
sulfonic acid, wherein the isomerized alpha olefin is derived from the
isomerization of Cyo~Cyp normal alpha olefins ; and neutralizing the

isomerized alpha olefin sulfonic acid with a source of a mono-valent cation.

No Suitable Figure



