10 JUN 2005 WD 02/50006 PCT/EP01/15143 1 BRANCHED PRI MARY ALCOHOL
COVPCSI TI ONS  AND DERI VATI VES THEREOF Field of Invention The present
invention relates to a certain branched prinmary al cohol conposi t]i{ofUNZggs ul
in producing detergent conpositions. 5 Background of the Invention Nonionic
and anionic surfactants are inportant constituents in many applications.
Both aromatic and aliphatic sul phates and sulphonates are an inportant
group of anlonlc surface-active agents used extensivel 0 in a number of

i ndustri alVapH%ati ons. These include operations i Cé@FWJ?%b for and
recovery of crude oil; enulsifiers for pesticides used in crop protection;
in shanpoos and creans for personal cage; bar soaps; -laundry detergents;
di shwashing |iquids, hard surface 15 cleaners; enulsifiers for enulsion

pol ynmeri sation systens; lubricants; wetting agents; and di spersants in a
variety of specialised industrial applications. The surfactants used in

cl eani ng applications ar BFANEEP gREG G 0 A e e“ R RF tEWVari ety of soils on
fabrics and 24 hard surfaces. ANSUPERIVRZRYES THERHOFS application have a

bal ance of particulate soil renoval.and grease and oily soil renobva
characteristics._Especially in detergent conpositions for cleaning fabrics,
the surfactants Uiged SRR AZve t he ability to renove a broad spectrum of
25 soil types. |n naThe pasest howeviin ralsiesfachatdroaih draextddits hi gh
det er gency poveryutiolly BEHOA bynR0k eyl dr g0l rx@c%? etz gxampl e,

surfactants present i°’h “raund ry “powder detergen s shou so ve conpletely
in a compositions.

5 Background of the Invention

Nonionic and anionic surfactants are important
constituents in many applications. Both aromatic and
aliphatic sulphates and sulphonates are an important
group of anionic surface—active‘agents used extensively

10 in a number of industrial applications. These include
operations in drilling for and recovery of crude oil;
emulsifiers for pesticides used in crop protection; in
shampoos and creams for personal care; bar soaps;
laundry detergents; dishwashing liquids, hard surface

15 cleaners; emulsifiers for emulsion polymerisation
systems; lubricants; wetting agents; and dispersants in
a variety of specialised industrial applications.

The surfactants used in cleaning applications are
designed to remove a wide variety of soils on fabrics and

1120 hard surfaces. Surfactants in this application have a
balance of particulate soil removal and grease and oily
soil removal characteristics. Especially in detergent
compositions for cleaning fabrics, the surfactants used
should have the ability to remove a broad spectrum of

25 soil types.

In many cases, however, a surfactant which exhibits
high detergency power will be poorly soluble in cold
water. For ekample, surfactants present in laundry

powder detergents should dissolve completely in a
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3 0 JUN 2005 WO 02/50006 PCT/EPOL/15143 - 2 relatively short tinme interva
under what ever wash tenperature and agitation conditions are qplmym in
the wash cycle chosen by the consuner. Undissol ved detergent ho% only
fails to provide cleaning benefits, but also nmay 5 becone entrapped in the

| aundry articles and remain behind as a residue either in the machi ne or on
the garnents thenselves. The problem of dispersion and solubilisation in

t he wash cycveozo®snade worse under conditions of col @Cwaressiwashi ng
especially at or below 10 about 10C (50F). Lower wash tenperatures are
becom ng ever increasing factors in today's wash |oads as both energy
conservation and increased use of highly coloured, delicate fabrics lead to

wash condi tions th?etlagl\}ﬁ:ﬁy aouder s di ffd.6u t, 50 %?F%e\!ce'as 5 In contrast to

noni oni ¢ surfactants, Ch exhibit  1nverse so K ehavi our and whi ch,
by virtue of hydr G BEFaFE DRI I ThGRrGELPRY 258 WBLPTYY It Fheol d  wat er
t han i n warm wat eryasantynk Cciiseh asgt ané soabawr . canvesddiosaldacbehkawt our, 1. e.

their solubility increase Q re or.less linearly. with the tenperature
until the sol ubi Illlo(s\te alsr% ﬁlcst qlgsperroe%%%é:?fanllﬁge%eﬁf Herant” ér?rsb? 5‘37 d, whether
ani oni ¢ or noAi onikecoshFAFERAPEIdESitERFuRary enbidies andogeréaus in the wash

medi a at col d wat eferMas hisng relseaPeleat kireSn tiheOpddnihs &t Be takeani ng ,
performance of the a2r§ner§turf:§ecr§ ant.  Acgor d'rn191|e¥1 tSléI;i.f act ant s‘_mg/i th the ability

to renove sebum tIPES Of S0l | and whi ch Rave Tow Rrafft  °poi nt tenperatures
are desirabl e. Surfdecbaritsatidn éh theveagoodctastd mgdamsres eaf¢ng perfor mance

have | ow Krafft tespREaidbes: <dihe JKeaf flasn3l tegmesatune dJrefb&icw to the

tenperature at which the _
10 about 10°C (50°F). Lower wash temperatures are becoming

ever increasing factors in today's wash loads as both
energy conservation and increased use of highly coloured,
delicate fabrics lead to wash conditions that make
powders difficult to dissolve.

15 In contrast to nonionic Sﬁrfactants, which exhibit
inverse solubility behaviour and which, by virtue of
hydrogen bridge bonds, show better solubility in cold
water than in warm water, anionic surfactants show
conventional behaviour, i.e. their solubility increases

20 more or less linearly with the temperature until the
solubilised produét is reached. The surfactant employed,
whether anionic or nonionic, should be designed to remain
homogeneous in the wash media at cold water washing
temperatures to optimise the cléaning performance of the

K 25 surfactant. Accordingly, surfactants with the ability to
remove sebum types of soil and which have low Krafft
point temperatures are desirable.

Surfactants which have good washing and cleaning
performance have low Krafft températures. The Krafft

30 temperature refers to the temperature at which the
solubility of an anionic surfactant undergoes a sharp,
discontinuous increase with increasing temperature. The

solubility of an anionic surfactant will increase slowly
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solubility of an anionic surfactant undergoes a sharp, discontinuous
increase with increasing tenperature.  The solubility of an ani ?EP%T 29[]&
surfactant will increase slowwy 3 7 0 JUN 2005 WO 02/50006 PCT /7115143 3
with an increase in tenperature up to the tenperature point ,at which the
solubility exhibits an extrenely sharp rise. The tenperature correspondi ng
to the sharp rise in solubility is the Krafft tenperature of anionic 5
surfactant, At a tenperature approxinmately 4C above the Krafft tenperature,
a sol uti onV8f*¥%ost any conposition becones a honodé&né8U&S¥hase. Furt her,
the Krafft tenperature is a useful indicator of detergency performance
because at and above the Krafft tenperaBure, 10 surfactants begin to form
mcelles instead of precipitates, and bel ow the Krafft tenperature point,
surfactants are rFhsobubinereant foryerpeestiips tunt &x . that teamperataraf ft  poi nt

temperature, thep&qltua lehwh Qﬁueasoiuamctyamhlbb@é:gmt%h@y toits critical
m cell e concentr | on pg)l; arance and devel opnent of mcelles

are inportant sPHE ’é’ésret a%}h §u‘PRe§€f GPRTET8E SUER® &83FF oam product i on
depend on the form;t torpodfibilHégels aggr@géﬂesemﬁrsohm cbreniBath type of

surfact ant g?%tg its owy 40, eq% gg&trgr% !»anlérté‘{}ft 4ol SIRSL & thEre point. In

general , the t enperat ure a sur ct ant w vary

structure and chéﬁffFerF@E“He’tﬁtuFﬁe ch e spPdIstcaipdr cear byl group and
hydrophilic porte&@oeitltohebmlne@m aomd@reaé&ds pﬁaag?éperlairuh@r f @hei ONi C
surfactants is, gener al . known 25 or exarrpl e, Mers,

Se
Drew, Surfactant a§C| enc eta Erﬁ'ec%noﬁl%egf/li lndlca&f‘fr %te% bl i shers, Inc.
(New York, N.Y. ,P%A}‘PanPQSanPSBNtO3%5?3“%993 Cratdhderperature,

10 surfactants begin to form micelles instead of
precipitates, and below the Krafft temperature point,
surfactants are insoluble and form precipitates. At the
Krafft point temperature, the solubility of a suffactant
becomes equal to its critical micelle concentration, or

15 CMC. The appearance and development of micelles are
important since certain surfactant properties such as
foam production depend on the formation of these
aggregates in solution.

Each type of surfactant will have its own

20 characteristic Krafft temperature point. In general, the
Krafft temperature of a surfactant will vary with the
structure and chain length of the hydrophobic hydrocarbyl
group and hydrophilic portion of the molecule. Krafft

u!;l temperature for ionic surfactants is, in general, known

25 in the art. See, for example, Myers, Drew, Surfactant
Science and Technology, pp. 82-85, VCH Publishers, Inc.
(New York, N.Y., USA), 1988 (ISBN 0-89573-399-0), and K.
Shinoda in the text "Principles of Solution and
Solubility", translation in collaboration with Paul’

30 Becher, published by Marcel Dekker, Inc. 1978 at pages
160-161.

A surfactant which exhibits a high Krafft point is

generally insufficient in detergency and foaming power.
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Shinoda in the text "Principles of Solution and Solubility", translation in
col l aboration with Paul 30 Becher, published by Marcel Dekkerqgljgg1004978 at
pages 160-161. A surfactant which exhibits a high Krafft point is
general ly insufficient in detergency and foam ng power. 3 1. . JUN 1005 WO
02150006 PCT/ EPO1/ 15143 4 Since the Krafft point is a fact or havi ng an

i nfluence on the surface activating capacities of a surfactant, at

t emper at ur eswbommoost han the Krafft point, surface actipcatepnigsieapaci ties
such as detergency, foam ng power 5 and emul sifying power begin to
deteriorate, and the surfactant may precipitate on the fabric. Thus, the
surfactant should desirably possess a | ow Kr af f t point, especially in |ight

of current perfornmange Er?eq‘r&éﬁ%e{a‘éﬁm LD cold el £f dmyaérhllﬂgl REPELAL ur es. 10

However, even surfactants wth good detergency er
solubility |imts, ™ S8RARRE BFFIFATE FIRACIKESST Pf "’béPﬁﬁacFé?FpePét ures, may
nevert hel ess | eavetmlariﬁreprmeplﬁrahe&eonraﬂm ﬁdhrnfcaCﬁlrtf@cdg-e cI eaned if the

; ;
surfactant 1s not £ g%g{ﬁt %Qpacsgle%oglgﬁpggaéét%p%encgl Sfo%l'n%;{\ tes

(typically magnesi um clu present in gueous FII ng nedi um
The el ectrol yfe of 2ifb§tulsdértns ROTI Redit hatderetioreatcitdfdge to its high
concentration in naﬁysaawiﬁousy I@Edct:aua.ﬂcb lthtr&bEimxtné t onuexahange with the
sol ubl e sodi um catiQ tdecg 51r urfact ants.to lIor i nsol ubl e

sur ac ﬁ% ﬁéﬁisur ﬁ% osgesSs, a low

calciumsalt of the  su ich precipi [fnatpes out on to the
substrate to be cl@weelalals' an gaekt (ﬂfeC‘ErreleIHﬂrquﬁ@nChaﬁeéh@?@e@‘fsthe wat er,
or concentration ofn calgivaprandshihesnrheaidlytes in water, will vary

W del y dependllong However, even surfactants with good detergency and
high cold water solubility limits, as shown by their low
Krafft point temperatures, may nevertheless leave behind
precipitates on the surface to be cleaned if the
surfactant is not tolerant to the concentration of
15 electrolytes (typically magnesium and calcium) present in
. the aqueous washing medium. The electrolyte of most
concern in wash water is calcium due to its high _
concentration in many aqueous media and its ability to
exchange with the soluble sodium cation on sulphated
20 surfactants to form an insoluble calcium salt of the
sulphated surfactant, which precipitates out on to the
substrate to be cleaned as a particle or f£ilm. The
hardness of the water, or concentration of calcium and
other electrolytes in water, will vary widely depending
o5 on the purification method and efficiency of water
treatment plants which dispense water to the consumer of
the detergent or cleaning composition. Accordingly,
there remains a need to provide a surfactant which is
tolerant to high concentrations of calcium so as to
30 provide a cleanser which performs as expected in a wide
variety of agueous media.
Due to constraints on water consumption,.eépecially

in locations where the supply of drinking water to a
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25 on the purification nethod and efficiency of water treatnent plants
whi ch di spense water to the consumer of the detergent or cleaningyn 005
conposition. Accordingly, there remains a need to provide a surf-actant
which is tolerant to high concentrations of calciumso as to 30 provide a
cl eanser which perforns as expected in a wide variety of aqueous nedia. Due
to constraints on water consunption, especially in |ocations where t he
supply of drinking water to a s 1 0 JUN 1005 WD 02/50006 PCT/EPQOL/ 15143 5
popul ati on"P&3%% t ed, inadequate, or expensive, therf&BEY I Yesire to
enpl oy unprocessed or lightly processed water having a high concentration
of saline as a wash nedia. In particular, -there exists a need in sone

| ocations to 5 use sea water or bracki sh water which is unprocessed or
lightly pr ocesseplo;aﬂathfn agueatsedredhaidqoatarany e-@ppdiveatitens ut si de of

drinking water, 22 «dbahvasting.andal aundy. el el..dhe pesd to provide

for a surfact ant erant to hlg conce atirons o
el ectrol ytes, suEﬁ"’l&@ wlemﬁnw%trraéaa} °f Rigae it al‘fasén‘éedlﬁust vvash or
cl ean a substrat enigarsealdal &hed el&liamlasheed/vahaiomeTmtsmdrheee al so exists a

desire to flsnd a, sgrgacgﬁnt rcggpcqélsltll“grg,arvwhlgg is, Oce olerant to

cal ci um t hat 'S suit use I n seawater or rac as a
cl eansi ng agent . lJr‘Etht\J\blHrd’ca?%eG‘ pe tdesITaBre Meditdvuf Bee ur e a sur f act ant
whi ch can be eaSEﬁgAlaﬁlﬂldﬁ@mw'dfydﬁME.ﬁQ wa@Bfl, tshamnsport ed.

Pol yoxyet hyl ene a Qlwthl g %de%t[“ﬁ%iré’n 9l sulrfag%eaan;:s ESpe CI al Iay t hose

containing from € e oxi de uni are soli d or waxy
products at aan@"ﬁaCE%mdP’H@hss (%@mta @Bﬁ)cqncglwl?ﬂﬁe% waxy or

10 electrolytes, such as calcium, is readily apparent if one
must wash or clean a substrate in sea water or brackish
water. Thus, there also exists a desire to find a
surfactant composition, which is so highly tolerant to
calcium that it is suitable for use in seawater or

15 brackish as a cleansiﬁg agent.

It would also be desirable to manufacture a
surfactant which can be easily and economically stored
and transported. Polyoxyethylene nonionic linear alcohol
surfactants, especially those containing from 3 or more

20 ethylene oxide units, are solid or waxy products at

ambient conditions (25°C and 1 atm). Since these waxy or
solid products cannot be pumped at ambient conditions,
they must first be melted into the  liquid phase and kept
as a liquid during offloading and feeding into a reaction

25 vessel or a blend tank. Further, the waxy and solid
polyoxyethylene linear alcohols must be shipped‘and/or
transported in drums, which take up more warehouse space
than liquid storage tanks. It would be desirable to
produce a polyoxyalkylene surfactant which is flowable

30 and pumpable at ambient conditions, and yet more
desirable to produce such an surfactant which is flowable

and pumpable in cold climates where temperatures drop to

o°cC.
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solid products cannot be punped at anbient conditions, they nust first be
melted into the liquid phase and kept: as a liquid during offloadi ng mmd
feeding into a reaction 25 vessel or a blend tank. Further, the waxy and
solid polyoxyethylene |Iinear alcohols nust be shipped and/or., transported
in drums, which take up nmore warehouse space than liquid storage tanks. It
woul d be desirable to produce a pol yoxyal kyl ene surfactant which is

fl owabl e 30 ahpwogpabl e at anbi ent conditions, and yetpdipeisggsi rable to
produce such an surfactant which is flowable and punpable in cold clinmates
where tenperatures drop to OC. 1 D JUN 2005 WO 02/50006 PCT/EPOS/ 15143 6 -
Summary of the Invention In accordance W tht he present invention there is

provi ded a branchegug&ﬁnagytﬁlcrggl gonposition conprising a branched ether
primary al cohol represe%ted—~§—gyfgﬁel#ornula CH3 CA x CHOCAS CH2 CH2 OH
it ~R2 wherein Rl représemieerAgritcoyeit ¢he @rhjehtotrydyior adexalis having from

1 to 3 carbon atongroRAckePRseMs griklry RMdbRaaEMosi@dincal having from 1
to 7 carbon atons, i

X 1§ _.a number r nﬁqihrel frgrganl] Oa{o 1?,rwher ein the total
nunber of carbon SCEHE S theHICENhol T amgeL®r dni Yt & F4S°F&fe are al so
provi ded derivativés Wf fdebpanched prinmary al cohol conpositions such as
al koxyl ates, 15 sul phates, and al koxysul phates of such al cohol
conpositions.. The derivatives are useful as detergent conpositions having
cold water solubility and high %olqéance to calcium In accordance with the
present invention there is 1

CE%—(&H};('ZH——O—CHQ—CH?—CH:—OH

wherein R; represents hydrogen or a hydrocarbyl radical
having from 1 to 3 carbon atoms, R, represents a

10 hydrocarbyl radical having from 1 to 7 carbon atoms, x is
a number ranging from 0 to 16, wherein the total number
of carbon atoms in the alcohol ranges from 9 to 24.

There are also provided derivatives of the branched
primary alcohol compositions such as alkoxylates,

15 sulphates, and alkoxysulphates of such alcohol
compositions. The derivatives are useful as detergent
compositions having cold water solubility and high
tolerance to calcium.

In accordance with the present invention there is
20 also provided a process to produce a branched alcohol
~composition comprising:
contacﬁing an olefin having an average carbon number in
the range of 3 to 18, preferably 6 to 18, with 1,3-
propahe diol in the presence of a catalyst, preferably an

25 acid catalyst, effective to react the olefin with the
diol under conditions effective to produce the branched
alcohol composition, the diol and olefin preferably being
contacted at a temperature within the range of from 50°C

to 250°C.
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20 al so provided a process to produce a branched al cohol conposition
conprising: contacting an ol efin having an average carbon nunber in the
range of 3 to 18, preferably 6 to 18, with 1, 3- propane di ol |n1ﬂhﬁﬂbm%sence
of a catalyst, preferably an 25 acid catalyst effective to react the olefin
with the diol under conditions effective to produce the brahched al cohol
conposition, the diol and olefin preferably being contacted at a g
tenperature within the range of from50C to 250C. 1 0 JUN 2005 WD 02/50006
-PCT/ EPOL/ 1804850906 Descri ption of the Preferred Enbodiregmpe/ibt43 has now been
found that a surfactant and a conposition exhibiting high calciumtolerance
can be provided using the conposition_gf_the present invention 5 containing
derivatives of certain branched primary alcohol. It has been further found

“that the product phas; Deht 6F el st ly sRbdRklidy than a linear alkyl
sul phate having™a corrparabl €_car bon nunber as neasured by its Krafft

point. 10 There is noWw Brot?HEa%n TOBY &PAT 15 SRehed2D 2Rard  al cohol sul phate
conposi tion and ecgesiaion &rent¢hiod hiyh raigival cokobnad kexyeul phat e

conposi tion havi Bzgoxﬁde&%'s%é’@h& %&&@Q&%Q%é@ﬂ@ p%Q&nQa%n‘%Eone and as
much as 50,000 or nore, prefera or nore, nore 15
preferably 50, 008°PHEAHI9 Pr%‘?’éfatﬁff‘sst of rEFEF Hh Pyt R RALEMY and a conposi tion
whi ch possesses highoral ctumst béer dancther Theretlias alhescprpdlmtl Bed a branched
ether primary al gahal hawi ng .2 renmt g#g raneh. e dhbaRthyl ene

group, derivatives tkereo "Such as a ﬁ%i tg ﬁ?l G ]mg% 1hoxy 7l ates and/ or
propoxyl ates), tPeVigdl plrarerragte eaghon nﬁﬁ%‘?”o%d@@ﬁ’aﬁbpé ‘tﬂsanched et her
surfactant conpogidife@nsint.

10 There is now provided a certain branched primary
alcohol sulphate composition and a certain branched
primary alcohol alkoxysulphate composition having a
calcium tolerance of 5000 ppm CaCl, or more, and as much
as 50,000 or more, preferably, 20,000 CaCl, or more, more

15 preferably 50,000 ppm or more, most preferably surfactant
and a composition which possesses high calcium tolerance.

There is also provided a branched ether primary -
alcohol having a remote alpha branch ether trimethylene
group, defivatives thereof such as alko#ylates (e.g.,

20 ethoxylates and/or propoxylates), the sulphates of each,
and biodegradable branched ether surfactant compositions.
The remote alpha branch ether trimethylene moiety is

structurally represented as:

12
—CH—O—CH;—CH;—CH;—

25 wherein R, represents a hydrocarbyl radical having from 1
to 7 carbon atoms, preferably 1 carbon atom.
The term "hydrocarbyl" as used herein means that
the radical concerned is primarily composed of hydrogen
and carbon atoms but does not exclude the presence of

30 other atoms or groups in a proportion insufficient to
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The renote al pha branch ether trinmethylene noiety is structurally
represented as: R2 -Cl-0-012-CH ClI-12- 25 wherein R2 represent §0ajn 2005
hydrocar byl radical having from1 to 7 carbon atons, preferably 1 car% n
atom The term "hydrocarbyl" as used herein nmeans that the radical
concerned is primarily conposed of hydrogen and carbon atons but does not
excl ude the presence of 30 other atonms or groups in a proportion

i nsuf fici entwbazfsJUN 2005 WO 02/ 50006 PCT/ EP01/ 15143 ca/EBoiei@s ract from
the substantially hydrocarbon characteristics of the radical concerned.
Such radicals include: (i) Hydrocarbon groups, for exanple, aliphatic 5
(e.g. alkyl or alkenyl), alicyclic (e.g. cycloal kyl or cycloal kenyl) and

aromatic groups, agQuati ffr_g&oef,@ssuxr@gw&l@yimﬁgéafrﬁgﬁ alicyclic
substituents, and aliphatic and alicyclic groups having aromatic

substituents. ExanPt@sc o iRjtioCarB¥n yticaprieiitde T nErdigrls et hyl
et henyl, propyl, piopeayd, butenyl, cyclohexyl, t-butyl phenyl, 2-benzethyl

and phenyl groups; (iiyJ, gy&&&k%ﬂ&ﬁ%r IQ{OEQIQQQ“%%Q&ﬁﬁgﬁLQ%t is, groups

havi ng one or nore non- focarbon substituents not detract
fromthe subst’anti &t 1% ?ﬁ)(‘d
. suitabl e non- hydr egapbhndengubshit aemksid Rebude ydeoxy grbids il e, nitro,

oxo, chloro groupshagggégﬁ gﬁﬁchéyLHQc&EHEFaEEti%%kQ%{Qﬁé | i nkages; and 20

(iii) Hetero groups, , groups containin om ot her than carbon
in a chain or ri ngakﬁPHé?%ﬁ apd alicyclic groups having aromatic

substituents. Examples of hydrocarbon groups include

10 methyl, ethyl, ethenyl, propyl, propenyl, butenyl,
cyclohexyl, t-butylphenyl, 2-benzethyl and phenyl
groups;

(ii) Substituted hydrocarbon groups, that is,
groups having one or more non-hydrocarbon substituents

15 which do not detract from the substantially hydrocarbon
characteristics of the group. Examples of suitable non-
hydrocarbon substituents include hydroxy, nitrile,
nitro, oxo, chloro groups, and groups having ether or
thioether linkages; and ‘

20 (iii) Hetero groups, that is, groups containing an
atom other than carbon in a chain or ring otherwise
composed of carbon atoms, the said atom not detracting
from the substantially hydrocarbon characteristics of
the group and inert to reactioms.

T Nitrogen, oxygen and sulphur may be mentioned as
suitable hetero atoms. The hydrocarbyl radicals
preferably contain only one non-hydrocarbon substituent
or one non-carbon hetero atom if such substituents or
atoms are present.

30 Anionic surfactants in detergent formulations are
generally known to be subject to precipitation from wash
water solutions containing hard water ions, e.g.,

magnesium and particularly calcium. Without intending to

F oTarhbtyharddCeriist {9 - ofvalRellylodp. Exanpl es of
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conposed of carbon atons, the said atomnot detracting fromthe

substantial |y hydrocarbon characteristics of the group and inerk0t/oN 2005
reactions. 25 Nitrogen, oxygen and sul'phur may be nentioned as suitable
hetero atons. The hydrocarbyl radicals preferably contain only one

non- hydr ocar bon substituent or one non-carbon hetero atomif such ,
substituents or atons are present. 30 Anionic surfactants in detergent
formul ati oRs oMoeys generally known to be subject to preegigpiligdss on from wash
wat er sol utions containing hard water ions, e.g., magnesiumand particularly
cal cium Wthout intending to 7 0 JUN 2Q05 WO 02/50006 PCT/EP01/15143 - 9
be bound by the theory, it is believed that the tolerance of the surfactant

mol ecul es of the,prgsent,,i pyenbion, 10he s SOMROSH QP SO AL0500 these

nol ecul es, and the fornulations thereof, to calciumions in wash solutions
5 is attributabl 8f et HEFLART e "StFULtULE UFe PR BEativRRY “%pr Fifary al cohol
havi ng a renote abjpdaiticaactorabheing tidsehdidcanes,gendiphe The certai n branched

pri mary al cohol . itian the p > inyvent | [ sented by the
formula: 10 i )-gg%??%loa%t%r&)i—b& %e%g%f;zwd% \k/\vﬁ%%r glélrfr‘%%%epr esents
hydrogen or ®a hydf GEAFHACaPtRIitCaFr® HRIAYSgSFGHTES 6 Fech¥FBhedt ons,
preferably hydrogeinarRZ1cbrqlr esems aardipde copnb\HranatieeBer having from1l to 7
15 carbon atons, _pr rably arbon atom x is a nunber ranging fromO to
16, preferably f'rzglrﬁ%gg}f%gffgb erein_the total nunber of carbon atoms in
the al cohol ranges FROMCY e 2AInPrRIREIRBTY 2 FURIOcEpoRPrion of

the present invention is represented by the formula:

10

R B
CH3—€(!':H>;CIJH——-O—CH2——CHQ—CI-12-—OH

wherein R, represents hydrogen or a hydrocarbyl radical
having from 1 to 3 carbon atoms, preferably hydrogen, R;
represents a hydrocarbyl radical having from 1 to 7
15 carbon atoms, preferably 1 carbon atom, x is a number
ranging from 0 to 16, preferably from 3 to 13, wherein
the total number of carbon atoms in the alcohol ranges
from 9 to 24, preferably from 9 to 20.
The branched ether surfactant of the present
20 invention is made by reacting an olefin with 1,3-propane
diol in the presence of a suitable catalyst under primary
alcohol forming conditions.
An olefin means any compound containing at least one
carbon-carbon double bond. The desired average chain
25 length of the olefin ranges from 3-18 aliphatic carbon
atoms, preferably from 6-18, and more preferably from 12-
16 aliphatic carbon since.molecules'within this range are
used in many washing applications. The most suitable
chain length, however, will depend upon the particulaxr

30 end use, such as dish washing, liquid hand éoap, bar
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The branched ether surfactant of the present 20 invention is nade by
reacting an olefin wth 1,3-propane diol in the presence of a sghiable_
catal yst under primary alcohol form ng conditions. An ol efin ned J@%mm
conpound contai ning at | east one carbon-carbon double bond. The desired
average chain 25 length of the olefin ranges from 3-18 aliphatic carbon
atons, preferably from6-18, and nore preferably from 12- 16 aliphatic
carbon since nolecules within this range are wused in nmany washing

appl i cati onsWOTH®pst suitable chain | ength, however PCHEPIVIgldpbend upon the

particular 30 end use, such as dish washing, liquid hand soap, bar 1 0 JUN
1005 WO 02/50006 PCT/EP01/15143 10 soapaol-aundry detergent, hard surface
cleaners, or oil field applications. The ol efins may be |inear or branched,

may contain nulti pbsp,dautiddybostdsgarty wherde sat falrg dilkanehai 6 oand may 5 al so
contain acetyl enic t] Further, the olefins may be substituted or
unsubstituted, or ﬁ%%ﬁg%géﬁﬁﬁgpIgTeroatonB. The olefin nmay al so be a bridged
al pha ol efin, such as CreCYealR§ Moy lisstitatedr bAarBGAnatescorERamp| es of

nor bor nenes i ncl udeubcipet Yubld L2naorAGHERE 1 Bgetty khZm)oforaene, and

or cycl oal | phat ¢ BERLE A oR A ShRsuBe o B AR e
ol efi n conpound, oPleH@sorsf PR FHRYL1ITted s sesupsrEiufedfi canmay i phati c
conpound. Exanpl esceftaial ydregbiias . i NGk usie rpheny! s aRdooapbifigea Exanpl es of
cycl al L phatLc et b AR OR VR, ELo Bl Y LE, Tl onty1 s
dietf“” pheny|, andnorbornenes. Examples of nerbornenes include 5-methyl-
10 2-norbornene, 5-ethyl-2-norbornene, and 5-(2'-
ethylhexyl) -2-norbornene.
The olefin may contain an aryl, alkaryl/ or
cycloaliphatic group along with an aliphatic moiety
within the same olefin compound, or the olefin may
15 consist solely of an aliphatic compound. Examples of
aryl groups include phenyl and naphthyl. Examples of
cycloaliphatic moieties include the cyclo propyls,
butyls, hexyls, octyls and decyls. Examples of alkaryls
include tolyl, xylyl, ethylphenyl, diethylphenyl, and
20 ethylnaphthyl. Preferably, the olefin composition
comprises at least 90 wt.%, more preferably at least 95%,
most preferably at least 98 wt.% aliphatic compounds.
The olefin may contain branched br linear olefins,
or both. Examples of branching include alkyl, aryl, or
25 alicyclic branches, preferably alkyl branches, and
especially those alkyl groups having from 1 to 4 carbon
atoms. The location of a branch on the olefin is not
limited. Branches or functional groups may be located on
the double bond carbon atoms, on carbon atoms adjacent to
30 the double bond carbon atoms, or anywhere else along the
carbon backbone.

The number of unsaturated bond sites along the chain

is also not limited. The olefin may be a mono-, di- or

et



20 et hyl naphthyl. Preferably, the olefin conposition conprises at |east 90

w. o, nore preferably at | east 95e, " nost preferably at Ieast1ﬁ§%mf2@?

al i phatic conpounds. The olefin may contain branched or |inear "0l iR , or
bot h. Exanpl es of branching include alkyl, aryl, or 25 alicyclic branches,
preferably alkyl branches, and especially those al kyl groups having from 1
to 4 carbon atonms. The l|ocation of a branch on the olefinis not I|imted.

Branches ot f i onal groups may be | ocated on the Q%R nd car bon-
atons, on ((:Vél)rO %@Bﬁ]at ons adjacent to 30 the double bond car hl?)lﬁggt ons, or

anywhere el se along the carbon backbone. The nunber of unsaturated bond
sites along the chain is also not |inttied The olefin my be a nono-, di-
or 1.0 "JUN 2005 WD 02/50006 PCT/EPQO /15143 - 11 tri- unsaturated ol efin,
optional |l y conj ugatednsTturated efliefitmpraiosol boneriugabedt yFeni ¢ unsat ur ati on.
Preferably, the QhefiNun&PrHIQSi ddn@RiANPE}128S5: @hsd®ASEiI 0 W . % nore
preferably at |east_95 th.%qnem)ls%.lpr ef er abl,%/ 5 at | east

, ?8 w ., %
S Stih CORPOSTTT SAmHEY "R thpr 3% &f pha ol efins

nono- unsat ur at ed “6FeFPRY THES o1 &
or internal ol efitn%. mAne airpheradlefdtn lesstans olteti moshasefexdtdibl e bond is

| ocated on both @k Ba800id JcCarlRap-aa8ratedb12sHar bon atomis any term nal
carbon atom regardl e;rglg é%é()f how I,oqgflt he chain is_relative to other chain

| engths in a nol ecul &P FSUPROTPT M FEPEXETBI R 8t HBhE ol ef i ns
suitabl e for use inpetrhé predsent Anwdphs orleficlisder olepiropydsene, 1- butene,

1- pentene, 1-iso en -.hexe -pethyl-]-h n - ne, 1-nonene,
1-decene, 1 15 uﬁglg%léang?nd}-lgo%oe%gﬁ%.O%Aﬁ&lhn%%rdng833\68 Iltbr?%s%%}ng'an olefin
whose doubl e bonédn ¢ gafrberataédn drsy wine termirahgearhen carborregirallasexcept at any

10 of how long the chain is relative to other chain lengths :
in a molecule. Specific non-limiting examples of alpha
olefins suitable for use in the present invention include
l-propylene, l-butene, l-pentene, l—isbpentene, 1l-hexene,
2-methyl-1-hexene, l-octene, l-nonene, l-decene, 1-

15 undecene, l-dodecene.

An intermnal olefin(s) is an olefin whose double bond
is located anywhere along the carbon chain except at any
terminal carbon atom. The olefin composition feedstock
is generally produced by commercial processes such as the

20 oligomerisation of ethylene, optionally followed by
isomerisation and.disproportionation, such as those
manufactured by Shell Chemical Company under the
trademark NEODENE, or those manufactured by Chevron
Chemical Company and BP-Amoco. Specific procedures for

25 preparing suitable linear olefins from ethylene are
described in US-A-3676523, US-A-3686351, US-A-3737475,
US-A-~3825615 and US-A-4020121. While most of such olefin
products are comprised largely of alpha-olefins, higher
linear internallolefins are also commercially produced,

30 for example, by the chlorination dehydrochlorination of
paraffins, by paraffin dehydrogenation, and by

isomerization of alpha-olefins. Linear internal olefin

g



term nal carbon atom The olefin conposition feedstock is generally
produced by comrerci al processes such as the 20 oligonerisation of ethylene,
optionally followed by isonerisation and disproportionation, such as those
manuf act ured by Shel |l Chenical Conpany under the trademark NEICDENE) 0br

t hose manufactured by Chevron +; . Chem cal Conpany and BP- Arbco. Specific
procedures for 25 preparing suitable linear olefins fromethylene are
described in US-A-3676523, US-A-3686351, US-A-3737475, US-A-3825615 and

US- A- 4020121VOWH Y% nost of such olefin products are J&HFFISEH3 | argely of
al pha-ol efins, higher Ilinear internal olefins are also commercially
produced, 30 for exanple, by the chlorinat?2on dehydrochl orination of
paraffins, by paraffin dehydrogenation, and by isonerization of

al pha-ol ef i ns. Li neapdichteimahe ¢lsef 1¥10 IS 2065marnet €2 /50816 1PCT/ EPO / 15143

12 products in theaGo L0 &%@aﬁ@ngglgr@hgﬁgkai ?a@y Shell Chem cal Conpany
and by Chevron Conpany Altern t'V%§y01 e olefin coq§95|t|on may be
e I

produced by the FlsherA+F8ﬁ?5hv Poce PcH PO EEFISPY B%cont ai ns a hi gh
proportion of parabkehzedovFitbe FdpsheFTopsth progees.s woathaltypicalyy

hydrogenat es GO tocprQduse h@.QI‘ﬂ%ﬁ%béﬂt@B§ a:zosiﬂlf@mg ajifhatd,c mol ecul ar
chains. O her processeg for % f eedst ocks (yécontaln m Xt ures

of ol efins and par &FF5Y Ii’ﬁ‘i’(?leﬁilecaf ]é’tfﬁajd]é’hg}}éﬁré?éeerfﬁf?o P BRHFEFS i n, such as
t hose made by the cPagulitpmecesgednily bURhagitd mbherud pacdiamgs Of paraffin

waxes. The ol efin B@ﬁgsgpségse@ms_l hdxQhg rmdg%c@s REQERSREdcorbigam that has
been fractionated and/ or pur conventional distillation,

extraction, or ot hBFSEar%t Pb?FlBBe%’}ft P?)ﬁ‘ffbnsok’)f“é]i”r‘?e at®fesired carbon nunber

10 dehydrogenation of paraffin, such as those made by the

Pacol™ processes of UOP, and the cracking of paraffin
waxes.
The olefin feedstock composition may be a processed
stream that has been fractionated and/or purified by a
15 conventional distillation, extraction, or other
separation operation to obtain a desired carbon number
cut. Such operation produce compositions containing a
mixture of carbon numbers or a single carbon cut
composition. In these feedstocks, a mixture of olefins
20 having different carbon numbers within the stated range
and outside of thé stated range may be présent. However,
the average carbon number of the mixture of all olefins
is within the stated range. The feedstock stream
preferably contains an average aliphatic carbon numberv
- 25 ranging from Cg-Cis, and more preferably ranging from Ci,-
Ci16, and wherein the predominant olefin species is within
these ranges, inclusive. 1In addition to mixtures of
olefins within this range, one may also employ what are
known as single carbon cuts of olefins as feedstocks,
30 wherein the single cut is within this range. For
example, the feedstock employed may be a single Cg¢, Cg,

Cs, Cip, Ci1, Cy2, Cy4, or Ci carbon cut.
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cut. Such operation produce conpositions containing a mxture of carbon
nunbers or a single carbon cut conposition. In these feedstoc ﬂ@ Xt ure
of olefins 20 having different carbon nunbers within the sta aﬁ@ and
outside of the stated range may be present. However, the average car bon
nunber of the m xture of all olefins is wthin the stated range. The,
feedstock stream preferably contains an average aliphatic carbon nunber 25

rangi ng f rnpenseoél6, and nore preferably rangi ng fropcgke$d6, and wherein
the predom nant olefin species is within these ranges, inclusive. In

addition to mixtures of olefins withinthis range, one may also enpl oy what
are known as single carbon cuts of ol ]fl ns as feedstocks, 30 wherein the

single cut is within s rrE8 016 sl f | oyed may be
T S o Dokl St BT 515, IGEALOEK D o1, Ty

WO 02/ 50006 PCT/ Emi/%ﬂ?sedlémmrﬁéhm PriererriEat Mneprh Féepfsasi ti on
f eedst ocks are thpsen abtraisyachdsiem eInhyﬁaereeb@Aﬂmgﬂuerthsateleeﬁto&nd Fi scher -

Tropsch (FD) Syniigsl e 1,00 SIROUIBNL colic: fegdsbonk, Jysed comprises an

al pha ol efin conposit vin east re, more pr ef erably
at | east 805wt . %c®2s5r7iyE €&+ ﬁﬁﬂorﬁr é?oérealbq%feé?bqyea"stlegﬂ ®P.%-%r nore, of
| i near al pha noner abef,i ASstWpk-Bfdrabhg die$é§£d9@a\ftb@n orntbHeroff ange, (e.g. C6,

C9-11, C11-15, CA.ls, ,CGl5-10) dle%ﬂ(;s pRi_nder do Qie product being ol efin

of other carbon ~ 10 ndnber "or carbon s ructure, efins, paraffins,
aromatics, and oMHEET |rﬁﬁa?'| tFes Ces$rui n(jnflﬁorﬁvt he Clsyﬂht H@si s process. The
catal yst used i nretnlaen@yensh&snespﬁ;fduweaebﬁ@rmlaeﬂl o€t dvler pdairBBA Y al cohol is

preferably li'gn acjd catalyst. ;tiulggrealchlole@tgl ylsjgraélanly conventi onal
acidic catalyst
aromatics, and other impurities resulting from the

synthesis process.
" The catalyst used in the synthesis of the branched
ether primary alcohol is preferably an acid catalyst.

15 The acid catalyst is any conventional acidic catalyst
effective to catalyse the reaction of the olefin with the
diol to producé the branched alcohol surfactant of the
present invention. Conventional acidic catalysts
inclﬁde, broadly, the Bronsted acids, Lewis acids or ‘

20 Friedel-Crafts catalysts, zeolites, and ionic exchénge

resins. The catalyst may be homogeneous or heterogeneous
in the reaction mixture of olefin,»diol, and reaction
product. The reactants may contact a heterogeneous
catalyst in suspension or on a fixed bed.

25 Suitable Lewis Acids typically include the halides

and alkyl compounds of the elements in Groups IV B to
XVIII B and III A to VI A of the Periodic Table of the
Elements. Examples of Lewis acids and Friedel-Crafts
catalysts are the fluorides, chlorides, and bromides.of

30 boron, antimony, tungsten, iron, nickel, zinc, tin,
aluminium, gallium, ipdium, zirconium, wvanadium,
bismuth, titanium and molybdenum. The use of complexes

of such halides with, for example, alcohols, ethers,



effective to catal yse the reaction of the olefin with the diol to produce
t he branched al cohol surfactant of the present invention. Conﬁgnityi qnal
acidic catalysts include, broadly, the Bronsted acids, Lewi s &€is 18 20
Friedel -Crafts catal ysts, zeolites, and ionic exchange resins. The catal yst
may be honpbgeneous or heterogeneous in the reaction mxture of olefin,
diol, and reaction product. The reactants nmay contact a heterogeneous
catal yst i n WQ8pWPsi on or on a fixed bed. 25 Suitabl e [PEREBIASI4ES typically
i nclude the halides and al kyl conmpounds of the elenents in Goups IV B to
XVIIlT Band Il Ato VI A of the Periodi-cisdable of the Elenents. Exanples
of Lewis acids and Friedel-Crafts catalysts are the fluorides, chlorides,
and brom des. of 3Bafroxpric acidsnomyy athimgShen alss Gajitdarnlekelvorzi nc, tin,

al umi ni um gl | i um,ddi Jl, glSONIdTh VATAREM o1 B8 I e odddani um and
mol ybdenum The usé of conpl exes ~of suc hal’i des Wl.t]lﬂ, or exanpl e,
al cohol s, ethers, Ie¥:JURCHO08PCINOGEF 50006 PiCH: EPOITelBYE3 14 carboxylic

aci ds, and anmi nes ar@ialsg Stidrapl eludiien, sP@chifd @] exaaplirRseinGl ude BF3,
BC13, al um ni um br gm_de E 4, Sb _ S F3, Ti Cl4, -tri net hyl
L& inte gjgf%bm%qgoRif 'n%(%?%] %alkyﬁso Il

alumnium triet hyfs alum nlgum and fel'n n 575’ an int eger
fromO to 3, Ris @d &> & kR3lidsr farypxampifd 2K (Fds)a. Hel(Cde)Clor exanpl e,
Al (C2H5) 3, Al ( C2H5)2@ls;) ch, (G2HR) 61,2, c Rdi v Cb&achidaBk umitesdsashl ori de,
ant i mony. pentaf | uofs de I e tept A g s e P A C L but
are not linmited terd pRoSPROorEsEtativ@rided phuric acid, sul phur trioxide,
sul phonic aci@, boric ssdddsidysteaildsont Grasitdd adilavorRsudphent Graci d,
Strifl UOFOHTH|WaneSU£$¥WQQ$i egcééL P gg%horic acid, sulphuric acid, sulphur
trioxide, sulphonic acid, boric acid, hydrofluoric acid,
fluorosulphonic acid, trifluoromethanesulphonic acid, and
dihydroxyfluorcboric acid, perchloric acid and the
15 perchlorates of magnesium, calcium, manganese, nickel and
zinc; metal oxalates, sulphates, phosphates, carboxylates
and acetates; alkali metal fluoroborates, zinc titanate;
and metal salts of benzene sulphonic acid.
Suitable organic sulphonic acids include the alkane-
20 and cycloalkane sulphonic acids, as well as
arenesulphonic acids and heterocyclic sulphonic acids.
Specific examples of the alkane sulphonic acids include
methanesulphonic acid, ethanesulphonic acid,
propanesulphonic acid, butanesulphonic acid,
25 pentanesulphonic acid, hexanesulphonic acid,
dodecanesulphonic acid, hexadecanesulphonic acid,
trifluoromethane sulphonic acid, sulphosuccinic acid, and'
cyclohexylsulphonic acid. Specific examples of
arenesulphonic_acidsvinclude benzenesulphonic acid,
30 toluenesulphonic acid, styrene-(i.e. vinyl benzene)
sulphonic aéid, 5-sulphosalicylic acid, phenolsulphonic
acid, and 1,6-naphthalene disulphonic acid. Specific

examples of heterocyclic sulphonic acids include

Wt



di hydr oxyf | uoroboric acid, perchloric acid and the 15 perchl orates of
magnesi um cal ci um nmanganese, nickel and zinc; netal oxalatﬁzRg@Hh@hates,
phosphat es, carboxylates and acetates; alkali nmetal fluorobo ‘ i nc
titanate; and netal salts of benzene sul phonic acid. Suitable organic

sul phoni ¢ aci ds include the al kane- 20 and cycl oal kane sul phonic aci ds, as
wel | as arenesul phonic acids and heterocyclic sul phonic acids. Specific
exanpl es of the al kane sul phonic acids include nethanesul phonic acid,

et hanesul pHB#¥"%ci d, propanesul phoni ¢ aci d, but anefGFERBATES aci d, 25

pent anesul phoni ¢ aci d, hexanesul phonic acid, dodecanesul phonic acid,
hexadecanesul phonic acid, trifluoronetisane sul phonic acid, sul phosuccinic
acid, and cycl ohexyl sul phonic acid. Specific exanpl es of

ar enesul phoni cac#wghamidliodeciidenzedes wnghonilcoenivd, oB30ht cludenesiel phoni ¢ aci d,

styrene-(i.e. Vil Q&%@n@)aresmeam Suidtli fhy e wémgﬁ@éfv@y}h ¢ acid,
phenol sul phoni ¢  acid, and 1, 6-napht hal ene di sul phoni c_aci d. SpeC|f|c

exanpl es of het e‘r"c?c?%?’igé‘né‘blaﬁﬁé?ﬁ &naliﬁaaz:,c iSHEF uideetto JBR™69S °fwo 02/ 50006
PCT/ EP01/ 15143 1&ibssityrledndddasi@culiphodlikydciandinalyde gr oups of the sul phonic

aci d nol eculse arg_h%hg,g)gle;{z lébglpgjgltuecdag\ig hep gy guélnglt){ané nert organic and/ or

i norgani c substltuents anples of su bst'i tut'ed organi c sul phoni ¢ aci ds
include 5 4- hydr%%?B%ﬁfbﬁ%”%uFﬁﬁﬁﬁP%“héFﬂi F??ﬁ?ﬁﬁFﬁnethane sul phoni ¢ aci d,
i sethionic acid, andataussng sulphuelmssdofcigs|dehtonlyasesh aai ds commonly used

|0 nomgeneous aekalf.8at AlakaecLeRkhonS oL NGlIde. SUL IS, act d. sul phur

trioxide, d t sul phuric ‘“aci an|I| acl
t ol uenesul phoni cacéév cF‘U1§P‘§/’f ERESHISh T E° F6i %Ilkyﬁfef‘ﬁé’ﬁé%’tﬂ BRbHi-c acid, and
5- sul phosaliocyl i u1@8aifilic acid, toluenesulphonic acid, styrenesulphonic

acid, methanesulphonic acid, and 5-sulphosalicylic acid.
Also included as an acid catalyst are any of the

alkoxylation catalysts, magnesium in combination with
halides of aluminium, boron, zinc, titanium, silicon, or

15 molybdenum; BF; or SiF,; in combination with an alkyl or
alkoxide compound of aluminium, gallium, indium,
thallium, titanium, zirconium and hafnium; and a hixture
of HF and one or more metal alkoxides.

Instead of an acidic homogeneous catalyst, one may

20 also employ a solid acidic heterogeneous catalyst.
Solid acidic catalysts include acidic polymeric resins,
supported acids, and acidic inorganic oxides. The solid
acidic catalysts have the advantage of avoiding the
difficult separation steps for removing the catalyst

75 from unreacted diol in the product mixture, and further
avoid the need to deactivate the catéiyst in the event
that the catalyst is not removed from the product
mixture. In one embodiment of the present invention,
the diol is pretreated to reduce the quantity of

30 carbonyl compounds present as impurities in the diol
composition prior to reaction with the olefin in the
presence of a solid acidic heterogeneous catalyst,

thereby extending the life of the solid acidic catalyst.
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Al so included as an acid catal yst are any of the al koxyl ati on cat al ysts,
magnesi um in conbination with halides of alum nium boron, ﬁ@nl um
silicon, or 15 nol ybdenum BF3 or SiF4 in conbination Wi th an %{M

al koxi de conmpound of alum nium gallium indium thallium ti.t an| um
zirconiumand hafnium and a m xture of HF and one or nore netal alkoxides.
I nstead of an aci di ¢ honbgeneous catal yst, one may 20 also enploy a solid
aci di c heter ®enews catal yst. Solid acidic catal ysts rGuHrPodisI4aci di c
polymeric resins, supported acids, and acidic inorganic oxides. The solid
acidic catal ysts have the advantage of avaisding the difficult separation
steps for renoving the catal yst 25 fromunreacted diol in the product

m xture, and furt herypiayDicdrbdigl ngedrito cdemtisernatia s hBotatmhysd in the event
that the catalyst i diglad:eBP\EH oM dCALRINCE: 2MhULR: LLO. one

enbodi nrent of the present inventlon, pretreated to reduce the
quantity of 30 car bWFm%nb%l}ﬁd%YdﬁPé’é‘?ﬁF %&e Ph?ﬂurlﬁlés’*biﬁ t he di ol
conposi tion prior tiydreetdaom wetitbdshencohed |tmemmetnhemtpr esrnge of a solid

aci di o catalyer 1 DeTREIET b 0Y Sho0e BeH EraL T s gkt Us Co
carbonyl inpurities?pféRert §iiis2 F26r1YShcl Udea BArGePRRfEETSY acetal s. One
exanpl e of a suit abdopisenti reat aenht i & tordondr oimbeaia eth@-edéd inSui t abl e
hydrotreating methods jngl gﬁereh[lgeaé qgnltesyg sodi E%Smlgg%ohydri de or

catal yti c hydrogenation such as nickel on umna or silica catalyst. in a
more preferred enbGEEREMRLY thécuhdbm 8f PRf‘ar BoHy PreffFariy itesl95fesent in
the diol is reducecHsa i®@psmt han 100 ppm nore preferably to Iess than 50

-ppm most pr ef er abl y tOAJJ. %§§mple of a solid acidic polymeric resin is a

solid acidic ion exchanger having acid active sites and
a strong acid activity of each acid site. Common acidic
ion exchange resins are sulphated resins, wherein the

15 resins are copolymers of styrene and divinylbenzene,
phenol based resins, poly(tetrafluorcethylene) polymers
or siloxane polymers. Specific examples of such resins

include the line of AMBERLYST® catalysts, including

AMBERLYST® 15, 36 or 38, NAFION® or DELOXAN@ catalysts.

20 Other supported solid acidic catalysts include the Lewis
acids (examples include BF,, BCli, AlCl,, AlBri, FeCl,,
FeCl;, ZnCl,, SbFs, SbCl; and combinations of AlCl; and
HCl) which are supported on solids such as silica,
alumina, silica-aluminas, zirconium oxide or clays.

25 When supported liquid acids are employed, the supported
catalysts are typically prepared by combining the
desired liquid acid with the desired support and drying.
Supported catalysﬁs which are prepared by combining a
phosphoric acid or sulphur based acid with a support are

30 low in cost.

Acidic inorganic oxides which are useful as
catalysts include, but are not limited to, aluminas,

silica-aluminas, aluminophosphates, natural and



10 than 10 ppm An exanple of a solid acidic polyneric resinis a solid

aci dic ion exchanger having acid active sites and a strong aci @ Hdit2005i ty of
each acid site. Common acidic ion exchange resins are sul phated resins,
wherein the 15 resins are copolynmers of styrene and divinyl benzene, phenol
based resins, poly(tetrafluoroethylene) polyners or siloxane polyners,

Speci fic exanples of such resins include the |ine of AVBERLYST(r)

catal ysts, wigwhksstd Ng AVBERLYST(r) 1S, 36 or 38, NAFI gdN(iEpb1/31i43DELOXAN( 1)
catal ysts. 20 O her supported solid acidic catalysts include the Lew s

aci ds (exanpl es include BF3, BCl3, AlCl3y; AlBr3, Fedz, FeCl3, ZnCl21 SbFS,
SbC15 and conbi nati ons of A1C13 and HCl) which are supported on solids such
as silica, alunmspashetidighaiadddnts, Zid 6QAIMMN M Ipn@kc &b ays. 25 Wen

supported |i qui dzggi'icitgﬁﬁgél%heg;)!fgxed i_tgge Su éaorted catalysts_are typically

prepared by conbi‘Rfhg desired 15 gui doacia with tAE98esir&d support and
drying. Support édtxazdllysnd N e¢pldtes prepared by conbining a phosphoric

aci d or sul phur basegepfddnWhdiledeSHBPEY brakRurayl QW RigPSt. Acidic
i norgani ¢ oxj des cata

ch are_useful . as llysts include, but are not limted
to, aluninas’ siz\f,e\@cléf‘ﬁlhnrﬁlﬁ‘;es,faﬁ?afrﬁtﬁbﬁ%g éfesz,e"ﬁ‘n’atielfrﬁg '%‘ﬁd | 0 JUN 2005
WO 02/50006 PCT/ EP@%z16443pd Buchyar eeiorcitpi |dfdredite) aywlimite nat ural and
synthetic zeoli g8 resUtdtias. f b aHat £6,stBDIH8RL LS1ads oMYA, X, Y,  beta,
ZSM and MCM zeolites. Representative ex | es of .naturall|y occurring 5
zeol i tes incl ude SFAIAST % S MsPGE £&° %?gg%etdeghﬁ“fmf‘ﬁ% SiLHR5551 te-t ype such
as erionite, offreidad, exgmeléniof esuigpblld elaysor whiech &aypctdt al ysts, anot her
class of 10 treated to increase their activity, are made from
halloysites, kaolinites and bentonites composed of
montmorillonite. These catalysts can be synthesized by
known methods and are commercially available. ‘
Suitable synthetic zeolites include ZSM-4 as
15 described in US-A-4021447, ZSM-5 as described in
US-A-3702886, ZSM-11 as described in US-A-3709979,'
ZSM-12 as described in US-A-3832449 and US-A-4482531, »
ZSM-18 as described in US-A-3950496, ZSM-20 as described
in US-A-3972983, ZSM-21 as described in US-A-4046859,
20 ZSM-25 as described in US-A-4247416, ZSM-34 as described
in US-A-4086186, ZSM-38 as described in US-A-4046859,
ZSM-39 as described in US-A-4287166, ZSM-43 as described
in US-A-4247728, ZSM-45 as described in US-A-4495303,
ZSM-48 as deséribed in US-A-4397827, ZSM-50 as described
s in US-A-4640829, ZSM-51 as described in US-A-4568654,
ZSM-58 as described in US-A-4698217, MCM-2 as described
in US-A-4647442, MCM-14 as described in US-A-4619818,
MCM-22 as described in US-A-4954325, MCM-36, MCM-49 as
described in US-A-5236575, MCM-56, SSz-25, SSZ-31,
30 SS8zZ-33, SSZ-35, SSZ-36, SSZ-37, SSZ-41, SS8Z-42, beta as
described in US-A-3308069 and US-E-28341, X as described
in US-A-3058805, Y as described in US-A-3130007, and
mordenite as described in US-A-3996337. If desired, the



crystalline silicates, are hydrated alum niumsilicates. Typical exanples
of suitable clays, which are acid 10 treated to increase their BEUUN Y, are
made from halloysites, kaolinites and bentonites conposed of ;
montnorillonite. These catal ysts can be synthesized by known nethods and
are comercially available. Suitable synthetic zeolites include ZSM4 as 15
descri bed |n US- A- 4021447, ZSM5 as described in US A-3702886, ZSM 11 as
described i n"P&R%709979, ZSM 12 as described in US- AC¥E®IAARE and :

US- A- 4482531, ZSM 18 as described in US-A-3950496, ZSM 20 as described in
US- A- 3972983, ZSM 21 as described in. US-#® 4046859, 20 ZSM 25 as descri bed
in US-A-4247416, ZSM 34 as described in US-A-4086186, ZSM 38 as descri bed
in US-A-4046659, Z8NKB8E asndesérthedrigedUSith 42 3n066niZSMid8 as descri bed

in US- A-4247728, ZgMhA4R @sedeschibiedsi D WP A449n303, ZSM 48 as descri bed
in -US-A-4397827, ZSM 50 as described 25 in US- A-4640829, ZSM 51

described in US- A 4568B%F SSCHERA B3 SX8™RYEScrT HEE i SHECA- 236‘%237 I\/CM 2 as
descri bed in US-ApktGHEAA? catfIvbisl iasldies 6afded aroUs- And 9848, MCM 22 as

described in UYS-A- 4954325 VGM 36., MMA9 as described in US- A-5236575,
MCM 56, SSz-25, SSZ-31, 30 SSzZ-33, SSzZ-35, SSZ-36, SSZ-37, SSZ-41, SS2-42,

beta as described in DS‘-eAm?@@S%@r&nﬁlZ@S—(‘El 28345, xXLHY Ges(6r$ bed in

US- A- 3058805, Y as@sg&dgyeﬂn |taeL§r@e§t1%QQg}is,m§rgi tHOIAeRid_ndgy)descri bed in
US- A-3996337. |If desci lied th e 9.0 J 2005 V\D 0 50006 PCT/ EPOL/ 15143 18

zeolites can he intor porat el infd’ lalne FOrgRM €= B de™ " Fat ¥ Tt eri al such
as a silica-al um naﬁollF@qJIaes@watwwem¢wsefth@se¢aﬂ ag¢dmmedatal um na

phosphat e cat@l ystgnd ngldideoRARE w1 MRS, 1dnaaas, $APOALingSs aggrlgscri bed in
~ Us- A-4440871.

active surface area for reaction between the diols and
olefins.

Examples of intermediate pore size zeolites include
ZSM-5, 2ZsM-11, ZSM-12, ZSM-21, ZSM-22, ZSM-23, 2ZSM-35,

15 ZSM-38, ZSM-48, ZSM-57 and ZSM-58. '

Larger pore size zeolites include MCM¥22, zeolite
Beta, zeolite Y and 2SM -20. Examples of a preferred
modified Y type zeolite include those disclosed in
US-A-5059567.

20 Such zeolite catalyst should be at least partly in -
the acidic (H) form to confer the acidity for the
reaction but may contain other cations such as ammonium
{NH4"Y) .

The form and the particle size of the catalyst are

:;ﬁ 25 not critical to the present invention and may vary
depending, for example, on the type of reaction system
employed. Non-limiting examples of the shapes of the
catalyst in the present invention include balls,
pebbles, spheres, extrudates, channelled monoliths, -

30 honeycombed monoliths, microspheres, pellets, or
structufal shapes, such as lobes, trilobes, quadralobes,

pills, cakes, honeycombs, powders and granules, formed



Internediate pore size (up to 7.5 x 10-7 mm (7.5 Angstrons) in the |argest -
di mensi on at the pore opening) and larger pore zeolites are pi.&f ANr60.
Large pore size zeolites are nost preferred because they can acconmodate 10
the larger olefin nolecules, thereby providing a higher active surface area
for reaction between the diols and olefins. Exanples of internediate,6pore
size zeolites include ZSM5, ZSM 11, ZSM 12, ZSM 21, ZSM 22, ZSM 23,

ZSM 35, WO 25088 ZSM 48, ZSM 57 and ZSM 58. Lar gePCpEPB18H#y e zeolites

i nclude MCM 22, zeolite Beta, zeolite Y and ZSM -20. Exanples of a
preferred nodified Y type zeolite incltde those disclosed in US A 5059567.
20 Such zeolite catalyst should be at least partly in the acidic (H form
to confer the ackgingycinyentinaal (eeibeionshet apesKtedbhta Ar oPley cations such
as ammoni um (NH4zyindhe formand the particle size of the catalyst are 25
not critical to the resenf | ventlon and I endi ng, for exanple,
on the type of react ?r(’)n syiste% ST ovest tglgﬁu?h ﬁ%?l%ég%ﬁ’grrpl es of the
shapes of the catuwllystondnsitite mébemreﬁmnpfcﬁm peicligdentbabdts, pebbl es,

spheres, extr udaéce%m@mnaaallagelhermppinnatrgsa1c390mragylc%mtg9@0| i ths,
m cr ospher es, pell et s, or structural s

K n such as | ohes trllobes
quadr al obes,  pi P $P URER™E ABRERFE BT jgmgr‘éltgh’d FE8LS formed 1 0 JUN
2005 WO 02/ SOOOGtMTérEﬁ@léH@Mancmgeth@mtngmetimlene m@Iﬂueﬂty merdfmds such as

extrusion or Spré}ﬁ.usgfa\glgg pu-EBgséy O\lvhe%ngheoloqgfﬁ K gaeFrI ai[h{aQUQh t he hydr OXyl

doubl e bond sites in the presence of an acidic catal 5 to produce a
branched pri mar y°]zﬁf&6h&lheefer?§ftl%rhPF%‘iﬁe&ﬁtaccordmg 6 ohe f°ll°wmg
10 equation:

Rl
CHS_{(I:H);CH:RQl +  HO—CH;—CHy—CH;—OH

15

CHS—((!‘,IH);(IJH——O—CHQ—CHQ—-CHQ—OH

Ry and R; represents the hydrocarbyl group as described
above, and Rz/ is R; less hydrogen where the linkage with

.20 the CH group is by double bond and x is the same as

\ described above. When the olefin is reacted with the
diol, the hydroxyl hydrogen becomes bonded to the R’ to
become Rj,

The products produced from the reaction of the

25 olefin and diocl compositions include the isomers of the
olefin-diol adduct, olefin dimers, diolefin ether
adducts, and diol dimers. Isomers of the olefin—diol
adduct are made by reaction of the diol at the

electropositive stable double bond carbon. In the



of the present invention containing within the nolecule the renote al pha
branch ether trimethylene noiety. For  illustrative purposes, widhJihz0s
olefin is an al pha- olefin, the reaction proceeds according to the follow ng
10 equation: RL ¢x3-~cH CH B,- + Ho-c132 cl3- cx2 off x 15.R R2
CH34C~-CH-0-CH2 CH CH2 OH R1 and R2 represents the hydrocarbyl group as
descri bed akov d R2" is R2 |l ess hydrogen where th j with 20 the
CH group is g@)ogfg({ggﬁne bond and x is the sane as descri gpeé&j/%ﬁlzl\%g‘? When t he
olefinis reacted with the diol, the hydroxyl hydrogen beconmes bonded to
the R2' to become R2. The products producdd fromthe reaction of the 25

ol efin and diol conpositions include the isomers of the olefin-diol adduct,
ol efin diners, dioPefPifost Aer™ AUductSabHrt - df LI MFfsisorsbifetdont t he

ol efin-di ol adductmagre-craderesylti@gcin en mfodtifite ndkolreathidhecomelagsd r oposi ti ve

st abl e doubl e bond b‘}@ﬁ@{%@ of! rai%g@rellt Oca‘l'ygh %gxg%%r \{\Ql&gxl §g§%@l§1£ﬂ%ﬂ§?m/ 15143

20 presence of an acidic catalyst, double i sonerisation y occur,

resulting in an pr S@EROSAFRAUPE §AFi SHREENEN’t HBF anidReSoftiefi f f erent car bon
nunmber | ength slependaag updn ththeleposi ti on i0fudtheteoubk ecchontbnabet he time
the diol 5 reacts w th,the, of:8hifcn T dobbUshr &l &p LR LRACLE QR Of

1, 3-propanedi ol with 1-dodecene Iin the presence of fan" aci di ¢ cat al yst may
pr oduce the foll Omaﬁéd:}csaﬁﬁlér:stm produce the following isomers:

CH;

h \/\/\/\/\)\O/\/\OH

CH,
I, //A\\//\\v//\\//A\\//zio//A\\//\\OH

CH,

Iz O’/A\\//\\OH

10
I, is made by the nucleophilic attack of the oxygen atom

with an olefin when the double bond is in the alpha 1,2
carbon atom pesition. In this case, no double bond
isomerisation occurs, resulting in the desired product.

15 I, is made when the olefinic double bond is isomerised to
the 2,3 carbon atoms, and I; is made when the olefinic
double bond is isomerised to the 3,4 carbon atoms.

Double bond isomerisation can be minimized by selection
of an acidic catalyst which does not tend to double bond

20 isomerise the olefin. Double bond isomerisation may also

be minimized by reducing the residence time of the diol-



O~0H CH3 12 0- ~0H H3 13 O-~~CH 10 11 is made by the nucl eophilic
attack of the oxygen atom wth an olefin when the double bond'p@JUWZmp
alpha 1,2 carbon atom position. In this case, no double bond isonerisation
occurs, resulting in the desired product. 15 12 is nmade when.the olefinic
doubl e bond is isonerised to the 2,3 carbon atons, and I, is nade when the
olefinic double bond is isonerised to the 3,4 carbon atons. Double bond

i sormeri sat V8824 % be minim zed by selection of an adicd{F&VIgakal yst which
does not tend to double bond 20 isonerise the olefin. Double bond

i sonerisation may also be mnimzed byzreducing the residence tinme of the
diol 1 O JUN 2005 WO 02/50006 PCT/EPO01/15143 21 olefin reaction, and
bycarryi ng out theefdinoteagkedn, nand dactraningatovtepperddburdstim gher than typical

tenperatures fayouned, f.qr t@l@uk}é@n@enﬁghépmghs%&a@ﬂ bbb ggpgral . doubl e
bond isonerisation is favoured_at tenperatures rangi ng from 50C to 150C.

Anot her by- pr odu€®VUER® TF of ¥ PR b@Pﬁe]r”&ﬁH‘lfé‘flori ‘s THggf8%¥fHen two ol efin

nol ecul es react vpbtdledb@ld dsimesssdthen i Odvdayeld axytengreoatppsesTo il |l ustrate,
such a by- product S X t.ed the formula: 10 /R1 IR R2 IRl CH--f-&
& O CHr - CHy= C}g %H%pE}§ S e%%%c R1,\\\ R2, and x are as descri bed
above. Fornation of MW@IW‘[@F%{%'& fhe mﬂlemrze@hbv agdwetg as nol ar excess

made when two olefin molecules react with diol across the
diol hydroxyl groups. To illustrate, such a by-product
is represented by the formula:

10
R, R, R, R
) - Ll
CH H}; —O—CHy—CH;—CH—0—CH-{ H)-CH,

wherein R,, R,, and x are as described above. Formation
of this by-product is minimized by using a molar excess

15 of propanediol to olefins. While suitable molar ratios
of diol to olefin range from 0.1:1 to 100:1, it is
preferred to use a diol to olefin ratio of at least 1:1,
more preferably from greater than 1:1, and most
preferably at least 1.5:1. An alternative which

20 simulates a molar excess of diol to olefin to obtain the
same effect, the olefin may be slowly added over a period
of time to the whole amount of diol to be reacted over a

m¢% period to the diol to the olgfin/catalyst mixture, having

‘ - the effect of a large molar excess of diol.

25 Other by-products which may be formed in the
reaction of an olefin with a diol include the dimers of
the olefins contained in the olefin composition, the
dimers of the diols used in the diol composition.

The olefin-diol adducts of the present invention

30 are obtained in high purity. Based on the weight

percentage of reaction products, the reaction of the



L5 of propanediol to olefins. Wiile suitable nolar ratios of diol to olefin
range fromO0.1:1 to 100:1, itis preferred to use a diol to olefin ratio of
at least 1:1, nore preferably fromgreater than 1:1, and nost priedE H6 y
at least 1.5:1. An alternative which 20 sinulates a nolar excess of diol to
olefin to obtain the sane effect, the olefin may be slowy added over, a
period of tine to the whole anount of diol to be reacted over a period to
the diol to VRA8YZ®Ifin/catal yst m xture, having the efC&EP014§14x | ar ge nol ar
excess of diol. 25 Ot her by-products which nay be formed in the reaction of
an olefin with a diol include the diners of - the olefins contained in the

ol efin conposition, the diners of the diols used in the diol conposition.
The ol efin-di ol addugtis wftht Ae1piesalt pifdwea; io@Nan 3@1@&&@1@@@'1 ned in high

purity. Based on the { ght. . per a cti on t t he reaction
of the 1 0 JUN 20013]he RIS 896%‘?/ %E’b%’l‘%li bipglicD & ?(?1 G i of in the
presence of an aci doxeaphlbpst tota heeagsp@ driodiqty mdfturhe woiref i n-di ol product is

80 Wwt.% or nore ofrdfieanigt 8t wreacieaops,0auUst P X EEy JdDGE s pF ef erably B5
W . % or nore, nost %)referably 90 wt. % or 5 nore. The process for naking the
branched et her’ suftact ant conpositions of the present invention is
flexible in that suitabiePpperifctoxanking aelerancd=md athewi de range of

operating conditi opssradfights e&ﬁiﬁcsttEEoLQ wm@rﬁeué& andepressWre i s not

limted, so long ag, reagtion proceeds r %jhnvmt he desired tine
and the product a?uf rg%'fct ant s Cad P\cogf%lé’ du%sé:an CIr;'eac Goh is carried

out under conditi oneefinset P@@Ppéatmea%qndﬂh@nél-ef'ﬁm agrttibol to produce the
br anched 10 temperature and pressure is not limited, so long as the

reaction proceeds forward within the desired time and
the product and reactants do not decompose. The
reaction is carried out under conditions effective to
react the olefin and diol to precduce the branched

15 primary alcohol composition of the present invention.
Suitable reaction temperatures range from 50°C to 250°C,

more preferably from 100°C to 200°C. The system pressure
may be sub-atmospheric, atmoépheric, or super-
atmospheric, depending upon the equipment design and

20 process flow chosen. The residence time in batch
operations rangesvfrom 5 minutes to 3 hours.

In a homogeneous batch process, olefin, diol, and
catalyst are added to a reaction vessel and heated. The
order of addition is not limited. However, yield of the

25 is increased by adding the diol to the olefin.
Accordingly, in a preferred embodiment, olefin and
catalyst are heated in a reaction wvessel, and the diol
is added to the heated olefin and catalyst in the
reaction vessel. '

30 SULPHATION .

Anionic surfactants useful in preparing detergents
having calcium tolerance and have solubility in cold

water include alkyl ether sulphates of the branched



15 prinmary al cohol conposition of the present invention. Suitable reaction-
tenperatures range from5DC to 250C,  nore preferably from 100C 1@‘qugﬁ The
system pressure may be sub-at nospheric, atnospheric, or super atnospheric,
dependi ng upon the equi pnent design and 20 process flow chasen. The
residence tinme in batch operations ranges from5 mnutes to 3 hours.,In a
honogeneous batch process, olefin, diol, and catalyst are added to a
reacti on wes®sboand heated. The order of addition iscrnoyksiasi ted. However,
yield of the 25 is increased by adding the diol to the olefin. Accordingly,
in a preferred enbodinent, olefin and_ gatalyst are heated in a reaction

vessel, and the diol is added to the heated olefin and catalyst in the
reaction vessel . 530SO ONe AleOpi eRUTACLANLS uRGLY! i n prepari ng
detergents havin alciumtol erance and have sol ubili in cold water

i nclude al kyl et rkatﬁspﬁé‘fee§h8fretsH%°tB?’8nE‘ﬁ@‘éllfoX9W2 57eARD%02/ 50006

PCT/ EP01115143 23 rppieawenyedlbgotiel fofmuflthe present invention. These

material s have the respective fornul ae XOSGBM wherein X is represented by
the formula Rt R2 CH34CH). CHOCH2 CH2 CH2 5 and Mis hydrogen or a cation
such as ammoni um alkanolannDniun1(e g. triethanol anmoni um, a nonoval ent
metal - cation (e:g. sgd ﬂ%and potassium, or a polyvalent to netal cation
(e.g. magnesi um and Preferably, M should be chosen such that the
ani oni ¢ surfact an¥®s g%e —FEweterCSptubl e. R3 represents hydrogen or a

5

and M is hydrogen or a cation such as ammonium,
alkanolammonium (e.g. triethanolammonium), a monovalent
metal cation (e:g. sodium and potassium), or a polyvalent
10 metal cation (e.g. magnesium and calcium) . Preferably, M
should be chosen such that the anionic surfactant
coﬁponent is water soluble. R; represents hydrogen or a
hydrocarbyl radical having from 1 to 3 carbon atoms, R,
represents a hydrocarbyl radical having from 1 to 7
15 carbon atoms, X is a number ranging from 0 to 16, wherein
the total number of carbon atoms in the alkyl ether
sulphate ranges from 9 to 24.
In accordance with the present invention there is
also provided a process to produce a branched alkyl ether

20 sulphate composition comprising:

Wy a) contacting an olefin having an average carbon number
in the range of 3 to 18 with 1,3-propane diol in the
presence of a catalyst effective to react the olefin with
the diol thereby producing a branched alcohol

%A composition; and
b) contacting the branched alcohol composition with a
sulphating agent under conditions effective to produce a

branched alkyl ether sulphate compositiomn.



hydrocar byl radical having from1 to 3 carbon atons, Rz represents a

hydr ocar byl radical having from1l to 7 15 carbon atons, X is a nUﬂﬁ%n 2
ranging fromO to 16, wherein the total nunber of carbon atons irh"t g @pkyl
et her sul phate ranges from9 to 24. In accordance with the present
invention there is also provided a process to produce a branched al kyl
ether 20 sul phate conposition conprising: a) contactin% an ol efin having an
aver age carbﬁgoﬁﬂﬁﬁer in the range of 3 to 18 with 1, 3*HEBPA#H4 diol in-the
presence of a catalyst effective to react the olefin with the diol thereby
produci ng a branched al cohol 25 conpositi &, and b) contacting the branched
al cohol conposition with a sul phating agent under conditions effective to
produce a branched al KYf BPASEISRIPTRAY S1C8/PoSPTRSA 1R @Y YR 2005 WO

02/ 50006 PCT/ EPO1/ a5Ae438124ulgiaebr anchecktprinayyaaldc odmlowedmposi ti on may be
directly sul phated | vl ated. foll . sul.phation as

descri bed above. AFk ;121}%%1?%%%{5%9%%%& %%zgﬁéhé\g_%%’gfl%ﬁ/ng ctgﬁaol is described
bel ow. The gener al PErrehad Prafamy] ebirderl alk 8x5%iPphdeésv cafhd@eatialact eri sed

by the chem cal ferdss af atk&lo1RR1KMysulphCHEs Cafthie ChidCHE- Q=6 A9 S03M
wherein, RL, represepts hydrogen g{ﬂhaa: hydr ocar byl radical having from1l to 3

carbon atons, Rz represen <$a T ydrocar byl radical having from1l to 7

carbon atons, x is a nunber ranging fromO to 16, preferably from3 to 13,
A is an al kylene radical, pkefByably having carbon nunber in the range of

2 to 4, nore preferably gy &ﬁns@_cﬁ tarabl; i nunber rangi ng
from1l to 9, wherein BD{&% FECh] }‘—8+{AY))§L®31@1

wherein R; represents hydrogen or a hydrocarbyl radical
having from 1 to 3 carbon atoms, R; represents a

10 hydrocarbyl radical having from 1 to 7 carbon atoms, x is
a number ranging from 0 to 16, preferably from 3 to 13, A
is an alkylene radical, preferably having carbon number
in the range of 2 to 4, more preferably 2 or 3, most
preferably 2, y is a number ranging from 1 to 9, wherein

15 the total number of carbon atoms in the alcohol ranges
from 9 to 24, and M is hydrogen or a cation described
above. AO represent an oxyalkylene group.

The sulphating agents suitable for use in sulphating

the branched primary alcohol or its alkoxylated

20 derivative include those compounds capable of forming the
carbon to oxygen to sulphur bonds necessary for the .

A formation of an alkyl ether sulphate or alcohol
alkyoxylsulphate. The particular sulphating agents used
are typically a function of the compounds to be

25 sulphated. These sulphating agents can be any sulphating
agent known in the art for the sulphation of alcohols and
include sulphur trioxide, chlorosulphonic acid or oleum.

Sulphation processes are described, for instance, in
US-A-3462525, US-A-3428654, US-A-3420875, US-A-3506580,
30 US-A-3579537 and US-A-3524864. Suitable sulphation



15 the total nunber of carbon atons in the alcohol ranges from9 to 24, and.
Mis hydrogen or a cation described <above. AO represent an oxyall KyJuaregs
group. The sul phating agents suitable for use in sulphating the -branched
primary al cohol or its al koxylated 20 derivative include those conpounds
capable of form ng the carbon to oxygen to sul phur bonds necessary for the
formation of an al kyl ether sul phate or al cohol al kyoxyl sul phate. The

parti cul ar weuwb/phat i ng agents used are typically a furateremset t he conpounds
to be 25 sul phated: These sul phating agents can be any sul phating agent
known in the art for the sul phation of- a4 cohols and include sul phur

tri oxi de, chl orosul phonic acid or ol eum Sul phation processes are descri bed,
for instance, |hpr@ﬁk%w§4626@@p §I8pAuB428656U4le UB:A-84808745n, US- A- 3506560,

30 US- A- 3579537 . 48645 Q4 I t 4UN 2005 WO
02/ 50006 PCT/ EPO1/ %5%%1%}1%52%%&% (ﬁr giﬁ?n%lgﬂé&gg ér&i]urS&{p% rél»L(gl\lde (S03)

sul phation, chl 8FSs UIFHEBHY cSHEPat ¥ sCHp %‘i’ﬂcﬁﬁ’é’{ﬁtéﬁ Sraticphani ¢ aci d
(NH2503H) sul phattonis Ween eoRoEpHatat €kosol Phuhé cona&itdatss used t o sul phate

al conol's,  the cogeeALLAL o8 SULANLLE, ackd Jeslumbeal) v LpomdS percont by

wei ght to 100 percent by weight r per cent y wei ght to
98 percent by weifhtPerFitnBY é‘iﬂglgm Pé%ﬁeéab]é’fréﬁ?ﬂ‘ 5850Pe"§61"bm¥r| c acid are
generally in thewéiy‘hgetd)f98 peremn® by walgdtt ainl wacd¥ol &&mébmll phuric acid per

nmol e 10 al cohol, aﬁgu%ftg M1J}159%%c4dr§}|e n%r;}%hqglﬁ %u%huri c acid per

nol e of al cohol . ical £ trioxide su ation pr re includes
contacting the blfa‘?i‘bﬁeﬂ “ﬁllFrFé’r)’/ BMedED|Of oF wliphyT I A PRYX PPAI1ENd gaseous

sul phur tri axi deaBéohabpuirei&radh frosphes iaCnpreessur & nbld Be reacti on zone of a
falli ng sulphuric acid per mole of alcohol.

A typical sulphur trioxide sulphation procedure
includes contacting the branched primary alcohol or its
alkoxylate and gaseous sulphur trioxide at about

15 atmospheric pressure in the reaction zone of a falling

film sulphator cooled by water at a temperature in the
range of from 25°C to 70° C to yield the sgulphuric acid
ester of alcohol or its alkoxylate. The sulphuric acid
ester of the alcohol or its alkoxylate then exits the
20 falling film column and is neutralised with an alkali
metal solution, e:g. sodium or potassium hydroxide, to
form the alcohol sulphate salt or the alcohol
alkoxysulphate salt.
The sulphation reaction is suitably carried out at
g temperatures in the range of from -20°C to 50°C,
preferably from 5°C to 40°C, and at pressures in the
range of from 1 atmosphere to 5 atmospheres, preferably
from 1 atmosphere to 2 atmospheres, and more preferably,
about 1 atmosphere. Suitable residence times for the
30 sulphation reaction range from a second to an hour,

preferably from 2 minutes to 30 minutes.



filmsul phator cooled by water at a tenperature in the range of from25C to
70 Cto yield the sulphuric acid ester of alcohol or its alkoxylate. The
sul phuric acid ester of the al cohol or itsalkoxylate then exitslOn#N2005
falling filmcolum and is neutralised with an alkali netal solution, e.g.
sodi um or potassium hydroxide, to formthe al cohol sul phatessalt or the

al cohol al koxysul phate salt. The sul phation reaction is suitably carnied
out at 25 tempesasures in the range of from-20C to SG&Crepprisfser ably from
5C to 40C, and at pressures in the range of from1 atnosphere to 5

at nospheres, preferably from 1 atnospheresto 2 atnospheres, and nore
preferably, about 1 atnosphere. Suitable residence tinmes for the 30

sul phation reaction range denomldssec@ndedcnian iBoadcompprsdkenaihy from 2

minUtes 10 30 m MUl gs-oc1 g LN 2000, YD 42100008, FETLEPLLS1AS - 26 ' The

neutralisation reaction 1s acconplished using one or nore bases such as
ammoni um or al kal i 2Hgtl&pe cﬁart%l“}?éﬂ H’é(dé%iifjidﬁsr%t srrhepdESKPles or carbonates
or bicarbonates dbsmmﬁdcesndaspaﬁfacsuﬁfa&bﬁmurﬁadﬂahercaﬁl&l t abl e bases

i ncl ude sodi um hydgoxi.de, b%ggé meég@er %’%;neh%d}gr oxSI ym,hydroxi de and cal ci um

hydroxi de, wth anmmoni um I oxi Ium i'de” or pot assi um
hydr oxi de bei ng t hé3oepes: réﬁtab"’&élém h?ﬁéo’%}ﬁ“ﬁmﬁd 6Tl BasYIEEPESE i s in an
amount sufficient anth bfindhili MEyago fdeCi esitiud hyleoneldt alpbsasding aci dity of

t he al kyl ether sug‘z 100 & b@%‘; +hd NE.PEUL 3%5'15%6‘“1%” qu%%gdgfr Eﬁcan be carried

out over a wide rahge o ratures and pressures ica t he
neutralisation proeédhdr és |1§1 %‘ar%mP@éF Gﬂfflﬂle%lt PBdtJérrﬁe'?Ja}Ieu?‘effllﬁl?q’?e range of
fromOC to 351C, aBé neutralise the acidity of the alkyl ether sulphonic

acid.
The neutralisation procedure can be carried out over
a wide range of temperatures and pressures. Typically,
the neutralisation procedure is carried out at a
. 15 temperature in the range of from 0°C to 35° C, and
typically. at atmospheric pressure.
ALKOXYLATES
Alkoxylates of the branched primary alcohol of the
present invention can be prepared by the sequential
20 addition of alkylene oxide to the branched primary
alcohol in the presence of a catalyst. Any known
conventional alkoxylation method can be used.
The present invention is preferably applied to
processes utilizing an alkylene oxide (epoxide) reactant
25 which comprises one or more vicinal alkylene oxides,
particularly the lower alkylene oxides and more
particularly those in the C, to C; range. In general,

the alkylene oxides are represented by the formula

. /O\c a
2// \\ 4
R R




typically. at atnospheric pressure. ALKOXYLATES Al koxyl ates of the branched
primary al cohol of the present invention can be prepared by the sequenti al
20 addition of alkylene oxide to the branched primary al cohol in EFB@ 00
presence of a catalyst. Any known conventional al koxyl ation met h'% gr% Be ]
used. The present invention is preferably applied to processes utilizing an
al kyl ene oxi de (epoxi de) reactant 25 which conprises one or nore vicinal

al kyl ene oybdesmsparticularly the |ower al kyl ene oxi dRg/sdsiApre
particularly those in the C2 to C4 range. In general, the alkylene oxides
are represented by the formula RL R3 \%4f . ¢c-C R2 R4 1 0 JUN 2005 WO

02/ 50006 PCT/ EPQOL/ 15143 27 wherein each of the Rl, R2, R3 and R4 npieties
is individually selected fromthe group consisting of hydrogen and al kyl

noi eti es. React anﬁs \leecab: com |ng Sgeet yI 1 ene, oxi.de, propyl ene oxide, or
m xtures of ethyf'eéne "oxi de° an pr bpyl’ene SxFd&CAF e 5ot preferr ed,

particul arly thosedivhfled lgorssiestek Ssenttibal dgpupf catshytiemeot oxi de and

propyl ene oxi de. hﬂi%}jé@r&%doﬂk@ﬁ REREE SN SReLRB8E S lih L %&%&geal ly of
et hyl ene oxi de ar onsi dered 10 ferred fromthe ndpoi nt of

commer ci al oppoF’fLV PPT SE 1 Or PERRY 6?%\0‘%@% SF BHESRST &Fi Y pFYtesses, and

al so fromthe standjsorrd poPrilisee prxéparati myreobreferoedict s havi ng narr ow r ange

et hyl ene oxi de agglbtqt;u141u§t{ﬂotaetmr&§ cob2i & elskbtshi 8§ 109ne@fy180e

br anchedal kanol al k oxg ]
oxid nd propylene oxide. Alkylene oxide reactants

consisting essentially of ethylene oxide are considered

10 most preferred from the standpoint of commercial
opportunities for the practice of alkoxylation processes,
and also from the standpoint of the preparation of
products having narrow-range ethylene oxide adduct
distributions.

15 An illustration of the branched alkanol alkoxylate
product of the present invention by adding y numbers of
alkylene oxide molecules to the branched primary alcohol

of the present invention is presented by the formula:

Rl RZ
CHT—(J:H};éH-—o ~CHrCH2—CHr—O—<AO>;H
20

wherein R; represents hydrogen or a hydrocarbyl radical
having from 1 to 3 carbon atoms, R; represents a _
hydrocarbyl radical having from 1 to 7 carbon atoms, x is
25 a number ranging from 0 to 16, preferably from 3 to 13, A
is an alkylene radical, preferably having carbon number
in the range of 2 to 4, more preferably 2 or 3, most
preferably 2, y is a number ranging from 1 to 9, wherein
the total number of carbon atoms in the alcohol ranges

30 from 9 to 24. AO represent an oxyalkylene group.



product of the present invention by adding y nunbers of al kyl eneoxi de

nol ecul es to the branched primary al cohol of the present inventmm
presented by the formula: ~IRL IR2 CH -- CH CH O CHCCHZ CHr--0 ( By /v

wherein Rl represents hydrogen or a hydrocar byl

carbon atons, R represents a hydrocarbyl radical

radi c

al

having from1l to 3

having from1l to 7 carbon

atons, X iswgﬂg,sﬁm unber ranging fromO to 16, preferapbysdfRm3 to 13, Ais
ra In the range of 2 to
4, nore preferably 2 or 3, nost preferahly 2, y is a nunber ranging from1l
to 9, wherein the total nunber of carbon atons in the al cohol ranges 30
from9 to 24. AO represe . 1:0.J . 02/ 50006
PCT/ EP01115143 - 28 |I§§? Iéf@n%; og;%%lrc 5%%???%%?‘8‘?&&%&?N%‘%ggg‘i A
reaction in the prE@ehtod AVt BIFSHRY PEeTorautareleisprductgéndt & | y
conventi onal mannefenefdnyexavphejonhhenagatal ysér examplhe thequhchigeti ve

an al kyl ene

hydrogen cont ai ni ng E£aGL aMa ia§\t,ﬁr,ecﬁ§l£r%ﬁ&?%on {
I'S a

wi th al kyl ene oxide reactant, iC typic

i cal, preferably having carbon nunber

oxyl ation

@Ji%%'a)ét der agitation,
1 uceg

y intro

i n gaseous

form at |easf forcoRhRCROneRTAPRIANEGXi TSI pYieterted Bfbodi nents, the
al kyl ene oxi de reagtanteabsaret hylienei Oxyfi-a0ly pmapydeide OXigde=we a 10

M xture of ethyleng, gxide,and proRYL eNgepXIide o IhE.: g2

in the presence of a catalytic y ef

ectlve anpunt o

ction is carried out
an_al koxyl ati on

catalyst. In a particulfaPF§tPred amPedi"eRbbdithemikylerEhgrsife oxide is
contacted and reacieadcatt bs tdtaybsm@nehier db gpbpyRhy adi@ehed aof the present

invention in fhe Rresencer Q. f.aabalyd Leally silectie aggunt of a catalyst

f or

reaction is carried out in the presence of a

catalytically effective amount of an alkoxylation

catalyst. In a particularly preferred embodiment,

ethylene oxide is contacted and reacted with the branched

15 primary alcohol of the present invention in the presence

of a catalytically effective amount of a catalyst for

alkoxylation.

Any conventional alkoxylation catalyst can be used.

One example of a typical catalyst is solid or aqueous

20 solution of KOH. Examples of these catalysts can be found

in US-A-1970578 and in DE-C-605973.

Another example of a suitable alkoxylation catalyst

is described in US-A-5057627. Alkoxylation can be

catalysed by phosphate salts of the rare earth elements.

A, 25 These catalysts were typically prepared by adding an

aqueous solution of a rare earth compound such as

lanthanum chloride to an aqueous sodium orthophosphate or

H;PO, solution.

While these procedures describe a batch mode of

30 operation, the present invention is equally applicable to

a continuous process.

Overall, the two reactants are utilised in

quantities which are predetermined to yield an alkoxylate



al koxyl ati on. Any conventional al koxyl ation catalyst can be used. One
exanple of a typical catalyst is solid or agueous 20 solution of KOH.
Exanpl es of these catal ysts can be found. in US-A-1970578 and in :
DE- G- 605973. Anot her exanpl e of a suitable al koxylation catalyst is 7U~WNZM&
described in US-A-5057627. Al koxylation can be 'catal ysed by phosphate salts .
of the rare earth el enents. 25 These catal ysts were typically prepared by
addi ng an aqueous solution of a rare earth conmpound such as | ant hanum,

chl ori de two eso@gueous sodi um ort hophosphate or H3P@d1spiiuiiion. Wil e these
procedures describe a batch node of 30 operation, the present invention is 3
equal ly applicable to a continuous preeess. overall, the two reactants are i-
utilised in quantities which are predeternmined to yield an al koxylate 10 -
JUN 2005 WO 02/h08es PETWhEPOLYi16d 4@ador pradidet adafuct hamdesi red nean or

average adduct mgbRly.oJNBsaer Al A00NGL umREr Ol phe product s not

critical to this process pr o ducts co ave an average adduct
number in the rdRgeris BIRIcESs tHalh RGABUTS %"moé?ﬂ hBvyra@atesrtaden gener al
terns, suitabl e apacpnehen’ el (peocags fiRNpe&IatHesnand psessures for

pur poses of theépresgnt invention are the sane as in conventional
alkoxylatlon ACTions between the same reactants, enploying 10
conventional catal ysiisgengradnjierat (fuétyflearnd @a%%ergeepr%%ﬁ%i cularly at

| east 120C, and teRSdrapardd ahd Preysidtles f&aﬁﬁrpb?ggg ofl shd YRl y preferred
fromthe standpqint  .of the rate of reaction erature | ess than

250C, particul ar Iny tel‘smé1 ¥hah ezfa%‘:e %and’ comfeﬂtlonal alf?oxy?a

reactions between the same reactants, employing:

10 conventional catalysts. A temperature of at least 90°C,
particularly at least 120°C, and most particularly at
least 130°C, is typically preferred from the standpoint
of the rate of reaction, while a temperature less than
250°C, particularly less than 210°C, and most .

15 particﬁlarly less than 190°C, is typically desirable to
minimise degradation of the product. As is known in the
art, the process temperature can be optimised for given
reactants, taking such factors into account.

Superatmbspheric‘pressures, e.g. pressures between

20 69 and 1034 kPa g (10 and 150 psig), are preferred, with
pressure being sufficient to wmaintain the active hydrogen
containing reactant substantially in the liquid state.

When the alkylene oxide reactant is a vapour,
alkoxylation is then suitably conducted by introducing

25 alkylene oxide into a pressure reactor containing the
alcohol reactant and the catalyst. For considerations of
process safety, the partial pressure of a lower alkylene
oxide reactant is preferably limited, for instance, to
less than 414 kPa a (60 psia), and/or the reactant is

30 preferably diluted with an inert gas such as nitrogen,
for instance, to a vapour phase concentration of about 50
percent or less. The reaction can, however, be safely

accomplished at greater alkylene oxide concentration,



15 particularly less than 190C, is typically desirable to mnimse
degradation of the product. As is known in the art, the process.ten ﬁ‘jture
can be optim sed for given reactants,” taking such factors into écfﬁglﬁﬁﬂ
Super at nospheri c pressures, e.g. pressures between 20 69 and 1034 kPa g (10
and 150 psig), are preferred, with pressure being sufficient to maintain

the active r containing reactant substantially | Jjquid state.
When t he al E%g 8%%&gxi de reactant is a vapour, al koxyl g{c?/g%oqgasu% hen suitably

conducted by introducing 25 alkyl ene oxi gle into a pressure reactor
contai ning the al cohol reactant and the cat al yst. For considerations of

process safety, th%rg%:eg %tagrﬁ%ggﬁ% gf‘dagrleggl%]p%,ﬁ%e € QX dg reactant is

preferably limted, i nst arice, t¢ ess t _ a a 1(rb‘aoopsi a), and/or
the reactant is 302pFeraeaxige difl GLEGPhe tycaM iRt 1 kg sacHeas~hi t r ogen,
for instance, to aavapAuén pbaseagenaentiadsi on biadiedt 20toqeer cent or | ess.

The reaction can, haowever, saf el ac |.ished at er_.al kyl ene oxi de
concentration, 1 Opjfi\?uéf) 9%6854%7606%?3%@%0&/‘14 131"941I 385 pgsrlg)a'ter t ot al
pressure and gf eat &itpapt dldvipnessidereftiad| Kyrsewes drbwkeni ¥03sapd abl e
precautions, known st Weheg afb,andate dsaken ikOpdmAa@Rrifeeisksapf expl osion.

A total pressure of.bet n,276 _and 7 kPa 0 and 1 psig), 5 with an
al kyl ene oxi de par twlgé © 6¥\§°§§lljrpereﬁgtlrv\e/eé’%%ﬁge%%agéff gﬁa}(ga (glég%md 60 psig),
is particularly prefériessig)whiiteé zr rékalenpresisarenstaberawene345 and 621

kPa g (50 and 90 pstwen st Bndnsaliosl gneooxideopsyibh alispeassueRq bet ween
138 and 345 kllD(? g (n20 and. 50 _psig), is considered 10 nore preferred. The
. . or eferred. . . : .

time required to cORpl &f& 4 process according to the present invention is
~dependent both upon thé‘hgg@.pnegequired to complete a process according to

the present invention is dependent both upon the degree
of alkoxylation that is desired (i.e. upon the average
alkylene oxide adduct number of the product) as well as

15 upon the rate of the alkoxylation reaction (which is, in
turn dependent upon temperature, catalyst quantity and
nature of the reactants). A typical reaction time for
preferred embodiments, particularly for when the alkylene
oxide is gaseous is less than 24 hours.

20 After the alkoxylation reaction has been completed,
the product is preferably cooled. If desired, catalyst
can be removed from the final product, although catalyst
removal is not necessary to the process of the present
invention. Catalyst residues may be removed, for

25 examble, by filtration, precipitation or extraction. A
number of specific chemical and physical treatment
methods have been found to facilitate removal of catalyst
residues from a liquid product. Such treatments include
contact of the alkoxylation product with strong acids

30 such as phosphoric and/or oxalic acids or with solid
organic acids such as NAFION H+ or AMBERLITE IR 120H;
contact with alkali metal carbonates and bicarbonates;

contact with zeolites such as type Y zeolite or



of al koxylation that is desired (i.e. upon the average al kyl ene oxide
adduct nunber of the product) as well as 15 upon the rate of the

al koxyl ation reaction (which is, in turn dependent upon tenperature,
catalyst quantity and nature of the reactants). A typical reactiod & jimefpor -
preferred enbodi nents, particularly for when the al kyl ene oxide is gaseous
is less than 24 hours. 20 After the al koxyl ation reacti on has been

conpl et ed roduct is preferably cooled. If desired catalyst can’be
renmoved fr(HF?ﬁ)Pflnal product, although catal yst rgﬂ%V@Vllg not necessary
to the process of the present invention. Catal yst residues may be renoved,
for 25 exanple, by fiItration preci pi fation or extraction. A number of
specific chenlcalrg hy si cal treat met hods have been found to

facilitate renmoV& atoél GREacF 8" gE‘é?th‘brﬁléys’l i qﬁﬂb‘cﬁ]rjé'duct Such. :
treatments incl wdeh tgeatwots oiret hellakvkdsbyl &tlitoatjpmoduct with strong acids 30

such as phosphorj.c.adl0fon0¥Althe &lids QomWHpsRE. QLgaRLC acids such as
NAFI ON H+ or AMBERLITE IR 120H contact with al kali metal carbonates and

bi car bonat es;  CBRTRELL AR sF PR SAUOR %5 EYE FYZROPPLE BPSYUN 2005 WO
02/ 50006 PGI'/ EPGIfIG:48 Blelamtdérnidnperagureontact with certain clays.

Typical ly, such tr%ten@aféa@creeo%oéﬂeom%hgyeé blidaLh QR QL Precipitation of =
the solids fromthe product. In many _cases iltration, precipitation or

centrifugation iP$CPHSLE & ERFFiEMehPS t%@é%%%&e@ SHpETEREIE °Fhe tol erance of
t he sul phat ed brasicetiupicnresy eaalh cdhties cbpanabi<ivinh i @nsiwas det er m ned by

titration of tegi,sqLut 'S%Qélﬂfca?ﬂphtﬁ)é tw&agggr&ugﬁé M ddiccal ci um

chloride. Specifically, the tolerance of the anionic to surfactants to
cal ci um i on é"“ﬂ%tcé??ﬁ%éa T CtWkilAgS HeEcdetermined by taking 10cc

of a 0.06% by weight anionic surfactant solution in
distilled water adjusted to a pH of 5 using sodium
hydroxide, added to a capped bottle, and placed into a
oven maintained at 40°C. Addition of 10 micro litre

15 aliguots of 10% solutions of calcium chloride in
distilled water added to provoke a precipitate formation
from the reaction of the surfactant and the salt. After
a sufficient amount of time had elapsed for equilibration
and phase separation, the clear, top, portion was

20 measured for activity by/via the two phase titration
method disclosed in Reid, V.W.,G.F. Longman and E.
Heinerth, "Determination of Anionic-Active Detergents by
Two-phase Titration, " Tenside 4, 1967, 292-304. The

, reported calcium chloride tolerance is the ppm amount of

% calcium chloride which was added to precipitate 50
weight% of the anionic surfactant.

The sulphated branched primary alcchol compositions
of the present invention have several orders of magnitude
higher calcium tolerance over linear alkylbenzene

30 sulphonates and branched alkyl sulphates having the same
carbon number. In one embodiment, there is provided a
sulphated branched primary alcohol composition and

derivatives thereof having a calcium tolerance of 5000



of a 0.06% by weight anionic surfactant solution in distilled water o
adjusted to a pH of 5 using sodium hydroxide, added to a capped bottle, and.
placed into a oven maintained at 40C. Addition of 10 mcro litre 15
aliquots of 10% solutions of calciumchloride in distilled water -ddrie
provoke a precipitate formation fromthe reaction of the surfactant and e ,
salt. After a sufficient anount of tinme had el apsed for equilibration and
phase separation, the clear, top, portion was 20 neasured for activity .
by/via the t¥B'BH¥e titration nethod disclosed i n Reif§¥ERPUNIYG F. Longnan
and E. Heinerth, "Determ nation of Anionic-Active Detergents by Two-phase
Titration, " Tenside 4, 1967, 292-304. Th& -reported cal ciumchloride

tol erance is the ppm anmunt of 25 cal cium chloride which was added to
precipitate 50 wePHht®CHf OF HOT&ni GAF 8Bt fadbarfilPhitedshinaprated br anched
primary al cohol copposiryiarehobicottmiptesens denventives thaverseyer al orders
of magni tude hi gher . C] r-ld.near Ky nzene 30

sul phonat es and brgnccqg ﬁa#%%&gg% %?%’g\éﬁa%}%dﬁé%?hgﬂseén%&%car bon nunber. In
one enbodi nent, theFeEFerably §0iPWAdPRN CZTBRat®Et r=ierd Ypri 8P yoral cohol
conposition and deste,abhdeset heoemfo pavioRgnaeCalmsi ueadael @sgnce of 5000 1;0
JUN 2005 WO 02/50006 _PCT. - , Gl 2. or re. Preferably,

t he sul phated br anghneeée %{r]{égg%%g%égﬁ%ﬁl&%gﬁggg}rgﬁgﬁCé%mdt erivatives thereof t
have a cal ci um t ov®YgAcedst 20, obeea@ ¥ ybtulpbrtes R capiigfer abl y 50, 000 ‘
ppm or nore, nost perfreredlyldd, OEroLtod BRd &raddiiddeyay 1180 800:pm or nore.

By conparison, [linear alKkyl beﬂ%?&l—%é%f@@”@&d%% hgve calciumtol erance

val ues under 250, linear a Ey?su phat es Tave calcium tol erance val ues under
100, and br anfhed al kyﬁu%mﬁmpéécium tolerance renders the surfactant

compositions made by the branched primary alcohol

£
T
i
|

compositions of the present invention suitable for use in
'aqueous media having large levels of electrolytes. In
one embodiment, there is provided a surfactant
15 composition which is tolerant to aqueous media containing
at least 100,000 ppm calcium chloride
' In another embodimént, theré is provided a
surfactant composition which is tolerant to sea water
having a salinity of at least 25,000 ppm, preferably at
20 least 30,000, more preferably about 34,000 ppm or more of
total dissolved solids, and a cumulative amount of
calcium and magnesium of at least 1000 ppm, more
preferably at least 1500ppm, most preferably at least
1700 ppm. ' '
) 25 A useful test to determine whether a surfactant
. solution is tolerant to sea water is as follows: a 0.06%
active surfactant solution in sea water is prepared and
visually inspected for turbidity. The composition shown
below was visually observing whether any surfactant
30 precipitates (fail} or whether no precipitation occurs
{pass) .
The sea water used for a test to determine whether a

particular surfactant composition is tolerant to sea



have cal ciumtol erance val ues under 500. 10 Such high cal ciumtol erance
renders the surfactant conpositions nade by the branched prinmary al cohol
conpositions of the present invention suitable for use in aqueoub{ndHile0s ;
having large |evels of electrolytes. In one enbodinent, there is provided a;
surfactant 15 conposition which is tolerant to aqueous nedia“containing at =
| east 100, 000 ppm cal cium chloride In another enbodi nent, there is provided
a surfacwantsmanposition which is tolerant to sea wadmroyBasi ng a salinity !
of at |east 25,000 ppm preferably at 20 | east 30,000, nore preferably about |
34,000 ppmor nore of total dissolvedssolids, and a cunul ative anount of ;
cal cium and nagnesi um of at |east 1000 ppm nore preferably at |east
1500ppm nost prefter abkya afomp&Atton bE0Obquants bt Asdisafty, west aho determ ne
whet her a surfacitogngoncggéﬁtt}igp dsSedlgrant to sea water is as follows: a
0.06% active surtactant solution in sea water is prepared and visually :
i nspected for turbidity. The conposition shown below was visually observing:
whet her any surfmst ant 30 peeci @brat es (fraikl ) or whebher (ag/preci pitation :
occurs (pass). sea wat e ed for a to deteri.npe whet her a
particul ar gurfac-(gtqgﬁltﬁcorrposﬁ#gn is tol (as%g%%m to sea J%CWOE’QJUN 2005 WO
02/ 50006 PCT/ EPGHIRHT£3 33 %@t%er has a BEPRSEMRI on of3bout 34 ppt
salinity, with artai€iRmconcead ation as feabéns: | ON Gonc. (ng/ 1) |ON Conc.
(mg/1) 5 Chloride 19 Sé%éggli)cynrgtémlgg S‘é'tPQr?ttiEm2659 Magnesi um 1317
Pot assi um 402 Cal crum 3 )

Boron 5.6 Bromide 2.3

i

10 Icodide 0.22 . Lithium 0.18

Trace amounts of between 0.01 and 0.05 mg/l of each of
copper, iron, nickel, zinc, maganese, molybdenum, cobalt,
vanadium, aluminium, barium and fluorine are present.

15 Other trace amounts of elements are be present in the

following guantities:

Lead at < 0.005 mg/1
Arsenic at < 0.0002 mg/1l
20 Chromium at < 0.0006 mg/l

Trace amounts of Tin, Antimony, Rubidium and Selenium.
No amounts of Mercury, Nitrate and Phosphate.
In an independent embodiment of the present

\ﬂ'ﬁ invention, the branched ether surfactant compositions of
the present invention exhibit low Krafft temperature
points. The Krafft temperature of anionic surfactants
are measured by diluting the anionic surfactant to a
homogeneous aqueous 1 weight % surfactant solution in

30 water, freezing 25 cc aliquots of the solution in a

freezer overnight at approximately -4 deg C to force the

surfactant out of solution, and then warming the solution

in a temperature-controlled water bath in one degree



Car bonat e/ Bi carbonate 192 Strontium 8.6 Boron 5.6 Bromde 2.3 10 | odide
0.22 Lithium0.18 Trace anounts of between 0.01 and 0.05 ng/l of each of
copper, iron, nickel, zinc, nmaganese, nolybdenum cobalt, vanadiluIWyn 7005
al umi nium bariumand fluorine are present. 15 Qther trace anpunts of
elenents are be present in the following quantities: Lead at < 0.005 ng/|

Arseni c at QR2 my/1 20 Chrom um at < 0.0006 ng/ 1, gyounts of’ Tin,
Ant i nony, Rﬁgﬂﬁu% and Selenium No anounts of Mer curyc, mﬁﬁlt?l?ate and

Phosphate. In an independent enbodi ment_ ?j the present 25 invention, the
branched et her surfactant conpositions o the present invention exhibit |ow

Krafft tenperature, DOLIY Se The Kraf Lhe tRoparabir e ofc 20boni.g surfactants

are nmeasured by diluting the anionic surfactant to a honbgeneous aqueous 1
wei ght % sur f act aff2iEs| PSR T3 WE elovert &6R5TGE95° @B itBRiots of the
solution in a freersionver flght tednsapprroxafibedynindd dggvisuad force the
surfactant out of if%egﬂo%’ and then warm ng the solution in a

t enperature-controll"ed water bath in one degree 1; D JUN 2005. WD 02/ 50006
PCT/ EPO1/ 15143 34 _ i AR &M} El Ltineitat Biofuiatefe §F edrh Bt P The report ed
Krafft tenperatureti&s phigmakpwasbhélenpetatr-uteivherrnest heid saliwtion is fully

transparent as debelph0ed.RY; Ukl ant NSABGLIOR, Dbk, pbodiment, the

sul phates of the branc et her primary co eir derrvatives, and
their branched etémmerswreactfanP Conposst ivvns mefietdlyKi’afét  t enper at ures

of 10C or less, n@éé%.prﬁﬂéeﬁégﬂdﬁegcéﬂggr surfactant compositions
10 containing the sulphates of the branched ethef primary
alcohols and/or their derivatives are highly soluble in
the aqueous wash media, thereby contributing to improved
detergency performance and reducing the tendency toward
precipitation, especially at colder wash temperatures of
15 10°C (50°F) or less.

In yet another independent embodiment of the present
invention, the branchéd ether surfactant compositions of
the present invention exhibit cold water detergency
values of .at least 22% measured at 10°C (50°F). 1In a

20 preferred embodiment, the branched ethexr surfactant
composition has a cold water detergency value of at.least
28% peasured at 10°C (50°F). 1In yet a more preferred
embodiment, the sulphates of the branched ether primary
alcohols, their derivatives, and their branched ether
ﬁ?25 surfactant compositions simultaneously exhibit cold water
detergency values of at least 22% at 10°C (50°F), Krafft

tempefatures of 10°C or less, more preferably 0°C or
less, and have a calcium tolerance of 5000 ppm CaCl, or
more. ‘

30 The detergency evaluations can be conducted from a
standard high density laundry powder (HDLP)

Detergency/Soil Redeposition Performance test. The



| ess. The branched ether surfactant conpositions 10 containing the sul phates
of the branched ether primary alcohols and/or their derivatives are hi ghly
soluble in the aqueous wash nedia, thereby contributing to inprey N 005
detergency performance and reducing the tendency toward precipi tat| nz
especially at col der wash tenperatures of 15 10C (50F) or less. In yet P
anot her independent enbodi nent of the present invention, the branched et her'
surf act ositions of the present invention | d wat er '
deter geﬁ‘ggogé&gqaues of at |east 22% nmeasured at 1OCq%&g(§F§ﬁbﬁ9n a 20 pref erred_-»
enbodi ment, the branched ether surfact Aant  conposition has a cold water P
~detergency value of at |east 28% measured at 10C (50F) In yet a nore :
preferred errbodl ment, the sul LOf the branghed ether primary

al cohol s, thei F d&FiVE |?/aens% coﬂlg?etel U 5rEnthed et heF 25 surfact ant

conposi ti ons sceampkehare oadof raxdy be¢hmiqh@b wat:er’c detmr gemop wal ues of at

| east 22% at 1 9(6%5(%@ érag{lagsf te d rrFé-:-L[ es of JI C or less, nore
preferably 0C <SP aveta CArT ORTT6P&rEné3° F™s800 ppm CaCl2 or |
nore. 30 The dexass gErEi./ue@l: uatd/8nen eanclse lemémct @defqdphacedsst andard hi gh -
density |@undryra%w@retﬁthsE’}fa@gh@rc% k $64d oRe@k%pggstehen Per f or mance |
test. The 10 JUN 1005 WO 021500%0 [ EPA /15143 - eval uati ons can be |
conduct ed usi nF'ERETT® ERERCCRT St BorFaRyt/d FRIPEPHc 8P EENNi ques at 10C
(50F) and 32C mt(JQﬁ)Fe)bmnenogﬁelaaemveéarai agd wakersdidedregsargint 150 ppm as CaCO3
(CaCl2/ MyC12 =,3/s2 &4)28 m&agtaaébe)on (oene/ sulsabated mbusnshed et her

sur fact ant con£)05| tions resent invention can be tested on a 1/4 cup
basi's, agai nst errﬁFTﬁeéle?J‘ijrﬁ 7%e‘%/én‘é%'ﬁﬁfﬂ%ﬂﬁé"%ﬂ&c’ﬁ?wlﬁ%lzﬁeﬁt ger manent  press
65/ 35 pol yest esf cottoAaphdeRB Gnchadbreitber FaefddbhPs composition, -

46 wt % of builder (zeolite-4A), and 27 wt % of sodium §

b

carbonate.
The composition of the radiolabelled Multisebum Soil
is as follows: .
15

Component Label % wt.
Cetane 3H 125
. Squalane 3H 12.5
20 Trisearin 3H' i0
Arachis (Peanut)
. Oil 3H 20
Cholesterol 14C 7
Qctadecanol 14C 8.0
25 Oleic Acid i4C 15.0
Stearic Acid 14C 15.0

30

o A Terg-O-Tometer is used to wash the swatches at .15
minute intervals. The wash conditions are set to measure
both cold water detergency at 10°C (50°F) and warm water

s detergency at 32°C (90°F). The agitation speed is 100
rpm. Once the 4" x 4" radiotracer soiled swatches are
washed by the Terg-O-Tometer, they are hand rinsed. The
wash and rinse waters are combined for counting to
measure sebum soil removal. The swatches are counted to

40 measure clay removal.



are tested at 0.74 g/1 concentration, coht aining 27 w 10 of the sul phated
branched et her surfactant conposition, 46 w % of builder (zeolite-4A), and
27 wt % of sodium carbonate. The conposition of the radiol abell eHU JUN 2005

Mul tisebum Soil is as follows: 15 Conponent Label %w. Cetane 3H 12.5
Squal ane 3H 12.5 20 Trisearin 3H 10 Arachis (Peanut) QG| 3H 20 Chol esterol
14C 7 Octaq‘g}c s 14C 8.0 25 deic Acid 14C 15.0 Stegg § ,?\Qld 14C 150 30
A Terg- O Torne |s used to wash the swatches at 15 m Q'Pheerval s. The

wash conditions are set to nmeasure both coI d water detergency at 10C (50F)
and warm wat er 35 detergency at 32C (90F) The agl tation speed is 100 rpm

Once the 4" x 4" radi og‘ra er oi | ed swatc s

a
Terg- O Toneter, they are dﬁs nsed. The e de% rac['nlacy mrefg“eol%ig ters are

conbi ned for count#W@O%Jﬁceﬁéﬁﬂ?@@ébmﬂfgcher@fn?bbalf%adTma Bswat ches are

counted to 40 neasd#ten ClayrdREwMAland 1. 0. Hldb200h0cIN0: 02550006

PCT/ EPO1/ 15143 36 F det aj, | once ng the.det nc thods and

radi ot racer techni &ugs)’ ?’e%r%ﬁ%bes anérHD & (’h fion’B%%% )(/;50 6n, H. Roddewi g
and W T. Shebs, HACES, . 4347B9T. (Sil%si) ,RaWOI“ﬁPt@veﬁscla%GUE iE. CGordon, JACCS,

45: 377 Detergency, Chapter 3, Marcel Dekker, New York (1987).
The sulphates of the branched ether surfactant
compositions of the present invention are also
biodegradable. The biodegradation testing methods for
10 measuring the biodegradability of the sulphaﬁes can be
conducted .in accordance with the test methods established
in 40 CFR §796.3200, also known as the OECD 301D test
method. By a biodegradable composition or surfactant is
meant that that the compound or composition gives a
15 measured biochemical oxygen demand (BOD) of 60% or more
within 28 days, and this level mﬁst be reached within 10
days of biodegradation exceeding 10 percent.
The Krafft point can be measured by preparing 650
'ml of a 0.1% dispersion of glycasuccinimide in wéter by
S 20 weight. If the surfactant was soluble at room
temperature, the solution was slowly cooled to 0° C. If

the surfactant did not precipitate out of solution, its

Krafft point was considered to be < 0° C (less than
zero) . If the surfactant precipitated out of solution,

25 the temperature at which precipitation occurs was taken
as the Krafft point.

If the surfactant was insoluble at room
temperature, the dispersion was slowly heated until the
solution became homogeneous. It was then slowly cooled

30 until precipitation occurred. The temperature at which
the surfactant precipitates out of solution upon cooling

was taken as the Krafft point.
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3, Marcel Dekker,
surfactant conpositions of the present i‘nvention are also bi odegraﬁﬁblUﬁ 2005

The bi odegradat i

t he sul phates can be conducted in accordance with the test methods

established in

By a bi odewe @daddb e conposition or surfactant is neaRCT/EMaESIhat t he
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15

20

svmpAateDmifh Rdnventional detergent range alkoxylated
alcohol compositions currently available commercially. A
biodegradable detergent composition can be prepared using
the branched ether derivative compositions of the éresent
invention.

The detergent compositions are generally comprised
of a number of componénts, besides the sulphated primafy
alcohol, alcohol alkpxylsulphate, or alkoxylated branched
primary alcohol composition of the present invention.

The detergent composition may include: other surfactants

of the ionic, nonionic, amphoteric or cationic type;

* builders (phosphates, zeolites), and optionally‘

25

30

cobuilders (polycarboxylates); bleaching agents and their
activators; foam controlling agents; enzymes; anti-
greying agents; optical brighteners; and stabilisers.

Such additional detergent components useful for the
present invention are described in detail in
US-A-6087311; US-A-6083893; US-A-6159920; US-A-6153574;
WO-A-9405761; and GB-A-1429143.

The following Examples are provided to further
illustrate certain specific aspects of the present
invention but are not intended to limit its broader

scope.



particular use in detergents, specifically laundry 5 detergents. The

al koxyl ated branched primary al cohol ~ conposition of the present1quﬁ?%gon
also find particular wuse in detergent's, specifically di shwashing
detergents. Particularly, these al koxylated branched primary al cohol
conpositions of the present invention have | ow odour 10 conpared with
convent i onalwdeiseigent range al koxyl ated al cohol conpestkr@nssxurrently
avail abl e conmercially. A biodegradabl e detergent conposition can be
prepared using the branched ether deriwvats ve conpositions of the present
invention. 15 The detergent conpositions are generally conprised of a
nunber of conponenksamdiesides t he sul phated primary al cohol, al cohol

al koxyl sul phate, or al koxylated Jor ancheede w0 1B Y-8l &R0[0L; Gemppsition of
the present invention. The detergent conposition may_include: other
surfactants 20 of 2tHEOPONIC® HBHi 6HidY*anBhotEFPe %?PWF dfie: tpe;

bui | ders. (phosphat espufzeohie k9 ,suafattopt icdnelid presgobuldveerison is

(pol ycar boxyl at es) .. hl:gaghi ng agents and their activators; foamcontrolling
agents; enzynes; anti- greying agents; optical brighteners; and stabilisers. .
25 Such additional detergent conponents useful for the present invention
are described in detail in US-A6087311; US-A-6083893; TOEH%159920;

US- A-6153574; WO A-94Q5761a0d 6B-A1429143) The TQj awing Exanpl es are
provided to further 30 illustrate certain specific aspects of the present
invention but are not intended to limt its broader scope. 1.0 JUN 2005 WO
02/ 50006 PCT/EPO1/15143 38 - Exanple 1: A reaction of 1-dodecene with

1, 3- propanedi ol using CH;

W\/\/\/J\O/\/\OH

To a 500 ml round bottom flask equipped with an
10 overhead stirrer, condenser and N; inlet syétem was added
100 grams (0.6 moles) of 1l-dodecene (acquired from
Aldrich Chemical Company) and 137 grams (1.8 moles) of
1,3-propanediol (obtained from Shell Chemical Company)
and 4.56 grams (0.024 moles) of toluene sulphonic acid
15 ‘ monohydrate. The mixture was heated to 150°C for four
hours at which time the reaction mixture was cooled to
room temperature.
The reaction mixture consisted of two phases at room
temperature. The two phases were separated by a
20 separatory funnel. Each phase was analysed by gas
chromatography. 130g of ligquid were recovered in the top
phase, and 107g of liquid were recovered in the bottom
phase. Analysis of the top phase indicated the formation
of 24%wt of 3-dodecyloxy-l-propanol product, 72%wt ’
ﬁ unreacted dodecenes, 2%wt dodecene dimers and 2%wt 1,3-
propanediol, didocecyl ether, based on the weight of the

top phase ligquid. There was less than 1%wt 1,3-



a honogeneous acid catal yst, p-toluene sul phonic acid, to manuf acture the
surfactant of the present invention is 5 provided. TsOH H20 H8

CH3 0~\OH To a 500 m round bottom flask equi pped with an 10 o &H%@US
stirrer, condenser and NZ inlet systemwas added 100 grans (0.6 noles) of
1- dodecene (acquired from Aldrich Chem cal Conpany) and 137 grams (1.8

nol es) of gf"?“ﬁ opanedl ol (obtained from Shell Chem cal any) and 4.56
gr ans (0.0‘5 o es) of toluene sul phoni.c acid 15 mnoﬁ%@}l’%ﬁﬂé4 The m xture
was heated to 150C for four hours at )Ng!gc_h time the reaction m xture was
cooled to roomtenperature. The reactioh m xture consi sted of two phases at

room tenperature._ The.t hase I eparat ed b 0 separatory funnel.
Each phase was ar?af‘i/ane lVP P 9% %ﬁ%ﬁgt%o@a ﬁm |?(f5l d were

recovered in thePpPbaye: Mé,tl%aﬁdloi@)waﬁﬁf sppmtelor%erén#leféwewfer n the bottom
phase. Analysis @Etﬁd’:\epﬁm phaizattddiscadt edrdfieed ar, Haﬁidganedlﬁnm"/&f\lt of
3-dodecyl oxy-1 -pr o%zlin% guclt 2% 25 funreact ed ecene Z%Nt dodecene

di mers and 2% Fop anedl oS4 d8Ee &V tﬁrorpan%a ed BREhE wei ght  of

the top phase I|té:1€||V<§=191'Fh@|fet1wm§oﬁé§fsplt14‘ﬁ&nlllw 1,TBeqge @laSUNSEOOS WO

02/ 50006 PCTI EPOLAL5 143 %dew&paﬂez%ei aa;aeayﬁbwe@pamcdgoll ohd gomers in the
top phase, indi %atl ngPlgood se_sep ratl on. A th%m s of the bottom phase

i ndi cat ed 949t URF &4 pr Sf)acne T el i g BtSBM ¥ P near diner of
t he propanedi ol , bbased ore Ercvmtmcghnrqﬂctem@lbmrt om ikaswreli qui d. There was

| ess phase and the propanediol and dimers thereof in the lower
10 phase.
Removal of the unreacted dodecenes in the upper
phase by distillation afforded 29.5 grams of a mixture of
isoﬁers of 3-dodecyleneoxy-l-propancl. Selectivity to

the 3-dodecyloxy-1l-propanol product was 97%.

15 Example 2:

The reaction in example 1 was repeated using a lower
quantity of 1,3-propanediol, and by adding the 1,3~
propanediol to the l-dodecene slowly during the reaction.
To a 500 ml round bottom flask equipped with an overhead

20 stirrer, condenser and Nz‘inlet system was added 168
grams (1.0 mole) of l-dodecene (acquired from Aldrich
Chemical Company) and 2.25 grams(0.01 moles) of toluene
sulphonic acid monohydrate. The mixture was heated to
150 C at which time 23 grams (0.3 moles) of 1,3-

s propanediol (obtained from Shell Chemical Company) was
added slowly at .the rate of 10 grams per hour. The
reaction was stirred for an additional hour after the
1,3-propanedicl had been added. The reaction mixture was
cooled to room temperature.

30 The reaction mixture consisted of two discrete
phases at room temperature. Dodecene was rémoved from

the upper phase via distillation affording 15 grams of a



than 1% dodecene or other dodecyl based adducts in the bottom phase,
further confirm ng good phase separation between the product and unreacted
olefin in the upper phase and the propanediol and diners thereofl 0 dUN &85

| ower 10 phase. Renpval of the unreacted dodecenes in the upper phase by
distillation afforded 29.5 grans of a m xture of isonmers of

3-dodecyl eneQygysdogogr opanol . Selectivity to the 3-dodeeyl@¥MaiaPr opanol
product was 97% 15 Exanple 2: The reaction in exanple 1 was repeated using

a lower quantity of 1,3-propanediol, and,py adding the 1,3- propanediol to
the 1-dodecene slowy during the reaction. To a 500 m round bottom fl ask

equi pped wi th an 0‘6@&&!@%@1 20 ashiydigror €N Bécﬁfctafﬁhqcthlge' A?a(s system was
added 168 grans ecene uired fromAldrich chem cal

Conpany) and 2. 25 5?5?&@(569%??%%1%%?%?‘1 Hol GeA%t i8I P¥héHTE Aci d nonohydr at e.
The m xture was hedbéetylloxy-1I50rPaabl Wikt blfn:e326rcgzaaa®io(10 3 noles) of 1,3

25 pr opanedi ol - ( oblughaied, | remSald 2CReBL e CAIRANY) AR, 0ot S| oW y at
the rate of 10 gramstlp The reaction was stirred for an_additional

hour after the’ 1, 35°p °8bé?1’éedﬁ Povf?zildg%‘é’énurgﬁa‘ércfd THe PreRfeftn Afkture was
cool ed to room t enpevatlinear 8dmthefreadcbrapanedixture consi sted of two

discrete phases at,, g%g?;gﬂmgﬁgg,gftg,pr@%q ne was renoved from the upper
phase via distillation affording 15 grans of a 0 JUN 2005 WO 02/50006

PCT/ EPOL/ 15143 40 Eegamae ®il. Analysis of this product mxture by gas
chr omat ogr aphy i ndi cat ?\deig; f Of I]‘_HBIFQ:% gedzg/&é\nb ngQgg %ngxy | - propanol ,
i n

24%m of 1, pr opanedi 0 dodec er a cene di mer. Analysis
of the prov1ded using anot er homogeneous catalyst,

trifluoromethanesulphonic acid, as catalyst.
The reaction in example 2 was repeated using 1 gram
(0.0067 holes) of trifluoromethanesulphonic acid as
catalyst instead of p-toluenesulphonic acid. The
15 reaction mixture was cooled to room temperature. The
reaction mixture consisted of two phases. Dodecene was
removed from the upper phase via distillation affording
23 grams of a clear oil. Analysis of this product
mixture by gas chromatography indicated the formation of
20 69%w 3-dodecyloxy-l-propanol, 22%w of 1,3-propanediol,
didodecyl ether and 9%w dodecene dimer. Analysis of the
bottom layer showed 23%w unreacted 1,3-propanediol and
7%w linear dimer of 1,3-propanediol (3-

hydroxypropyleneoxy-1l-propanol) .

25 Example 4:
Reaction of l-dodecene with 1, 3-propanediol is

provided using a heterogeneous catalyst, beta H' zeolite
as catalyst.
To a 500 ml round bottom with an overhead stirrexr,
30 condenser énd N; inlet system was added 100 grams (0.6
moles) of l-dodecene (acquired from Aldrich Chemical

Company) and 137 grams (1.8 moles) of 1,3-propanediol



5 bottom | ayer showed 98%w unreacted 1, 3-propanediol and 2%wu |inear diner
of 1, 3-propanedi ol (3- hydroxypropyleneoxy 1- propanol ). Exanple 3 Addi tion
of 1, 3-propanediol to 1-dodecene is 10 provided using anot her gﬂ@ﬁmﬁ ;
catalyst, trifluoromethanesul phonic acid, as catalyst. The reactlon
exanple 2 was repeated using 1 gram (0.0067 noles) of .
trifluoronethanesul phonic acid as catal yst i nstead of p- toluenesulphonlc y
acid. Th ction mxture was cooled to roomte The reaction ;
}nlxturegg%ﬁgp@?ed of two phases. Dodecene was ren%gggﬁ%ron1the upper phase .
via distillation affording 23 grans qf a clear oil. Analysis of this -
product mixture by gas chromatography i ndicated the formation of 20 69%w

3-dodecyl oxy- |‘R>'i>9£’ Ql fr&z%qu %em:icgf RABSA) %nd 1§ %% ccyfl et her and 9%w

dodecene di mer. SI s of ottom | ayer showe unr eact ed

1, 3- pr opanedi olbeéﬁdzeoi%\? IPPHéH Bt FeF™ ofebt 2 Ziesr Bian éeR’aF" (3

hydr oxypr opyl ert%%a{ralelgﬁppa@l% hixeide fRAMBledio Reaed ikon @b 1- dodecene with .
1, 3-propanediol_is provjd umgg a het erogeneous cat aI st, beta H zeolite

as catal yst. T&H*BGY Pﬁu‘ihoﬁ’rﬁfﬁ 6T G PRI IS ePfe P 8t i Trer, 30
condenser and N2omntespesytstrem was added 100 grans (0 6 noles) of 1- dodecene‘
(acquired from Al drich, Chesiealixc Gompams: &G 137 , (& nol es) of i
1, 3- propanedi ol 1UJUN 2005 WD 02/50006 PCT/EPQ /1 143 - 41 (obtained from|

Shel | Chenical EEMANTeRFGOLT gFHReY ST SUBRTY S et iFPe hﬁ&%\ﬂ‘ér H+ form "

(obt ai ned fr om;_;z;geéystrhe reaction mixture was diluted with 250 ml of

heptane and 250 ml of distilled water, mixed well and the

10 two phases separated using a separatory funnel. The top
phase was isolated, and the heptane was removed by rotary
evaporation affording 23.2 grams of clear oil.

Analysis of this product indicated the formation of

94%wt 3-dodecyloxy-l-propanol, 4%wt 3-dodecyoxypropyloxy-

15 l-propanol and 2%w dodecene dimers. C'* NMR analysis
indicated that the 3-dodecyloxy—l—propaﬁol was a mixture
of isomers with 95%wt of the hydroxypropyl group attached
at the 2-carbon position {(relative to the alpha carbon
atoms) of the dodecyl moiety to produce a methyl branched

20 product (I;) and 5%wt of the hydroxypropyl group attached
at the 3-carbon position to produce an ethyl branched
product (I;). There was <1%w of attachment at the 4 (I3)
and the higher carbon positions. The isomers have the

7 following structural formulae, respectively:

25



Corporation). The m xture was heated to 150C for two hours at which tine
the reaction mxture was cooled to 5 roomtenperature. The reactfic@n\}@nmﬁure

consi sted of two
the bottom phas

phases, W
e. The reac

th the powdered zeolite catal yst suspende
tion mxture was diluted with 250-m of heptane

and 250 m of distilled water, m xed well and the 10 two phases separated
usi ng a sepawabndoysf unnel .
removed by rotary evaporat

of this product
4%m 3- dodecyoxy

i ndi cated t
propyl oxy-

The top phase was i sol at edpcamebitifies hept ane was
ion affording 23.2 grans of clear oil. Analysis
he formati on-ofz -94%M 3- dodecyl oxy- 1| - propanol
15 1-propanol and 2%w dodecene diners. C 3 NWR

anal ysi s indicated that the 3-dodecyl oxy- I-Qﬁppanol was a mxture of
i soners with 95%w of the hydroxypropyl group attached at the 2-carbon
position (relativelto t

produce a net hyl
group attached

carbon positions

10

branched 2

gﬁdecyl noi ety to
0 product (11) and 9&& of e hydr oxypropyl

at the 3-carbon position to produce an ethyl branched
product (12) . There was <1%v of attachnent @gt, the 4 (13) and the higher

iti . The isoners have the follaQw ng structural fornulae,
respectively: 25 1 O JUN 2005 WD 02/50006 P@T/EP01/15143 42 - CH3 1]
3 A o~ >"on

0"~~0H CH3 12 O—~—¢H CH3

Example 5:

CH;

o >"om

Reaction of NEODENE 14 Olefin (NECDENE is a

trademark of Shell group of companies) with 1,3-

propanediol,

provided.

( /\/\/\/\/\/\\,// + HO” " oH

using beta H* zeolite as catalyst, is

beta H' zeolite
——

CH;

The reaction of Example 4 was repeated except that

118 grams

0.6 moles) of NEODENE 14 Olefin (l-tetradecene

obtained from Shell Chemical_Company) was uged in place

of 1-dodecene as the olefin. After the reaction mixture

was cooled

to room temperature, there resulted two

discrete phases, each of which was analysed by gas

chromatography. The upper phase indicated the formation



Exanpl e 5: Reaction of NEODENE 14 O efin (NEODENE is a trademark of Shell
group of conpanies) with 1,3- 5 propanediol, using beta H zeoli t,g aJil
catalyst, is provided. + HO® /OOH bet'a H+ zeoRte CH3 LO~ ~OH Th 0, JINdWon
of Exanple 4 was repeated except that 10 118 grans (0.6 noles) of NEODENE
14 A efin (1-tetradecene obtained from Shell Chem cal Conpany) was used in
place of Jndodemsene as the olefin. After the reacti Qpofbylie Was cool ed
to roomtenperature, there resulted two discrete phases, each of which-was
anal ysed by gas 15 chromat ography. The ppper phase indicated the formation
1.0 JUN 2005 WD 02/50006 PCT/EPO /15143 43 of 70%v unreacted tetradecenes,

27%v of isoners of 7%ﬁwtu%&g§&%gywaméce%9p@99‘b,of 3oL 4. 3-

t et radecyl oxypr opyl oxy- 1- propanol . Anal ysis of the bottom phase showed 94%w
unreacted 1, 3- prbﬁéﬁgﬁ‘iY&PX}’BW%PWar oxXyBr¥pytoRy- | - propanol and a trace of
hi gher trimer ofetkadeqiopanegy Dbxy-i- ;&op@ddlgormna)ysﬁxafrpirﬁ 6: Reaction of

NECDERE 16 O ef | fotbh hihed- H008MRAL Alorealiahnd DBEGFEAI A1 e g7 catalyst, s

provi ded. HO-~OH beta H zeotit e reaction Exanpl e 4 was
repeated except WHEP*YRESBY HPHimd ROPB HoPRS) bface6oIrdFher CIitixadecene
obtai ned from Shelil 3 GhephealioConpanyjlivasxiised i n pl ace of 1-

Example 6:
Reaction of NEODENE 16 Olefin with 1,3-propanediol,

using beta Zeolite as catalyst, is provided.
+ §
PN N P VO HO” " "oH beta——-—->H zeolte

CH;

\\//\\¢/“\¢/A\V/A\V/A\V/A\V/L\0//\\¢/“\OH

The reaction of Example 4 was repeated except that
135 grams (0.6 moles) of 16 Olefin (l1-hexadecene obtained
from Shell Chemical Company) was used in place of 1-
dodecene as the olefin. After the reaction mixture was
15 cooled to room temperature, both phases from the product
mixture were analysed by gas chromatography. The upper
phase indicated the formation of 72%w hexadecenes, 25%w
of isomers of 3-hexadecyloxy-l-propanol, ~3 %w of the 3-
hexadecyloxypropyloxy-l-propanol. Analysis of the bottom
20 phase showed 96%w unreacted 1,3-propanediol, 4%w
hydroxypropyloxy—l-propanél and a trace of higher trimer

of 1,3-propanediol (i.e. oligomer).



dodecene as the olefin. After the reaction mxture was 15 cooled to room
tenperature, both phases fromthe product m xture were anal ysed Q}Ummm
chromat ogr aphy. The upper phase indicated the formation of 72%w’ "
hexadecenes, 25%w of isonmers of 3-hexadecyl oxy-I|-propanol, -3 %wv of the 3-
hexadecyl oxypr opyl oxy-1| -propanol. Analysis of the bottom 20 phase shgqwed
96%w unr eactwd odisodspr opanedi ol , 4%w hydr oxypropyl oxy- | -sgr@paneks and a trace
of higher trimer of 1,3-propanediol (i.e. oligonmer). 1.0 JUN 2005 WO -

02/ 50006 PCT/EPO1/ 15143 - 44 - Exanple 7: sReaction of NEODENE 12 A efin with
1, 3- propanedi ol usi ng anot her heterogeneous catal yst, CBV-500 Zeolite as
the catal yst is proxede@. 75 The reaction of Exanple 4 was repeated except

that 100 grans (0.6 ngl.gs); onf Oy%@ gpollgflq ek ll;lll((]j, dggee e, obtained
use

from Shel |l Chem cal Corrpan | ace cene as the olefin
and 10 grans of CBW5TD ani‘é&:ﬂrl ’t‘%teégg?f’&t’a? ;@Fﬂ}@BV-%’OW%cﬂeP%’etel s2; Y-type
zeolite 10 obtai nednéremZeol ystpﬂom&rdnatl onal . After about 3.5 hours of
reaction time, the reacti ur coqled to rogmtenperature, and
both phases from the pggauceta%gnénxtogre Wer eqana s%eofltk? EGH cﬁtr o%rat ogr aphy.
The upper phase indbcated the rﬁQ:llEﬁhtqfoNEQDﬁﬂNgwmzumee‘amte:dda:5ecdmdecenes 9%w

of isomers of 3- d0@%eyin%&yfﬂompgmqn@lemlpgloquaéanyﬂ%st LAGE sammpunLs of the
3- dodecyl oxypropyl oxy- 1-propanol . Anaiysis o bottom ghase showed 98%w

unreact ed 1, 3- pr op&hetiGreENE 2¥hP3-Hyat bR Pr YhF %) °F - C§irodhanol . 20 Exanpl e
8: A reaction of Nz&RENE 42 cGkefvsn. WBVhsdy, 2epricpanedi ghtypastagiasot her

het er ogeneous l(pat alo%é&ine@é‘o%sgeo%§gtl_ iﬂn@err@%ional . After about 3.5
hours of reaction time, the reaction mixture was cooled
to room temperature, and both phases from the product
mixture were analysed by gas chromatography. The upper
phase indicated the formation of 90%w unreacted

15 dodecenes, 9%w of isomers of 3-dodecyloxy-1-propanol
product, and trace amounts of the 3-dodecyloxypropyloxy-
l-propanol. Analysis of the bottom phase showed 98%w
unreacted 1, 3-propanediol and 2%w 3-hydroxypropyloxy-1-

propanol.

20 Example 8:
' A reaction of NEODENE 12 Olefin with 1,3-propanediol

using another heterogeneous catalyst, CBV-780 Zeolite, as
catalyst is provided. )
The reaction of Example 4 was repeated except that
25 100 grams (0.6 moles) of NEODENE 12 Olefin (1-dodecene
obtained from Shell Chemical Company) was used in place
of 1l-dodecene as the olefin and io grams of CBV-780
Zeolite as catalyst. This catalyst is a modified Y-type
zeolite obtained Zeolyst International. After the
30 reaction mixture was cooled to room temperature, both
phases from the product mixtﬁre were analysed by gas

chromatography. The upper phase indicated the formation



catal yst is provided. The reaction of Exanple 4 was repeated except that 25
100 grans (0.6 noles) of NEODENE 12 defin (1-dodecene obtained fyq [ggq@bﬁ
Chem cal Conpany) was used in place of 1-dodecene as the olefin n

grans of CBV-780 Zeolite as catalyst. This catalyst is a nodifi ed Y-type
zeolite obtained Zeolyst International. After the 30 reaction mxture was
cooled to roomtenperature, both phases fromthe product m xture were
anal ysed"®%38%8¢ chronmat ography. The upper phase i REFERAH4t he fornmation 9. 0...
JUN 2005 WD 02/50006 PCT/EPQG /15143 45 _ of 90%wv dodecenes, 9%w of isoners;::
of 3-dodecyl oxy-1I - pr opanol product; “a&nd trace anounts of the 3- L
dodecyl oxypr opyl oxy- | aliE)ro panol . Analysis of the bottom phase showed 98%w
unreact ed 1, 3-%r 3pHEh 8T S 92%9f315°“f?§ar%‘x§pﬁ’??ﬁ§i¥%ﬁw 1= propanol . Exanpl e
9: A reaction gifopéfﬁmjﬂdﬁua:e @nef tracwi ddvudt Bofir opanedi ol  usi ng anot her :
het er ogeneous 4 e, yst rovi ded. 10 The
reaction of &%ﬁgﬁ}lxﬁmﬁ%%egtgﬁgé&%le t%&gﬂ % eite rg%ist%(no 6 nol es) of :
NECDENE 12 O éﬂﬁlﬁﬁe (Srom%ééé‘ﬁémr%?fttsfin‘e& “PYOFP SR a%éﬁ?c’m Conpany) was |-
used in pface hyefo;@pdmaeeﬁa-@soﬁahelol efin and 10 grans of CBV-740 Zeolite
as catalyst. CBV-740 zeolite is a nodified Y 15 zeolite obtained from >
Zeol yst | nterdxpi@ieaP: After the reaction nmixture was cooled to room
tenmperature, botha EQ@&@SnHﬁOEﬁEibMEDIQMGhMXtEHJr1¢3Vﬁ%@al@eﬂﬁbysed by gas ;
chr omat ogr aphy The u %)tersée r|1ndlscc§;1‘_ﬁtteg t echP rrglté an. t:of 91%wv dodecenes,
a%v of isomer s 6F9 32 aoaeecy oxy>T 20" propatiol’ prodact™® 4htF't Pace ampunts of

t he 3- dodecylwekglustpys exyvidegr opanol Anal ysi s of the bottom

10 The reaction of Example 4 was repeated except that

100 grams (0.6 moles) of NEODENE 12 Olefin (l-dodecene
obtained from Shell Chemical Company) was used in place
of 1-dodecene as the olefin and 10 grams of CBV-740
Zeolite as catalyst. CBV-740 zeolite is a modified Y-

15 zeolite obtained from Zeolyst International. After the
reaction mixture was cooled to room temperature, both
phases from the product mixture were analysed by gas
chromatography. The upper phase indicated the formation
of 91%w dodecenes, 8%w of isomers of 3-dodecyloxy-1-

20 propanol product, and trace amounts of the 3-
dodecyloxypropyloxy-i-propanol. BAnalysis of the bottom
phase showed 98%w unreacted 1,3-propanediol and 2%w 3-

hydroxypropyloxy-l1-propanol.

N Example 10:
25 A reaction of NEODENE 12 Olefin with 1, 3-propanediol

.using another heterogeneous catalyst, 13X Molecular
Sieve, as catalyst is provided.
The reaction of Example 4 was repeated except that
100 grams (0.6 moles) of NEODENE 12 Olefin (l1-dodecene
30 obtained from Shell Chemical Company) was used in place
of 1-dodecene as the olefin and 10 grams of 13X Molecular

Sieve obtained from PQ Corporation as catalyst. After



phase showed 98%v unreacted 1, 3-propanedi ol and 2%w 3-

hydr oxypr opyl oxy-1 - propanol . Exanpl e 10: 25 A reaction of NEODENE 112 JON &fih n
wi th 1, 3-propanedi ol using another héterogeneous catal yst, 13X Ml ecul ar

Si eve, as catalyst is provided. The reaction of Exanple 4 was repeated
except that 100 grans (0.6 noles) of NECDENE 12 O efin (1-dodecene 30

obt ai ned frogy @elok Chem cal Conpany) was used in pl acecpfpiingpadecene as the
ol efin and 10 granms of 13X Mol ecul ar Sieve obtained from PQ Corporation as
catalyst. After 1 O JUN 2005 WO 02/50006,,PCTI EPOL/ 15143 46 the reaction

m xture was cooled to roomtenperature, both phases fromthe product

mxture were anal ysed by.«98s miGhLATBLOHBRLY o THRUPREEDhase ddudi cated the
formation of 82%w dodecenes, 16%w of isoners of 3-dodecyl oxy-1 5 propanol

product, and 20w ofPFRE FoBodc Fr oy hropy o yere aﬁ?b‘ﬁiﬁo‘l’y 9ARal ysis of the
bot t om phase showechr8684wgrapeactied ufpsd- phopanedicakednte 48wmat ion

3- hydr oxypr opyl oxys{ 5,8} RA0AresEX300 & 1donelQ £ KeAGLoNn,Qf ; NEODENE 12
AOefin with 1, 3-propanedi ol _using another heterogeneous cat aI yst, a H Y

Zeolite, as Cat al 5P ﬁi‘%"\‘)’rcdeoandTﬁ@” PEATS BTV BOFHPTRYA %S 1 epeat ed
except that 100 gs@pendl0. 6amalyes) oof tHNEGDHENR 3Rst2<Hdwelii gv3(1- dodecene 15

obt ai ned from Shel | | g?gggdcgl 99@%’51’%&101"‘@%U;Sgd%'ﬂ}d%%?oﬁhoi dodecene as the
0

ol efin and 10 grans Y zéolite prepare y ‘treatment of a Na-Y Zeolite
(CBV-100 obt ai ned P@P%’i’%eol yst International) with amoniumnitrate
foll owed by cal ci nati. g{le gt,.,500C in air for 8 hours was 20 used as the

catal yst. After t on m xture was
10 A reaction of NEODENE 12 Olefin with 1,3-propanediol

using another heterogeneous catalyst, a H' Y Zeolite, as
catalyst is provided.
The reaction of Example 4 was repeated except that

100 grams (0.6 moles) of NEODENE ® 12 Olefin (l-dodecene

15 obtained from Shell Chemical Company) was used in place
of 1-dodecene as the olefin and 10 grams of H* Y Zeolite
prepared by treatment of’a Na-Y Zeolite (CBV-100 obtained
from Zeolyst Intermational) with ammonium nitrate
followedjby calcination at 500°C in air for 8 hours was

20 used as the catalyst. After the reaction mixture was
cooled to room temperature, both phases from the product
mixture were analysed by gas chromatography. The upper
phase indicated the formation of 94%w dodecenes and 6%w
of isomers of 3-dodecyloxy-l-propanol product. No

25 appreciable 3-dodecyloxypropyloxy-l-propanol was
observed. Analysis of the bottom phase showed 96%w
unreacted 1,3-propanediol and 4%w 3-hydroxypropyloxy-1-

propanol.

" Example 12:
30 A reaction of C15/Cl6 internal olefins with 1,3-
propanediol (PDO) using a homogeneous catalyst, p-

toluenesulphonic acid, is provided.




cooled to roomtenperature, both phases fromthe product mxture were

anal ysed by gas chromatography. The upper phase indicated the formation of
94%v dodecenes and 6%v of isomers of 3:dodecyl oxy-I-propanol produtf.JUNgHRS .
appr eci abl e 3-dodecyl oxypr opyl oxy- 1- propanol was observed. Analysis of the
bott om phase showed 96%v unreacted 1, 3-propanedi ol and 4%v -

3- hydr oxypr opyl oxy- 1- propanol . Exarrpl e 12: 30 A reaction of C15/Cl6 )

i nternal ov@eRisege with 1, 3- propanedi ol (PDO using aP¢igeRigERSous cat al yst,

p- tol uenesul phonic acid, is provided. 1 0 JUN 1005 WD 02/50006

PCT/ EPOL/ 15143 47 To a 500 m Zi pperel4ve autocl ave was added 44 grans
(0.2 noles) of a mxture of CIS/CLl6 internal ol efins obtained from Shell
Chem cal Conpany, 76Tgrab®0 (1 Zippkejlagk AutBchrvweperedidddd (aequired from Shel |
Chem cal 5 Conp sl 20n A8 PrHTE QP2 JHOE£Fk1 OFinRetRhuene sul phonic
acid in 100 m of tetrah¥drof U{ an. TQHZ aut.oc] ave system was pI aced under N2 :
at mospher e af t er®*F&hb A H§R p‘é%%‘“éaa]prca‘g% i sHt P5Aand

depr essuri sat i omadiet hofN2, 3 -Blrepritddéopriessuired ofromhgheld Cepperlcl ave was

adj usted t05345 kRa.9,)(2Ra rbsw) NRs (Bheoz rea&d)l 8R yashgated to 100C for 18
hours. The reactl Qn. was cooled to The tetrahydrofuran sol vent was

renoved by rotar$} EQ%Gr%L‘f“ldohnﬂ'ro(gd‘ﬂ]cPﬁgt?% HHEEEER - Thd® two phases were
separat ed by separtatiavg fyaraelwaslpldsadhupleasie wassahateysedrby gas

chr omat ogr aphy. Jéa@valugﬁeglrpgg% Lm@dcglté?«,%umgtm{mb' on of about 6% of
the 1,3-propanedi ol adduct o e mxture of C1S/ Ci6 ol efins. The bal ance

was i someri sed CEBFEABTLTEFPAS % | oiEP S BETPSUORISERY of 98umt
1, 3- propanedi ol zmmgde2Mpte 3vas adjusted to 345 kPa g (50 psig) Np. The

reaction was-heated to 100°C for 18 hours. - The reaction

wasAcoqled to 25°C. The tetrahydrofuran solvent was
removed by rotary evaporation producing two phases. The
two phases were separated by separatory funnel.

15 Each phase was analysed by gas chromatography. The
upper phase indicated the formation of about 6%wt of the
1,3-propanediol adduct of the mixture of C15/Cl6 olefins.
The balance was isomerised C15/Cl6 olefins. The lower
phase consisted of 98%wt 1,3-propanediol and 2%wt 3-

20 hydroxypropyl-1l-propanol.

Example 13:
A reaction of C15/Cl6 internal olefins with PDO
using p-toluenesulphonic acid as catalyst.
Example 12 was repeated except that 88 grams (0.4
ﬁﬂ ‘ méles) of a mixture of an internal C15/Cl16 olefin mixture
obtained from Shell Chemical Company and 100 ml of '
dimethoxyethane was used as solvent. After the reaction
was cooled to 25 C. the dimethoxyethane solvent was
removed by rotary evaporation producing two phases. The
30 phases were separated by separatory funnel. Each phase
was analysed by gas chromatography. The upper phase

indicated the formation of ~ 8%w of the 1,3-propanediol



20 hydroxypropyl -1-propanol. Exanple 13: A reaction of C15/Cl6 internal
olefins with PDO wusing p-tol uenesul p‘honi c acid as catal yst. Exanpj @JGT@FN}?S
repeated except that 68 granms (0.4 25 noles) of a mixture of an i'nterna
C15/C16 ol efin m xture obtained from Shell Chem cal Conpany.and 100 m of
di met hoxyet hane was used as solvent. After the reaction was cooled tg 25 C
t he di net hoxyebhawe sol vent was renoved by rotary evaporabii@nsproduci ng two
phases. The 30 phases were separated by separatory funnel. Each phase was
anal ysed by gas chromat ography. The upperggphase indicated the formation of
- 8%v of the 1, 3-propanediol I 0 JUN 2005 WO 02/50006 PCT/EPQOL/ 15143 48

adduct of the m xtiHaecOforCLi @l leebi rtas/éﬁh;eohﬁlaacewhmliaﬁ&meri sed
Cl S/ C16 ol efins. The | ower geh(g%%/c(‘ignos]! %t ed of, Qg%/v 1, ropanedl ol I and 2%w

3- hydr oxypropyl - 135 bpAKSH 2550 P dpv e B ? soneri sed C15/Cl16

d efins. obtained Ccfn}semeShef I98€he1m3catop@ﬁﬁamy anidt 2wPBPOusi ng a honobgeneous

catal yst, trifluorgmetharepsuliphesyagoncid is provided. Exanple 13 was
repeated except 0.3 grans (0.002 10 noles) of trifluoronmethanesul phonic

acid was usedsas Rataleygt: After the reaction was cooled to 25 C. The

di met hoxyet hane sol veng aéaétfo%npyq@opafnsg&ar_rnx/@l\@aepéﬂhg%tapﬁecadum ng two
phases. Each phase was_anal chr omat ogr aphy. The upper phase

i ndi cated the forngroffets emlci%‘?ﬁi“‘%ﬁ“yt kP PR SF S AekiMoPeaRftict of t he
m xture of O 5/ Cl&telefti, nsridido29etpdnet helpnpdioxypd apopaeprogyl oxy adduct

of the m xture of C15/§;C’Ia§1p@43 ahi i Ih&Ral aneg. Mesy.39MR . hesd C15/ C16

ol efins. The Iower phase
moles) of trifluoromethanesulphonic acid was used as

catalyst. After the reaction was cooled to 25 C. The
dimethoxyethane solvent was removed by rotary evaporation
producing two phases. Each phase was analysed'by_gas
chromatography. The upper phase indicated the formation

15 of ~ 15%w of the 1,3-propanediol adduct of the mixture of
C15/Cl6 olefins and 2%w of the hydroxypropoxypropyloxy
adduct of the mixture of C15/Cl6 olefins. The balance
was isomerised C15/Cl6 olefins. The lower phase
consisted of 98%w 1,3-propanediol and 2%w 3-

20 hydroxypropyl-l-propanol.

Example 15:
A reaction of l1l-Dodecene with 1,3-propanediol using

p-toluenesulphonic acid as catalyst and dimethoxyethane
as solvent is provided.

iy 25 To a 500 ml Zipperclave autoclave was added 67.2
grams (0.4 moles) of l-dodecene [acquired f£rom Aldrich
Chemical Companyl], 76 grams (1 mole) of 1,3-propanediol
[acquired from Shell Chemical Company) and 0.38 grams
(0.002 moles) of p-toluene sulphonic acid in 100 ml of

30 dimethoxyethane. The autoclave system was placed under

N, atmosphere after removal of air by repeated

pressurisation and depressurisation with N,. Then the



consi sted of 98%w 1, 3-propanedi ol and 2%w 3- 20 hydroxypropyl -1 -propanol .
Exanple 15: A reactl on of 1-Dodecene with 1, 3-propanedi ol using

p-t ol uenesul phonic acid as catal yst and di net hoxyet hane as sol venﬂ 0i BIN 2005
provi ded. 25 To a 500 m Zi ppercl ave autocl ave was added 67.2 grams (0.4
nol es) of 1-dodecene (acquired from Al drich Chenical Conpany], 76 grams (1
nol e) of 1,3-propanediol [acquired from Shell Chem cal Corrpany] and 0. 38
grans (0.90223Pd6es) of p-toluene sul phonic acid in HOO/ER$1/153 30

di met hoxyet hane. The autocl ave systemwas placed under N2 atnosphere after
renoval of air by repeated pressurisat4®on and depressurisation with N2.
Then the 1 0 JUN 2005 WO 02/50006 PCTJEPO1/ 15143 49 pressure of the

Zi ppercl ave was axijsggtredtt bhe345rnemsly e 885 agdngpedNRe 3FAckFeeactdoon was heat ed

to 150C for 3 hoprs, yThem£acldeqBn WRS £aeLked tgs@o%CfOJthth get hoxyet hane
sol vent was renove by rotary evaporation proé’um ng two 5 phases. Each phase

was anal ysed by §os repgtdnnt wgr aphipd torRe"Cuppdre phestdokyrtinent ed t he formation

of -11%w of 3- dogeeyt Ae¥- deRiePanokoany SAUMEJHi%E Idﬁq@ g The |ower

phase consisted of 97%wv_1, 3- propanedi ol and. 3% 3- 0X ropyl 1- pr opanol .
10 Exanpl e 16: APYISEti @ﬁc%fp?‘f %o&?caérf? YHi% RY 1938 5’?‘6%‘5 %‘i)‘lygwum ng

trifluoromet haneSed phoev ehass dndisatad ahy sforaadiondpfiretthex yet hane sol vent i s

provi ded. Exanpl g,gkéd VoS - &eg%esﬁsi sk r@gf@ uéxga%&eééheQOZ thi5 nol es) of
trifl uoromet hanesul Qﬁom c acid as Cﬁ'[? 3 ]bﬁ PThe reacti on was cool ed to 25C.

The di met hoxyet hAHE™ BEI°7ert™was"Y 8 ’6?pélf‘§d’e‘?}a5’6‘? aft¥oli produci ng two

hydroxypropyl-1l-propanol.

{0 Example 16:
A reaction of 1-Dodecene with 1,3-propanediol using

trifluoromethanesulphonic acid as catalyst and
dimethoxyethane solvent is provided.
Example 14 was repeated using 0.3 grams (0.002

15 moles) of trifluoromethanesulphonic acid as catalyst.
The reaction was cooled to 25°C. The dimethoxyethane
solvent was removed by rotary evaporation producing two
phases. The dodecene was removed from the upper phase by
distillation'affording 2.3 grams of clear oil. Analysis

20 indicated this product to be 3-dodecyloxy-1l-propanol.

Example 17:

A reaction of 1-Dodecene with 1,3-propanediol using
trifluoromethanesulphonic acid as catalyst without a
solvent is prowvided.

25 . Example 14 was repeated using 0.3 grams (0.002
moles) of trifluoromethanesulphonic acid as catalyst but
no solvent. The reaction was cooled to 25°C, producing
two phases. The dodecene was removed from the upper
phase by distillation affording 9.4 grams of clear oil.

30 Analysis indicated this product to be 3-dodecyloxy-1-

propanol.



phases. The dodecene was renoved fromthe upper phase by distillation
affording 2.3 grans of clear oil. Analysis 20 indicated this product to be
3-dodecyl oxy-| -propanol . Exanple 17: A reaction of 1-Dodecene wiftf j 00

1, 3-propanediol using trifluoronmethanesul phonic acid as catal yst w t%%u‘i a
solvent is provided. 25 Exanple 14 was repeated using 0.3 grans (0.002

nol es) of trifl uoraonmethanesul phonic acid as catal yst but_no sol vent. 'The
reaction wasV@8¥1"®§ to 25cC, produci ng two phases. The *GOEELAHE was renoved
fromthe upper phase by distillation affording 9.4 grans of clear oil. 30
Anal ysi s indicated this product to be 3-ddlécyl oxy-1- propanol _ 1 0 JUN 2005
WO 02/ 50006 PCT/ EPQ1115143 50 - Exanpl e 18: A Reaction of NEODENE 12 O efin
with PDO using a Kéterogereous catal yst, CBV-500 Zeolite, as catalyst is
provided. 5 To a 500 nP kReagtidothoft SRAPENRSIR @tpfiippedhwiithuaing ever head

stirrer, condenser naidoBRndoik edat8YPIte MRS 08 diled t00s WaaiB,0: 6 nol es) of
NECDENE 12 O efin (obtained from Shell Chem cal Conpany) and 137 grans (1.8

mol es) of 1,3- propanedfdl (obtained from Shell Chem cal Conpany) and 10 10
granms of CBV-500 Zeol i e,2 &0Y wegbiutce botcan filbdbki eprippteoliyistanl nt er nati onal .

The mixture was heaiegdet® sL30Gr,f Q8ndeWOe NQHE Sr,aln10hi Shebi MRt RiREact i on
m xture was cooled to roomtenperature. T reaction mxture consisted of

he ) .
two phases and each®pIFA8%° W8s® AaFYs&d MRPPEEE das L Bt oyt shi~ mAnal ysi s of
the top phase indi shtigdchertibel flompaty) oandfi34d%ywacé Q- doddeyl ®ty:l3-pr opanol
and 96%v n xed dodegRnes: 1AM MSh& kot NEPOIEOM RRASE LA Gal ed

10 grams of CBV-500 Zeolite, a Y zeolite obtaiﬁed from
Zeolyst International. The mixture was heated to 150°C
for two hours at which time the reaction mixture was
cooled to room température. The reaction mixture
consisted of two phasés and each phase was analysed by

15 gas chromatography. BAnalysis of the top phase indicated
the formation of 4%w of 3-dodecyloxy-l-propancl and 96%w
mixed dodecenes. Analysis of the bottom phase indicated

99%wt unreacted 1, 3-propanediol with ~1%wt linear dimer.

Example 19:
20 A reaction of NEODENE 12 QOlefin with PDO using

another heterogenéous catalyst, CBV-712 Zeolite, is
provided.

Example 18 was repeated using 10 grams of CBV-712
Zeolite as catalyst. CBV-712 zeolite is a modified Y-

25 zeolite obtained from Zeolyst International. Analysis of
the top phase indicated the formation of 3%w of 3-
dodecyloxy-1-propanol and 97%w mixed dodecenes. Analysis
of the bottom phase indicated 99%wt unreacted 1,3-

propanediol with ~1%wt linear dimer

30 Example 20:

Experiments were conducted using a fixed bed reactor

system consisting of a 20mm x 220 mm 316 stainless steel



99%wt unreacted 1, 3-propanediol with -1%t |inear diner. Exanple 19: 20 A
reaction of NECDENE 12 O efin wth PDO using another heterogeneous,

catal yst, Cl3V-712 Zeolite, is provided. Exanple 18 was repeated st#B\!Zilﬁﬁ
grans of CBV-712 Zeolite as catalyst. CBV-712 zeolite is a podified Y 25
zeolite obtained from Zeolyst International. Analysis of the top phase
indicated the formati on of 3%wv of 3- dodecyl oxy-1-propanol and 97%w m xed
dodecenes. WRHHWYi s of the bottom phase indicated 9 PUfirddcted 1, 3- -
propanedi ol with -1%w |inear dinmer 30 Exanple 20: Experinments were
conducted using a fixed bed reactor sy®¥temconsisting of a 20nm x 220 nm
316 stainless steel 10 JUN 2005 WO 02/50006 PCT/ EPOL/ 15143 51 tubul ar
reactor whi ch waSief ¢g2afth A Therhowetsd vithasYa=8P¥R} it he centre of the
t ube and cont ai ntRgstdusesg maenpaftaéusmtn@rwbslalﬂdnd&rmatmngt bergencoupl es at

the top, m ddl ee&fﬂgrﬁ%é%’@ gi‘oi/}lgggga%%;g}#en—t@l:%u% \é\aﬁw nt eé ed 5 wth 20 m

of CPS61E beta z Ite extrudate obtalne rom ‘nati onal which
had been cal ci netftddte 509 ®OLtPBrof thatesctorhe it 5‘1‘%1‘“&%@%@ was purged with
N2. NEODENE 12 Wtef 2o mansk Lp8sir bpanedbhitenetupadgedtaiseparaiel y to the

reactor systemat 20nm/hr each 1Q inj H"Iceuné at 2? C gnd 1 at nosphere of N2.
The reactor systEN Wad *hEEPEaCTs TBFC A hacpumBi nigstott iAlied for 8 hours.
The product m xt toressSepas at Stlei ertelyswo sgdtear yas potgrdr vgdsNphases at 250 C

and was anal ysedyRys@2s ; &ﬂyfqmrﬁgiaﬁwopa%@alaﬁsm&@fpu&g@ upper phase showed
the 15 formation of 21%w 3 &rBF [ undecyl oxy propanol, 4%w

3- (2- et hyl decyl o5&FPFF =P o ”l‘%’ﬁtcf&bé‘é m@:iﬁﬁa?%"h
10 initially at 25 °C and 1 atmosphere of N,. The reactor
system was heated to 150° C and pumping continued for 8 -

hours. The product mixture separated into two clear,

colourless phases at 25° C and was analysed by gas
chromatography. Analysis of the upper phase showed the
15 formation of 21%w 3-(2-methylundecyloxy)-l-propanol, 4%w
3-(2-ethyldecyloxy) -1-propanol and ~1% dodecene dimers.
The remainder was a mixture of dodecenes. The lower
phase contained 94%w unreacted 1,3-propanédiol and 6%w

linear dimer of PDO.

20 Example 21
A larger scale reaction of NEODENE 12 Olefin with

PDO Using beta H+ Zeolite Catalyst is provided.
A total of 2352 grams (14 moles) of NEODENE 12
” Olefin obtained from Shell Chemical Company, 3192 grams
25. (42 moles) of 1,3-propanediol and 200 grams of beta H+
Zeolite obtained from Zeolyst International were added to
a 12 litre resin vessel fitted with overhead stirrer,
thermowell, condenser and szgas inlet/outlet system.

The mixture was mixed well and heated to 150° C for 5

30 hours. The reaction mixture was cooled to 25°C,
resulting in the formation of two phases. The two phases

were separated by separatory funnel. Each phase was



The remai nder was a m xture of dodecenes. The |lower phase contai ned 94%v
unreacted 1, 3-propanediol and 6%v |inear diner of PDO 20 Exanple b JUN 2005
| arger scale reaction of NEODENE 12 Oefin with PDO Using beta H+ Zeolite
Catal yst is provided. A total of 2352 grans (14 noles) of NEGDENE 12 .., +.
A efin obtained from Shell Chem cal Conpany, 3192 grams 25 (42 nol es), of
1, 3- propanedVeP2¥Md 200 grans of beta H+ Zeolite obt aiPAEEPFAYA Zeol yst
International were added to a 12 litre resin vessel fitted with overhead
stirrer, thernowell, condenser and N2 ga$? i-nl et/outlet system The m xture
was m xed well and heated to 1500 C for S 30 hours. The reaction m xture
was cool ed to 25C, ardyaed inyggish chhenafegrreby on Pofltsde ghasestopThe two phases

wer /e sep?r at ed bg §1ea@alr&mrcxtédmﬂ@lforﬁg@lf&an@@@hmsoFOﬁh\lUNﬁ%?5 hV\D 02/ 50006
hase i catod el RarYoP el das, IO 20 IR A LN R PO EDRE 12
Qefin, 2.0 %w of emcmmaﬁomﬁmpgoma@ducg Gfv MEGDEMNE difesd ehiin, 4. 4%w

dodecene di nerss angs iﬁﬁ&é&@uéemae%@&sdodﬁgqg% oér@eyﬁ&éco%f the bottom
phase indicated 90%w unreact ed propanedi ol , and 10%w |inear di-PDO

dimer. Distillati oR*SF ’frhdelcab‘?:faeggﬁ“éémf Hiredthé- Eﬁ?ﬁ’éf‘e‘jp‘ﬁésea“é’f £®¥ted 858

grams of a clear, iingkd di-PQuiddmeAnabysiidlafionhos thatdteadndsy 538 NVR

i ndi cated 10 the fa{wgﬂ,@ppgis@é%&fde&%sl RO @fiqueieaqf HEQRENE 12 Qefin
(of which 95%w was_3 undecyl oxy) i propanol and 5%w was

3- (3- et hyl decyl oxy] lql“ﬁroﬁ&ﬁ%/ﬁ&)ls atid ThEvANAER At hRY (G nBYY ipBEFdicfer (or PDO 2)
adduct of NEODENE tHe f@reftiipn cES59Exafptle A-XDO adduct of NEODENE 12

Olefin (of which 95%w was 3-(2-methylundecyloxy)-1-

propanol and 5%w was 3-(3-ethyldecyloxy)-1-propanol) and

6%w was the linear PDO dimer (or PDO-2) adduct of NEODENE

12 Olefin. -

15 Example A-C

Examples of sulphated products derived from Ciz, Cis,
and Cj;¢ branched primary alcohols, prepared in a manner
similar to Example 6, respectively Examples A, B, and C,
were produced according to the following method.

20 0.666 moles of the respective branched primary
alcohol were dissolved in 360 mls of methylene chloxride
in a 500 ml multineck round bottom flask equipped with an
addition funnel and stirring bar. The reaction mixture
was cooled to 0°C. 0.7 moles of chlorosulphonic acid was

25 transferred to the addition funnel and added dropwise
over a 15 minute period. The product was neutralised by
pouring the reaction mixture into a well stirred agqueous
solution of 0.7 moles of sodium hydroxide dissolved in
approximately 800 mls of distilled water. The methylene

30 chloride was removed from the mixture by reduced
pressure. This produced an approximately 25 weight

percent active solution of the desired sulphated products



Exanpl es of sul phated products derived from Cl2, Cl41 and Cl16 branched
primary al cohols, prepared in a manner simlar to Exanple 6, respectively
Examples A, H, and C, were produced according to the follow ng né&tihgiiil 200 i
20 0.666 noles of the respective branched primary al cohol were dissolved in"
300 mMs of nmethylene chloride in a 500 m nultineck round bottom fl ask

equi pped wvd teseins addi ti on funnel and stirring bar. Pherreanti on m xture
was cooled to OC. 0.7 noles of chlorosul phonic acid was 25 transferred to
the addition funnel and added dropw se ssover a 15 m nute period. The product
was neutralised by pouring the reaction mxture into a well stirred aqueous
solution of 0.7 ¢okrs pehnaed pridaydraxbr sdi ssel ¥yeshu-Ps waperaxi mately 800
ms of distilled vt er . Jhe getelﬂle e Sé)s C orlge was {em)ved fromthe

m xture by reduced presslirs JUc€a an4Bpf SxitfetEly 25 wei ght
percent active s®BIOgti @Ha!@flet helSdésri&Po§mq§h§$@@lpr©dﬁc@ﬁ-ll 0 JUN 2005 WO
02/ 50006 PCT/ EPOL/o$5143 53 of the br anched pri mary al cohols. The products
were all clear fluid ale eII UIdS S PDCS. Exanpl e
Bis Cl4-1 PDOS and ¥ ns Eﬂ% ToPBHEES ngﬁo‘-?rlﬁ%ﬁbé‘i?%‘tﬁ’ﬁ t he
properties of a wlbmeypmdeﬂeh@lby selipphbi@ pf otwoed Byrkashphat i on of NECDOL

23 Al cohol  (m X{MkenQf o£kZ, and c@}fﬁahﬁr\gb@gp MR CalroRydnaxyd, penber of 289
ng/ gKOH) in a simlar, nanner to .those ove obtained from Shell Chem cal

Co. and Wt conat® 1386 Y 6898 &40btiTs " Lot Utane cf‘f’o‘(ﬂbe?]rP@gr al kyl
sul phate (Cl2 LASpnfsteil WhsodcalCge p.andrditgrotiedaeso,1a0cGUAR@ES WO 02/ 50006

PCT/ EPO / 153‘43 5&431ution of C,; linear alkyl sulphate (C,, LAS) from Witco

Corp. are provided. .



RELATI VE STRENGTHS Physical Property C, N23-S Cit -1 Cu -1C, -1
Attributes LAS PDOS PDOS PDOS Sol ubility C (+) (-) (+) (+) (-) mIJUNQS
Mcelle Cone. (-) (-) (+) (+) (++) (CMC) 25C Hardness Tol erance’(-) @
(++-f) (++) (+) Ca" Interfacial Tension (++) (++) (-) (-) (#) 4/1
Cetane/oleic acid Interfacial Tension (+) (+) (-) (_) (+) Hexadecane O her
LFT in (-) NQB&dodos (*) (+) Seawater 411 above Sol ubi lﬂckéfi‘h@ 3) (=) (+)

(+) (-) Seawater 5 ACTUAL VALUES Physical Property Cu n-1 CU1C
16 -1 Attributes LAS PDOS PDOS PDOS Solybility C0 29 0 0 22 Krafft 1.0%
Solution Critical Mcelle Conc. 0.070 0.140 0.062 0.029 0.0063 CMC 25C W %
WHWHWHW % Surface Tension 34 25 28 30 33 (Dynes/Cm) @dC VIC Foam

Rate (ccimin) 110 100 100 133 10 d * 14 20 10 14 16
ILRRES (e K]

Har dness Tol er ancepddliptfeas 1300000 835290, Lr80% ,—La c M ppm m m _
Interfacial Tensi dawufs 0.5 53L& 8 1.4 |4dpbs Getraoe/| obmisc| aci d | nterfaci al
Tension 6.4 5.7 13Sébgy3 6. 3 HéRadec@ne| | & hier +T |i n®0. 5 None 0.12 0.11
0.17 Critical Micelle Conc. =) %) ") @ +9
(CMQC) @ 25°C
Halﬁness Tolerance (O] (-) (+HH) + (&)
Ca
Interfacial Tension (+H +H -) - )
4/1 Cetane/oleic acid
Interfacial Tension (&) (©) - ) )
Hexadecane
Other IFT in -) None () G )
Seawater 4/1 above
Solubility in Q] 8] ) () -)
Seawater
5 ACTUAL VALUES
Physical Property C 12 "N23-S C 12 -1 C 14 -1 C 16 -1
Attributes LAS PDOS PDOS PDOS
Solubility °C 0 29 0 0 22
Krafft 1.0% Solution
Critical Mlcelle Conc. 0.070 0.140 0.062 0.029 0.0063
(CMC) @ 25°C Wt % Wt % Wt % Wt % Wt %
Surface Tension 34 25 28 30 33
(Dynes/Cm.) @ CMC |
Foam Rate (cc/min) 110 100 100 133 102
Foaming Stability * 14 20 10 14 16
Hardness Tolerance 140 18 >120,000 | 30,200 1,800
Ca™ ppm ppm ppm ppm ppm
Interfacial Tension 0.5 0.5 53 25 1.4
4/1 Cetane/oleic acid
Interfacial Tension 6.4 5.7 13.6 9.3 6.3
Hexadecane |
Other IFT in 0.5 None 0.12 0.11 0.17
Seawater 4/1 above
Solubility in Cloudy | Cloudy Clear Clear Cloudy
Seawater © Ppt. Ppt. Ppt.

*  Centimetre of foam remaining after 20 minutes in DI water @ 25 °C and 0 ppm hardness.
10 I Average Dynes/Centimetre in 0.1 % solution at 25°C over more than one hour.
w Seawater is 3.589 % synthetic salt that contains every major, minor and trace element
found in original seawater. Parts per million concentration, ppm, is 35,890ppm.



Seawat er 411 above Solubility in Coudy Coudy Cear Cear Coudy Seawater
w Ppt. Ppt. Ppt. * Centinetre of roamremining after 20 n‘inutes,ii nfgﬁlmwater‘
(r) 25 C and O ppm hardness. 10 1 Average Dynes/Centinetre in 0.,P

solution at 25C over nore than one hour. m Seawater is 3.589 % synthetic
salt that contains every major, minor and trace elenment found in original
seawater. Parts per mllion concentration, ppm is 35,890ppm 1 0 JUN’2005
WD 02/ 500060 3800kP01115143 55 - Exanpl e D-F Exanpl es pof/eeiihexy!| at ed products
derived from Cl2, Cl14 and Cl16 branched primary al cohols, prepared in ..a
manner simlar to Exanple 6, respectiveky_-Exanples D, E, 5 and F, were
produced according to the followng nethod. 7 noles of Ethylene oxide was
introduced into sxampliegsire reactor containing 1 nole of the respective

branched primary al cghol _reactant and KOH atal yst_ at partial pressure
of 207 kPa g (30 psi gﬁ‘a‘“&%as c?%lﬁ eodcy%tevlén Fﬁg%f:fsr o%é%vegdagr mo%‘a‘“tot al pressure

of 414 kPa g (60C.pmidg¥s BFRechadapt imeny vidlsokalsr i eekreged dn @ t enper at ure of

160C for a peri OgaBler 2siQULS coThamBt &Y epesaxt e yak.capols addyct produced
had an average 7_EQO repeati ng  units. 5 For gorgpgil son, tge properties of
an al cohol ‘et hoS3 &t " HEVEHY SR A7EPHGE01° Tt OKS AP Eép%at units
prepared by et hoxyl afiwiesfoNEODAen 5oxdlde offsl imbtedingrad inffa em Shel | Chenmi cal

Co. is provided. {dQue RRLMARChRRASE, hehaw guLver&aBasured as 20
follows: A terrpe}gature scan is ?OI‘[T?H co%eted on a 11%sol ution of a
noni oni ¢ al cohol P8Ry PRt T o1 118t “F&t ittt XRe* e L3t YéF 6thd poi nt and

secondly to det ermameialt peestirerofphasdat fal30aps gl ndver ntuted t he al cohol
et hoxyl ate. ,oThi i REGOER iReE Ry rdsa pledsOfe UePRINGra g (s0

psig) . The reaction was carried out at a temperature of

160°C for a period of 2 hours. The ethylene oxide-
alcohol adduct produced had an average 7 EO repeating
units.

15 For comparison, the properties of an alcohol
ethoxylate having an average of 7 ethoxylate repeat units
prepared by ethoxylation of NEODOL 25 alcbhol obtained
from Shell Chemical Co. is provided.

Cloud point and phase behaviour were measured as

20 follows: A temperature scan is normally completed on a
1% solution of a nonionic alcohol ethoxylate to first
determine the exact cloud point and secondly to determine
the other phases that are inherent to the alcohol
ethoxylate. This is accomplished by use of the dipping

3525 probe instrument, which measures the turbidity change in
the ethoxylate as the temperature is increased from room
temperature to 90°C. Each surfactant will have its own
unique trace or “fingerprint” as the changes of
temperature and turbidity are recorded and noted.

30 The solubilisation rates of hexadecane and 4/1

hexadecane/oleic acid into 1% solutions were measured at

25°C using the dipping probe colorimeter system.



25 probe instrument, which neasures the turbidity change in the ethoxylate
as the tenperature is increased fromroom tenperature to 90C. Each -
surfactant will have its own wunique trace or "fingerprint" as thﬁ cﬂgg&gs
of tenperature and turbidity are recorded and noted. 30 The-solu 'plJ

rates of hexadecane and 4/1 hexadecane/oleic acid into 1% sol utions were
nmeasured at woH@swe ng the di ppi ng probe col orineter systramv1iQAs JUN 2005 WO
02/ 50006 PCT/ EP01/ 15143 56 Hexadecane nodel s a nonpol ar |ubricating oil
while 4/1 hexadecane/oleic acid nodels a polar sebumlike soil. The rates
wer e cal cul ated by nmeasuring the tirre re‘q red for 10pl sanples of oil to
conpl etely di ssol ve into the "SI‘H well -s rreg bso ution as |ndi c?ted by the

di sappear ance EEPEPETy mOthE ?é'éofff’?]sarf \i r&fi“ﬁ%x%ﬁ'&e@%’ﬁé‘/ﬁ ®ic acid are
gi ven as an aver ageexp@lle@aenef/glen‘q veid aqdEst katolar rjebutildks swhill e the data for

hexadecane are based. 80y wSLNGhECIRkES hORensl01 A5 EORM, gL R at a tabl e,
the 7-BO PDO adduct provided faster solubilijisation on aver age than the

commerci al 7- EQ et hoxyPht S2MBYASNG" tHé Sare RISGEH ForirivetBigett ure. This
result was true foreliothidrke stdnpodrars ivel eglecane tbe |diasppwelrhnas t he

nonpol ar/ pol ar oi | oplt%%alﬁycorﬁn@lfgsngtsolfgf04/61%&“5?3%@%1%%@&1& sation of
oil is indicative of good-cCleaning surfactant systens that provide

enhanced renpoval r&f%ed 6T 8713 8§BF139°f YoV 6t SeBIPH ¥ ubstrates. 10 JUN
2005 WD 02/ 50006 BGECER@S/ W5I4361T dafCEIALMARLESe Pingsboald B operty N25-7 C

,i -1 C14-1 C 16 éizlngEQanection.

10 As shown in the data table, the 7-EO PDO adduct 7
provided faster solubilisation on average than the
commercial 7-EO ethoxylate having the same cloud point
temperature. This result was true for both the nonpolar
hexadecane oil as well as the nonpolar/polar oil blend

15 containing oleic acid. Rapid solubilisation of oil is
indicative of good-cleaning surfactant systems that
provide enhanced removal rates of oily soils from various

solid substrates..



Attributes PDO 7EO PDO 7EO 7EO doud Point UP (C) 52.6 53.6 47 42.7 DOMW
("C 53.4 53.7 47.7 43 AVERAGE 53.0 53.7 47A 42.9 L a Phase (C ran %) 91- 86
72.6-79 71-82 Short WO L Phase (Crange) - 83-85.9 86.5-88.4 -1goﬂleﬁhase
"Cran e - - - double cloud Solubilisations* (pL/minute) 4/1 -
Hexader ane/ ol eic acid 10L 50.0 200.0 26.7 0.2 10L 40.0 66.7 20.0 0.2, 10L
28.6 40.0 20.0 None 10L 28.6 28.6 33.3 None 10L 20.0 20.0 11.4 None
average - BQ0y509p, 1 22.3 0.2 Hexadecane 10L 0.083 0.F333P@/1988 0. 064 10L
None None None None 10pL None None None None 5 25C Solubility Solubility
Key 10 Result Time, Seconds Mn. 10059..1 6 50 0.2 12 5 2 120 0.5 20
1200 0.05 200 12000 1 0 JUN 100 - 5 8

ACTUAL VALUES
Physical Property N25-7 C-1 Cie-1 C i -1 PDO
Attributes PDO 7EO PDO 7EC
7EO

Cloud Point

UP (°C) 52.6 53.6 47 2.7

DOWN (°C) 53.4 53.7 47.7 43

AVERAGE (°C) 53.0 53.7 474 42.9
L a Phase (°C range) 91-86 72.6-79 71-82 Short @ 70
L Phase (°C range) - 83-85.9 86.5-88.4 ~80
L, Phase (°C range) - - - double cloud |-
Solubilisations*
(rL/minute)
4/1 Hexadecane/oleie acid
10pL 50.0 200.0 26.7 0.2
10pL 40.0 66.7 20.0 0.2
10pL . 28.6 40.0 20.0 None
10pL 28.6 28.6 333 None
10pL 20.0 20.0 11.4 None
average 334 71.1 22.3 .02
Hexadecane
10pL 0.083 0.333 0.089 0.064
10pL None None None None
10pL . None None None None

5 * 25°C Solubility
Solubility Key
10
Result | Time, | Seconds
Min.
100 0.1 6
50 0.2 12 -
5 2 120
0.5 20 1200
0.05 200 12000




REVI SED CLAI MS 1. A branched al cohol conposition conprising a
branched: ether primary al cohol represented by the fornmula: R R21@ &N HE5T-
Oc Cir2 CH2 OH Ph wherein Rl represents h drogen or. a hydrocarbyl radi cal
“ having from1 to 3 carbon at ons, repr6se t3s an al kyl radical having from
1 to 7.carbon atoms, x i$-a nunber ‘ranging from3 to 16, wherein the ,total
‘nunbet of carbon 10 atoms in the al cohol ranges from9 to 24. 2. An al kyl
et her sul phate conposition conprising an alkyl -ether. sulphate represented
by the fornula: XOsGBM wherelﬁrﬁﬂvslhgdgogencoi A gajdgn., and X is
represented by the fornula 15 1T 27T, —==fCTT=0- F-ZT. mnereln Rl represents !

. hydrogen or a hydrocarbyl -radical- havrng from1l .40 3 carbon atons, Ry
‘represents an AlkylA baancaedha&p@@oﬂr@mmpqa;tnqnmqnmpnmimng X i's a nunber
20 ranging from er. of ; car.bon .ato in the
g R st R B s g B e SR W O Lt
conposi ti on copprisigg ah al cohol alkoxysulphate repr esent ed by t he
‘formula: 1 0 JUN 2005 - 99 R/ R2 CFI3-f ~IIl 11-4=CFl -CI|~5CfII- Q-AO
SO3M wherein RL represents hydr ogen or a hydrocarbyl radical. having. from
-l to 3. carbon atons, R2irepresents an. .alkyl radical having from1l to 7
‘carbon atons, X i's a nunber Faﬂg gﬂfron13 to 16, A is an-al kyl ene radlcal
havi ng

T L | (éH}LHWO—qu-—CHZ—-—CHz OH

v
LJ

wherein ereplesents hydlogen or. a hydrocarbyl radlcal
hav;ng from 1 to 3 carbon atoms, R;- represents an alkyl -
radical haVLng from 1 to 7 carbon atoms, X is a number
ranging from 3 to 16, wherein the total nuwmwber of: carbon -
f’ 10 Aatbms'in the alcehol ranges from 9 ﬁor24.
| 2, An alei ethex Sulpbate cbﬁpdsition comprising an.
alkyl eLher sulphate represented by the formula

XOSOﬂg, qheleln M is hydrogen or a cat;on, and Xeis
representea by the formula T B _-E- -

15

_1 o R ;ﬁ?t | - . :: ‘ ;'
- C'H,j—{éﬂ);cﬂ O—CHy—CHy—CHy— -
7‘uwherein leepresents hydrogen or a hydrdéafbyl fadidai~ -
“having from 1 teo 3 carbon atoms, Rz represents an alkyl -
- radical hav;ng from 1 to 7 carbor atoms, x is a number .
_M20 "ranglng from 3 to 16, whereln the Lotal ninber. of carbon

atoms in the alkyl'ether sulphate ranges from 2 to 24.
3, An alcohol alkaysulphaLc composltlon compr151ng an

“alcohol alko“yqulphate represented by the: tormula




carbon nunber in the range of 2 to 4, y is a nunber ranging from1l to 9,
wherein the total nunber of carbon atons in the al cohol al koxysu mhﬂmqm5
excluding A ranges - from9 to 24, ‘and FL|§3hydrogen or a tation’10
branched al _Yanol al koxyl ate conp03|t|on conprising an al kanol alkoxylate
represented by the fornul a: RLRRCIT3CHC3:--.QC 12: _ «cll2 cBI :.
.--0~AC}-H Y wher ei n"'R1, represents hydr ogen or -a hydrocarbyl radi cal. 15
.-having from! to 3 carbnn aRgns, R2. represents an al kyl * radi cal having
from1 to 7.carbon atoms [ nugber ging.fromO to 16, Ais an ' '
“al kyl ene radical havihy zbaﬁ?mﬁhﬁng"4ﬁﬁe thge 6( PTE04M y is a nunber
ranging from1 to 9, wherein the. teotal nunber of carbon’20 atons in the
al kanol al koxyl ate-excl uding A ranges from9 . to 24. 5. The conposition of
claiml, 2 £ S dn raeli £ah o tom 6.
The conp03|t?%§ %?l%h§¥%%?%§%§€§nqgﬁ ﬁ%yh§d?§g£n Vﬂ?ybggb%legégggggltlon-»

“of . "any one OMavthpfeodengocBaﬁ@ﬁbothKEWthrhsrapmaﬁbemsr@mgmmyjkcwn3 to
13. 1 U JUN 200

detergent composi.tion conprisin
conp03|t|on g%?ﬁ?nﬁ§VI§goFr2m' r ¢ |ﬁ%§%%# (%%mvméﬁ’abﬁgﬁﬁﬁk *fo claim
2, 3.0r s 4. 9raﬁg£’fxg(3@§§mt9 Reoduge st he hranchsd &alcahnli &camgsigi on of
any of clalns 1, 5 or 7 conprising: .contacting an ol efin having-an -
average car bopanoghenuithert ha i@ege?a@ﬁge fi@ ﬁ& Vit by 1 8-prmoperer diol in the

f t al ff t -t th f With di.ol der -
E’Lﬁé???ﬁni o FERPROE EaShr dabeed 1 Rt S PR Dottt b e dhBin

_atoms in Lhe alcohol alkoxysulpbate excluding A ranges

}

from 9 to 24 and M iz’ hydrogen or a cation. -
-::10' *4;' Aebxanched aJkﬁnoJ alkoxylate Comp031tlon compllslng

an alkanol alPoxylate represented by the formula

e R, R
CH_;—-—(&ZH) _CH-~—0—CHy— CH;—CB, ;—-—o-\zm)—H

.wherein;Rl;epresente hyd;ogen or a h&drocarbyl'tadical
‘;'15: 'having from‘l-to 3'carbon atoms, Rz represents an alkyl |
.'radlcal hav1ng from 1. to 7 carbon aLoms, x 15 a number
ranglng from 3 to 16, A is an alkylene radlcal hav1ng
carbon numpe:v;n tge range of- 2.to_4,.y is a.number

" ranging from 1 to 9, wherein the total number of carbon

20 atoins in the alkanol alkoxylate excluding A ranges from 9-
0 to.24. ' ,
5. The cmeOsitiOn of claim 1, 2, 3 or 4 wherein R; is

an alkyl radlcal hav1ng 1 carbon atom.
. 2", .The compoeltlon of claim 5 wherein R11° hydvogen
izs -~ 7. The composition of any omne of the preceding clqlms’ T

- whérein ¥ is a number ranging from 3 to 13.

ARACRICNITIY ML=




10. A process to produce.. the branched al kyl ether. sul phate conposition
of any of clainms 2( 5( 6 or 7 conprising: a) contacting an olefin gwwzm* an
average carbon nunber 5 in the range of % to 18 with 1, 3- propane d|
the presence of a catalyst effective tor %Et the ol efin w th the. diol
t hereby producing a branched al cohol conposition.; and . ‘b) Contacting the
- branched al cohdl comp@eter@enmnChmposiolsulpbmpung1agthauﬂhmpaxmth¢nons ' 1

effective t6 pr ﬁ%ﬂﬂe% snche alky ether S%I%hat_ew%e ositio

1045/ THL647 PCTO aPfrs?s OF Clalitd -appencant to
claim 2, 3014, o : '
© 9. DA process to produce the branched alcohol
5 o composltlon of any of clalms 1, 5,6 oxr 7 comprqung.

, contactlng an olefln hav1ng an average carbon nunber in
o S ' the range of .3 to 18 with 1,3- ~propane dlol in the
,{. . o .presence of a CﬂL&lV:L effective -to react the olefln wmth e
the diel under CondlthnS effectlve to ploduce the ' A
10 ' branched dlCOhOl composition.
o 10, A.process to produce the branched alkvl ether.

sulphate compos;tlon of any of claims 2%]5’ 6 or 7

: . S ComprlSlng |
, - a) o contactxng an olefln hav1ng an average carbon number -
- 15 '--ln Lhe range OFf 3 to 18 with 1,3-propane lel in the o

pleaence of a Catalyst effeclee to react the olefln w1th

the diol Lhereby produc1ng a branched alcohol-ve

comp051tlon, and :

L) contautlng'the bxanched alcohol comp031t10n with : a-
=20 sulphatmngiagent under conditions effective to produce a

'“'branehed'alkyl ether. sulphate composition. . .

-~

JD45/THLE4TECY - amzndad .claims-

ARATAINNECM AL T



