WO 02/ 064532 PCT/ EP02/ 01700 15 AUG 2005 - 1 A PROCESS FOR PREPARI NG A
BRANCHED OLEFI N, A METHOD OF USI NG THE BRANCHED COLEFI N FOR MAKI NG- A
SURFACTANT WG\ND6ASIBURFACTANT FI ELD OF THE | NVENTI ON Thi s i rRGIER02/617108| at es
to a process for preparing a branched olefin, to a nethod of using the
branched olefin for making a surfactant, and to the surfatfaptGp 9se. 5
BACKGROUND OF THE | NVENTI ON US- A- 5849960 [ej]l ates to surfactant sul phates
based on branched al cohols. The branched al cohols in question have an
aver age nunber of branches per nol ecule chain of at least 0.7. The
branchi ng conprises not only nethyl 10 branching but al so ethyl branches,
whi | st the occurrence of |onger branching is not excluded. The branched
al.cohol s are nade from Urm@l@@dSoF@RimpAmNGhAaBmm AhERKel etal |y

i somerising |inear ol gf] Cﬁ?é] %iﬁ 2960

si mul t aneously sati sflg Pji rogqt@?régrfeﬁ(? o?Bng‘ﬁH egr agﬁ%ﬂ];l ty, cold water
solubility and cold water deeFgRREYTANIhe ANBr ReSURFAETANTAsks for

i nprovements in the performance of existing detergent formulations, inter

alia by inproving the surfactants present in the 20 detergent for mul ati ons.
For exanple, the HXEWMOY FHE KENVENIJION for inprovenents in the surfactants’

bi odegradabi | i ty, theiph; GOk gvad&in Sr‘éhHElaE'Ea{ a?-'iﬁ:&é&%‘sr foeobgewier{g a
detergency. At |east an HTErovemant is soug in the bal ance of
8

properties. By tHEFaheneletin &P 25TrRpPOVehetiinc e PBarahee ‘blfeftlﬁ’e

properties” it istd@aicinghat s@trd@asi, 088 PSR YorFalchRHOVEEr il st at
| east one of the ot her roert| es is not deteriorated. The present

i nventi on seeks t¥Y n the performance of the
surfactant sul phates afs h!&@u%@%él&%é&tBG’mAﬂ%QﬂfaQﬁ:ﬂ%&lphates based

on branched alcohols. The branched alcohols in question

have an average number of branches per molecule chain of
at least 0.7. The branching comprises not only methyl

10 branching but also ethyl branches, whilst the occurrence
of longer branching is not excluded. The branched
alcohols are made from branched olefins, which are made
by skeletally isomerising linear olefins. The surfactant
sulphates of US-A-58459960 simultaneously satisfy

15 requirements for biodegradability, cold water solubility
and cold water detergency.

The market always asks for improvements in the
performance of existing detergent formulations, inter
alia by improving the surfactants present in the

20 detergent formulations. For example, the laundry market
asks for improvements in the surfactants’
biodegradability, their cold water solubility and their
cold water detergency. At least an improvement is sought
in the balance of the properties. By the terminology “an

25 improvement in the balance of the properties” it is meant
that at least one property is improved, whilst at least
one of the other properties is not deteriorated.

The present invention seeks to proﬁide improvements

in the performance of the surfactant sulphates of US-A-
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accordance wth this invention surfactant sulphates are

prepared by dehyd¥5§€ﬁﬁtmﬁ§i§@ieéﬁ@ﬁn-Other relevant performance
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properties, in particular for personal care applications,
are mildness to the skin and to the eyes and the ability
of high foaming, preferably providing foam with a fine
structure of the foam cells. Further, an improved
performance is sought aé;a chemical for enhanced oil
recovery applications and.for the removal of oil
spillage, viz. an improved’abi;ity to emulsify oil/water
and oil/brine systems and to stabilizelemulsions of oil
and water or brine, in particular at high temperature.
Independently, the present invention seeks to provide a
method for the manufacture of surfactant sulphates which
is more versatile and economically more attractive than
the method known from US-A-5849960. In analogy, the
invention seeks to provide similar improvements with
regpect to anionic surfactants, non-ionic surfactants and
cationic surfactants, other than the surfactant sulphates

mentioned hereinbefore, and their methods of manufacture.
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branched, the avesugéagiamjer and intermediates can be made w1th a very low

content of_molecules, which have a linear carbon chain.
It is another advantage of the invention that products

15 can be made of which the molecules have a low content of
branches having three or more carbon atoms. - It is also
an advantage of the invention that produéts can be made
of which the molecules have a low content éf gquaternary
aliphatic carbon atoms. Without wishing-to be bound by

20 theory, it is believed that the presence of quaternary
aliphatic carbon atoms in the molecules of the
surfactants prevents to some extent their biodegradation
and the presence of guaternary aliphatic carbon atoms in
the isoparaffinic composition is therefore preferably

25 avoided. 1In fact, it has been determined that the
presence of 0.5% or less quaternary aliphatic carbon
atoms in the molecules of the surfactants renders the
surfactants substantially more biodegradable.

Accordingly, the present invention provides a

30 process for preparing branched olefins, which process
comprises dehydrogenating an isoparaffinic composition
comprising 0.5% or less quaternary aliphatic carbon
atoms over a suitable catalyst, which isoparaffinic
composition comprises paraffins having a carbon number in

35 the range of from 7 to 35, of which paraffins at least a



of branches per paraffin nolecule being from0.7 to 2.5 and the branching
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comprising converting branched olefins into the
surfactant which branched olefins have been obtained in
accordance with the present invention. In particular,

15 the present invention provides a process for preparing
alcohol sulphates comprising converting branched olefins
into branched alcohol sulphates, which branched olefins
have been obtained by a process which comprises
dehydrogenating_an isoparaffinic composition comprising

20 0.5% or less quatermary aliphatic carbon atoms over a
suitable catalyst, which isoparaffinic composition
comprises paraffins having a carbon number in the range
of from 7 to 35, of which paraffins at least a portion of
the molecules is branched, the average number of branches

25 per paraffin molecule being from 0.7 to 2.5 and the
branching comprising methyl and optionally ethyl
branches, said alcohol sulphates comprising 0.5% or less
quaternary aliphatic carbon atoms.

Further, the invention provides a process for

30 preparing alcohol sulphates, comprising converting
branched olefins into branched alcohol sulbhates which
branched olefins have been obtained in accordance with
this invention.

In a further aspect the present invention provides a

35 branched olefin composition comprising olefins having



- 5 different, consecutive carbon nunbers in the range of from7 to 35, of
which olefins at |l east a portion of the nolecules is branched,_the average
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from7 to 35 of mhigkhepar ahfii WBich branched olefin composition is
obtainable by a process which comprises dehydrogenating

15 an isoparaffinic composition which has been obtained by
hydrocracking and hydroisomerisation of a paraffinic wax,
said isoparaffinic composition comprising.less than 0.5%
guaternary aliphatic carbon atoms.

In again a further aspect the present invention

20 provides a branched alcohol ccmpcsition which is
obtainable by a process according to the present
invention, e.g. comprising reacting branched olefins
according to the present invention with carbon monoxide

and hydrogen, preferably in the presence of a suitable
25 catalyst.

In again a further aspect the present invention
provides an anionic surfactant, a nonionic surfactant and
a cationic surfactant, in particular a surfactant
sulphate or sulphonate, which is obtainable by a method

30 of use in accordance with this invention.

In again a further aspect the present invention
provides an isoparaffinic composition comprising less
than 0.5% quaternary aliphatic carbon atoms and
comprising paraffins having different, consecutive carbon

35 numbers in the range of from 7 to 35, of which paraffins
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present invention. Wthout w shing to be bound by theory, it is believed
that any inprovenment in the performance 10 properties of the surfactant
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nol ecul es of 25 heavi es conprises at nobst 6 carbon
atons nore than the |Withest wisihdogl 69. bFheowrd gy dfticioniye ¢onp®si ti on

conprises paraff Lgﬁe‘p&yiﬂgata a;;ﬁ,r q%gfg?%@gﬁn%:{htg}ge rp_%r}ggra%nééom 7 to 35, of

which paraffins at least a portion ecul es”i's 30 branched.
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carbon nunber inather8ANEGE wiih fuA® 18viAr 18n, PEial Widh tgast 75 %,
nore preferably at |east 90 %y, of the isoparaffinic
surfactant sulphates specifically known from US-A-

5849960, resides in a difference in the distribution of
branching along the respective paraffinic chains. Such
15 differences in the distribution of branching are truly
. unexpected in view of the prior art and, therefore, they
are inventive.

DETAILED DESCRIPTION OF THE INVENTION

As described herein, the isoparaffinic composition
20 and the compositions of branched olefins and alcohols
derived therefrom are generally mixtures comprising
molecules with different, consecutive carbon numbers.
Typically at least 75 %w, more typically at least 90 %w,
of these compositions represent a range of molecules of
25 which the heaviest molecules comprises at most 6 carbon
atoms more than the lightest molecules.

The isoparaffinic composition comprisesg paraffins
having a carbon number in the range of from 7 to 35, of
which paraffins at least a portion of the molecules is

30 branched. Preferably, the isoparaffinic composition
.comprises paraffins having a carbon number in the range
of from 10 to 18. Preferably at least 75 %w, more
preferably at least 90 %w, of the isoparaffinic
composition consists of paraffins having a carbon number

35 in the range of from 10 to 18. 1In practice, frequently



conposition consists of paraffins having a carbon nunber 35 in the range of
from1l0 to 18. In practice, frequently W 02/064532 PCT/ EP02/ 01+060 15 AUG
2005 - 7 WO®®6453D9. 99 9w, nore frequently at nmost 99.9 IRCTEPIYHZ00

i soparaffinic conposition consists of paraffins having a carbon mﬁ&f

the range of from10 to 18. Wen it is intended to prepare shrAll

sul phates fromthe 5 isoparaffinic conposition it is preferred that the

i soparaffinic corrposi t i on corrpri ses paraffins having a carbon nunber in the
range of from 14
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ultimately yiel disophaefibnsc vmntpdsegsomat:empwqﬁalnamaﬁfmﬁehwevaaQe nunber
of branches per panaf; 'HuHBéPCiH E‘th @%Wffﬂ%tﬂe t'oSQF)ar ?{;}f‘bﬂ&

conposition is at |east O. cal cu ate over t t ot al e branched
paraffins and, idasgr @§éﬁ@ralt>lﬁé 34 deastpababvi nsoresmrteésprybi-hea%\ﬂ@(aége

number of br a”Ch%"‘o lsgy, abr! %tl&&rﬁﬁqn@ﬁeééﬁﬁ&i}tﬁn dop@ske 9. & for
exanpl e 1.0. Suitably the aver age nunmber 25 of branches is at _npst 2.0,

preferably ® noSRTREISINGnHAVIRG 7o/ OGPaPUBPe O thes Tapget A Bl 4hand,
for sone applicaid ans ltrnnpyamdtesmrx@lqhent:bﬁta& heostvevage suhesre of
branches is at least 1.5 _and swtablgy H%) 2?5 The r;ggber of net hyl
branches present 7RSI8 AEIPRATDAT M EYeoRposht i IPRATaLdiPBI y at | east
20% nore suitabdompisilt@aat cddSh sty effepabhy £ fis | iIarind @ocakbbienumber
in the range of from 14 to 17. These selections are
15 based on the effects that the paraffins of a lower carbon
number ultimately yield surfactants which are more
volatile and that the paraffins of a higher carbon number
ultimately yield surfactants with less water solubility.
The average number of branches per paraffin molecule
20 present in the isoparaffinic composition is at least 0.7,
calculated over the total of the branched paraffins and,
if present, the linear paraffins. Suitably the average
i number of branches is at least 0.8, and preferably at
least 0.9, for example 1.0. Suitably the average number
25 of branches is at most 2.0, preferably at most 1.5, and
in particular at most 1.4. On the other hand, for some
applications it may be desirable that the average number
of branches is at least 1.5 and suitably at most 2.5.
The number of methyl branches present in the
30 isoparaffinic composition is suitably at least 20%, more
suitably at least 40%, preferably at least 50% of the
total number of branches. In practice‘the number of
methyl branches ig frequently at most 99%, more
frequently at most 98% of the total number of branches.
35 If present, the number of ethyl branches is suitably at
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The number of quaternary allphatic carbon atoms

present in the isoparaffinic composition is preferably
low. For applications where biodegradability is not as
15 ‘critical, the number of quaternary aliphatic carbon atoms
is suitably less .than 2% of the carbon atoms present,
‘more suitably less than 1%. For any application, and
particularly for applications where biodegradability is
important, the number of quaternary aliphatic carbon
20 atoms preferably is 0.5 % or less, most preferably less
than 0.5 %, and in particular less than 0.3%. In
practice the number of quaternary aliphatic carbon atoms
present in the isoparaffinic composition is frequently
more than 0.01% of the aliphatic carbon atoms present,
25 more frequently more than 0.05%.
The content of branched paraffins of the
isoparaffinic composition is typically at least 70%w,
more typically at least 90%w, preferably at least 95%w,
more preferably at least 99%w, in particular at least
30 99.9%w, relative to the weight of the isoparaffinic
composition. In practice the content of branched
paraffins is frequently at most 99.99%w, more frequently
at most 99.95%w, relative to the weight of the
isoparaffinic composition. The content of linear

35 paraffins of the isoparaffinic composition is typically



30 99.9%w, relative to the weight of the isoparaffinic conposition. In
practice the content of branched paraffins is frequently at nost.. 99. 99%w,
nore frequwwa 6064332 nost 99. 95%w, relative to the wei ght ofPGIfEP02/01700
isoparaffinic conposition. The content of linear 35 paraffins of the

i soparaffinic conposition is typically W 02/ 064532 PCT/ EPQ2% QP Q0P AUG
2005 at nost 30%w, nore typically at rmst_lgOO/_&N, preferably at nost 5%,
nore preferably at nost 1%w, in particular at nost 0.1%v, relative to the
wei ght of the isoparaffinic conposition. In practice the content of |inear
paraffins 5 is fragqﬂ@ﬁ‘fl%loﬁ‘t' MOt CYPHII Y it enFFtedifEM: | Prafeyaidst ato. 05%w,
relative to the wekghts@f ddie ipzeBarabiiyni€ mSRCSI  i@npaFhecdisapakaf finic
conposition may originate from various sources. For exanple, suitable

i soparaffinic 10 “‘E’Sgpgs?-f‘l’on%ewvﬁetgepé%t‘é?ilghrtorﬂfcFﬁlﬁelﬁ?Pa’Eﬁﬁsftlinlllcat i on
fractions. Such eobhgesotionli stid lprtacencéraed | vt drmy JrelihegatRe-dfFins
partially or, nore referalgllr}?;, c\?%pl etelé . renove sul phur and/or, nitrogen
cont ai ni ng éonpoﬁén?@qﬂ?rt‘ &5 vyt Pn 1?‘%0[5&?%{?f'rrﬁgélel?5ﬂ$o%‘? ti%Fay be
15 obt ai ned by hydoekapneslsaiveortcoktha paigltd i cchecdgaparafbinid . e. a
conposi tion which conprjses predom nantly |inear paraffins, such as

obt ai nabl e from 5%‘?5@?1{5}0% opsch process or 'froman ethyl ene

ol i goneri sati on proceSBe isdmaraffamdtf cospobial sredndyn crig2fate sfolver Tr opsch

synthesis are particularly, pref .e”p%fdr %g&%&gf& FLSane JHeRsS D, praduct s are
generally very low "In their-cont ént of s phur "an nltrogen.an qney are
cost effectiove. HoewmpPeithers Tmapdeh spleduedstray orudemypilndt st icm
O e o AL 080 S5 T S e, Y b
i sol ate an i sopartafeRitaictpreriticta ldfy e weserruefepasi copRleSikh a
hydroi soneri sati QR RRRCEISpAMH and/or nitrogen containing components.
Alternatively,'the isoparaffinic composition may be
15 obtained by hydroisomerisation of a paraffinic
composition, i.e. a composition which comprises
predominantly linear paraffins, such as bbtainable from a
Fischer Tropsch process or from an ethylene
oligomerisation process. Linear paraffins obtained in a
20 Fischer Tropsch synthesis are particularly preferred
because Fischer Tropsch products are generally very low
in their content of sulphur and nitrogen and they are
_______ cost effective. The Fischer Tropsch products may or may
not comprise oxygenates. The product obtained in the
25 hydroisomerisation process may be fractionated, for
example, by distillation or othexrwise, in order to
isolate an isoparaffinic product of the desired |
composition. Such a hydroisomerisation process and
subsequent fractionation is'known, for example from US-A-
30 5866748.
Preferably, the isoparaffinic composition is
obtained by hydrocracking and hydroisomerisation of a
paraffinic wax, in particular a slack wax, a wax obtained
in a Fischer Tropsch synthesis or a polyethylene wax.

35  The paraffinic wax comprises typically linear paraffins



subsequent fractionation is known, for exanple fromUS-A- 30 5866748.
Preferably, the isoparaffinic conposition is obtained by hydrocracking and
hydr oi somewa@at/ed@s2of a paraffinic wax, in particular a s|BCREROI7T®@ wax
obtained in a Fischer Tropsch synthesis or a polyethylenq G 3605The

par afiffinic wax conprises typically linear paraffins WO 02/ 064532

PCT/ EP02/ 01700 15 AUG 2005 - 10 having at |l east 5 carbon atons, preferably
at least 15 carbon atons, nore preferably & 1east 25 carbon atons. In
practice, the paraffinic wax conprises frequently |I|inear paraffins of which
t he nunber of carHIR &¥s lRAGLSS beariiqgh atioms  eRERPEERAY 8- 188Sbribip to 200

and even nore. VxR alcded, | Rofe Fﬁ@:?é?ﬂ”@xrab-iﬁzoﬁécﬂeééf@tf@%asrﬂo% abehkicul arly
preferred because these are generally very “lowin their content_of sul phur

and nitrogen and ¥h@Fagmtdcecoshe peaiiidc HE pPEBTEICDHZANWNERCLN the 10

hydr ocracki ng/ hy df Qi Riair82EE A8 HF OReSh TR hembbiast i analsdachbas gxgnpl e,
by distillation or otherwise, in order to isolate an isoparaffinic product
of the desi¥ed RfPgvgh:i §RT SHRRPHE HRIrGE OOk PRgMRYE? 0209 B FVERti on

process and subsegien! fW=8C0UbeARhE@MN A Sa 18 JuhnTrbpsceXamlHesfikoms
US- A-5833839. Ceneral]y, the hydroc%gckl ng/ hydr oi soneri sati on,process
i nvol ves hydrocr%ﬁ‘?k‘"r’r%‘]ﬁrtlﬁ B REETERE RS SPE8Ref TS AGRFFLLY Very

The. i sopar af fi ni C1ewMOiHdieN coRyYeRe &f aailgthur0 anavWaf t tbgers aitide thedf alkcenear
paraffins, in order_to favor.ab%% ad%u(it thgsﬁaverggenn%&bnber of branches in
the isoparaffini ©CTopoHTi0R SOBR Repdtat iBratgyod™ HWkonpl i shed by
separation wsi ng laydod@cadidngdhgdeoasomathixtrthiemt prébessoheg bear sieve may
Ref e ence may be BRHE RBEd i enEaRmetEy I Bt i art ol FrRRRARKS) 0gyn.
4th edition, vol ube drdep.tcc8S0386e an isoparaffinic product of the
desired composition. Such a hydrocracking/hydro-
isomerisation process and subsequent fractionation is

15 known, for example from US-A-5833839. Generally, the
hydrocracking/hydroisomerisation process involves
hydrocracking with simultaneous hydroisomerisation.

The .isoparaffinic composition may be treated to
lower the content of linear paraffins, in order to

20 favorably adjust the average number of branches in the
isoparaffinic composition. Such separation may be
accomplished by separation using a molecular sieve as
absorbent. The molecular sieve may be, for example, a
zeolite 4A, ‘a zeolite 5A, a zeolite X or a zeolite Y.

25 Reference may be made to “Kirk-Othmer Encyclopedia of
Chémical Technology”, 4" edition, Volume 1, pp. 589-590,
and Volume 16, pp. 911-916; and “Handbook of Petroleum
Refining Processes” (R A Meyers, Ed.), 2™ edition, pp.
10.45-10.51, 10.75-10.77. _

30 Catalysts suitable for the dehydrogenation of the
isoparaffinic composition may be selected from a wide
range. For example, they may be based on a metal or
metal compound deposited on a porous support, the metal
or metal compound being one or more selected for example

35 from chrome oxide, iron oxide and, preferably, the noble

........
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and vol unme 16, pp. 911-916; and "Handbook of Petroleum Refining Processes”
(R A Meyers, Ed.), 2nd edition, pp. 10.45-10.51, 10.75-10.77. 30 Catal ysts

sui tabl e fQfp §MMR4gehydrogenation of the isoparaffinic comesidde901#48y be
selected froma wde range. For exanple, they nay be based on a netal or

nmet al compound deposited on a porous support, the netal oy W‘JG' 200§pound

bei ng one or nore selected for exanple 35 fromchronme oxide, iron oxide and,
preferably, the noble WD 02/ 064532 PCT/ EPO2201700 15 AUG 2005 - 11 netals.
The noble netals are understood to be the netals of the group forned by

pl ati num pal | adimgmalier.i dTen nobls hetiady aos mundrrartcbodhadi ben tHe efieraled

noble netals are |_adi a | ' , Platl Sui t abl e porous
supports nay be soufggéﬁ grg]f%ap%ﬁ%%r&%g%g%&guﬁa%sada% .|’vg S %rg’r bon, coke
and charcoal ; situthendomsi dswingeind ahodiher rRrafegiredr nophehmeetals| ays or
Sencates, for S@mLeNdigh el o eLadhesy Jeldaghory |norgant e oxides
such as alunmina, titania or 10 nagnésia; natural 'y or synthetic crystalline
al um no- silsi cat es suShibabhorerrduse sppPrpabs aBiY de awprorsabihaa i earbaf t wo

or nmore el ements sglhect edchr M A HESE L BYPBon TNEIRO TS BHPROLT; i S

preferably an alumna, in particular ganma alum na or eta alumna. 15 The
quantity of the rfgtldicaoprnBibic @Fpournd cHEpBSIHEran ThEYPERBLEC sEARMFt s

not material to tdy $ii1iieUeBL] Ofor Them@Hanhi Yo Ry Stlid akleyahgcsel ected in
the range of from0.01. to 5 %v, preferably from0.02 to 2 %, _ based on

the wei ght of theFFRALPEY. 1D PRI P AXiNEFaPEchel R YHESenfifantHePTat al yst
used for the dehydpR@eaat hebusdliherd s9panatit ey SHMGSIE B0nindN
particular in the catalysts V\gi ch cor‘g)ri,se a_ngble netal. Such further
metal's may suitabfy iR TEE ERERAT B E EGpCEat 2 WU %a 3T Group 5a of the

Peri odi ¢ Tabl e ofcombinations of two or more elements selected from these
groups. The porous support is preferably an alumina, in
particular gamma alumina or eta alumina.

15 The quantity of the metal or metal compound
deposited on the porous support is not material to this
invention. The quantity may suitably be selected in the
range of from 0.0l to 5 %w, preferably from 0.02 to 2 %w,
based on the weight of the catalyst.

20 Further metals may be present in the catalyst used
for the dehydrogenation of the isoparaffinic composition,
in particular in the catalysts which comprisé a noble
metal. Such further metals may suitably be selected from
Group 3a, Group 4a and Group 5a of the Periodic Table of

25  Elements (cf. R C Weast (Ed,) “Handbook of Chemistry and
Physics”, 54" edition, CRC Press, inside cover). 1In
particular, indium may be selected from Group 3a, tin may
be selected from Group 4a or bismuth may be selected from
Group 5a. Especially suitable further metals are alkali

30 and alkaline earth metals. Preferred alkali metals are
potassium, and in particular lithium.

Further elements, which may be present in the
catalyst used for the dehydrogenation of the
isoparaffinic composition, are halogens, in particular in

35 combination with a metal of Group 4a, more in particular



25 Elenents (cf. R C Weast (Ed,) "Handbook of Chem stry and Physics", 54th
edition, CRC Press, inside cover) - In particular, indiumnmy he.selected
fromGoup_ 3a, tin nmy be selected from G oup 4a or bismnut el ect ed
from Goub”%gm“l':'?ﬁem ally suitable further netals are alk ﬁf@%ozﬁﬁgﬁ)

al kakine earth netals. Preferred alkali netals are pot ansuEUP

particular lithium Further elenents, which nay be presen he cat al yst
used for the dehydrogenation of the isopar@affinic conposition, are

hal ogens, in particular in 35 conbination with a netal of G oup 4a, nore in
par ticul ar VIO 02/,64532: PAT/EPQAIA1 100t EnfUG 2005, 12 pdbecoui nation wi th
tin. Chlorine is a preferred halogen. The quantity of such further netals
or hal ogens may heA@ep8ndently-be in the range of from0.01 to 5 %w, 5
preferably from0.02 Re2q¥he 1356 Rchheurehehtndfaidier Gatiabyal mSyi tabl e
catal ysts for the dehydrogenation of the isoparaffinic conposition are, for
exanpl e, chrone dFigEengaEhMRE aHrUrW‘ﬁaraBEét PRURT R Yt CalPuftna,

pal I adi um o 10 gaarerabuyi fitom A afd ReTRl kLD BALEA SRMEe AiFhBaof the

pl ati nunif pot assi um on gam*ra al um na, plati num tin on ganmra- al um na,
platinunitin on Feite, pl ati nun i ndi um on gamma al um na and

pl ati nunt bi smuth on gaﬁmabpé wetlysts Foe dnbydengensddoitiwmy ofetnger ated
at a wide range ,of conditions. Suitahly the t erature is_in the range of
From 300°C + 0 700 HePABLELREF rSAMRP I e o EngEonr S POt 4GB E e BOREL
particular in thex @I&gﬁaoﬁllfnhimﬁ Pt itnmmb b @amﬂihealmh:aia,pr;ﬂﬂﬂad&uﬂavynbe an
el evat ed 2010pressurm ye lralts i thenra/ri of froméLman t ulmSl%% kPa a (1.1
to 15 bara) (i. gakﬁ? Baraabps tius g eraBPyg e the range of from 130,
to 1000 kPa a (1.ﬁ13U1nh®/pata$$1um on gamma alumina, platinum/tin on

gamma alumina, platinum/tin on hydrotalcite,
platinum/indium on gamma alumina and platinum/bismuth on
gamma alumina.

15 The dehydrogenation may be operated at a wide range
of conditions. Suitably the temperature is in the range
of from 300 °C to 700 °C, more suitably in the range of
from 400 °C to 600 °C, in particular in the range of from.
450 to 550 °C. The total pressure may be an elevated

20 pressure, such as in-the range of from 110 to 1500 kPa a
{1.1 to 15 bara) {(i.e. kPa or bar absolute), preferably
in the range of from 130 to 1000 kPa a (1.3 to 10 bara),
in particular in the range of from 150 to 500 kPa a (1.5
to 5 bara). In order to prevent coking, hydrogen may be

25 fed together with the isoparaffinic composition.
Suitably, hydrogen and paraffins present in the
isoparaffinic composition are fed at a molar ratio in the
range of from 0.1 to 20, more suitably this molar ratio
is in the range of from 0.5 to 15, in particular this

30 molar ratio is in the range of from 1 to 10.

The residence time in the dehydrogenation is
typically selected such that conversion level of the
isoparaffinic composition is kept below 50 mole-%,
preferably in the range of from 5 to 30 mole-%, in

35 particular in the range of from 10 to 20 mole-%. By



in particular in the range of from 150 to 500 kPa a (1.5 to 5 bara). In
order to prevent coking, hydrogen nmay be 25 fed together with the

i sopar af fi piccoxeige@si ti on. Suitably, hydrogen and paraf fi necpmErsmotoo n t he

i soparaffinic conposition are fed at a nolar ratio in the rﬁﬁ& 05 fromO.1
to 20, nore suitably this nolar ratio is in the range of f 65 2005 15, in
particular this 30 nolar ratio is in the range of from1l to 10. The
residence tinme in the dehydrogenation is ™ tl9p|' cally sel ected such that
conversion level of the isoparaffinic conposition is kept below 50 nole-%
preferably in thé&eephpe bhefeenvrsien3devet el@g, i5idBs rgactiens vy F he

range of from 10 dpe20,xPBLE 048 fRevdR@d/ OM%ADGE/eEPeO%Qg%QQo&%ﬁJG 2005 -

13 keeping the conversion level |ow, side reactions may to sone extent be
prevented, such &¥YcdigablrBrieATtoiPiEnd NeycFrReRythY megefifdns.andn- convert ed

paraffins and d 268084 £6q CUMIREE HBY Be Saparalrd rhbpmide 5

dehydrogenati on product and, if desired, non-converted paraffins may be
recycl ed tosthe Fshydregenatioh REpct 3pdn tepigsiticsh mRP -Gl i shed
by extraction, byarextriastiyg s Stddylcakioto Ofthe pidHRIrAlYeyathyn Usidid a

nol ecul ar sieve as absorbent, The | ecul ar _sj eve 10 be, ,for exanple, a
Jeol ite 4A, a zedtiPoSSRATALIER WA Be SGPOWPLisHTY PX SXEFaGELPRedY | | near
ol efins may be sepanatedeatitetSlattionsone pxédataldwmbyr asdéhgdaol efin so

t hat the content of1 brigchedeoéefi rgbisrcl) Qetpr oﬁﬂjctmgfec l%traismgd fromthe
dehydr ogenati on i ier843s88Yurther I8 hat thi's Bption is generstl y not
preferred. ®he skid,| gdrpersople s awarcdiok the 4 exdwilihe$SA0f a peebird 1Xg t he

catal ysts, perfOrégO%?ztelaﬁigghyqroﬂf@sjﬂ@d,sifﬁ d, per

_ Qr glng,associ ated
separation steps, usé, in thr's invention. For examﬂ e, gw abl e

procedures for 20qpuegpiedngtcitastlysics song purenl nfrem thranddleddebe@imtsicon

that the content of branched olefin in the product as
obtained from the dehydrogenation is increased further,
15 but this option is generally not preferred.
The skilled person is aware of the techniques of
" preparing the catalysts, performing the dehydrogenation
step and performing associated separation steps, for use.
in this invention. For example, suitable procedures for
20 preparing catalysts and performing the dehydrogenation
are known from US-A—5012021, US-A-3274287, US-A-3315007,
US-A-3315008, US-A-3745112, US-A-4430517. For techniques
suitable for the separation of branched olefins from
linear olefins, reference may be made to “Kirk-Othmer
25 Encyclopedia of Chemical Technology”, 4™ edition, Volume
1, pp. 589-591, and Volume 16, pp. 911-916; and “Handbook
of Petroleum Refining Processes” (R A Meyers, Ed.), 274
edition, pp. 10.45-10.51, 10.79-10.81.
The dehydrogenation in accordance with this
30 invention yields typically a branched olefin composition
comprising olefins having a carbon number in the range of
from 7 to 35, of which olefins at least a portion of the
molecules is branched, the average number of branches per
molecule being at least 0.7 and the branching comprising

35 .methyl and optionally ethyl branches. Preferably, the



are known from US- A-5012021, US-A-3274287, US-A-3315007, US-A-3315008,

US- A- 3745112, US- A-4430517. For techniques suitable for the separation of
branched ol efins from linear olefins, reference may be made t o-*Kirk-Q hner
25 Encycl opedi a of Chem cal Technol ogy”, 4th edition, Volune 1, .
589-591, amdoVvpbasse 16, pp. 911-916; and "Handbook of PetrBPCEER2RATIONI ng -

Processes” (R A Meyers, Ed.), 2d edition, pp. 10.45-10.51, 3&%%3-18 81. The
dehydrogenation in accordance with this 30 invention yields AU&I 1805
branched ol efin conposition conprising olefins having a carbon nunber in
the range of from7 to 35, of which ol ef ink* at least a portion of the

mol ecul es is branched, the_average nunber of branches per nol ecul e being at
| east 0.7 and t hTREHRER R4 SESRAPEPERIFG. IS NEPRPE 18R §ig¥falbRy1BEhy |

branches. Prefer atdspon BRmAPr02h 0ds 3 e TLEPE26R1780: d 5 AUC QB8 rapig

branched ol efin conposition conprises olefins having a carbon nunber in the
range of from 10 3% E@stp/&fdy aBPYe Riefezably78bmlendt O Hivef Ofabl§ at | east

90%v, of the braneirthed fikhifOBBRShStARBNCRBHESEEs0bE ObRdfits Raving & S5
carbon nunber in the range of from10 to 18. In practice, frequently at

most 99. 99%R, nor ¥Ry By if thestatss e¥wiror tHeterifchdd ol efin

conposi ti on consigitact idfe,0lfebiyientBy | a9 rbstanivap spWNbetre NEddimenabgeadf from
10 to 18. Wen it _is jintended_to prepare surfactant 10 sul phates fromthe
branched ol ef i n CBABOSIT 10 i PEi S2° gret it oLRAe ot RETBY SHcARH CoPar Phe
conposi ti on conproseasl efilnaf hasihgva Ncarbaanmberutihethée nrddye dngeonf 16 r om

14 to 17, in whigh se _preferably,at | t. 75%w.,_ _nore ferably at | east
90%v, of the bran%%ef}éa'ol erih g é%n%)%é?rfcfe@ tCoREFEEE 0 u%fée%ar% havi ng a

carbon nunb&r in stlphatmmgdrom thenbidndthed Pldfinpraenpesetidn dquaest |y at

I T e
olefins having a carbon number in the range of from 14 to
17, in which case preferably at least 75%w, more
preferably at least 90%w, of the branched olefin

15 compbsition consists of olefins having a carbon number in
the range of from 14 to 17. In practice, frequently at
most 99.99%w, more frequently at most 99.9%w, of the
branched olefin composition consists of olefins having a
carbon number in the range of from 14 to 17.

20 Suitably the average number of branches per olefin
molecule present in the branched olefin composition is at
least 0.8, and preferably at least 0.9, for example 1.0.
Suitably the average number of branches is at most 2.0,
preferably at most 1.5, and in particular at most 1.4.

25 The number of methyl branches is suitably at least 20%,
more suitably at least 40%, preferably at least 50% of
the total number of branches. In practice the number of
methyl branches is frequently_at most 99%, more
frequently at most 98% of the total number of branches.

30 If present, the number of ethyl branches is suitably at
least 0.1%, in particular at least 1%, more in particular
at least 2% of the total number of branches. Suitably,
the number of ethyl branches is at most 20%, in
particular at most 15%, more in particular at most 10% of

35 the total number of branches. The number of any



carbon nunber in the range of from14 to 17. 20 Suitably the average nunber
of branches per olefin nolecule present in the branched ol efin_conposition
is at le .and preferably at least 0.9, for exanple | tably

t he averag‘gbﬁgﬁ%éq?zaof branches is at nost 2.0, preferabl ypé’{/ﬂﬁ%zé(tﬁ%lo_& and
in particular at nost 1.4. 25 The nunber of nethyl branches ilsh AUG 2005y at
| east 20% nore suitably at |east 40% preferably at | east 50% of the
total nunber of branches. In practice the ngnmber of nethyl branches is
frequently at nost 99% nore frequently at nost 9B% of the total nunber of
branches. 30 I'f presefts, the gyudeek , obeREAW ndH JGHSS LhaqSsifabl y at | east
0.1% in particular at least 1% nore in particular ™ at |east” 2% of the
total nunber of Pranches. Wy thpllgss thannlferitbPaathAFRIBF aktfeshad at nost
20% in particulsgr ot e ADStoddonui®ee bR Padddidd ar ik MBsbed Q% Qfny35 the
total nunber of branches. The nunber of any WO 021064532 PCT/EP02/ 01700 1 5
AUG 2005 - 15 brxaeRbss. it peassmt, SERer theam TRHMY 2BAde®®Ry|  branches,
rmay be | ess st han plQ%enieB, Pasf ivdihdrel €88nt hats, 5%fcaihe hetalcrusrher of
branches. The nunber of an br nche%, i f present, other than nethyl and
ethyl -5 branches,OfﬁPebEOF%}§¥ @I19F2PyRTRal Iy nore than 1% of the

t ot al nunberhof bbranﬁlrga.?J:?eeﬁwm@uaefrﬁuﬁ%eammwd @b&bbf LegnoN a\t/\gms
present in the branched olefins is prefera ow. F | cations ere
Dl odeor adabi 1ty HESAGE 36°EhF drtanchedoSLRE e b it caalier ity ddphati c
carbon atons i s piliabkyohesehdtabiegratiiei Lhrpais aicanaspeeseidal nor e
suitably | egs than 13, Bor apvcanalleall oy pndh o PaLcULachy {or
appl i cati ons wher "8 egra(aab‘ﬁl y o5 mp%r ant, “the nanber of guat er nary
al i phati c carbon siitabdyslpsefenabldk iof Oh& &suvhoh esxmsnpsesentef eanate y | ess

than 0.5 % and iéhﬂy%%ﬁ&cﬂggé éﬁgé ngﬂ1Fgr3%%yl£bplication, and

particularly for applications where biodegradability is

important, the number of quaternary aliphatic carbon

15 atoms preferably is 0.5 % or less, most preferably less
than 0.5 %, and in particular less than 0.3%. In.
practice the number of quaternary aliphatic carbon atoms
present in the branched olefins is frequently more than
0.01% of the aliphatic carbon atoms present, more

20 - frequently more than 0.05%.

The content of branched olefins of the branched
olefin composition is typically at least 70%w, more
typically at least 90%w, preferably at least 95%w, more
preferably at least 99%w, in pafticular at least 99.9%w,

25 relatively to the weight of the branched olefin
composition. In practice the content of branched olefins
is frequently at most 99.99%w, more frequently at most
99.95%w, relatively to the weight of the branched olefin
composition. The content of linear olefins of the

30 branched olefin: composition is typically at most 30%w,
more typically at most 10%w, preferably at most 5%w, more
preferably at most 1%w, in particular at most 0.1 %w,
relatively to the weight of the branched olefin
composition. In practice the content of linear olefins

35 is frequently at least 0.01%w, more frequently at least



practice the nunber of quaternary aliphatic carbon atons present in the
branched olefins is frequently nore than 0.01% of the aliphatic carbon
atons present,. nore 20 frequently nore than 0.05% The content” of branched
ol ef i ns of wWwhe2/r3mched ol efin conposition is typically atPCWERE2/0100%w, nore
typically at |east 90%w, preferably at |east 95%w, nore prieh AP IM0Rt | east
99%w, in particular at |least 99.9%w, 25 relatively to the weight of the
branched ol efin conposition. In practice tklje content of branched ol efins
is frequently at nmost 99, 99%w, nore freque]t y at nost 99.95%w, relatively
to the weight of the branched olefin ositign, The content _of |inear

ol efins of the 3@ ¥3Hch&qL8F&Ys O d:c?ﬁ‘péf € BP5n Of s LS pr e dhrh P /53PS 300,
nore typically atcompelsit@¥w. preferably at nost 5%w, nore preferably at
nost 1%, in particular a relatively tot t of the
branched ol efin corrpéfget %Eﬁncﬁl?lgpﬂ]]fcfr‘r"cgof“ﬁgséliﬁ? nl‘sosfuﬁtla\l#g I}BFeFPﬁs 35
is frequently at d\a&a&tac(&u&é%yf éliDIcm:J‘d eqlu»ﬁliblnxlcat aheasit MR i@2/ 064532 - 16

PCT/ EP02/01700 15 A 0 05 e to the weight of the branched

ol ef s corfposi (16T ASFRBLEr AREREEFILY! e S REBETL FO (ROSSLFERAFEoPLT ( he
manuf act ure of amtmmamomdm enrﬁacmr&a:at lonic 5 surfact ants, preferably the
former two, nore pref(-MabI re%erab |oryc ”}1%%'[ nts. l\/bre ro%f r%bl t he
branched ol efi n conposi &vanar ac ure TS acfw‘an'ts

sul phates, incl ugsery fwlrcml’m&el mamllf.ﬂrmnﬁse afd serfalckphat sul giagssgl 10

sulphates. o nonion.funy3hkxhal e Shaoiol soaTo 4L S0, dibgytsanched

ol efins may be conver nt o branched
al cohol s ar & br anewazhatssi, mery nah terio sa.xyA@ka/rlaaleﬁeaha@Wes t Mo Whdsched

end, the branched olefins may be converted into branched
alcohols. Preferably, the branched alcochols are branched
primary alcohols. As an alternative, the branched
alcohols may be branched secondary alcohols..

15 Conversion of the branched olefins into branched
alcohols is conveniently accomplished, for example, by
hydroformylation, by oxidation and hydrolysis, by
sulphation and hydration, by epoxidations and hydration,-
or the like. |

20 In hydroformylation, the branched olefins are
converted into primary branched alcohols by reaction with
carbon monoxide and hydrogen in the presence of a
suitable catalyst. Methods of hydroformylation which are
suitable for use in this invention are known from, for

25 example, US-A-3231621, US-A-3239566, US-A—323956-9,
US-A-3239570, US-A-3239571, US-A-3420898, US-A-3440291,
US-A-3448158, US-A-3448B8157, US-A-3496203, US-A-3496204,
US-A-3501515, US-A-3527818 and US-A-6037506. Further
methods are described in Kirk Othmer, “Encyclopedia of

30 Chemical Technology” 3™ edition. Vol. 16, pages 637-653;
“Monohydric Alcchols: Manufacture, Applications and
Chemistry”, E J Wickson (Ed.), Am. Chem. Soc. 1981.

Hydroformylation is a term used in the art to denote
the reaction of an olefin with carbon monoxide and

35 hydrogen to produce an aldehyde or alcohol, which has one



al cohol s may be branched secondary al cohols 15 Conversion of the branched
olefins into branched alcohols is conveniently acconplished, for.exanple,
by hydr of wormloedsson, by oxi dation and hydrolysis, by .suPgl&pdue17énd
hydrati on, by epoxidations and hydration',- or the.like. 20 In

hydr of ormyl ati on, the branched ol efins are converted into 1p§lim>zﬂ§]anched
al cohol s by reaction with carbon nonoxide nd hydrogen in the presence of a
sui tabl e catal yst. Methods of hydrof ornyl ale on which are suitable for use

in this invention are known fro for. 25 exanple, US-A-3231621,
US- A- 3239566, USW%F%Z%EEQQ? atom then the reactant’ olefin. Frequently,

US- A- 3239570, US- fn 32895 U aéZQSBﬁdlt&dh@%stﬁ is utilised to
US- A- 3448158, US- A- 3448157, US: A- 3496283 US- A- 3496204

US- A- 3501515 US- BO¥85 7839 ahfifhydenaBd7adare HBr ERetho RGP IIESERPI bed i n
Kirk O hner, "Engycteped a of., &Qdﬂﬂﬁdﬁi‘t@ﬁlatTﬁﬁh&@E@gy"thtIQQI;txldHuctV@h- 16,

pages 637- 653; "Mano ric A‘_J)coho . Manuf actu |cat| ns and
Chenistry",’E S cﬁg%%‘c(]ﬁi Y bR Vb %é’gﬁ\gg&‘a?o?% Mt ation is a
termused in theaadéhyde dsstbicriohherveass i ks afsednhekreinn hyddv-car bon

nmonoxi de and 35 drogen. to duce a | deh) or _al.co i ch has one WO
02/ 064532 PCT/ Epgéfwg%‘bl RETS008 198 %tr%“‘agéar 5RIE gm?hﬁ the reactant
ol efin. Frequent kygohphsthe art, the term hydrofornylation is utili sed to

cover the al dehyde ang, i@%?bi%déécctah tLPaIngbe?slfe‘iP%%' Oft\gg?llgft(%t p 8

hydr of or nyl ati on refers to f e production al co rom o ns V|a
car bonyl at ii@n an@fahheaPefeindiec Tadplet i oRrpfoersss mefalgsell Brewr 8 maydr o-

fornyl ation refegg gglgbeea”ﬂamtrp%l@ae@uﬁt lqrg@‘nuual ¢aBak &m, Sﬁué]@éql @nd
catal ysts are based on a netal o the Periodic Table.

Preferred nmetal s C@Paétoubn@?ﬁﬁt;ﬂc‘ﬂé‘rséF@@t eebaFomrperiugi ant PRLtadivm-

rhodium nickel &Bd Group 8 metal may or may not be used in the form of a
complex compound in which the Group 8 is combined with a
i5 ligand, for example a phosphine, phosphite, arsine,
stibine or pyridine ligand. Illustrative
hydroformylation catalysts include cobalt hydrocarbonyl
catalyst, cobalt-phosphine ligand catalyst, and rhodium-
phosphine ligand catalyst.

20 The source of the Group 8 metal may be a salt.
Preferred are salts of acids which have a pKa value of
less than 6, in particular less than 4, more in
particular less than 2, when measured in water at 20 °C.
Examples of suitable acids are nitric acid, sulphuric

25 _acid, carboxylic acids and sulphonic acids. .Preferred
carboxylic acids are the a—halocérboxylic acids, such as
dichloroacetic acid, trifluorocactetic acid and
perfluoropropionic acid. Preferred sulphonic acids are
p-toluenesulphonic acid, benzenesulphonic acid and

30 methanesulphonic acid.

It is also possible to employ as a source of the
Group 8 metal the metallic element itself or a zero

valence metal complex, for example a complex with carbon



cobalt, in particular fromcobalt, rhodiumand palladium The G oup 8 netal
may or may not be used in the formof a conplex conpound in which the G oup
Bis conbined with a 15 ligand, for exanple a phosphine, phosphite,. arsine,
stibi ne orWe4%#532 | i gand. |llustrative hydrofornylation JFEEFRRRIO0E0Pnc| ude
cobalt hydrocarbonyl catalyst, cobalt-phosphine Iigand cat hl5y;qug

rhodi um phosphine ligand catal yst. 20 The source of the Goup 8 netal my
be a salt. Preferred are salts of acids which have a pKa value of Iess
than 6, in particular less than 4, nore in particular |less than 2, when
measured in water at 2% C. _Exa qugls of suyitable acids are nitrjic alcid,

sul phuric 25 aci FORREHH6xyl TR1S 4 FGIEGF BhoRP R dSheppafat P

carboxyl i c aci ds pifesehite atfhalpesriwoxdiac aci ds, such as dichl oroacetic
acid, trifluoroactetic .acid and erfluoctopropionic acid. Preferred

Sul phoni ¢ aci ds are  PIEB LERRSTH FoMie dePatoperSeHadh PRYFE 510 Uhd 30
met hanesul phoni ¢ rasiothholsphiised| Wi 10 niphré skot BApd Ayydrocardylr aed dr t he

G oup 8 net %I th ' a_zero al ence t%%conpl ex,

net %I | #)clel enent i t%ef'l f gr Z s

for exanpl e2a conPlEe HPR-EH baroW G5-06155250 HEPHHH ER03/017t0 15 ALG

2005 nonoxi de. ThierneeplotdieguarsindwwerestibhseaddiBxaondles pfeskace of a

Tonophosphi nes. i PREEGRER D8t 1 B upanaeieaph ey b1 HHABsBP 10T oxy

groups attached tdinstdygeohybphesphinme ddemydspbyiipmespirigienesraavcket bi nes.

i ot hyt ot hyl phodl e L e ARyl ot hy STSCRm e Croreyere BaTRAvEREPh: nc

tri cycl ohexifl phospirispiiing, pAephenyisanzy] phiesephnae, diphtrenylZoenzydphosphi ne,

dipheny|(2'pyridygﬁdsphine, phenyl [bis (2-pyridyl) ] phosphine, triethoxy- ”
phosphine, butyldiethoxyphosphine, triphenylphosphine,
dimethylphenylphosphine, methyldiphenylphosphine, di-
methylpropylphosphine, and the tritolylphosphines.

15 Alternatively, bidentate ligands may be used such as
tetrahydrocarbylbisphosphines or the corresponding
arsines or stibines: Examples of tetrahydrocarbyl-
bisphosphines are 1,2-bis(dimethylphosphino)ethane, 1,2-
and 1,3-bis(dimethylphosphino)propane, 1,2-bis(diethyl-

20 phosphino)ethane, 1,2-bis[di(1-butyl)phosphino]lethane, 1-
dimethylphosphino-2-diethylphosphinoethane, 1,2-bis(di-
phenylphosphino)ethane, 1,2-bis(diperfluorophenyl-
phosphino) ethane, 1,3-bis(diphenylphosphino)propane, 1,4-
bis (diphenylphosphino)butane, 1-dimethylphosphino-2-

25 diphenylphosphinoethane, l-diethylphosphino-3-diphenyl-
phosphinopropane and 1,2-bis{di (o-tolyl)phosphino] ethane.

Other suitable ligands are the phosphabicyclo-
hydrocarbons, such as 9-hydrocarbyl-9-phospha-
bicyclononane and P,P’-bis(9-phosphabicyclononyl) -

30 hydrocarbons in which the smallest P-containing ring
contains at least 5 carbon atoms. Such ligands include
9-aryl-9-phosphabicyclo{4.2.1]lnonanes, 9-(dialkylaryl)-9-
phosphabicyclo{4.2.1)nonanes, 9-alkyl-9-phospha-

_ bicyclo{4.2.1llnonanes, 9-cycloalkyl-9-phospha-bicyclo-

35 [(4.2.1l1nonanes, 9-cycloalkenyl-9-phosphabicyclo-



phosphi ne, phenyl [ bi s(2-pyridyl)]phosphine, triethoxy- phosphine,
but yl di et hoxyphosphi ne, triphenyl phosphi ne, di nethyl phenyl phosphi ne,
met hyl di phenyl phosphi ne, di- nethyl propyl phosphi ne, and the -

tritolylpthQE _g , 15 Alternatively, bidentate |igands maychgphs@dosuch as
t et r ahydr ocar byl bi sphosphi nes or the correspondi ng ar5|ne§ §)Ad%| bi nes.

Exanpl es of tetrahydrocarbyl - bi sphosphines are

1, 2- bi s(di net hyl phosphi no) et hane, 1,2 and 1,3-bis(dinethy|phosphlno)propane,

1, 2- bi s(di et hyl - 20 phosphi no) et hane, 1, 2-BbBstdi (1-butyl)phosphi no] et hane,

1h diFeLhyIEhos?gggo-z-déi;2£ingsphiEgethane, 1,2-bis(dL; i

phenyl phosphi no anejndn S (zdimp e bl k uorsHhgimdbi g9t 5RBHHD) £1kaRe,

1, 3- bls(dlphenylgg S égg) %ﬁﬁﬁ@ dﬁ%@%ﬁFbIS(égéhi £@ %Qggggggogpg;&pe

1- di et hyl phosphi d I noet

i g|§th{gp?osgh:n??andspaﬁ@yé—%ﬁfnymshkphﬁsmeBMﬁynhb[4 2. l]gonane,;m-
is[di(o-toly no a er._suita s are the

phosphabi cycl o hy'd gcﬁ?ﬁ%ﬁ% 1@%%9”35 98h lﬁ%gfa?acg4pﬁoggﬂ8.a?ﬁcﬁ%lononane

and-P,Pi-bi5(9;phm&pﬁabrphcépMﬂthkﬂoﬂ@ hyﬂrmmmmhnn§—mycwbhehy1he-snallest

DA SR RL08, B P32 BoRgL0T, AL o el 1 93] ude

phosphabi cycl o[ 4. cirhorian2s] 1 ®erate,l 192phpBpHeis B -phoisphdab2citd¢hmonanes,

9- cycl oal kyl - 9- hasgh 4.2.1
9- czcl oal k)ényl 0 p?\%sg%;l%ﬁ% c?%ﬁ% 021/ 86%5@ a%(% EI%’Z/S(?H%CX%IAUG 2005 - 19
[ 4. 2. 1] nonanes, HFPQ-bﬂQegybhggmﬁabhcﬁcHoﬁoﬁy+§¥§iémPQPSPﬁnbth@ﬂq [3.3.1]

i soners. Sp |f|c e%a of 1 Ji0ands, aFe 5 '
9- phenyl - 9- gﬁosphéblcggk b g nonane, 9- [ 1] isomers.

(2, 4- di et hyl phenyl ) - @hshégﬁﬁab%y%qwlzni] Pbndie hlopformylation may

et hyl - 9- phosphabigy dedet+ 24! H‘&Haﬁ'ﬁie S:a%zgegohewi e%cample, temperatures
phosphabi cycl o[ 4. 2. 1] nonane, ¥c|openteny|

bi cycl o 4. 2. 1] nor®a¥e Pe1 £3op F—’O st® Wosﬁhab?%%?’bapt"[rf% i) £BRyFIEhane,
|, 3-P, P -Dbis(9- phﬂSﬂhﬂhﬂQ$O|9€ to 250 °C, in particular from 125 to 200

15 °C, are generally recommended. Reaction pressures in the
range of from 1000 to 20000 kPa a (10 to 200 bara) are
typical, but lowexr.or higher pressures may be selected.
Reaction pressures in the range of from 2000 to 10000
kPa a (20 to 100 bara) .are preferred. Molar ratios of

20 catalyst to olefin ranging from 1:1000 to 1:1 are
suitable. The ratio of hydrogen to carbon monoxide may
be selected from wide ranges, but is usually above 1 to
favour the formation of alcohol product. Preferably this
molar ratio is in the range of from 2 to 10.

25 The hydroformylation process may or may not be
carried out in the pregence of an inert solvent. A
variety of solvents may be applied, for example ketones
such as acetone, methyl ethyl ketone, methyl isobutyl
ketone, acetophenone and cyclohexanone; aromatic

30 compounds such as benzene, toluene and the xylenes;
halogenated aromatic hydrocarbons such as chlorobenzene
and orthodichlorobenzene; halogenated paraffinic
hydrocarbons such as methylene chloride and carbon

tetrachloride; saturated hydrocarbons such as hexane,



[4. 2. 1] nonyl ) propane, 1,4-P, P -bis(9-phosphabicyclo 10 [4. 2. 1] nonyl ) butane
and their [3.3.1] isoners. The reaction conditions of the hydrofornylation
may be selected fromw de ranges. For exanple, tenperatures my be from 20
C to 300 CWOrexi$é¥3dtures in the range of from150 Cto 250‘7@5%/ ﬁa‘)ticul ar
from 125 to 200 15 C, are generally recommended. Reaction pres e 5n t he
range of from 1000 to 20000. kPa a (10 to 200 bara) are typical, but

| ower. or higher pressures may be sel ected. 0Rgaction pressures in the range
of from 2000 to 10000 kPa a (20 to 100 bare%) are preferred. Ml ar ratios of
20 catalyst to olefin ranging from1:1000 to.1;1 are suitable. The ratio of
hydrogen to car b&fPEBREx| et R LY HOREERBE 382 f N TH IS + &nGeBithites s

usual Iy above 1 tschf a¥openiheidilhanaeétahtohile product. Preferably this
nolar ratio is in the raneofh?fc#omZ 0..25 drof ornyl.ati on process

o1 2 Tpe h
may or may not be caPPPRd Bt e b?eggﬂ%’ee%f Fh Yo tRs 8P 9eht. A
vari ety of sol verichigay peoapdt i ehbiflaeaexanpird kehohescatsiveh aToackione,
met hyl et hyl ketone, ne |, isobutyl ..ketone,  .acetophengne an .
cycl ohexanofe; areéﬁat f"(?s:gédgo A sd&ﬁgﬁgggtbgﬁze?l’gtfr?%qluoélneg‘gﬁﬁohﬁ%ls
xyl enes; hal ogersaide dednontidon cmdny dreocpphdrd . suThe asedidoiberyebe aand
or t hodi chl or oben e I nat ed par.affini ocarbons such_as net hyl ene
chl ori de and car tzjhg)r%rb % rggﬁ?gy?dte;usslé]lgu?a %Eag%%\f'o%grrg%%selsuc agis hexane,
WD 02/ 064532 - 2@&lumipRETLEPO2¢01900reduct i6nAWER0D6r hepiapiley sodium

met hyl cycl ohexan | t aney ggq I k.1 : . jtrile and
acetonitrile. Usﬁ)ﬁ@%gﬁ&d%gggna?h% ap%c%egkgg%l\%\gg ?‘3% ‘g d%tci(rr)H talEa-Ichi eve
product st aWi | i saemovadngfparetabathohydrelyhis asdent, aldstysés buch as

~distillation, extyagldcQdn_ hydrolysis ~
The hydroformylation in accordance with this
invention yields typically a branched primary alcohol
. composition comprising alcohols having a carbon number in

15 the range of from 8 to 36, of which alcohols at.least a
portion of the molecules is branched, the average number
of branches per molecule. being at least 0.7 and the
branching comprising methyl and optionally ethyl
branches. Preferably, the branched primary alcohol

20 composition comprises alcohols having a carbon number in
the range of from 11 to 19. Preferably at least 75%w,
more preferably at least 90%w, of the branched primary
alcohol composition consists of alcohols having a carbon
number in the range of from 11 to 19. In practice,

25 frequently at most 99.99%w, more frequently at most
99.9%w, of the branched primary alcohol composition
consists of alcohols having a carbon number in the range
of from 11 to 19. When it is intended to prepare
surfactant sulphates from the branched primary alcohol

30 composition it is preferred that the branched primary
alcohol composition comprises branched primary alcohols
having a carbon number in the range of from 15 to 18, in
which case preferably at least 75%w, more preferably at
least 50%w, of the branched primary alcochol composition

35 consists of alcohols having a carbon number in the range



and reduction may be applied. The reduction nmay be a hydrogen treatnent
using a catalyst of nickel on an alumna carrier or reductionwm-th for
exanpl e so@ow2i064382 ohydri de. The product stabilisation mayralmErPex/01I® r enoval
‘of acetals by hydrolysis and of al dehydes by reduction. THeh AUG P

hydrof ormyl ation in accordance with this invention yields typically a
branched primary al cohol conposition conprising alcohols having a carbon
number in 15 the range of from8 to 36, of athich al cohols at |east a
portion of the nolecules is branched, the average nunber of branches per
mol ecul e. bei ng &f Ifagut 16. 7o okt t & phrahthe ngfxmentdiyngtneeslyl and

optional ly ethyl ¢ &rg@a%heaﬁr{;" @,{]a In'tz Lh Qééf‘%%(ivp“o@%ﬁgaégﬁw dfzo

conposition conprises alco a ca on nunber from
11 to 19. Pref er asiiyjagy aéa@m??sﬂmposnrﬁft@np%m%*%lm yiaglcehsis dmmnsbfa t he

branched primary cﬁlkﬁihﬁhnﬁgﬁpﬂ?'éﬂeo'}aﬁ%sbﬁﬁr&ﬂ A GQhalgs having a carbon
nunber in the range of from1l to . In practice, 25 frequently at nobst

99. 99%w, noPe frequentSyitaplypshe 39’@3?9%/ ngybe s eoh rhprEtrbespPRRe? Jeiiohol

conposi tion consisiterafe aresbt SilhaneN8rancREQOH ML R1BhbNE range of
from1ll to 19. Wen it is infended to pre are _surfactant sul Ehates fromthe

branched pri mary SARATGCISH EBrMosiadson O B+ angre¥ehs&Plhat {a2sbrAiehed
primary al cohol f£&Mmasinpleniconprasesbiianabesverid@inundet0bel Srakehdsg a

carbon nunber in Ihe ra of from in _which c e prefera

| east 75%w, nore Pt Fﬁ’g‘%y ab ?%egietra%g%vat ‘f‘ofﬁelbsr'a a* pp?ﬁﬁjrfpb]%cohol
conposi ti one35 COE[’tSInﬁiaS: af. 4al C'Dlln@lmnh:am bg methAybasrandiear isnstbeabnge WO
02/ 064532 - 21 PCEI'/ EPOSS:Q%N_ZSOO ndZe ulta a{: Elrom 1 ‘tgoﬁ/f rgb?}ragctbl ce,

frequently at nost frequen 5t ranched
least 50% of the total number of branches. In practice

the number of methyl branches is frequently at most 99%,
more frequently at most 98% of the total number of

15 branches. If present, the number of ethyl branches is
suitably at least 0.1%, in particular at least 1%, more
in particular at least 2% of the.total number of
branches. Suitably, the number of -ethyl branches is at
ﬁost 20%, in particular at most 15%, more in particular

20 at most 10% 6f the total number of branches. The number
of any branches, if present, other than methyl and ethyl
branches, may be less than 10%, in particular less than
5% of the total numberbof branches. The number of any
branches, if present, other than methyl and ethyl

25 branches, may be more than 0.1%, typically more than 1%
of the total number of branches.

The number of quaternary aliphatic carbon atoms is
preferably low. For applications where biodegradability
is not as critical, the number of quatermary aliphatic -

30 carbon atoms is suitably less than 2% of the carbon atoms
present, more suitably less than 1%. For any
application, and particularly for applications where
biodegradability is important, the number of quaternary
aliphatic carbon atomg preferably is 0.5 % or less, most

35 preferably less than 0.5 %, and in particular less than



primary al cohol conposition consists of alcohols having a carbon nunber in
the range of from15 to 18. 5 Suitably the average nunber of branches per
al cohol nol ecule present in the branched prinmary al cohol conpasition is at

| east 0.8, wan@opiseierably at least 0.9, for exanple 1.0. Smtyaﬂﬁ 1700 e
average nunber of branches is at nost 2.0, preferably at no ,2085d in

particular 10 at nost 1.4. The nunber of nethyl branches is suitably at

| east 20% nore suitably at | east 40% preferably at |east 50% of the total
nunmber of branches. In practice the nunbel2of nethyl branches is frequently
at nost 99% nore frequently at nost 9B% of the total nunber of 15
branches. |f preseht, tImapuﬂﬂmapeothethwmbémznﬁﬂquatESnasuiakﬁp@auﬂc | east

0.1% in partlculg%ran6%q9%§ %%rgﬁﬁgnfkg éﬂé e?% SE o of the

.total nunber of Sti ta er of ranches i s at
most 20% in partltphatiatcamsm aswsnprese:mt ,pamqnecdhraquentby mayst thew of
the total nunber jofcbranches. The nunmber of any branches, if present, other
t han net hyl and ef yf’ branches, may be less than 10% in particular |ess
than 5% ofSthe t ot al Thententestt ipfahthApshedher impryealgbhahy obrtdisches, if

present, other tB@Qneﬁééy%Lrﬂmlﬁfamébhgﬁ Q&ﬁﬁ&é‘ﬁéox{@é bgpEBEEL han 0. 1%

typically nore than 1% he 't ot al nunber” of branches?” The nunber of
quat ernary al i phaeRELcAPBEN RATEMEYPS Capl¥f F abtast ARIWFoPTEBRTIRY A i38ns wher e

bi odegradabi | ity1eh8tNgbs@s wdrd igralrerhBey NADELaQf Bt enpapyr@ddiatic 30
carbon atons is SUItab|¥ | ess t han 2% of ¥he carbon atons 35 present, nDre
0

suitably |ess thak 198SFo?? a?f &E&PP&&FFBntanEFﬂﬁ?ﬁPEngrFQGfQFanc ed

applicationg Vmefp@‘lmat?dgﬂé@lﬁ@.b|ddu{pbs|1&1bﬁ'poriﬁrﬁradﬂl%enldhbe&o@tferﬁﬂfﬁfer nary

al i phatic carbon_ato eferably_ is 0.5 %or |ess referably |ess
than 0.5 % and PRBARERCEFLFaT% 8l cPRRHBVEF O5T oMLY, a3 mbst 55 Dosh,

more freguently at most 99.95%w, relatlvely to the weight
of the branched primary alcohol composition. The content
of linear alcohols of the branched primary alcohol

15 composition is typically at most 30%w, more typically at
most 10%w, preferably at moét‘s%w, more preferably at
most 1%w, in particular at most 0.1%w, relatively to the
weight of the branched primary alcohol composition. In

-practice the content of lineér dlcohols is frequently at
20 least 0.01%w, more frequently at least 0.05%w, relatively
| to the weight of the branched primary alcohol
composition.
The branched alcohols may be directly sulphated, or
first oxyalkylated followed by sulphation.

25 Any technique known for sulphating alcohols may be used
in this invention. For example, sulphation processes
suitable for application in the present invention are
known from US-A-3462525, US-A-3428654, US-A-3420875, US-
A-3506580, US-A-3579537 and US-A-3524864. Suitable

30 sulphation procedures include sulphation by reaction with
oleum, sulphur trioxide (SO;), chlorosulphonic acid
(C1803H) or sulphamic acid (NH,SO.H).

When oleum is used, the concentration of sulphur
trioxide in sulphuric acid is typically from 1 to 30%w,

35 preferably from 2 to 20%w, based on the weight of the
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al i phatic carbon atons is frequently nore than 0.01% of the al.iphatic

car bon at o) Bleagpt. nore frequently nmore than 0.05% 5 ;E 2000868  of
‘branched primary al cohols of the branched primary al cohol EPI 008" IS
typically at least 70%v, nore typically at |east 90%w, preferably | east
95%w, nore preferably at |east 99%v, in particular at |east 99. 9%,
relatively to the weight of the branched-103pfimary al cohol conposition. In
practice the content of branched primary alcohols is frequently at nost

99.99%w, nore fpegugnt | ¢ Aty TRSEmIInOd9 %8¢ daldrY @Yok Pad heravei ght  of the
branched primary al cohol conposition. The content of |inear alcohols of the
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typically at nogk 30%Mechdd GhiicaBLY , abr&BSitab13/r AObC4 PEST LI ARG 8t  NOST
1%v, in particular at nost_0Q.1%w, relatively to the ht of the branched

wei
primary al cohol @S‘ﬁpﬂg}?i%.brlatﬁlChﬁfiaE%?‘aléO]ﬁTe Ot éH’?PBFg’r?lhé%?rY &ccohol s is

frequently at 20 dogastt&d fsontace ihgegneidandied aasbh01 5% el ati vel y

to the weight of the branched prinmary al cohol _conpgsi.tion. The branched
al cohol s may be (?ﬁFBE‘t‘FE/ %Lﬁeﬁ'ﬁ%tr uz rlnf‘%?%tra&%‘?alq(%yfﬁf"édz?olq ded by

sul phation. 25 Any.techni que known for sul phating al cohols nay be used in
this invention. For exanple, .sul phatio rocesse sui.tabl e for application
in the present invent ?‘o%’r%al lﬁ‘l’g\ﬁﬁmﬂ ﬁ??jgl fﬁ‘éﬁ%‘? }QBSPIAQ%%%)%GE&
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Wien ol eum i s usd@lliihg €oheentinieitonr gboted phurwater at a temperature
in the range of from 20 °C to 70 °C to yield the
sulphuric acid ester of alcohol or its ethoxylate. The
reaction is suitably carried out at atmospheric pressure,
15 for example at a pressure in the range of from 80 to 120
kPa a (0.8 to 1.2 bara). The sulphuric acid ester of the
alcohol or its ethoxylate then exits the falling film
column and is neutralised with a base, e.g., sodium or
potassium hydroxide, to form the corresponding alcohol
20 sulphate salt or the corresponding alcohol ethoxysulphate
salt. '
Suitable oxyalkylated alcohols mayvbe prepared by
adding to the branched alcohols an amount, for example,
from 0.1 to 0.6%w, preferably from 0.1 to 0.4%w, based on
25 the weight of the branched alcohols, of a strong base,
typically an alkali metal or alkaline earth metal
hydroxide such as sodium hydroxide or potassium
hydroxide, which serves as a catalyst for oxyalkylation.
The resulting mixture is dried, as by vapour phase
30 removal of any water present, and an amount of alkylene
oxide calculated to provide from 1 to 12 moles of
alkylene oxide per mole of alcohol is then introduced.
The resulting mixture may be allowed to react until the

alkylene oxide is consumed. The course of the reaction



trioxide in sulphuric acid is typically from1l to 30%v, 35 preferably from
2 to 20%v, based on the weight of the WO 02/064532 - 23 PV AUG_2005 ol eum

Sui tabl e agpunts of sul phur trioxide are generally in the f_fromOoO.3
to 1.3 nol 3"50%(}64%| e of branched al cohols, preferably froﬁgﬁﬂzﬁ’émf. 0

nol es per nole of branched al cohol s- The sul phation rra?lmﬁgag conduct ed by
contacting the branched al cohols and the oleumat a te UG 2005 t he

range of from20 Cto 70 C. A typical sulpByr_trioxide sul phation procedure
i ncludes contacting liquid alcohol or its ethoxylate and 10 gaseous sul phur

trioxide in the reactio one a | 1ing filmsul phator ol ed hy. wat er
at a tenperatur ema}'rc]b? hlgof]a?vgeéiog??' FP%ﬂ?‘QJOm-% 5 %céeflgeyﬁgl gﬁ? he" St Phuri c
acid ester of al ppéesupe.its ethoxylate. The reaction is suitably carried

out at atnospheric prgssur.e, 15.for _exanple at_a pressure.in e, range of
from80 to 120 kPa agl(lbt.:%b%teo a?kéa Ia“reaﬁ”.(:rP e SU p%urr i¢oa |18 Eég%}e%? t he

al cohol or [ ts ebhbdg| al&{ﬂmpydﬁhgsokhéef aljz-ﬁglltfymeme oali;lanaaddeb-
neutrall sedewd (NefLBREsy Sifhe. SHMILAL PRIESE'D MBI LB the

correspondi ng al co or the correspo
et hoxysul phate saktpr&ietsdd ealkyahkybarides al Coiwlar meyebelpyéeae ed by

adding to the brape I ng ; € ranl (O . 6%,
preferably from %Q%Htgg \géi% %dé%eradggﬁ%@ntc%e %\eel?@ﬁeofretaﬁgngaﬁ%%%eo
al cohol s, of a seigabhobaser sequinddblyyahoahdleg ia fetagk Gtralckurene earth

metal  hydr oxi de rpuCBx881 RPH LBUY e¥bdea Piy POl ABRIWA ydiyhdea whi ch
serves as a catalyst for oxyalrgl ation. The Tesulting mxture is dried, as

by vapour plase 36mPeRBYUreDfanthPTRECEFSPr esBRtt2RIRI ZER4HGINt of al kyl ene
oxi de cal cul at ed tbppRiavifes f fagel Je0 £33mMbeS @fto 220 °c, with the

range of from 140 °C to 160 °C being preferred. A
suitable reaction pressure is achieved by introducing to
the reaction vessel the required amount of alkylene oxide
15 which has a high vapour pressure at the desired reaction
temperature. For consideration of process safety, the
partial pressure of the alkylene oxide reactant is
preferably limited, for instance, to less than 500 kPa a
(5 bara), and/or the reactant is preferably diluted with
20 an inert gas such as nitrogen, for instance, to a wvapour
phase concentration of 50% or less. The reaction can,
however, be safely accomplished at greater alkylene oxide
concentration, greater total pressure and greater partial
pressure of alkylene oxide if suitable precautions, known
25 to the art, are taken to manage the risks of explosion.
With respect to ethylene oxide, a total pressure of from
400 to 1000 kPa a (4 to 10 bara), with an ethylene oxide
partial pressure of from 200 to 600 kPa (2 to 6 bara), is
preferred, while a total pressure of from 500 to 800
30 kPa a (5 to 8 bara), with an ethylene oxide partial
pressure of from 250 to 500 kPa a (2.5 to 5 bara), is
more preferred. 1In the cases that the pressure serves as
a measure of the degree of the reaction these pressure

ranges relate to initial pressures. In such cases the



al kyl ene oxi de per nole of alcohol is then introduced. The resulting

m xture may be allowed to react until the alkylene oxide is consuned. The
course of tWeeoywasshi on WO 02/ 064532 PCT/ EP02/ 01700 15 AUG 2@ffEpo2/@doo may be
followed by followi ng the decrease in the reaction pressure. Suitable

al kyl ene oxides are for exanple ethylene oxide, 1,2-propyl 8nAUGx200%.

1, 2-butyl ene oxide and 2,3- 5 butyl ene oxide. Ethylene oxide and

1, 2-propyl ene oxide are preferred al kyl ene?3xides. Two or nore al kyl ene

oxi des may be added as a mixture to the reaction m xture alcohol, or
sequentially to nmlketaohl tekewtigigetredetoThe swbsdanyliafligncosplefs cdleny
conducted at ele e r S Les. .Suitable reaction

t enper at ures ran\géglteogrfr;g‘r#ﬁ%&&%t%ye%ZSggge&v)\né%%%{iﬁ% trlalzr%ge of from140 Cto
160 C bei ng preferredItAsheyld dtf eindezstPod Pphralis Slnee oxyadkhil evieh by -

introducing to the JBacli Q0 -YESSY i:nﬁgogﬁgé"é%s%%‘&mav%&?gé kyilogne Qg de 15

whi ch has a hi gh vapour pressure at esired reaction nperat ure. For
consi derati dn of 3rkedens ouiedeyunitfe pegapplgl ohepnghedoplepbohl kyl ene oxi de

reactant is prefgralhyibial t efhr fOfar el apEEatddht &FS Priabheflakddhds (5
bara), and/or the reactant is preferably diluted with 20 an inert gas such

as nitrogen, for Witdt anpelesooh sHEPIERe prade RIMAHE &L r2BFEEDY or | ess.

The reaction can,alduneRVeervee Safentcacenapeishies ati G oat eacrl dydana oxi de
concentration, greater total pressure and_greater_ parti al ressure of

g
al kyl ene oxi de | Y FEE ¥R RRARVGFTEE RhodnS IR 1S 1156 MOLFE SURST to
manage the ro sks wsleeXqllcoibDnmoi st h anespegh & oswidudrarialopireportidrotal
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a total pressure efhyleme bRde omBDH iH> kRd an(SppoBivdtaly) equalh an
ethyl ene oxide paéggﬁgrtion will have become combined with less than 3.
In a typical ethoxylation product mixture, there may also
15 be a minor proportion of unreacted alcohol.
The general class of surfactant sulphates which may
be made in accordance with this invention may be

characterized by the chemical formula (R-O-Ax-S03)M, L

wherein R represents a moiety of the branched primary

20 alcohols according to this invention which have a carbon
number in the range of from 8 to 36, in particular from
11 to 19, more in particular from 15 to 18; A represents
a moiety of an alkylene oxide; x represents the average
number of moieties A per moiety R and is in the range of

25 from 0 to 15; M is a cation selected frém an alkali metal
ion, an alkaline earth metal ion, an ammonium ion, and
mixtures thereof; and n is a number depending on the
valehcy of the cation(s) M, such that the total
electrical charge is zero. The ammonium ion may be

30 derived ffom an organic amine having 1, 2 or 3 organic
groups attached to the nitrogen atom. Suitable ammonium
ions are derived from monoethanol amine, diethanol amine

and triethanol amine. It is preferred that the ammonium

ion is of the formula NH4+. In preferred embodiments M
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pressure of from250 to 500 kPa a (2.5 to 5 bara), is nore preferred. In
the cases that the pressure serves as a neasure of the degree of the
reaction these pressure ranges relate to initial pressures, ln such cases
the WO 02/ O¥1&4#B4BET/ EP02/ 01700 15 AUG 2005 - 25 reaction PSTEEHSH I ed to
be substantially conplete when the pressure no | onger decreases with tine.
It should be understood that the oxyal kylation procedure{$eaygs2008
introduce a desired average nunber of 5 alkylene oxide units per nole of
branched al cohol oxyal kyl ate. For exanple, treatnent of branched al cohols
with 3 noles of ethylene oxidqﬁgg*ﬁgnle of branched alcohal serves to

effect the ethoxiISREPEF6F BAL £51 MRHBPELET e IF (RPERTSAVEY 4GRS oF2B

et hyl ene oxi de nuireioze pae d&te®d|splalbddlely obi ehy, (laddimchegiy a substanti al
proportion of alﬁg?ql gpheﬁgeﬁ vMéés becone %onbined W t h QngtEQan 3

et hyl ene oxi de noi &P & AT AR AIPITk IS BAYEEFART CHF FIoTI6n SRFE have
becone conbi ned werdfdrasacehan Sofd rwaxetrypi cal et hoxyl ation product m xture,

there may also 15 be 1 Nor .proportion Q nr.eact ed al.cahol . .gener al
class of surfactant s&%ﬁ%%?ggdmﬁﬁg’&%af Sgr#% ga?% %%g%ﬁaéﬁ%go%??ﬁgghis
i nvention nay be thehalketfldr nzbdl byuldiatesemitc fhef brantlzed RrBmarySC3) nM

wherein R r epresen{ @il ey 8l NS iALCHEdALL AR ¥ 20 AlsRNal Sa2gar di Ng

to this invention ‘have "a car bon ~nunber in range of froms& to 36,
in particular frommber tig tBe nenge iof Faom ddl &p LPonminpaxtirglan Ervpmesents

a moi ety of an aljylena g0xida; tie ' SOEASCH2 M NSuAYREAGE oAUTREr Of nDieties
0 to 15 '

A per noiety Rand is in the range of 25 from 15; Mis a cation
sel ected fr¥m an eAMdANSAFECR PTPERCT Af dheabraackaft AYHBREN 31GRRCdR ammoni um

ion, and m Xt ureg¢ihef e0fcar8Bd AutiSe iHIHRRI rdagendengron iheo val engy of

the cation(s) M such that the total electrical charge is_zero. The

ammoni um i on nay Qﬁ;tlcular from 15 to 18, with ethylené oxide and 1,2-
propylene oxide, in which condensation product the number
of ethoxy gfoups ranges from 3 to 12 and the ratio ethoxy

15 groups to 1,2-propoxy groups is from 4 to 12.

The surfactants which can be made in accordance with
this invention, in particular the surfactant sulphates,
may be ﬁsed as surfactants in a wide variety of
applications, including detergent formulations such. as

20 granular laundry detergent formulations, liquid laundry
detergent formulations, liquid dishwashing detergent
formulations; and in miscellaneous formulations such as
general purpose cleaning agents, liquid soaps, shampoos
and liquid scouring agents.

25 The surfactant sulphates find particular use in
detergent formulations, specifically laundry detergent
formulations. These formulations are generally comprised
of a number of components, besides the surfactant
sulphates themselves: other surfactants of the iomnic,

30 nonionic, amphoteric or cationic type, builders,
cobuilders, bleaching agents and their activators, foam
controlling agents, enzymes, anti-greying agents, optical
brighteners, and stabilisers.

The present liquid laundry detergent formulations

35 may comprise the same components as the granular laundry



R —

30 derived froman organic anmine having 1, 2 or 3 organic groups attached
to the nitrogen atom Sui tabl e ammonium ions are derived from nonoet hanol
am ne, and triethanol amne. It is preferg ﬁﬁ?{, e
anmoni um |on |s 0 the formula NH4+. In preferred enbodi rre%?ls V%B(h
021064532 PCT/ EP02/ 01700 15 AUG 2005 - 26 represents pota$di AbGo20p g
magnesi um as potassiumions can pronote the water solubility of the
(branched- al kyl ) aryl sul phonat es and magnesium can pronote their
performance in soft water. 5 Preferred classes of surfactant sul phates

conprise the al kali gehal féfmfaactl%%sof vhBecREgnehed- pnl MGy, . al cphal s

according to this invéntion wnhich have a carbonh ~nunber “in the range of from
11 to 19, in partafcGhgr inpraanis ug 10gr gABPPRENG| kdfyduesrapes hphidtes of

the to condensat igrsphLedygt tﬂé 1hel @%QQ% eRE FBFNBICRRQ SgehaviNg a
carbon nunber in'the range of from1l to , In particular from15 to 18,

with ethyl ene oxiR¥&PRE§ FloeninPRAEHE B%Vdéompﬁl%ml%qp%ﬁb‘éﬁéa’f?%?ﬁproduct

the nunber sof eth@X\edsQUPSah 8RS @fedtE) AddpdE-ddies al 0 et hoxy 15
groups to 1, 2- pro% ﬁroups is from4 to 12. The surfactants which can be
made in accordan ]\)#ll iseRi 1§94 on, in particular the surfactant

sul phates, may be US&ﬁeaﬁréﬁéxﬁtaCﬂc&ﬂﬁLﬂdtﬁoﬁsV\&nd? yvafit£iry s0largppaméa@it ons,
i ncl udi ng deterge tn1 gu i‘ |ons slfi ngranul ar. | aundry det ergent
fornul ati ons, cﬁrht Fheabhd éerd%rf PEPPRRRES 1 i JuirTUPERWER g
det er gent for rrulsaaweon@:reaadabny mm&ldzﬁmeauﬁ Bswaulm$ﬁ13>zsmhb asiglgener al

pur pose cl eg)m ng ajgs:]nts soa S, sharrgogs e L qui d sc?un ng agents.

25 The surfactant™s hﬁhgto% ITE S us |ne c ?erggntac orirul ati ons,

specifically | aurmrqmpd@tselogenbmmcmrmﬁmamns buThdses f arendlaispbasear e

general l'y conpri sgd . 0f,3na¥aRE! - Afa OV LSrpBRSLASS 418 SELaghant
sulphates. Examples of organic builders are
polycarboxylates, aminocarboxylates such as ethylene-

15 diaminotetraacetates, nitrilotriacetates, hydroxycarboxy-
lates, citrates, succinates and substituted and
unsubstituted alkanedi- and polycarboxylic acids.

Another type of builder, useful in granular laundry and
built liquid laundry agents, includes various

20 substantially water-insoluble materials which are capable
of reducing the water hardness e.g. by ion exchange
processes. - In particular the complex sodium
aluminosilicates, known as type A zeolites, are very
useful for this purpose.

25 The present formulations may also contain
percompounds with a bleaching action, such as perborates,
percarbonates, persulphates and organic peroxy acids.
Formulations containing percompounds may also contain
stabilising agents, such as magnesium silicate, sodium

30 ethylenediaminetetraacetate or sodium salts of phosphonic
acids. In addition, bleach activators may be used to
increase the efficiency of the inorganic persalts at
lower washing temperatures. Particularly useful for this

purpose are substituted carboxylic acid amides, e.g.



sul phates thensel ves: other surfactants of the ionic, 30 nonionic,
anphoteric or cationic type, builders, cobuilders, bleaching agents and

their acti %&?@ 53t)_oam controlling agents, enzynes, anti -gf,@y' p&mgg@nt S,
g % ry de

optical bri ef's, and stabilisers. The present liquid [aun er gent
fornul ations 35 may conprise the same conponents as the grhfupHG 209§ndry WO
02/ 064532 PCT/ EP02/ 01700 15 AUG 2005 - 27 detergent fornulations, but they
generally contain | ess of the inorganic bujd der conponent. Hydrotropes may
be present in the liquid detergent fornulations. General purpose cleaning

agents may conpri,se _qther s, .. .5 bui : f gam gont 1ol S,
hydr ot r opes and & Eﬁalcggé’rigg%‘gg%g?%l.amﬁg’plré}alls)gﬁEE?%?%U?%%Ooéﬁéqﬁagggg%t ain a
| arge anount of d.we bsiondeylanvbeniridsddphooapenand ssodinmmyanenidp-t o

90w . preferabl y bet milggdof%\fﬁtﬁﬁ%e% ‘&Qoﬂ?@}(‘@i %%sl.la%é%fs Lhe .
formulation, to intensity the cleaning act Yon. anpl es of common i nor gani c
bui I ders are phosplields metpd| pphos phathenzeglekakplienal ardrhoeaees, silicates
and sul phatses. Exa o%icOfac%[i??“éfkﬁ%ﬂ Iflehs 3h¢rBOLYCALARXYIRLES.

am nocar boxyl ates such as ethylene 15 diam notetraacetates,

nitrilotriacetat esitiime®d caFEdRYC 2Gidbs alialiamesal sgetonidass wxga,

substituted and HIbSIY;LUL edgat kpgel no13Rd nRo! ygzﬂ%ﬁﬁlﬂ!& | & aghids,4 11480t her

type of builder, useful in granular_ laundry and built liquid | aundry agents,
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capabl e of reducingdihe Wﬁl%brb?&ﬁé@é%l%f&l Bwd @Rhexshessis processes. In
particul ar the conpl ex sodium alum nosilicates, known as type A zeolites,

are very u¥eful for tFeERdEsp8Eetonn aantrnleagrntEorREI RITRICIFS A0
contain perconpokiishtvifidtty Beeacbbags AGHITE indehhgarpesBosmi, eand

silicon containing defoamers. In particular hydrophobic
silica particles are efficient foam control agents in
these laundry detergent formulations.

15 Examples of known enzymes which are effective in the
laundry. detergent formulations are protease, amylase and
lipase. Preference is given to the enzymes which have
their optimum performance at the design conditions of the
washing and cleaning agent.

20 A large number of fluorescent whiteners are
described in the literature. For the laundry washing
formulations, the derivatives of diaminostilbene
disulphonates and substituted distyryibiphenyl are
particularly suitable.

25 As antigreying agents, water soluble colloids of an
organic nature are preferably used. Examples are water
soluble polyanionic polymers such as polymers and
copolymers of acrylic and maleic acid, cellulose
derivatives such as carboxymethyl cellulose methyl- and

30 hydroxyethylcellulose.

The surfactants which can be made in accordance with
this invention, in particular the surfactant sulphates,
may also advantageously be used in personal care

products, in enhanced oil recovery applications and for

L]
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per car bonat es, persul phates and organi c peroxy acids. Formul ations

cont ai ni ng perconpounds may al so contain stabilising agents, such as
magnesi um @id a2a@is2 sodi um 30 et hyl enedi am net etraacet at e @cTaPd/oivesal ts of
phosphonic acids. In addition, bleach activators may be us‘teg i ncrease
the efficiency of the inorganic persalts at |ower washing rfé@z?ﬂ es
Particularly useful for this purpose are substituted carboxylic acid

am des, e.g. WO 02/064532 PCT/ EP02/ 01700 -135AUG 2005 - 28
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succi nic aci d, al kal i Thet sbrmllailcdesSactbeiing MaN@he dhvenedsh
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| i pase. Preferenc _ en to the enzynes ave ei r optinum
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A large numger of flugresceatnWLENeLS 20&radleSAliied dkNpLhgldd ¢t ure.

For the |aundry washin ormul ations, the detrivatives of diam nostilbene
di sul phonat es and3&S3¥L Py ufeBtRS (RATFLENpRERYPL drite ty@er PREI BRTHF 1R ©dbl e.

25 As antigreyi ngr3@@Rlisg ¥AheEhs UdlkatrCot | Qhdler®fardN aliphatic carbon
atoms are as defined in US-A-5849960 and they are
determined by the methods as described in US-A-5849960.

15 Also the further analytical methods and the test methods
are as described in US-A-5849960.

Unless specified otherwise, the low-molecular weight
organic compounds mentioned herein have typically at most
40 carbon atoms, more typically at most 20 carbon atoms,

20 in particular at most 10 carbon atoms, more in particular
at most 6 carbon atoms. Organic compounds are deemed to
be compounds which comprise carbon atoms and hydrogen
atoms in their molecules. The group of low-molecular
weight organic compounds does not include polymers and

25 enzymes.

As defined herein, ranges for numbers of carbon
atoms (i.e. carbon number) include the numbers specified
for the limits of the ranges. Number of carbon atoms as
defined herein include the carbon atoms along the carbon

30 backbones, as well as branching carbon atoms, if any.

The following example will illustrate the nature of

the invention without its scope.
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20 in particul ar 3:130°rﬁ)§tn<il@tcar boessonmt rﬁ@roé’ ikﬁapart(ﬁeulb@zra) ateppdyting

carbon atompy Oraa GreaMidy BpecdSRy dheqtemppyplshioh conpri se

car bon atons and atoirs Tn their ["ecul es. rou
| ow ol ecul ar mogﬁrgetm @aéoﬁﬁ@@n‘d%“dbé’sf A0 Nﬁéﬂu&élw@m@n@ﬁd at

room temperature, “N1” refers to the gas volume at 0 °C,
100 kPa (1 bar)).
The hydrocracking/hydroisomerisation product stream

15 is fractionated by distillation and by separation over a
molecular sieve zeolite 5A such that an isoparaffinic
-composition is obtained which consists of branched and
linear paraffins having a carbon number in the range of
from 14 to 17. The average number of branches is 1.9 per

20 paraffin molecule. The number of methyl branches is 60%
of the total number of branches. The number of ethyl
branches is 15% of the total number of branches. The
quantity of branched paraffins present in the
isoparaffinic composition is more than 96%w, and the

25 quantity of linear paraffins present in the isoparaffinic
composition is less than 4%w, based on the weight of the
isoparaffinic composition.

The isoparaffinic composition is subjected to

conditions of dehydrogenation by contacting the

30 isoparaffinic composition, in the presence of hydrogen,
with a platinum on gamma alumina catalyst (0.5%w
platinum) at a temperature of 490 °C and at a pressure of
250 kPa a (2.5 bara), applying in the feed a

hydrogen/paraffins molar ratio of 4. The residence time



25 enzynes. As defined herein, ranges for nunbers of carbon atons (i.e.

carbon nunber) include the nunbers specified for the |

imts of_the ranges.

Nunber of @& égesbons as defined herein include the carbagrpimesi®ebong the

carbon 30 backbones, as well as branching carbon atonms, if any. The _
foll owing .exanple will illustrate the nature of the invent} 5”AUGtZUB?:t Its
scope. WD 02/064532 PCT/ EP02/ 01700 15 AUG 2005 - 30 Exanple |I (prophetic) A

Fi scher Tropsch hydrocarbon m xture of linear- paraffins having at |least 5
carbon atons, further conprising a mnor quantity of oxygenates, is

subjected 5 to ceEdicheonsopdrdnrinacs ackpogi @itsh hlrintermleaathen dhat

contacting the hydrocarbon m xtur in the presence of

hydrogen, with a

e
pal | adi um on si | i%0&- &PERFHE at'al 9§t‘ (0.5%w Pd, 55%w A1203, 45%w Si 02) at a
tenperature of 3500CTrREdEhyd qfeatibt PlodO Perradt@@nkaed)by appl yi ng 10

a liquid hourly space velocity of 0.5 1/1/h and a hydrogen_to wax feed
Pt 0 of 400! N 1RBRrab R v s L ECHABH TN BT B SOUERRIE ot he
gas volune at 0 ‘Yarafi@fiskPaa (dadedf)ipn ffbe bYelfnerfcddtmighhydr obsaimsd.sati on

product stream 15 is_fractipnated by distillation and
b ST TaaPiah e oo il

nol ecul ar sieve zeolit an i

b paration over a
R

obt ai ned whi ch corsl sflefdh Hraciched witdh hidnegen pamdfdanieohawnogide Gar bon

nunber in the ra t 7. The a r, of - br.ar S is
1 per 50 par af 1 folar et PEP W a8akByeh B MErAdF fiifaclor DIAOENSE 10
total nunber of biten@iresenTheohmiprosphisehypdibiedctrimnlits cBEYd Bt t3te & ot al
nunmber of bfanchgg,, the guagtifes ofc angnggeg ﬁ?é Jfé‘%ﬂofa%%ﬂkpén?t{%
6%, and t 0 I hear

i soparaffinic conposSition I's nore than |
par af fi ns presentbanflt Metidoparr¥gtifne of the reaction.

e 25 quantity

The hydroformylation reaction product is subjected

to usual treatments for deactivating the
catalyst, and stabilising, purifying and

15 alcohol product obtained.

hydroformylation
drying the

The alcohol product is then sulphated by a known

method.
Example 2 (prophetic)

The procedure of example 1 is repeated, exéept that

20 the separation over a molecular sieve is

omitted, and

that the quantity of branched paraffins present in the

isoparaffinic composition obtained is 80

sw and the

quantity of linear paraffins present in the isoparaffinic

composition obtained is 20 %w, based on the weight of the

25 isoparaffinic composition, and in the isoparaffinic

composition obtained the average number of branches is

1.5 per paraffin molecule. In other aspects the

isoparaffinic composition is as indicated in example 1.

Example 3 (prophetic)

30 The procedure of example 1 is repeated, except that

the Fischer Tropsch hydrocarbon mixture consists

essentially of a wax of linear paraffins having at least

30 carbon atoms. The isoparaffinic composition obtained

is of a similar composition as specified in example 1.



conposition is |l ess than 4%v, based on the weight of the isoparaffinic
conposition. The isoparaffinic conposition is subjected to conditions of
dehydr ogengfg ¢fsldsacont acting the 30 isoparaffinic conpositp@frpizitdie
presence of hydrogen, wth a platinumon ganma al um na catal yst (0.5%w
platinun) at a tenperature of 490 OC and at a pressure of 250AU§6‘%G85(2-5
bara) , applying in the feed a hydrogen/paraffins nolar ratio o . The
resi dence tinme WO 02/ 064532 PCT/ EP02/ 01700 3B5-AUG 2005 - 31 of the
i soparaffinic conposition is controlled such that the conversion is 15%
The dehydr ogenat i@ampi QdACtp+SoHdtaehi onated by separation over a molecul ar
sieve zeolite 5ATO temove 5 paraffins. A paraffin free olefin fraction is
obtai ned. The ol ef i nNTRRR¥PERAYLS IRFdCFREPHY| &t b8 ISPIREC | ffCePhetAtefin
fraction with hydhageppapg: £6i areimenawideudhr 880 afs IMit@e@f Bydrogen to
carbon nmonoxide of 1.7:1 in _the presence of a phosphi ne nodified cobalt
catal yst at a 10 V@RpaFyt of LRSS CFAGLARS PHPESR ' F2°8000 kPa a (80
bara) until sconpligloparaefihbe é@asddivionTbpthyaeal 0 dad, @her gaght Dy
product is subject egé to usual treatnments for deactivati the
hydr of or nyl ati on X4t 8F§5t PALH ’srfsalﬁqqsﬁﬁ’ig,lnpﬁli‘?fﬁ?%atffﬁ%l&lﬁi ng the 15
al cohol product aldmpioBediodhebitd DIigPrOdUCt basedhem e pledbRd by Bh&nown
met hod. Exanple 2 gjg)[ao%‘b_gti c‘): The Dbr cedure gf . eX le 1 isagregeat ed, except
that 20 the separSFPoRTHVEIC CHREEHIT sPBT st B 1T &R 34dd Phat t he
quantity of brancegbosdrabhi alstpimsenthd mavelragei aopbenfdi Mranchepossti on
obtained is 80 ¢ he ntity of .linear ffins e t in the
i sopar af fi ni% (ﬁ!nbaf;gie%i ﬁrggfﬁgn%olelcsu %?vn ggfsl%ﬁ %éljp?cﬁ:res vq\:gll%ght of the
isoparaffinic composition is as indicated in example 1.

Examples 5-8 (prophetic)

The procedures of examples 1-4 are repeated, exXcept
that in each case the isoparaffinic composition obtained
15 consists of branched and linear paraffins having a carbon
number in the range of from 13 to 17,.instead of from 14
to 17. In other aspects the isoparaffinic compositions
obtained are as indicated in the respective example of
examples 1-4.
20 Example 9

Cg_54 paraffins produced by polymerisation using
methane and syn gas (H; and CO)as starting materials were
separated by distillation. A sample of C;5-C1¢ paraffins
was dehydrogenated essentially using known

25 dehydrogenation/olefin extraction processes, to produce
C15-C1g branched olefin (“candidate olefins”).

A control olefin feed, which typically Has a
quaternary carbon content of 0.20 or less was Cyg-Cig
branched olefins obtained by isomerisation of linear

30 internal olefins (“ISO olefins”). The isomerisation of
the control was conducted essentially as described in
Example 2 of US-A-5849960. The candidate olefins and the

ISO olefins had the following characteristics:



25 isoparaffinic conmposition, and in the isoparaffinic conposition obtained
t he average nunber of branches is 1.5 per paraffin nolecule. Iln.other
aspects t {gy odoseaaraffinic conposition is as indicated i npgqaRLA17ho

Exanpl e 3 (prophetic) 30 The procedure of exanple 1 is re ted, .except that
t he Fi scher Tropsch hydrocarbon m xture consists essenti Zlefyﬁ& 2&]5\/\/ax of

| inear paraffins having at |east 30 carbon atons. The isoparaffinic
conposition obtained is of a simlar conmasition as specified in exanple 1.
WO 02/ 064532 PCT/ EP02/ 01700 15 AUG 2005 - 32 Exanple 4 (prophetic) The

procedure of examphe 3 .i Soiepgatwstg except that the separation over a
nol ecul ar sieve.is amtted the quantity of branched paraffins_present in

the 5 isopar af fiQlie€ i8ofigBSi ti on obf&Pneleftnooow, t h&agdafeteyoleffing near
paraffins pres Tt e g Tt ' ' —based
on the weight of the isoparaffinic conposition, and in the isoparaffinic
conposi tion obt Harédfire &verage ndnfer of branches 2% to 1.7 per paraffin

ol ecul e. In ot hgiorRsRest Ssibe is@paraffinic conposijzion is as indicated in
exanple 1. Ex - I -

repeated, except that in each case the isoparaffinic conposition obtained
15 consists of branched @09 biffdedanabhbis favd i fialiten pugharmd n the
range of from13 to 17 .inNstead of from14 to 17. In other aspects the

i sopar af fini ¢ coriEdsint isamplesbbwi Ijetk cefloemgd at hon catlettant ibAdyraspecti ve
O e O XA sk 1ROuBAI %00 24,BARALLL % HUGCE, Y

pol yneri sation using ne Aane”and syn gas B~an )as starting materials
were separ at ed paradilstli |(sangononditsiams endf pBiSe@GEPameirei nged to

convert the ISO olefins to Cy4-Cyy branched alcohols (ISO

alcohols, D in Table 4 below) in order to provide
comparison data for the candidate sample (E in Table 4
10 below) . '
The progress of the reaction was monitored by sym
gas uptake. The isolation and purification steps o
e consisted of a vacuum flash separation.to reﬁéve heavy
ends and catalyst residues from the crude alcohol, a

15 sodium borohydride (NaBH4) treatment to reduce formate

esters and aldehydes to alcohols, a water wash step (3
times) to remove the unreacted borohydride and decomposed
borate compounds} and a vacuum fractional distillation to
isolate alcohols from unreacted olefins, side product

20 paraffins, and any residual catalyst and heavy ends. The
reduction of aldehydes and formate esters during the
sodium borohydride treatment was monitored by FTIR.

The candidate alcohol exhibited a branching index of

1.5 and an average carbon number of 16.1. The followihg

25 " results for the candidate alcohols were observed:
Table 2.
Alcohol End Branching Analysis (C-1 refers to alcohol carbon)

%no branching or branching at the C4+ position 72.0

% branching at the C3 position 11.7



was dehydrogenated essentially using known 25 dehydrogenati on/ol efin
extraction processes, to produce Cl15-Cl16 branched ol efin ("candi date
olefins"). A control olefin feed, which typically has a quaternary carbon
cont ent ofWw0.02064582 | ess was Cl15-Cl16 branched ol efi ns obt aiP6dENH01700

i sonerisation of linear 30 internal olefins ("1SO ol efi ns")}.STAUﬁ 200

i sonerisation of the control was conducted essentially as described in
Exanpl e 2 of US-A-5849960. The candidate olefins and the 1SO ol efins had
the following characteristics: W 021064532%-- 33 Table 1. Aefin Feed

PCT/ EP02/ 01700 15 AUG 2005 d efin typel SO ol efi nsCandi date ol efins A efin,
ot 98. 362 Par af f isnmetdyt Pr7pehing GvakiecS? POGKTOIB C16- CL7 branchet 7al cohol s
wer e synt hesi sed & et hencialngf amn eissanplresitipnhydr of or myl ati on substantially
as 5 described i n iSppl 5848360er Brocethyr es gperdoppeitipm paral & (sane
conditions and procedures) were used to convert the 1SO olefins to Cl16-Cl7
branched al cohol s (| SOveadicohglesef Bradnahikgbl e 4 bel ow) in order to provide
conpari son data for the candidate sanple (E in Table 4 10 below). The
progress of the reactdonagiyonitored by sy, gas uptake. The isolation and
purification steps cansighesd of a vacuum fhagsh separation to renmove heavy
ends and cat al yst r'es(i_:*(;lru?srofr{)+ t he crude cohol, a 15 sodi um bor ohydri de
(NaBH4) treatnment to fed ceformate esters and al dehydes to al cohols, a
wat er wash step (3 tines) to renove the unreacted borohydride and
deconposed bor alrﬁecg@gyoridshoan hyagum firnactri %nalltsqli stillation to

i sol ate al cohol s"Trom unreacs't &doief ' hs, O de Jdict —5°

Table 3.

Alcohol End Branching Analysis (C-1 refers to alcohol .carbon)

%$no branching or branching at the C4+ position 63.6
% branching at the C3 21.8
% methyl branching at the C2 4.8
% ethyl branching at the C2 1.3
¥ propyl or greater branching at the C2 position 8.6

%Overall Type of Branching

Cl (methyl) 79.9
c2 10.0
C3+ (propyl+) 10.1

The carbon number distribution was determined using
the Nitric Oxide Townsend Discharge Chemical Ionization
Gas Chromatography/Mass Spectrometry method described in
I. Dzidic, et al, Analytical Chemistry, Vol &4, pp. 2227-

10 2232 (1992). The results were as shown in the following
Table: v



————————————

20 paraffins, and any residual catalyst and heavy ends. The reduction of

al dehydes and formate esters during the sodium borohydride treatnent was
noni tored by FTIR The candi date al cohol exhibited a branching index of 1.5
and an aveV&y¥%%¥hon nunber of 16.1. The following 25 reSSELVE¢ he
candi dat e al cohols were observed: Table 2. Al cohol End Br anflsi ﬁBG%EVSi S
(G 1 refers to alcohol carbon) %o branching or branching a

position72.0 % branching at the C3 posit _ g pll.7 WO 02/064532 PCT/ EP02/ 01700
15 AUG 2005 - 34 - %nethyl branching at thé C2 position6.7 * ethyl
branching at the %%1 p 5|t|on1 4 % 1SQPQ£| or greater branching at the C2

position8. 3 vover yp & gr NE‘“anc &t‘(" | )60.7 C2(ethyl)7.6
C3+( propyl +) 31. 6L The ¢ank ¢Sekicordishwed t e flol | owl nd (@apdidaetiephaisTghl e 3. Al coho
End Branchi ng Anghysi-$oEdnin it Snith(C oot PaEREL WiRathares 19 or
branching at the 14)0Sioni O0rb3.00 Y brancihi ng_pt _ole (371668 netdwyl{br anchi ng
at the C24.8 eth,d_b%%fcm%gg_ax_%e G213 oropy|-or-2dr jz HiAg at the
C2 position8.6 Operahii TP qf—Bsanchigig ety 719 %s T4 15 C3+
(propyl+) 10.1 5 1 [ noer A1 putioh was ddtered neld 16silng t he
Nitric Oxi de Towhsef&bi-éharige—Creni-eW—onizht-i— 0.0 93

fotall o978 22 | 1000 815 185 100.0

Note: The amount of linear alcoholis calculated based on calibmfion of pure standard compounds.
However due to lack to sutable standands for branched components, the distribution of branched alcohol is calculated
assuming equal response for all components. The resulting distribution may be close but not btally accurate.

The “Alcohol End Branching Analysis (C-1 refers to
alcohol carbon)” box describes branching in the molecule
5 as it pertaiﬁs to the location of such branches relative
to the alcohol end of the molecule. When branching is
present next door to the alcohol carbon (C2 carbon), the
NMR is able to actually differentiate between, methyl,
ethyl and propyl or longer branch types. When branching
10 is on the carbon two away from the alcohol carbon (C3),
NMR can only tell that there is a branch but cannot tell
if it is a methyl, an ethyl or a propyl or ionger. By
the time you are three bonds away from the alcohol
carbon, the NMR cannot tell if there is any kind of
15 branching. So, the entry “%no branching or branching at
the C4+ position” coadds linear molecules as well as
molecules that have branching 3+ bonds away from the
alcohol carbon.
The “%Overall Type of Branching” box gives the
20 amounts of Cl (methyl), C2 (ethyl) and C3+ (propyl or
longer) branches in the molecule irrespecfive of where
these branches might occur relative to the alcohol_end.
NMR analysis of the candidate sample showed a
quaternary carbon content below 0.5%. Molecules
25 containing quaternary carbons are known to be difficult
to biodegrade. Hence, a guaternary carbon content below

0.5% renders these materials very useful and quicker to



R
Gas Chromat ogr aphy/ Mass Spectronetry method described in 1. Dzidic, et al,
Anal ytical Chem stry, Vol 64, pp. 2227 to 2232 (1992). The results were as

shown in the followng Table: WO 02/064532 - 35 Table 4. %ﬁg%ﬂ@ber
Di st ri buti 8P %P1 EPO2/ 01700 15 AUG 2005 D 1SO al cohol SE

al cohols) % Br al cohol % Ln al cohol CND% Br al cohol % Ln al cohfl CND

C140. 10. 00. 10. 00. 00. 0 0150. 70.41.10. 73.03.7 C1626.51. 027. 533 §1AU3439£§
C1766. 70. 967. 538. 50. 839. 3 C183. 40. 03. 47. 80. §7. 8 C190. 40. 00. 40. 50. 00.

total 97. 62. 2100. 061. 516. 5100. 0 Note: The anobunt of |inear alcohol is

cal cul ated based on calibration of pure standard conpounds. However due to
| ads to suitable =1 ‘for branched conponent; the distribution of

branched al cohol is caeulcatBgdresSstiny Ity ieguahteespons£l dli=alec @rpanenés The
resulting distribution nae%ge cl ose rate. The "Al cohol
|

I but. not, totally agc
End Branchi ng Anal%§fsiSes EPFares 87 7Y gtheal%t&&ﬁgl %85¥b8%)ga§5"ox FESEFPes
branchi ng i n the Mdecidne wegte tdlpetted MRrtingt hhel atatidmtaforsa@d br anches
| ati tg th | cohol d_of I : b hi iS. t
noxt door 19 the SIS Bt B8R FOoARR HGHT « MBS RRRE) Srn e g Bt oAl |y
di fferentiate betowehidatet Afkcphokt KF)] ewid gutedy Idueingotige rdimtandattippes.
Wien branching 10,45, £ (e 6L Bon {ug,auay.fd omethe aleofiol garfien (C3),

NVR can only tell ere’is a bra danno I's a net hyl,
an ethyl or a propghaigred dmgshe Byquidiesttatse you are three bonds away from

t he al cohol car bﬁ&m%ﬂe !I}gl\/R cannot tell if there is any kind of 15
t

branchi ng. So, M0 branchi ng or branching at
10 Using the procedures described in Example 9, the

quaternary carbon content of alcohol molecules found in a
competitive product were measured. The competitive
product was a highly methyl branched alcohol prepared by
oligomerisation of propylene followed by
15 hydroformylation, which converted the olefin into a
, highly methyl branched alcohol. The quaternary cafbon
' coﬁtent was appquimately 0.6. US-A-5112513 describes
this product as “a highly methyl branched tridecyl
alcohol known for its use in lubricants and detergent
20 formulations which does not require rapid
biodegfadation.”
Example 11
Sulphates of D and and E from Example 9 were

prepared by chlorosulphation and analysed. The following

25 were the results:
Source % AM  UOM H20 Sulphate Total
D (Ex. 28.8 1.4 65.6 0.82 96.6
9)
E (Ex. 30.9 1.3 62.8 0.73 95.7
9)

AM = Active Matter
UOM = Unreacted Organic Matter

It is apparent that certain features of the



t he C4+ position" coadds |inear nolecules as well as nDIecuIes that have
branchi ng 3+ bonds away fromthe alcohol carbon. The "% Overal |_Type of
Branchi ng"whe¥edsyes the 20 anounts of G (nethyl), (eH?'Y/LEi’ozﬂﬁ%om”
“(propyl or Ionge branches in the nolecule irrespective of where these
branches night occur relative to the al cohol end. NVR anal ¥ AUGF 2005¢e
candi-dat e sanple showed a quaternary carbon content bel ow 0.5% Ml ecul es
25 containing quaternary carbons are knownsioe be difficult to biodegrade.
Hence, a quaternary carbon content below 0.5%renders these materials very
useful and quick 0 7 ALG

bi odegr ade. 1?mf¥vgﬂ% §ggf%égéﬁg%%%Egggggg%gg}cgg%&?gtedJ%?%%ftﬁggg?ﬁ:gas
upt ake usi ng theoﬁlﬂe@tarﬁéﬁre ot sSevervarlse riaet pevisidest dncol | ect ed
during the di stiddiiaigfdin 2nalamed diboBEnERD. AndofleddRyyTEckapied WO

fractions of candidate alcohol (E) collected during the |st|IIat|on

solidified at rodmitenpevgngien Yaidt aice depFriamdl &0 Fherganéextnef e 1 quid
state. Exanpl e 10idf deinBgdlRen® e s vdepehi Deda i sedavmrhe 8r the

guat ernary carbon content _of al cohql, nolecules found in a conpetitive
product were nealdtf sitekdecsiBetPiyiRati®oduct was a hi ghly nethyl branched
al cohol prepared by oligonerisation of propylene followed by 15

hydr of ormyl ati on, which converted the olefin into a highly nmethyl branched
al cohol . The quaternary carbon content was approximately 0.6. US-A-5112519
describes this product as "a highly nethyl branched tridecyl alcohol known
for its use in lubricants and detergent 20 formnul ati ons whi ch does not
require rapid biodegradation.™



.Exanpl e 11 Sul phates of D and and E from Exanple 9 were prepared by

chl or osul phati on and anal ysed. The following 25 were the results: Source%
AMUOVH2OSul phat e Total D (Ex. 28.81.465. 60. 8296.6 9) E(Ex 30. aﬁ% 0 7395. 7
'9) AM = Active Matter UOM = Unreacted Organic Matter al?r% 12&5hat
certain features of the WO 02/064532 PCT/ EPO2/ 01700 15 AUG 2005 - 37

i nvention, which are for clarity described in the context of separate
enbodi ments, may al so be provided in conbination in a single enbodi nent.
Conversely, features of the invention whith®are described in the context of
a 5 single enbodi nent may al so be provided separately or in any suitable
sub-conbi nation.” 15 AUG 2005 CL Al MS'1. A process for preparing branched
ol efins, which process conprises dehydrogenating an isoparaffinic 5

conposition conprising 0.5 or |ess quaterghary ald phatic carbon atons over
~a suitable catalyst, which isoparaffinic conposition conprises paraffins

having a carbon nugber ,f b, bhgd 30060kl felb@ndd 010k 00 Ghhuparaf fins at,

| east a portion of the nolecules Is branthed, the average nunber of -
branches per par af f PROCSHS éE‘Eﬁ’%Sﬁél‘?ﬁj’yﬁFBﬁ?’@at?nﬁoa’? BORAGA T HE 5T anchi ng
conpri sing nmethyl aregmgptitéoaldgrpetéidg boasches lenhi olrtersoparafibhaiéc

conposi tion has bee@ap%;rﬁa@g‘qs tg{,erhydsr‘ﬂgggggl&ga@pgt hygle of, sorreri sation of a
|

paraffinic wax, 15 sa ranched ol efins havin qpaternar)g1 carbon cont ent
iscparaffinic composition compxrises raffins ‘having a

carbon number in the range of from 7 teo 35, of which
paraffins at least a portion of the molecules is
10 branched, the average number of branches per paraffin
molecule being from 0.7 to 2.5 and the branching
comprising methyl and optionally ethyl branches, which
isoparaffinic composition has been obtained by
hydroeracking and hydroisomerisation of a paraffinic wax,
15 said branched olefins having a guaternary carbon content
of 0.5% or less.
2. A procesg as claimed in claim 1, wherein the conktent
of branched paraffins of the isoparaffinic composition is
at least 70 %w relative to the weight of the
20 isoparaffinic composition.
3. A process of uzing olefins for making an anionic
surfactant, a nonionic surfactant or a catlonic
surfactant, in particular a surfactant sulphate ox
AAAAAAA sulphonate, comprising converfing branched olefing into
25 the surfactant which branched olefins have been obtained
by a process ag claimed in claim 1 or 2.
4. A process for preparing alcochol sulphetes comprising
converting branched olefine into branched alcohol
sulphates, which branched olefins have been obtained by a
30 - process which comprises dehydrogenating an isoparaffinic
composition comprising 0.5% or less gquatexmary aliphatic
caxrbon atoms over & suitable catalyst, which

isoparaffinic composition comprises paraffins having a



of 0.S%or less. 2. A process as clainmed in claim11, wherein the content of _
branched paraffins of the isoparaffinic conpositionis at |least 70 %w
relative to the weight of the 20 isoparaffinic conposition. i. A process of
using olefins for making an anionic surfactant, a noni oni d WMiadtlnt or a
cationic surfactant, in particular a surfactant sul phate or sul phonate,
conprising converting branched clef ins into 25 the surfactant which
branched ol efi ns have been obtained by a process as clainmed in claim1 or
2. 4. A process for preparing al cohol sul phates conprising converting
branched ol efins into branched al cohol sul phates, which branched ol efins
have been obtained by a 30 process which conprises dehydrogenating an

i soparaffinic conmpdSFPrR @B rins Fiy T8°8% G TFeRs’ &Ga%/%'r r YO8 phati ¢
carbon atons over a ghhfpitscacalaakyss ponhiah ofi slopatcakébIdac ieonposition

compr i ses paral i ns ayig 2l S 2005, 30 0O R BUIB Ll ek e range of

from?7 to 35, of whic paraffins at™|east a portion of” the ecules is
branched, the averad®laguiferedtd frahchdstpet-SparaftenbrsRAbdes] e being from
0.7 to 2.5 and 3 he hcapelsing het3Ipsdsiopgismilnyl ewvrid ppadaneal | yat hyl
branches, said alc I C .skNg 0% Or S ary

al i phatic carbon at %}E_Lh%éﬁagé%}gsg%ﬁ%}%#éaa%%Oclleglg 3aq%?£%§1Merei n the
branched ol efi ns ar é8h¥er E87F9 8¥™Me branched al cohols 10 by reacting

t he branched ol efi ns.w t&.rrarban aspalxirdd Bndlhydrogens | nwlidreiprigrence of a

suitabl e catal yst. 6, . Aduanebed oLeli R CornesihionaayiNoQa5% QhohgSS

quaternary car bon atons and conpri si ng ol e{| ns hayi n% different; .
consecutive carbon MInBEFTIH ?iﬁeebf%ﬁg’eedof’ 5P By “REPE moppxd ERdol ef i ns
at+~teast a portion dfydrhgen ol terulprssdmpehphr ivedrabive catalrsage nunber of
branches per 6. A branched olefin composition having 0.5% or less .
. quaternary carbon atoms and comprising olefins having
different, consecutive carxbon numbers in the range of
15 from 7 to 35, of which olefinsg at least a portion of the
molecules is branched, the average number of branches per
molecule being 0.7 to 2.5 and the branching comprising
methyl and optionally ethyl brxanches, and which branched
olefin composition is obtainable by a process which
20 comprises dehydrogenatiné an isoparaffinic composition
which hag been obtained by hydroeracking and
hydroisomerisation of a paraffiniec wax, said
isoparaffinic composition comprising less than 0.5%
quaternaxy aliphatic carbon atoms.
B 25 7. A branched alcohol composition which is obtained
by a process as claimed in claim §.
8. An anionic surfactant, a nonionic surfactant or a
cationic surfactant which ie obtained by a process as
claimed in any one of ¢laims 3 to S
30 9. An isoparaffinic composdition comprising leas than
0.5% quaternary aliphatic carbon atoms and comprising
paraffing haviang different, consecutive carbon nuwbers in
the range of from 10 to 35,0f which paraffins at least a
portion of the molecules is branched, the average numbex
35 of branches per paraffin molecule being fxrom 0.7 to 2.5



-nol ecule being 0.7 to 2.5 and the branching conprising nethyl and
optionally ethyl branches, and which branched olefin conposition is
obt ai nabl e by a process which 20 conprises dehydrogenating af§ gggagmﬁfinic
conmposition which has been obtained by hydrocracki ng and

hydr oi sonmeri sation of a paraffinic wax, said isoparaffinic conposition
conprising less than 0.5% quaternary aliphatic carbon atons. 25 7. A
branched al cohol conposition which is obtaiped by a process as clained in
claimsS. 8. An anionic surfactant, a nonionic surfactant or a cationic
surfactant which is obtained by.a p .. as i Ln e af .clainms 3
to S. 30 9 An i's’op%ﬁcgftﬁfaz?%ancc\érlfﬁ sclrogtﬁ g?]&g?‘ i ?g?jhg %eggtlt ar%?go?'%b%l

guat ernary al i phat ilerag@hben at ons and conprising paraffins having
different, consecutive carbon nunbers in the range of from 10 to 35, of

whi ch paraffins at |east a portion of the nolecules is branched, the
average nunber 35 of branches per paraffin nolecule being fromO0.7 to 2.5 1.
5 AUG 2005 - 40 and the branching conprising nmethyl and optionally ethyl

br anches.
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