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H GHLY BRANCHED PRI MARY ALCOHOL COVPCSI TI ONS, AND

Bl ODEGRADRS! /BE89ERGENTS MADE THEREFROM 1. Fiel d BVEREOR%ent i on
The invention pertains to a new primary al cohol conposition and the
al koxyl ates, sul fates and al koxy -sll fates thereof and to their ---
production and uses. 5 2. Background of the Invention - The
al cohol s of long chain olefins, especially those havi ng about 10 to
28 carbon atons, have consi derable commercial inportance in a

variety of appli C%%&?}?Y RANCHEb”EkEﬁA?? ﬂEES{xSE”E@y@B?@EQ@‘f%@ tants,

and freeze 10 pol epressants i n lubrrcatrng ols are
produced by any one of BDODEGRABABDE ODBTERGENTACHMABE THEREFROM O0XO0 Or

hydr of ormyl ati on of |ong chain ol efins. Typi cal | ong chain

al cohols are the comercially avail abl e NECDCL al cohol s made by
Shel | Chem call Compigyd dhetkXXhvddtion al cohols avail able from Exxon

Chem cal, and the al coho[s avail abl e from Eni chem ( NECDOL,

TAL )
EXXAL and LI AL Tnd 1nYent oy PTRFRE)S to a new priparypalfghtfact ure of

the NEODOL al colidSsi@idH €and the alRORyDapbly Lineates! ghinafigedyi s

subj ected to hydro- 20 fornyl ati on by reacting carbon nDnOX|5e and
hydr ogen ont o Sulfates ttherpefiandntonkhpiespredustian erd vaealyst to form
an 5 al goholpz d iy L3663 So £ t 8% Bt PEopuber of al cohol

nol ecules in n are |inear primry

al cohols. O the Bikacheerhpl el orohehainnokefins, ebpecbapdyi those
substanti a! ! y Y?A\J‘I %f 151(9\51: aié ! t8f2é h@arﬁ)o atng?nﬁQgQgcb s?ﬁe% Blgz car bon
atomrelative to th %ydro- Xy %earlng carbon atom ese

al cohol s can sifmezpeial yimportancgeinoaveariédtyoofinapplicatinosi onic

detergents or ﬁﬁgfﬁégng detergents, soaps, surfactants, and freeze

10 point depressants in lubricating oils. These alcohols are

produced by any one of commercial processes, such as the
oxo or hydroformylation of long chain olefins. Typical
long chain alcohols are the commercially available NEODOL
alcohols made by Shell Chemical Company, the EXXAL

15 alcohols available from Exxon Chemical, and the LIAL
alcohols available from Enichem (NEODOL, EXXAL and LIAL
are trade marks).

In the manufacture of the NEODOL alcohols, a pre-
dominantly linear olefin feed is subjected to hydro-

20 formylation by reacting carbon monoxide and hydrogen onto
the olefin in the presence of an Oxo catalyst to form an
alcohol. In excess of 80% of the number of alcohol
molecules in the resultant alcohol composition are linear
primary alcohols. Of the branched primary alcohols in

25 the composition, substantially all, if not all, of the

branching is on the Cy carbon atom relative to the hydro-

xyl bearing carbon atom. These alcohols can subsequently

be converted to anionic or nonionic detergents or general
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-2- gidgact ants by sul fonation or ethoxylation, regg &g&

of the alcoho? Al so known as anionic surfactants for E ?M%bent

are the al cohol - et hoxysul f at es. - 2 -The NEODOL |ine of alcohols has
met with considerable 5 commerci al success with detergents because-

the NECDOL  surfachpgbhobycsnpéenatbes canebeorybabtinal kyspeedieedyy th
high yields ofel{ $ga£ 353890|SAl;Qekggéﬁrgsthfgnlc Sur£38§P§F§ Ealcohols

as i nternediates e ergent grade surfactan 8fause it
i s general |y deteggentd ahatthen@hconﬁl ethoaysohbasebi odegrade, while the

branched | ong ch oh | f onat es_exhi
blodegradablI|tyaTHeSN%%80L pLfie Q%e?g?%%%fiegﬁﬁ % p§l€§e605§l€8ﬁ§9ﬁ%rs
for waShi ng acemmercial ahtcaasewytheﬂeaéedehﬂk0bé6§u§@VthQnﬁEGBOLthe need

to proyvi de actant or detergent which_bi odegrades is 15
wel | recognlz hCOhOf comp051€?8?se§%ﬂp?% e¢rnenigal by gpgeduredeyithe

manufacture high yi®ids sfriaséantabyorbl gonethgi 8gsLert
ol efins %rou h a surface deacti vated ZSN@Z% cata% gggt%lﬁéé%l

ol i goner s, hyﬂ*%?%?%?l%§lh@t?ﬁ@eﬁ+?ﬁ%ﬁeﬁoraﬁﬁt?é@%ﬂﬁrgﬁgdeosurfacaants

sem -1inear adgpbeb 6O8RASE!iON; Hayengrb sy +8 d thdc4
branches, and whose_branching is F?n1tg § éggnlze % %tb%gﬁ% es. The

al contf can PRlePheky| biedearader while th%ubt%@@@eénhomg chabnted to be
b'0degradab|ealéﬂﬁoiugﬁfﬁénates eth@¥€0$8@foyfgdé %ﬁ?f{@%ure 588 rties

conpared to iso- tridecyl alcoh Retaln earl t he
al cohol det%@@%@§$t$@ﬁ $@apesisedadpy 1cdnswhens ﬁmrhwabhanglage

met hyl branchig; E@l%@@fé@@édcﬁédﬁﬁ@tél‘?@fréﬁne nt, eth%%%‘ésvtng a

bi odegr adabl e surtact OWever, to obtain
a bi odegr adalpeowid¢ azt awrf3gtant opi déergénti which theodegnaetiésagiso net hyl

br an S, ting the branching to under 1.4, and w thout
|Iﬂ1$¢ﬁg onese r%ég géi*ég1 surface deactivated cata- lyst. It

woul d al so be desForbdeanmpl erak@s &5 bl et Adddd@ribes the manufacture

of a surfactant by oligomerizing C3 and C4 olefins

through a surface deactivated ZSM-23 catalyst to form
oligomers, hydroformylating the oligomer, and recovering
20 a semi-linear alcohol composition having less than
1.4 methyl branches, and whose branching is limited to
methyl branches. The alcohol can be ethoxylated and/or
sulfated and is reported to be biodegradable, and further
have improved low temperature properties compared to iso-
25 tridecyl alcohol. Retaining the linearity of the alcohol
composition to less than 1.4, along with obtaining
methyl branching were important considerations to
achieving a biodegradable surfactant. It would be
desirable, however, to obtain a biodegradable surfactant
30 without limiting the branching to methyl branches,
without limiting the branching to under 1.4, and without
limiting oneself to a 2SM 23 surface deactivated cata-

lyst. It would also be desirable to make a biodegradable
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-3- . woogskgctant wi thout conducting oli.gonerization ?E@%?ﬁh%%
t hrough zeolite catal ysts, which are expensive and may coke up or

be*used up quickly if one needs to build Thain | engt h through the
catalyst. 5 Anot her product, EXXAL 13, is derived from propylene
ol i goneri zat i ofuEFRSHGR tadidhamtalgaridnatuing wildeyomegiezatfion reactions
nmono-ol efins, the Vi verage af. 13 carbaon . at ons bei ng
distilled out, utou?gﬂ%%lrﬁg}gs%ﬁﬁeﬁg'ns&{lnéh a8 exR%S’Cfeer?r]‘é r&®Ye. The
ol efin is thencolls et et thee usted up hywdiraklor Ny adrie®measd NG AOXDD PEREESS .

EXXAL 13 is r t e -4 et hyl branched tridecyl -al cohol
known for its lljseélgitr}l1 ﬁ:u(}ﬁoﬁl nttgiegncdaacla\:i%%to'se det er gent formul ati ons

whi ch dé not requi Raotdeird grcatlegr,adXiAIN.13, is derﬁméﬁiﬁr&\@%&ﬁﬁ{]@ﬁ@\L 13
only slowy bi ordLe%r ades. \Wile 15 such a high anmount of branching is
not necessary, Oft9omerizatign d:&brémc?é'biar 3¢ £ edantangsi o a

hi gher MRRRLHML eFHi iy, ARHY NG dridfe JRIGIAENGY WU LIYd Soheverd gl &ss
readi | y bi odegradable. . o U Patentrg%, 196,_62%bdescri esé%%&%

di meri zati on pP&ORSs bEINg distgl LA Pyt mertaiming sanm ole Simheth
Cerr] to derkhe cyg_15 rAmfd NS usd ng LheriZatd ) & ¢4 Or the
producti on (%fD t:)l'lsodeﬁadabl e al kyl blenzlene su fonfeésléé ettegr gents by
al kyl alOng t he hgdebifrsyitat ilvenzenieng arNoxenptodedss. MAIAL 13 is Oof using

the dinerized gl efins ke alcohal 5., 25 Further, the patentee
reported that r"fepf’%t&éiﬁgtr%ﬁ%a 3-4 me%?@’rz:tod?ﬁai’éaietc[]ﬁnqq%’gﬂap]eﬁf&fml
nmono- br anched &hloywin doandttisc use in lubdifiaiLsmt € e lde Apre
readi |l y bi odegr.ade | ti branched al kyl, aromati c sul T onates

d . han
and, hence, formulﬁf&ﬁ%ﬁ”&’%%m% FE WS gaRid Pimgegradatiiion,
the 30 pat eAkiee 130 b@itaulse SXXWIE 1t an e 198l 'l)li(f@ber%se. While

substantially linear and nonobranched. Again, it wou be desirable
to maké>hi ghl ySBFinéh&d If SRR Habnerhing is ngdodesdsaagoncyland
bi odegr adabi | i {;¥ufi HOBAldENHaH1 ARS make a surfactant having a higher

amount of branching for detergency which is nevertheless
readily biodegradable.
US Patent 5,196,625 describes a dimerization process

20 for producing linear and/or mono -branched Cig to Cjg

olefins using dimerization catalysts, for the production
of biodegradable alkylbenzene sulfonates detergents by
alkylating the olefins onto benzene. No mention is made
of using the dimerized olefins to make alcohols.

25 Further, the patentee reported that it is generally
recognized that “linear and mono-branched alkyl aromatic
sulfonates are generally much more readily biodegraded
than multibranched alkyl aromatic sulfonates and, hence,
much more desirable as detergents.” For this reason, the

30 patentee sought to ensure that the olefins made were
substantially linear and monobranched. Again, it would
be desirable to make highly branched products that have

good detergency and biodegradability from alcohols, and



WO 98/ 23566

PCT/ EP97/ 06694

al so without regard to limtations on the annugt of

E)fanc hi ngVBEP&YoP ow.

reconrmended

The patentee of US 4,670 BOEER 164 e

using "linear detergents exo-al cohols or those in which

5 the linear fraction is as high as possible" for bio-
BE8%0RS thduthe cdrlrer genl ifieladi ol ba exe- amount of,alCOhmS

degradability
t hat are highl

addi ti ves becaB¥8PCReNGr BFdMOndUepr esses t he :
| Thus, phkent@e of UBVQ“%W@“GW%Slék%%EE%d E%W%h%%d@ﬁthds to
he

| ubrication oi
separate the

hi ghly |i near
5,488, 1%4. In
catalyzed hydr o-
this pr

branched_are desirable as |ubri- cating ol

two froma m xture. esire to nmake
HB&RJo| Slinegircsiesleggent 0X°W@§C@h9dseﬁpr§®9§@ iim w®ich

€hecysseas tf@actlon isPLAbhe S@Cg%%ts%g‘x%"b%o@%%“ car bonyl

i on of olefins, ent ée nored t hat
degssdpbodu¢edraa@@nposntm@n whmeMgemmtiuaad bm@ﬂdhe@xo—

conpounds when EE%B%l%gtW'EhaE%t%rgﬁl Oh%fé%%ﬁ ng% de51rab&ﬁa&§bﬁqqﬁ}‘

particularly ufi
Thus, the patenbténgeoa&naddad1uesnge26use ttat alrphict ipgodepies s¥y eheoul d

produce m xt ur
As previously
I nt er médi at es

esira ecause O

. hi bit /b hi t
BoPEa PN BRNCS I e AP oRACRAE o8 Botol TBSs, Eha ne of
favenheopr edscidiercebddebaagent methods toUkkpairatles tiee

commercially s ccessful, in art because 25 of their high linearity

rendering them
linearity

of the chain,
solublllty/det

sul fates suffeﬁrabaamaoahc@ah@ew@aeby cobalts%b%gbh&HYEQ%%Q&Q%@P%yd@dﬁu)

W8a FPp @ mix uElodegradable However, the high degree of

freezing point of the

arhe deeieased maeehhdgnmbomuaehf ﬁ&ghhelafdhoah%@%d¥§1

t hereby decreasing its _co
BR§eRdyO exPﬁejéﬁgréP Uﬁhé H@&hﬂi4l|né§rdBGCUSSla@me@

with the concern for using bi od e%ra abl e conpounds, gover nient

regul atPons ar

20

25

30

éoamydation” ofc glpfAgsy ot

process produced a composition which contained branched
compounds when starting with internal olefins, which was
particularly undesirable because of its poor biode-
gradability. Thus, the patentee recommended using
catalytic processes which would produce mixtures
exhibiting high linear/branching ratios.

As previously noted, the highly linear NEODOL alcohol
line of intermediates for the production of detergent
surfactants are commercially successful, in part because
of their high linearity rendering them readily
biodegradable. However, the high degree of linearity
also increased the hydrophobicity of the hydrophobe part
of the chain, thereby decreasing its cold water
solubility/detergency. In general, the highly linear
alcohol sulfates suffer from poor cold water
solubility/detergency. Along with the concern for using
biodegradable compounds, government regulations are also

calling for the lbwering of wash temperatures.

ﬁh@aFéﬂéﬁﬁnQ°§?dmé§ﬁtté@p@ratures

+



Substitute sheet - 5 May 2000 Thus, there exists a grow ng
need for q*,@ggﬁ{,ﬁ“ i nt er medi ates whi ch are both bi odegeaARoY/6s6941d
exhi bi’t good detergency at cold wash tenperatures. The solution
to this problemwas not merely as sinple as imcreasing 5 t he branchi ng
of the higher olefin alcohol in order to decr ease hydrophobi ci ty:
and t her eby hopef uFh§sinébeage exists a ggloyingt deedetforyaisohdlecause as
not ed above it r-8C un exhi bit
poor bioe - | iheeifetiates whchgeY LRt Aol MR R

There have nom@@@dndﬁﬁﬁmgamﬁv(&ﬁﬂﬂ&idlﬂﬂﬁh ¢hmperaturdgzuumnﬁisnlu&ﬂqn

al cohol s and t bei Ik | f at.e and al.koxy sulfate .
derivati ves, mﬁ?c%hg ?%¥hﬁEEIW%%éP%& merely &% SHWHL %, dgtefidbittdy and
col d waber detEhgebmyncaa@giﬁf the mn@messeﬂemmhtdhtdndxhﬁﬂidxuéﬁ tdese

conposi tions. present inven |on th refore flrstly rel at es
to a bpﬁﬁfﬁgéeppﬁﬁ§RFQQQﬁﬁhﬁ é%ﬁb W k% dRerqase

36 carbon at ongoaddwalkeadV Qled@a: g Uéfcatﬁrs@”'(‘a@e%dt%rd above iteGule of
fromO0.7 to 3.0, said branching conprising 20 met hyl and et hyl

br anches. recognizege thake REASTES SOBPVBESH @M itos ta ANQF dxied or
preparing salddgggagagqlg&wnary al cohol conposition, whi ch process
conprises the steéeps of: a). contacting an olefin feed conprising a
|inear 18l efin 35 Summazy; o fhe dpyentdomarbon atons with a catal yst
effective kglheta I g ffideto yield a
branched ol efin of&?ﬁggsgﬁggcgkﬁbﬁ%%ﬁﬁggﬁha n%%IQChkﬁgaﬁ?'conégﬁtlng sai d

branched ol ef i Rrepch&idd PFimedyy alcohols aingoldle igomidwixyilate 3Gulfate
The ter”‘"Ske'Sha' l???%; ahEbQ@ de? vk %ﬁ@e@erWH}ch ﬁqtlsfy 53 rs&ép

hydrocarbon isoneris erein strai ai s Yare convert ed,
at least in pamentSofbmah@h@@gradablllt@ham@sam&dtmabanndauﬁﬂgﬂndy,Gﬂkbon

atons.lghe Catﬁkgégsses for the production of these compositions.

The present invention therefore firstly relates.to a
branched primary alcohol composition, having from 8 to
36 carbon atoms and an average number of branches. per
molecule of from 0.7 to 3.0, said branching comprising

20 methyl and ethyl branches.

The invention relates secondly to a process for
preparing said branched primary alcohol composition,
which process comprises the steps of:

a) contacting an olefin feed comprising a linearlolefins
25 having at least 7 carbon atoms with a catalyst effective
for skeletally isomerising said linear olefin to yield a
branched olefin of the same carbon number; and
b) . converting said branched olefin to said primary
alcohol composition.
30 The term “skeletal isomerisation”, as used herein,
refers to hydrocarbon isomerisation wherein straight
chains are converted, at least in part, to branched

chains of the same number of carbon atoms. The catalyst

is Sheet Has Been Replaced.
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Substitute sheet - 5 May 2000 - 6-

of step aivd?hg%ﬁfsf erably a zeolite having at |east orfe IPETG&Q%H&%"‘ W t.h

a crystal l'ogr c free dianeter ranging from 0. 42
nanoneter. The conversion to alcohol in - 6 - step b) is preferably by
hydr of ormyl ati on. 5 The invention relates thirdly to a different

process off- @t epy eparingsaiatdyianchetqritehadlneohal 16R0sidd on,
having from 13 %p 21 _carhgn at ons, i ch praocess . conprises the
steps of: chanpely; & fFysss AR et i amshege rensing meri -

10 sati on skl sty w0 ol iﬁﬁ&@ié&ﬁwﬂéid&v%ﬂi%gg ke AAddhol in

olefin to yield a Cl2-C20 branched ol efin; and converting said

Cl2- C20 branch&d#e® &)i is Prefierably by hysinafaraylatiear.y al coho
conposi tgi on. - Qdrefdd f fs | Sqs ferably |inear 15
[ The invEMi¥e r.‘e"llat%%d %&ﬁl&f&?) & %1@]]‘._% él;%r ]p\g:ocess

olefin and preferably conprises at |east err
ol efins. Step &pr PuaRAmEmgh(Said drarsthesl gimmearyatdleowhol compawiddess. The

homgerious ¢2! Al S O L SUPUSR crong, I Yoales mekel

carboxyl ate or a ni elate, Wt Y

an al kyl al um eiomprélsesxitde s2@ps of:Optionally the branched ol efin
produced in stgg ahih?ri in i%gQ%%Fted to a dgﬁbl -bond i sonerj.sati.on
step before S5arkig on step BESSRTE Eon e "SMEF 06 XS SIS T3
step bJLoi s prefeardbiny datdlydntgf @nmdlatfion.feed comprisinfhe i t4 on
relates in the fourth place to a 25 branched primary al coho

al koxyl at e conpdsiftinoto pri@ld a Cj2-Goar dixandhed edetfiimg saidd br anched
pri mary al coho

The invention #’él ateyviet QWO%ME&%@O?%%‘)SC%%%% O(i%g?igﬁgdl?-e&a&ﬁ mary
o oot RS ERRA B P ANHAD 58l b anched | oy
to a deter- Thgewtlefdmpdsied of soepr iadi ig: preferably linear
15 olefin and preferably comprises at least 85 wt$% of Cg-Cjg
olefins. Step a) is preferably a one-step dimerisation
process. The'homogenouS'catalyst preferably comprises a
mixture of a nickel carboxylate or a nickel chelate, with
an alkyl aluminium halide or an alkyl aluminium alkoxide.
20 Optionally the branched olefin produced in step a) is
subjected to a double-bond isomerisation step before
embarking on step b). The conversion to alcohol in
step b) is preferably by hydroformylation.
The invention relates in the fourth place to a
25 branched primary alcohol alkoxylate composition, pre-
parable by reacting said branched primary alcohol
composition with an oxirane compound.
The invention relates in the fifth place to.a
branched primary alkyl sulphate, preparable by sulfating
30 said branched a primary alcohol composition.
And in the sixth place the invention relates to a deter-

gent composition comprising:

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced
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-7- e or nore surfactant(s) selected fromthe ou

sai d branéﬂ%ag%p? ry al cohol al koxyl ates, branched PgT@W&? 624 kyl
5

sul phates, and branched al koxyl ated prinmary - ‘al kyl sul phat es;
b) a builder; and c) optionally one or nore additives selected-.
fromthe 2) 96AUPoe! nbOBMLELRLERLLLNG) AEALELANELERS ¢ b'eaCh'”%f

agents, bleach activators, optical brighteners,
hydr ot r opes andaidabrrnsbed. pramary alcohDétaikedyma$esupbmamOMédPma

pranches PriBary Syt ERIRERgeR, Bl BRLARRCR) BRNG TaTed miimary

branches per aatbhblsubpbaube, as neasured by 13C Nucl ear Magneti c
Resonange (13Cb NF% gﬁ gdggusggg bel ow. The 15 aver age nunber of
carbon atons in the chain afe determ ned by gas chromat ography.

Vari ous refereobesoptibnhélyadaetbromgheuhdﬂht$ves selectReCiffiroratith@n and
the clains to the ?ge ranc |ng8at a given carbon
n

position, the PEPE ﬁ QantrOllbpgnéﬂﬁﬁﬁsba aYB&Srypdeashimganches,

average nunberagénts, bleabhaa@hesatamd PBpESBHhATBroHhEdakesNal,-At ONB.
These anpunts are to be nmeasured and determ Red by using a

combi nati on of PEhedeEFt oW HEOERPRES 13RANRRaPESRBRESeS. (1) The
first ig the siandpsgdainyar sesgai88ibACHRI HHE TR%entionUsinNg a 45-degree
tip 13C pul se @and 10 S recycle aelag (amorgarrc free radica

rel axation agent i&Sadded herehs, the phrgspusvenage nhwberanchbd aalchelso
i n deuterated QLO&QiQ&Hl h LR FERSUES n e t (2) The
second is a b J- Mod 3 gtgénSpln Echo Ng gt%g @Q g ?@%% )%ﬁglng a 30
1/J delay of Soman¢Hesspéhealabhbix momﬁbumg,CéEShéaEured by 13C Nuclear

Magnetic Resonance (13C NMR) as discussed below. The
15 average number of carbon atoms in the chain are
determined by gas chromatography.

Various references will be made throughout this
specification and the claims to the percentage of.
branching at a given carbon position, the percentage of

20 branching based on types of branches, average number of
branches, and percentage of quaternary atoms. These.

amounts are to be measured and determined by using a

combination of the following three 13c-NMR techniques.

(1) The first is the standard inverse gated technique

25 using a 45-degree tip 13¢ pulse and 10 s recycle delay
(an organic free radical relaxation agent is added to the
solution of the branched alcohol in deuterated chloroform
to ensure quantitative results). (2) The second is a
J-Modulated Spin Echo NMR technique (JMSE) using a

30 1/J delay of 8 ms (J is the 125 Hz coupling constant
between carbon and proton for these aliphatic alcohols).

This sequence distinguishes carbons with an odd number of



bet ween carbon and proton for these aliphatic al cohols). Thi s

sequence di stingui shes carbons with an odd nunber of WO 98/ 23566
PCT/ EP97/ 863123566 - - 8- PCT/ERS7/8868hs from
t hose bearing an even nunber of protons,_ g _ i.e. CH3/CHvs CH2/(Jerr] ,
(Cqg refers to a quaternary carbon). (3) The third is the JVSE.NWR

"quat -only" t ique Si e, Whi ¢ ields a
spectrum t hat ﬁ%gr&o%% cf(%:notmaitr?soslsél &%‘?'# (%‘#ﬁ %?ae'?%rn%gnrb%rcgrfbgﬁé)t{@ﬁﬁ/. The
JSME NVR quat icel.y CHgoltii quse G/ Gipt(€gf ineffeqnsatter magpaternary @ardd@n)at ons
IS sensitive enou%h to detect the presence of as little at 0.3

F

at on® of quat dPhartec S dtsorkdie AMSE NMR “gnaggondiysl tleghimdqust ep, i f
one desires t@gsqaRfid M /&LY £ 4 YUSinQRy fr t esul of a
guat only JSI\/ESN .a @ speaé{)roum or?e #ayhaﬁggagéng %@5&% %Ilbﬁtts
sequende. W containshaignadind nomatquaite ibERT- t3TbdvR sadyendhe s very

hel pf ul =N QoS f tiatjn ater nar r.bans_from break-

t hr ough protorqu‘nggfgrb nagtn q'|r3)s iQsetcrg&g'qt%t)é Efﬁ)ern?a%te%?ﬁ&g fyaternany,

DEPT- 135 sequeacbopr edwoss itshe ehgifidyiet @hogigcttiourtett@ct the prdsainagef t he
JMSE "quat -onl y" _experinent.. reas t.he lLlatter nulls all signals
except for qud era‘r%aﬁg‘té:?ra gr%-'s}eh'% o e PSRN Yn FAFD OB ALPSIS e
quaternary cashopptibmal futher Guwdp,ndtfi @neofdesiaelswaospeetfian & tdtgr-ef ore
very eful 20 . _In spottj non,quat er nar rbons . in the JVBE "quat -
onl y" ngect r ufft AR F@faéﬁ?ﬁ%ﬁ%‘ {4 ﬁre?é‘g% e Odr @ quat ondyq J3ME (NM%

quat ernary casbestatugs dodf aiigheUlisd hiusaS@EPT-135 NMR skigg@hicen, hawever,
we mean t hat hhe given anmpunt or absence of the quaternary carbon

i s as measur ed?By tft?émf‘_st at tgi?atDEgﬂ'l'}%SWRl\lﬁﬁmd.ls Merghdedirinal | y
desires -to  jin dif@EHdnlatiag esuldt a;,uattfé%aaltys@a&iﬂom tthnPEREak35
technique to confirmthe presence and anount of a guat ernary

car bon. throughtpe AN Heh GRTOPRSuat IThis denduet &6 &ve faaisdhado

througBout weggebaged-NREMs2 e Jaud s08Bs Mpposite” PRI NP USlEr
(HDLP) Detergency/ Soil Redeposition Performance test. The
eval uati ons iﬁhgﬁeowoﬁhend'SE “quat-only” experiment. Whereas the

latter nulls all signals except for quaternary carbons,

the DEPT-135 nulls exclusively quaternary carbons. The
combination of the two spectra is therefore very useful

20 in spotting non quaternary carbons in the JMSE “quat-
only” spectrum. When referring to the presence or
absence of quaternary carbon atoms throughout this speci-
fication, however, we mean that the given amount or
absence of the quaternary carbon is as measured by the

25 quat only JSME NMR method. If one optionally desires to
confirm the results, then also using the DEPT-135
technique to confirm the presence and amount of a
quaternary carbon.

The detergency evaluations conducted and as used

30 throughout were based from a standard high density
laundry powder (HDLP) Detergency/Soil Redeposition
Performance test. The evaluations in the working

examples were conducted using Shell Chemical Company’s



exanpl es were conducted using Shell Chem cal Conpany's WD 98/ 23566

PCT/ EP97/ -9-

r adi ot'racg?g?%(a?ﬁ? gues at the designated tenperatures in- PCTEPIHUGEN4. ||
at. a water hardness of 150 ppmas CaCO83 . g - (CaCl[err]/MC [err] = 3/2
on a nolar basis). The primary al cohol sul fated conpositions af-..

t he i nvention %agottggtc%% t@@:l’ﬁnq‘%es (Tt b (&é%l%ql%tsed %%%%Sxtatntﬂets' sgbum

cet anesqual ane and clay soiled permanent press
pol yester/cottdable III atpppWater dinrdnessTif HOIOP ppveras tst@yd at 0. 74

o/l contai ning 27 Wt % of the prlmary al cohaol
sul fate corrpongPglt"ﬂ%f‘J@%amZ% o;}/%uﬂ”d%r "tozl(?(ﬂ (l)b(aélﬁ A)-, Ted proimary glrqhod of

sodi um car bona 0 tian of t.he radi ol abel e
Mul ti sebum Soi %ﬁlfated g °F Qfl% s rg)é)ﬁ._lh Thy venddifotishe t eSte‘f'atfé‘} a

ot . 5 @Vzine:up basis, :alqalnst mulilﬂ_ieblﬁn ceta‘ﬂwaﬁ.tjmﬁl%ne and 3H
12.5 searin achi s, ( Peanut

al clay soiled P?&manent Pr@?oﬁ é&/érf'mPOlYeSlt@é/ dotion 7)20

Cct adecanol (PPPE/C) fabraco The HDIG’& Gve&(‘é dested ¥C0.74 g/115.0
Stearic Acid 14 iy tg O Tonet er was used to
wash t he svvatcﬁ8§c§f1tra lon’ f@%aﬂﬁtlé‘q e kR e REmagohddIoml wer e

set to 25 sﬁE@%lﬂ"eecbﬂfpbs(i(ﬂl@n\/)/aM@ v\ﬁi%t%rﬂ%ﬁ}ic@r ]{Qeicﬂrlrt']ec-%d Vﬁ'{dn

wat er deter genc¥ at 36 [err] The agitation speed was 100 rpm
Once thE 4" "x 47 WA Stfr acsé’rdléléﬁ IcéFPoR&tEhes were washed by the

Terg-O Toneter, theyeWebRpldidion of the P98 o1hRR 1%RS MARd JIISE M@ters
wer e conbi ned for
was as follows:

Component Label Swt .

Cetane 3H 12.5
15 Squalane 3H 12.5

Trisearin 3H 10

Arachis (Peanut)

0il 3H 20
Cholesterocl 14cC 7

20 Octadecanol 1l4cC 8.0
Oleic Acid 14C 15.0
Stearic Acid 14C 15.0

A Terg-O-Tometer was used to wash the swatches at

15 minute intervals. The wash conditions were set to

25 measure both cold water detergency at 10 °C and warm
water detergency at 36 °C. The agitation speed was
100 rpm. Once the 4” x 4” radiotracer soiled swatches
were washed by the Terg-O-Tometer, they were hand
rinsed. The wash and rinse waters were combined for

30 counting to measure sebum soil removal. The swatches were

counted to measure clay removal.



30 counting to neasure sebum soil renoval. The swatches were
counted to neasure clay renoval.

- 10 - For details concerning the detergency nethods and
radi ot r ac®HO 9823866 ques, reference may be had to B. E.PCBERIGNG694.
Roddewi g and W T Shebs, HACCS, 44 289 ~ 10 =(1967), WT. Shebs and B.E..
Gordon, JACCS, 45: 377 1968 and WT. Shebs, Radi oi sotope

Techni ques i n Det &ifergtails Con%‘é%%’é‘.i the \ig eRT g TRKK are tINedhs Yandk ( 1987.
The b'0d99radaﬁé&ibﬁf@ééﬂth@EﬁPg§e§Orr@?@ﬁéﬁééwhé %e had to :
bi odegradability of the workin exanple sul fates mere conducted in

accor dance wi th-EheSerdennglih @aWh®h| ardhdll- L Shebs j rHHAQCTFR 4958 3200,

al so known as 1 By odegr b | mary
al cohol sulfatseﬁésoﬂt_%sp %ﬂ@éé ?%% or surc$io Hnt Z?O@é aﬁ?'?ﬂ?tlf%éﬁ)l‘the
compoun® or  and Wc’bnp%iseb$orﬁgdyessatms’mdmiqman Cke t exy@edy demand
(BOD) of 60% t this |lev st 15 be reached
within 10 dayg%ﬁl%zﬂeg:}%&;ﬁ%%ﬁg%§%eeﬁﬁ% York F]I'SfLQ{)L}J‘percent. ’

The primary al cohdﬂ'he:dmmgramtamort hiee 8 e tniethods for meH¥Wt ity athe
from 11-36 carbon atons.

average chain th | ecul g ranging .
For mgny surffcjt"%g%%%k?l Ly © t%%&%ﬂ?n%ﬁ?’%&l%e?@%‘?ﬁ% W&¥R al cohol
corrposi tion conductoadtin r&m@a&%@gﬁmrm @ékﬁi Hnétﬁ{&l;h @étaﬂﬂlléﬁed 13,

14, 1 16 17 on at ons, mal
i nbet 545030‘;@% é‘ﬂg(gv:gz(i ?q‘u]ﬂ“f"ﬂb as’ the oﬁ’%g%ojo‘? ths‘%o 21
car bon atoms m%dwntw aOfbi-‘@d déble pAIRBy INLIHISS KB B A&Fo-2l ong

t he chai n backbone as | as branchlng car bons.
Preferably, atSitdqt oz Wm/{;aciﬁﬂrét prefMaat ythaf that the |eemrowsd vex % of

the nol ecul es ddingddis dH ey v COhR d bi&HReidd Bhféfr? | engt hs
2 i re pr felr ably from 1 18 car

ranging from1ll to 21 et” 30 nore pre on
atons. As one (BOD) of &% 9% ®re He thiveRs shtysheand dibige Fenfermest

br anches be reached within 10 days of biodegradation exceedlng
10 percent.

The primary alcohol composition of the invention
contains an average chain length per molecule ranging
from 8-36 carbon atoms. For many surfactant appli-

20 cations, such as detergents, the alcohol composition
contains an average carbon chain length of 11, 12, 13,
14, 15, 1le, 17, 18, 189, 20 or 21 carbon atoms, or any
decimal inbetween, expressed as an average within the
range of 11 to 21 carbon atoms. The number of carbon

25 atoms includes carbon atoms along the chain backbone as
well as branching carbons.

Preferably, at least 75 wt%, more preferably, at
least 90 wt.% of the molecules in the primary alcohol
composition have chain lengths ranging from 11 to 21, vyet

30 more preferably from 14 to 18 carbon atoms. As one
feature of the invention, the average number of branches
is at least 0.7, as defined and determined above. The

compositions having an average number of branches of at
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is at least 0.7, as defined and deternined above. The _conpositions

havi ng an _aver ﬂf nunber of branches of at WO 98/ 23566

PCT/ EP97/ (6@ 882356 least 1.5, in particular ranging PFERPI7/85694
about 2.3, especially from 1.7 to 2,l,_achieve a good bal ance of
cold water detergency and bi odegradability en sul - f at ed. .

oy nenos *or! oni DEE5RLEENE! 4RVERRLESyT0R' BhAotg Brop, 3.8 SEALRANTE S

this point, howespeciahdy from 1. 7ntooﬁu¢t|anhméva blgbea degmerOlof
branchi ng for th gse_of ovi,.ng col er det ergency has
lead to 3P%e vpLer e EEBHSBFXdagB E\égrogsgféga ilﬁm whep sidohol 10
conposi tion of fheednveshirentivhen $uhéakedlcbﬁ§lt9@lfates con®yant age of

i ntroducing a Iarge nunber of branches to nBrove its cold water

properti®s wit hOUEL3aer PEIRRRGOT branchﬁ?oaégpaéabp Py toTRe4eoladnatrer

properties are §aPt8VBHodegradab¥ben yperaneHt ghiREanghLRYeLS 3k east
1.5. 15 A feature of the invention [ies in the provision of a

primary alcoholl%%ﬁﬁﬁgFFieﬁ as aeh#ﬁbaraBQGéeehQﬁlhganébsng for thehan 0.5

atonto of Clerr]g §rﬁ§s€E§§Uiﬁ r9¥1§gq56§doﬂh¥eéw§gter ency h dipfied (13C NWR
having a detectlon limt of 0.3 atontboor ? prePérgb y an

primary aIcoholf%bh%é%ﬁtF@anOdegradﬂhiéhttheatﬁs nﬁhe[pmnpasyaalm@msured
by thi s; MR teQ@&&ﬂgghg%o? of thgoin58§?ngéHQPeXeguifg% ﬁnder tood, it

S belleved resence o on—an aFéo ecule
prevents advahea@éodéglaﬂaodOQlDQ ahaargarnumhbaroﬁub&ah&&eﬁok@cule

of Clerr]’ o havEHBRRRtbbEh FRbAGEEoR Bhagranesa vith8ut s iReigirand or

It is also bellbwedeghadapLEVtgus ﬂhéeapld water prapetheesnh&@duﬁbk@&e@f a
Ehgge?eg;eg[gﬁrq1ancg amoun of branchlng Egea£oiggg£0?.gt a sufficient
15 A feature of the invention lies in the provision of a
primary alcohol composition as defined above, having less

than 0.5 atom% of Cq's as measured by a quat only JMSE

modified 13C-NMR having a detection limit of 0.3 atom% or
better, and preferably an primary alcohol composition

20 which contains no Cq’s as measured by this NMR technique.

For reasons not yet clearly understood, it is believed

that the presence of Cq’s on an alcohol molecule prevents

the biodegradation of that particular sulfated molecule
by bioclogical organisms. Alcohols containing as little as

25 1 atom% of Cq’s have been been found to biodegrade at

failure rates. It is also believed that previous attempts
at the introduction of a high degree of branching has led
to the formation of a sufficient number of Cq’'s to
account for biodegradation failure.

30 In a preferred embodiment of the invention, less than
5%, or more preferably less than 3%, of the alcohol

molecules in the primary alcohol composition are linear



account for biodegradation failure. 30 In a preferred enbodi nent

of the invention, |less than 5% or nore preferably |ess than 3% of
t he al cohav0 9823566 nol ecules in the primary al cohol conposPCImBPI706694 | near
WO 98/ 23566 ' PCT/ EP97/ 06694

-12- al cohol's. The efficient rédiétTon in the nunber of

|'i near al cohols to such a snmal|_ anmount in the conposition resul't's

from i nt r oducPA§OBCASchi Hgteore i Hiedrs FebEddiscn the nunpery afkel et al

| soneri zati on 9% eJirMRNIHIIYN P FUUHIYE small andn?d i@ feipQ %Hnﬁﬁ?st Do S as
described furt here bel ow, i rat her St han .iant rgdué?lngt]:r%lr anchi ngqubly&}

met hods such &§sydit¢ from intgpdagingd bajangdvisd pat iaen odfe fiimofidestaock

nol ecul es, or It I ol j Izatl techniques. In a
mor & Yoo S SR A i Ao dxTelHleri¥acdbn. SRR, 1o
cont ai ¥s | essushay 3%hiGicilanteaatalysitsl sis Hesqrdbeehtfageher belowyf

nol ecul es whi re ldnear. y . rrmned b as chr omat ogr aphy.
When t he bran%%itﬁg%hggg%eéﬁr%&#g:\}%? E’fgsn%gllle ‘%ng methods ssd'lr?g'r iazsaﬁ%ﬁjfi t he

pri mary al cohchtedyzesi tdldyonferdtitmatifmdon of pnvpsriteinen madyedid echaract eri zed
by the NWR techni,que as aving f.rom.,5 tqQ 25%.branching on the C2
car bon positi 5&,019'%3 Catalygegd égtog%éa%%%ﬁcm ‘atdm? MPEE nor e
Er e- bﬁtl‘erfﬁdaemm@mmﬁim enmgmthe tpri&&é‘f)ygfaltdhwdlw&ﬂlpdgition

ranches are at the C2 _position, _as t.erm ne the NMR 20
techn?@ue. ThEORLRARSy L8t idia: | iy ad ﬁ}%’é’r‘?ésal e percentyage from
10% to 50% of otthaonwdhele OvHIGI GRS 1dhddie ey be determA@®d iR .gdPre
typically from15%to 30% on the Clerr] posi- tion, al'so as
det er mi ned by CEROMRVRITEAMYi-que. When coupl ed with the nunber of

branches seen at HRenClr@le’ br@¥hing has been achieved by skeletal

isomerization, the primary alcohol composition of the

15 invention may be characterized by the NMR technique as
having from 5 to 25% branching on the Cy carbon position,
relative to the hydroxyl carbon atom. In a more pre-
ferred embodiment, from 10 to 20% of the number of
branches are at the Co position, as determined by the NMR

20 technique. The primary alcohol composition also generally

has from 10% to 50% of the number of branches on the Cj3
position, more typically from 15% to 30% on the C3 posi-

tion, also as determined by the NMR technique. When
coupled with the number of branches seen at the Cy posi-
25 tion, the primary alcohol composition in this case

contain significant amount of branching at the Cs and Cj3

carbon positions.
Not only do the primary alcohol composition of the

invention have a significant number of branches at the Cj
30 and C3 positions, but we have also seen by the NMR

technique that many of the primary alcohol compositions

have at least 5% of isopropyl terminal type of branching,



25 tion, the primary al cohol conposition in this case contain

significanp of branching at the C2 and C3 cgéﬂﬁ {tions.
Not only H‘E)‘)%gg‘{l mary al cohol conposition of the mve%%?#%ave a
si-gni fi cant nunber of branches at the C2- 38 - and C3 positions, but we
have al so seen by the NWR techni que that many of the primary ---

al cohol conposinkb@Asig methyl BaveicHed eastthe%sefcdPRIPNEst S4B type of
br anchi ng, . WD 98/ 23566 )
PCT/ EP97/ 06694P0sition in the backbone relative to {the hydroxyl gawhony

nmet hyl branchegea e 0 I r ar i
y Nedhalde esRGORL O dtaSle 63 BYY of GermGRlll | r#lgbeé#at | oast

backbone relative to the hydroxyl carbon. ave eve
10% of term nakyYPsspedppranches imyghe @rimegycirdsdhelt mpmmasteriors) cohol

conposi ki on, s ca 1Pl galehy i e f % t %..:l N tynical

hydr o- 5 Q%{Brlr%?ﬁé&g&%ol g‘% rfls%n%# t%\%q%%%&]ébﬁ'i gg’?(ﬁgygsls%%g%{%

and usual ly 0. fermyflaties lolefdmss off &hee NHORGL issgprespylless than r@nches.
By skeletally i rl.zi ol efd C i ta the Jnventi
however, the p??‘%an?fhélgg'htgp%édngg Qf’% ci)(}'r‘—’l(ill('g‘f%tsl S SREEIRe L ARpropyY

per cent age of beanichals.i s&yr Gkelletally ilmcarotied meltdtd v dfirt hecdamiding
nunber of branghe . . nsi deri t he .conbi ned nunber of - branches
occurring 28 %gte tRhyeEs1ons, %(é)l)r‘?’(fviesrdpr PTG ﬁsc,or}’tcﬁgrcem%ﬁcé_ enbodi -
ments 00 the igiedbnoronteriasata Indagi p2QWentage We-tekminal fesmkdpyat

| east 30% of the branches are concentrated at t hese positions. The

scope of the i RFERENSS, @ to the tqtgd] yuw ey ffc ML Tring

across the length ebnkh@ering theCada®inkarkhetr |JF 1N eP'EAIF Lhg
enbodi ment of the i nventjiagn, .the total nunber of nethyl branches

nunber at 20 3% tP@a&p 4% &Pén IFCHIORA S iONTre HREA HHAAETOH I~

branches, as neasured by.th t.echnjque described 5, above. This
percent age incf“ﬁé%g toﬁe)eg\/eeﬁé’l%ﬁl}r%lermo ro WP Tealt 208, morPpre

15 ferably at least 30%, of the branches are concentrated at
these positions. The scope of the invention, however,
includes branching occurring across the length of the
carbon backbone. In another preferred embodiment of the
invention, the total number of methyl branches number at

20 least 40%, even at least 50%, of the total number of
branches, as measured by the NMR technique described
above. This percentage includes the overall number of
methyl branches seen by the NMR technique described above

within the C; to the C3 carbon positions relative to the

25 hydroxyl group, and the terminal isopropyl type of methyl
branches.

Significantly, we have consistently observed a signi-
ficant increase in the number of ethyl branches over
those seen on NEODOL alcohols. The number of ethyl

30 branches can range from 5% to 30%, most typically from
10% to 20%, based on the overall types of branching that
the NMR method detects. Thus, the skeletal isomerization

of the olefins produced both methyl and ethyl branches,



met hyl branches seen by the NWVR techni que descri bed above wi thin the

Cl to the n positions relative to the 25 hydr oxvl araoup, and
the term Rﬁ#’%g‘?opyl type of nethyl br anches. P&%”EPS%/O“" :
Si-gnificantly, we have consistently observed a signi- ficant

I ncrease in the nunber of ethyl branches over t hose seen on NECDCL
al cohol's. The auabehedfe elWhold, whell aRAHRT eEAN AN&RAS 1T 59 %
nost typically from 10% to 20%. based on the g‘\?eraaga't ﬁ)rtegm?"

br anchi ng t hat Worked exapedifigliyetiedd det Bdoslegrrdebiflidyslagidetdster-

| someri zation te@f st.he Toh&f i R% Pk ed b I d_et hyl
branches. gency tedts u. e[?t%‘é% A @aQaﬁE%% o e, Xlseaﬁt(?
t hese al cohol spPewierms gidededal diskawyigzesdonoarieonbt restrictwer ked

exceedi Bgly welh s l;,ihq_@%g' d3bil n ter- ency fLests. Thus,
the types of catalysts onel;'&;nat?/L gggtd%%:% Bndy E‘eﬁgyflo}orﬁa&?gleé;t'alﬁ’e
i soneri zati on mreseoicer @t B vegdety ®f branrhdsg wipels Wsl belrieduee tnl y

met hyl branche e, qf, _.a variety of branching types is
bel i eved to anh-gg%eenﬁangOdaBé%%%agvgﬁ%ﬁpcﬁapgngéoé’]ergrl(‘?ﬁert i es.
The ol efins used i fhehelelfehisnukedd ihothekellefdh feed forl SkERkEitzati on are

at least (err] nono-olefins._ _In referred range, the olefin

10
feed conpri ses EPEFF2E5 16 ePFF at least fInBBPaPLRLiNG efffin€ in the
Jerr]1po (erpleraRged@inge, the o@%?éhd%EQQ.gBﬁ%rRrggeEEGQqug use 1n-
the instant inven- tion, to produce prinmar arcohol corrp(§§it|ons I n
the Clerr] mono-olle £€A8 .r eng€invhightaeect hetBosY jcoanBR hawrges for
deter- 15 gent applications. As a general rul €&, the higher the
carbon nunber efpnshdegadf aosinprédéeirvadi ¥or vhe Aoréhe instantotineead e are

the inprovenen&%ohg EgyﬁkgahcgrBQ?%BE?Salcohol compositions in the Cj»

to Cpp range, which are the most common ranges for deter-

15 gent applications. As a general rule, the higher the
carbon number of the surfactant derivative, the more
noticeable are the improvements in physical properties
and formulateability.

In general, the olefins in the olefin feed composi-

20 tion are predominately linear. Attempting to process a
predominately branched olefin feed, containing quaternary
carbon atoms or extremely high branch lengths, would
require separation methods after passing the olefin
stream across the catalyst bed to separate these species

25 from the desired branched olefins. While the olefin feed
can contain some branched olefins, the olefin feed
processed for skeletal isomerization preferably contains
greater than about 50 percent, more preferably greater
than about 70 percent, and most preferably greater than

30 about 80 mole percent or more of linear olefin molecules.

The olefin feed generally feed does not consist of

100% olefins within the specified carbon number range, as
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and formul ateability. In general, the olefins in the olefin

feed conposi- 20 .tion are predomnately linear. Attenpting to process
a . WPOBM6Aat el y branched ol efin feed, containi ng quBCEERYY/)6694
carbon atons or extremely high branch Ieng:}gs,_ woul d require
separation methods after passing the clefi stream across the

catal yst bed to _separate these species 25 fromthe desired brz_inche('fl_'~
olefins. While THA drOFHRY (ROt CommefSiatlv aT#l L br BHE HRHOBLBF i ns,
the olefin feekeed is upiarepseddi of r ket BdRl o F SREBSL3BE £ LRs pﬁgfrfﬁgm y
cont ai ns reat er than about 50 percent, nore preferabl ter

than about 70 FEiSRENGATRRR PRI B! Wikh ok ekeasanSBowt . 3 oébbne 80
mol e percent Ol IEF#nHibdineani el i thaosestd@Scarh ofefin
feed generally feed does nm'f consi st of car ono‘fh s W§% én():':t he
speci fi e car bh FHibdroveiyre, sSercified. Prm%%%%he olefin feed

PCT/ EP97/ 06694 4,511 cont ter than 7 . 15 - such

purity is not gvolnner%?%la%/n availabl e. The %|ng'lg?’1’ fiode pr?feeelaal?szuilaaPFy a
di stribution ofBQTrm'o D @ | BN oQF rrgono Olefimﬁ firrendpeai bibed | eagbbs, with

at least 50 wt . | Ng- W|th| t he stated garbo
chain range or " et %Jl%e (eh%weve# ngpec?’fl e#%’r a%l%/ t helt e{gl%

f eed widd % HEAF, té@d. )70 #he %exﬁ@j{@d@f el erahd Yo ROUE:

80 wt.% or nore of rmnooeflns |naspeC|f|ed car bon er range

(e.g., Werr] teifera]efil] evf Jother]@arion Ghansdr ter Qﬂéxb&iZStructure, to
1 ] 0 Rt o L STRLOGRL O, U RGNS 0Pl 0
paraffins, arommsulsirendfndierhe nppitlie £5s processIfﬁéﬂlééﬁkiéﬁnbfhghe
et ot et Sl e SIS RI shReebia 8
olefins, or a ma¥t Wknprise a-oldCI®Hf .internal olefins, or a mixture

15 thereof. '

Chevron Alpha Olefin product series (trademark of and
sold by Chevron Chemical Co.), manufactures predéﬁinantly
linear olefins by the cracking of paraffin wax. éommer-
cial olefin products manufactured by ethylene oligomeri-

20 zation are marketed in the United States by Shell Chemi-

'~ cal Company under the trademark NEODENE and by Ethyl
Corporation as Ethyl Alpha-Olefins. Specific procedures
for preparing suitable linear olefins from ethylene are
described in U.S. Patent Nos. 3,676,523, 3,686,351,

25 3,737,475, 3,825,615 and 4,020,121. While most of such
olefin products_are comprised largely of alpha-olefins,
higher linear internal olefins are also commercially
produced, for example, by the chlorination~dehydro-
chlorination of paraffins, by paraffin dehydrogenation,

30 and by isomerization of alpha-olefins. Linear internal

olefin products in the Cg to C22 range are marketed by

Shell Chemical Company and by Liquichemica Company.



Chevron Al pha A efin product series (trademark of and sol d by
Chevron Chem cal Co.), manufactures predom nantly | i near ol efins by
t he crackiwg8R356araffin wax. Conmer - ci al ol efin pPOTERYR06694
manuf act ured by et hyl ene oligoneri- 20 zation are marketed in the
United States by Shell Chem - car'déhﬁhny under the trademark
NECDENE and by Et hyl Corporation as Ethyl Al pha-Qefins. Specifit
procedur es Foe pREPAYFRQUSEFt BBFeskphehrl ol epnesizabhrat hykene are
described in U Srf8ientoNesing, 87 3 5 : I
3,825,615 and 4, 020, 121. Wile nns?eg%§gﬁcﬁ§5§né e %?%?Fnoﬁgoéﬁépgegre
conpri sed | arge¥ithfaarpraralépgraphic free phahwnel| ilhametéent eanglingl ef i ns
are al so conmer gigh! ' o] r t he
chlorination-deﬁ§§¢o§'42 €o O'ERIg?ﬁﬁg?F%g’oﬁéggggg?i%g,rﬁgmps?QPFFﬁ'
dehydr ogenat i ontuBe, withaegseptisbhprieachannel presenvlwhios. hhsngar

I nt ernal efi d Lo the. to C22_rangg, are marketed by
Shel | Cheni cal “cﬂ%a%gréﬁégbég%‘ﬁaﬁgﬁhgﬁ%% &%5ﬁ§£er than™ “\\n 98} 23566
PCT/ EP97/ 06694 0.70 nanometer. - 16 - : The

catal yst used for | efal,isoperization pre- ferab contains a
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channel di armet eteasitigbng channel Kh&oin@. 42ctPsDailo ef re 8BS HMEHe At
room t epper a- essentiallglno channel present which has a

5 t i th
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15 1gation,z 01 GONes1 ZG4hOP: 2 2t kyh At PRy1 £PK6NY A0 RY-and by-
product formation. On the other hand, if the zeolite does
not contain a channel having a free diameter along either
of the x or y planes of at least 0.42 nm, the channel
size becomes too small to allow diffusion of the olefin

20 into and out of the channel pore once the olefin becomes
branched. Thus, the zeolite must have at least oﬁe
channel with free diameters of that channel within the
range of 0.42 to 70 nm. All other specifications are
preferences.

25 Without being bound to a theory, it is believed that
the olefin molecule, due to its high carbon chain length,
does not have to enter into the zeolite channel, diffuse
through, and exit the other end of the channel. The rate
of branching seen when passing the olefin feed across the

30 zeolite does not correspond té the theoretical rate of
branching if each olefin molecule were to pass through
the channels. Rather, it is believed that most of the

olefins partially penetrate the channel for a distance



product formation. On the other hand, if the zeolite does not

contain a ghaving a free dlaneter al ong either or y
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subsequent |y mnth e_channel onc ) In this
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nol ecul e, mo eFuéar 5 TREE8E®25% of the carbons at the center are

unbranched. The SCB@@f@f:réheeitlﬁMﬁﬁlﬁléﬁﬂs BEWBME! zeolite stirlehkudes d¥eanching
anywhere al ong the carhbon backbone within the paraneters described

above with respes¢ripgegnen U.S. PaﬁﬁPEcHPar5s§ﬂ9c§Q§e Zeolite struc-

Preferred enmboghpent 5-raf a1 568 ae9kikiBe8t FHCEHECARISs of ZeolQQ%C@t gin
U S. Patent No. 5,510,306. Zeolite struc- tures are also described

in thelAtlas ofuzeofYPesst PHcl-¥5 Meiertapd PyPesOlspnw Withkirespeet DoH,
Ason. Wth respegtthPe, in a pBhEHElUHCembBa2mBhE! €LHED GRRQYENL, the

cat al yst
contains a channel having free diameters within the range

of greater than 0.42 nm to less than 0.70 nm long both
the x and y planes in the [001] view. Zeolites with -this

20 specified channel size are typically referred to as
medium or intermediate channel zeolites and typically
have a 10-T member (or puckered 12-T member) ring channel
structure in one view and a 9-T member or less (small
pore) in another view, if any. There is no limit tb the

25 number of channels or their orientation (parallel, non-
interconnecting intersections, or interconnecting at any
angle) in the zeolite. There is also no limit to the
size of the channels which are outside of the stated
range in both the x and y planes, so long as these other

30 channels do not have free diameter in either of the x or
y planes which is greater than 0.70 nm. For example,

other channels having a free diameter of 0.42 nm or less
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scope of the CAFSNISHRIGRS eFawd B enamed e, a-ole%mmmmwaﬁ ites
wth |1|at er conrgg%tl NG (}I@@:&ql [ [ s than 0, 70 nm
and including at Ileaset one oh halrl;lrFe tH @Iértl:§'t rfﬁt% t here

may exist |indieg¢rize or @lmmmmesienwdangf @n ebh@rr}sh&e [cef righreol ef i NS
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entrances, the ?:'ezr%e%ftltorﬁe I,nt erconnec ing I nt er secti on,
tenperature, FPoRTPaCas  AmiNgPstRe oW TatESrs AMORG I9FHSE i s unli kel y
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f or mi ng Aiffuss, g’&f heaFeRd 1GGat EPRay6&r BGY Boksch

catalyst or crack within the channel structure, forming
by-product olefins having quaternary carbon branching.
Thus, the interconnecting channel system in a two or

20 three dimensional zeolite should have free diameters
effective to prevent the formation of dimers, trimers, or
oligomers under the given processing conditions, which
when cracked, can produce quaternary branched by-
products. In a preferred embodiment, all channels

25 interconnecting to the channel within the stated range
have free diameters in both of the x and y planes of
0.42 nm or less in order to eliminate the possibility
that two olefin molecules would contact each other within
the zeolite and dimerize or trimerize. This preference,

30 however, applies only to interconnecting channels. A
zeolite containing more than one channel, whether one,
two,'or three dimensional or even intersecting on

different planes, but none of which interconnect, does
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Thus, the interconnecting channel systemin a two or 20 t hree
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two, or.three dinegsion or .even,ipntersect di fferent planes,

| ing.
but non® of whi ch PREBPLEANRE: Zoqbakes, inclidypdompissygar sieves,

PCT/ EP97/ 06694that can be used in the processes of- th9s- invention W&%hraise
the possibility of dinerization or trineriza- ti on because the
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channel s do not CBARBEL. S¥REsPeENERB Ps42 and 0.38 pref dncAuder fenttisse

types of structuees,aspolang 8aro-11, SA@bE3@gsggpbeg§hrgga@tsN@ghgp_above
are observed. 5 es of zeolites, includihg nolécular dieves,

Exanpl
that can be us%%‘?%'tﬁéMﬁigcgg§@§28f EBMs2BpnyvEAMI-8A, WEEH-48, ZSM-&Ochannel

size bpyween Ozdw-end QyZ04AM mbASbUde, f p8= Lite, R@~31,
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tite, pancrinit%ﬁ?of¢¢@Griaithyd¢5§§ﬁtiben1bydspg?biEe;m of stilbliee,
magnesi um or &uugf;,aegmf ﬁg‘)égféiﬁﬁ @ggrppg%tﬁgk&gggégr aﬁgég%tg,;g%yeﬁ' c

structures of these franewor NoOwWNn un
consi dev ed t o Dee efjmopbent stAncbueesi el these frdmesebirksngkhbenf Lakewor k

i T SRR =R A WEEC AN
Mol ecul ar Si evdsscribing the framework compositions of many of these
zeolites is provided in New Developments in Zeolite
Science Technology, “Aluminophosphate Molecular Siéves
20 and the Periodic Table,” Flanigen et al. (Kodansha Ltd.,
Tokyo, Japan 1986).

Many natural zeolites such as ferrierite, heulandite
and stilbite feature a one-dimensional pore structure
with a pore size at or slightly smaller than about

25 0.42 nm diameter. These same zeolites can be converted to
zeolites with the desired larger channel sizes by re-
moving the associated alkali metal or alkaline earth
metal by methods known in the art, such as ammonium ion
exchange, optionally followed by calcination, to yield

30 the zeclite in substantially its hydrogen form. See e.qg.,
U.s. Pat. Nos. 4,795,623 and 4,942,027. Replacing the
associated alkali or alkaline earth metal with the

hydrogen form correspondingly enlarges the channel



20 and the Periodic Table," Flanigen et al. (Kodansha Ltd.,

Tokyo, Japan 1986). Many natural zeolites such as ferrierite,
heul andi t 30 98/23566 and stilbite feature a one-di nensional FSTERTOMuUre
w.th a pore size at or slightly smaller t about 25 0.42 nm
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U S. Pat. ar7 ETEYsigRy AL1535npbFveRyp| ARFRgat haeolites wishckaped

al kali or a'kaiéﬁ@eeérbhaﬂﬁé§|sﬂ&éb th8n as soﬂ¥d599ﬁ§ 8T fMbrdenite,
correspondi ngly enl arges the channel [ 23566
PCT/ EP9Y/ 06694Ccan be altered by substituting the alkgbl metal withdi aneter.

It is understopgféggtlgﬁg cBaBRelsdi apBLer a ?kalén?feartﬁ'ﬁgy?fgatb mean the

ef fective channel “di anetef or size usi on ernati vel y,
natural zeolit®edwrehtheochannel sigegand thusnkeceingeussfich fisrstire forns

of nordenite, %§%Cess ganbEhﬁétﬁﬁsgano ubstituting the alkali netal with

| ar ger ions, I'ne earth netals to reduce the
channel size and thastbeubaelusptefernedtheolltes arprosessesaolnghthe

i nventj on akt i I rred, zeolites are, t hose having the
10 inerrierl El?gﬁFg Ego?yé%%m%Fg£g?§ﬁ%t%Fﬁuf%ur%oﬁ%ﬁtyﬁwsfgy 5

See the Atl as SéezebélAElSquftﬂeeliypeStrbytH%eNTypésgrby W. M. Hadeb H
d son, published b rd.revised edition,

tt t h-
1992, page 98. e pr §%§$£’ pib gaaUEYngFt?Eg?ﬁ#%sH%+n?@?PPer|te

found by x- raytniyataév1§5d edltiograpbyzarpagaraelerhéhpﬁamiﬁeha t he
alum no-silicate elliptical in

rou
cross-section. StrUCturaﬁxgﬁﬁF8§eﬁf°£h£ﬁr£é8FfFEsgﬂ 59 BY{ KeTf¥r FE¥PLERE ™

i sotypis %fapnymet& phraCidl echaghyle matﬂnalaaﬂﬂlﬁanébzibgtéerrie-

rite (can be orthorhonbic, or nDnocllnlcl St-D, FU-9
framework which are roughly

elliptical in cross-section.
Examples of such zeolites having the ferrierite isotypic
framework structure include natural and synthetic ferrie-
rite (can be orthorhombic or monoclinic), Sr-D, FU-9

20 (EP B-55,529), ISI-6 (U.S. Pat. No. 4,578,259), NU-23
(E.P. A-103,981), ZSM-35 (U.S. Pat. No. 4,016,245) and
ZSM-38 (U.S. Pat. No. 4,375,573). The hydrogen form of
ferrierite (H-ferrierite) is the most preferred zeolite
and considered to be substantially one-dimensional,

25 having parallel running channels, with elliptical
channels having free diameters of 0.42 x 0.54 nm along
the x and y planes in the [00l1] view, which is large
enough to permit entry of a linear olefin and diffusion
out of or through the channel of the methyl branched

30 isoolefin and small enough to retard coke formation.
Methods for preparing various H-ferrierite are described
in U.S. Pat. Nos. 4,251,499, 4,795,623 and 4,942,027.



20 (EP B-55,529), ISI-6 (U S Pat. No. 4,578,259), NU 23 (E. P.
A- 103, 981) (U.S. Pat. No. 4,016, 245) and Pat .
No. 4, 375, g’?%%%%%e hydrogen form of ferrierite (I—I—ferrrlg@Vm?eoﬁ1

t he nost pref erred zeoI ite and congjdered to be substantially

one-di nmensi onal , ' havi ng paraIIeI runni ng channels, with elliptical
channel s havi ng fr di A 4 he x and y
pl anes in the [001??1\% ée’\?(v@%ﬁ“l ghq' Q]e%'z)&tq' oH &rpaqﬁsr{gﬁlste(? p]e} rﬁ entry of
a |linear ol efi nsgnérdizbftdsinoprocesses csuﬁ tm‘lsorlrmmmigin gy B ngwb ied he
met hyl branche i f enqugh to re rd coke formation.
Met hods f or prgpggl ngr\?z?%%ll}g If g‘rl(réleer t SFEVFSS AT e Inder materiad -

Pat. Nos. 4, 25$n498pl4, 7@Tx623% canyd ok i3, G&Z:lude natura\@c&&{ﬂsgf’%ch as
PCT/ EP9Y/ 06694 The
skel et aP i sorrePF?&PP&ﬁedaf‘QI%O%d’q%et' é‘ttapulgltiesor?é‘rq 28916 ipr ocesses

of this inventaoamimg;beitadai;ned lica- alumMr{ah fy"c&fart@a AdhrPigle that

serves as a bi nder nmat eri.al . Suitabl e refractory oxides i ncFude
natural clays, *$48R1&¢ 24 £ Conige Anch P& L UFSS fbegacdni (lhe atelghl gtatgo and
kaol i n; ofakuBilAge %o Haddey ata Al qms'rﬁta S{ aéa%%é WA about
titania; zirconia and m xtures thereof. The weig % zeolite

to bi nder mat etPaPOs&prt bRty &r?gésofr%mpé‘@&ﬁrably frOH!L(ab@miI o Sfutto
99.5: 015, prefepghlyobram aout pl%f%i»a Xé(}:’rom Y YR8, Rlef er abl y

from about 80: 20 to about nost prefera Iy froma out 85: 15
to about 95:5 98:2 and( mﬁydpm@s‘?eméqu) from about 85:Rrefter alidoutt HES 46 nder

is, for exanpl d,f the silicas, the alum nas, the
silica-al um na gh?%h@ o518) . ‘clays. More pref erred bi nders are al um nas,
such as pséud(ﬁbmebﬁnyt ¢ hegaimaieand shayfeir te@caaipum' naeledi’se from

bi nders are reggllglggallabl rcraII and re u

manuf act ure al um na-base ca?’al y St NS PARoCHYE lca‘%ﬁlé‘rhf@aﬁ san‘{ rﬁkkﬁrgh its
VERSAL1Bani |y olagbuniMnae amef2@red bividetrs @r@maaaimlazlmarsuqﬁ hgpugh its
%ZQPQIS‘ al um nggéudoboehmlgr ovi %?runSéUIatn%blbay%lrLi e al%?nvﬂ%rss T Iecshe can be
binders are readily available commercially and are used
_to manufacture alumina-based catalysts. LaRoche
Chemicals, through its VERSAL family of aluminas and
20 Vista Chemical Company, through its CATAPAL aluminas,
provide suitable alumina powders which can be used as
binders in preparing the instant catalysts (VERSAL and
CATAPAL are trade marks). Preferred alumina binders to be
used in the preparation of the catalyst, particularly
25 when extrusion is utilized, are the high-dispersity
alumina powders. Such high-dispersity aluminas have a
dispersity of greater than 50% in a aqueous acid

dispersion having an acid content of 0.4 milligram

equivalents of acid (acetic) per gram of Al;03. Such

30 high-dispersity aluminas are exemplified by Vista’s
CATAPAL D alumina.
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nonocar boxyl i c_ac , i ncl udes nocar b |lC a h ubsti tuted
or PtEa L IRERE i Sk A e W

at oms whi ch castbgs abhpbBt t&n bychliphatbepnaytlic or arom&xaapl es include
acetic acid, formc_acid, E gglonlc 10 Cld butyric acid, caproic
aci d, glycoli cES3PRLEFaLpFLY acetlﬁc?aldhy 59§Fbﬁ?¥?fcp58Pa°nlc

hydroxy@yclOpeﬁéﬁ@OIBueyrﬂc acid, capbieyhtedpcyUycompdehtedacidcthenzoic

acid, and fatty acids. Preferred inorganic aild i ncl ugdes m. nera

aci ds %ﬁéﬁraBYﬁFPFVébaEYHlCpﬁSéShoFYérQEYBYC APPBFRROACI 8S4Ad 15
hydrochloric aghiflicyiic acid, mdh@ePi&fgeigd Peh¥6aEbaxyhi canai daicgyan
organic acid Wth two or nore carboxyllc acid groups attached

t hr ough acadéarBéﬁfeaFBGnlbeﬁﬂaF%ﬁkéﬁédtbnﬁﬁuﬁ?arBéEFB?ﬂ s&dfent .

The |inkage cag, g 3k ﬂ?¥r@9r5b93 Oﬁhagsh8¥ﬂeoseieylsanurlc segeeahd The
pol ycarboxylic acid preferably has an hydr ocar byl segnent fromO to

10 carbbn at onBydhpchleamc acid. pe aliphatic, cyclic or aromatic. The

gfgg;;‘[ byl segmeNne preserPd3 PoffERPHoRYENE LOLAOXA! bR BEhdntl! AcktO

with two or more carboxylic acid groups attached through
a carbon-carbon bond linkage to an hydrocarbyl segment.
The linkage can be at any portion of the hydrocarbyl

20 segment. The polycarboxylic acid preferably has an
hydrocarbyl segment from 0 to 10 carbon atoms which can
be aliphatic, cyclic or aromatic. The hydrocarbyl segment
has 0 carbon atoms for oxalic acid with two carboxylic
acid groups attached through the carbon-carbon bond.

25 Examples of the polycarboxylic acids includes, for
example, tartaric acid, citric acid, malic acid, oxalic
acid, adipic acid, malonic acid, galactaric acid,
1,2-cyclopentane dicarboxylic acid, maleic acid, fumaric
acid, itaconic acid, phthalic acid, terephthalic acid,

30 phenylmalonic acid, hydroxyphtalic acid, dihydroxyfumaric
acid, tricarballylic acid, benzene-1, 3, 5~tricarboxylic
acid, isocitric acid, mucic acid and glucaric acid. The

polycarboxylic acids can be any isomers of the above
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VWhile the term 10 ° o CO e IS égggéﬁggég 8?n°%2§§?e%§egto t he
oxi dati on temp%%ﬁ%ﬂy%t@re@hQSeth%naaboutIZSQoaneﬁhskarthy hermn the
zero-vgd ent oxi b S e e hi gher
oxi dat| on stat engééérﬁ sPhoLE @%]%d HeE@E‘X i ?gf&%cgg agstPﬁeoéi 85—3%055 vel |
as the netals.c¢t@#£§@®}ytnése metahe uukb n&tda@ceasptbhptbéglﬁEtab(s)
used are transj e tals. Mre preferably the coke
oxi da- é%féﬁk?%%%%tOXf@gt{ ssg$ s%? ctRPPPENT 8ﬁp¥lﬁg,%98}n
VIB, VIIB and tHe Ihngheheox:cam‘sldmosta‘eéal Brusps“@étabes)” can Periodic
Tabl e. SpeC|f|caII r ef red ar e Pt.. N and Cr.
Mbst pref er r e HF% rXff% é XA 1ES s w_eur’r%%a%gep’ﬁﬂ%Wun?ﬁﬁgPGPbﬁVat| num
The aridunt of tmaetactoke ox:LdatiZlcbIliﬂpirI@l&thﬁ@ xbewp §p abedt a2 byanehighbn
measured as he rre;_al $er totﬁ g % of the cat al yst. Wen using
pl ati num and/ &n$£?5%|%ﬁ RBFtatsr HREF PRaReFabfyrthe coke oxida-

tion-promoting metals are selected from Groups IB,: VB,

lig
ic

VIB, VIIB and VIII of the transition metal series of the
Periodic Table. Specifically preferred are Pd, Pt, Ni,

20 Co, Mn, Ag and Cr. Most preferred are the Group VIII
metals palladium and/or platinum. The amount of metal
introduced can be up to about 2% by weight, measured as
the metal per total weight of the catalyst. When using
platinum and/or palladium, smaller rather than larger

25 amounts of metals incorporated into the zeolite/binder
are preferred. Preferably platinum and/or palladium will
range from 5 to 3000 ppm by weight, basis metal, of the
final catalyst.

In a preferred method, the instant catalysts can be

30 prepared by mixing a mixture of at least one zeolite as
herein defined, alumina-containing binder, water, at
least one monocarboxylic acid or inorganic acid and at

least one polycarboxylic acid in a vessel or a container,



25 - anounts of metals incorporated into the zeolite/binder are

preferred. Preferably platinumand/or palladiumwlI range fromb5
to 3000 ppwh9s28866ht, basis netal, of the final catredyEP7/06694
In.a preferred nethod, the instant catalysts can be 30 prepared by

m xing a mxture of at |east one zeol i t e Tad! herei n defi ned,
alunina-contaigén bi nder, water, at ) | east one nonocar boxylic acid
or inorganic act a@ pellet of cthe migedonistrpexgnd ccatciningatiessel

or a container,pellets at eM&/984d386fperat X
PCT/ EP97/ 06694 ratures. In ogg preferred ¢, .i,g

a pellet of theeMRodMeRktzeelihel ReWdeni andtabumina-conpeihing pbwebevat ed
tenperatures. Iy odi zeplite powder and
s Qe & ££ 1 8Fater and . SAP 9fqﬁ9£et%$ %%%0%%£g%¥yﬂbFe of

al um na- cont ai ni ng powder ] is mxed wth wa
nmonocar boxyl i c asid or Ieorgaric¢ netidnitinst da¢idy sandconl GAGMEOPRE §F nore

of pol r ﬁ{M!' id c acid) _and optionally one or
nmor e corrpounds%g )tb e C%)E%f%é(iadéfl oﬁg%f% t%%bd)rre?’gﬁs %E’fﬂlo’yally OR{gor
resul ting m xt uerd pastpdunds fof netke | cbloecoprdd€ion promotid§emetal and

coke-oxi dation pronot i netal. my alfernatively_ be 10 | I mpr egnat ed.
Preferably the ‘%‘eﬁ Ire?sﬁrgtlfrb? r%ldx‘b'%//reex{l?ﬁ‘f%)n Hitfmed into a gpeblek. f or ned

into catal yticalley ased-tbxisdeiobypromoting RIESSL NEa Py OS¢ £ably 9&

mechanical |y by, pressi into die or nold. en extrusion 1s used
opt i ona]IC@extrus]i“g’rF%angeé‘ ai ds such as cellul ose derivatives, e.g.,

NETHOCEL F4M Pread By IpdiEtdy | ol # ihpse Kﬁ%éé But rade

mar k) , can he utilized (manufactured by The ca

Conpany). The t%riR "GfelfiRed JintR & Hek e i besefulrghape by shape or
formas |ong apAds iRy erh}cﬁ}&s@erﬁ&ﬂéwldld%@&l}arrg%aau% m%fegéé’égfgq F’fA&?ts

are calcined at a tenperature rangi ng ' ange o rom
200 [err]C., prferch®BPkd offhen extrugigm (i rjsed omtionmleferabiyidnom 450

[err]C1d 0 an WRRRS W% s cellulose derivatives, e.g., METHOCEL F4M
hydroxypropyl methylcellulose (METHOCEL is a trade mark),
can be utilized (manufactured by The Dow Chemical
Company) . The term “pellets” as used herein can be in any
shape or form as long as the materials are consolidated.

20 The formed pellets are calcined at a temperature ranging
from a lower range of from 200 °C., preferably from
300 °C., more preferably from 450 °C, to an upper range
of up to 700 °C., preferably up to 600 °C., more
preferably up to 525 °C.

25 The ratio of the first acids to second acids is
preferably within the range of 1:60 to 60:1, more
preferably 1:10 to 10:1. The amount of the first acid
used is in an amount effective to peptize the mixture.
Preferably the amount of the first acid used is from 0.1

30 to 6 weight percent, more preferably from 0.5 to about
4 weight percent based on the combined weight of zeolite

and alumina-containing binder (anhydrous solids basis).



of up to 700 [err]C., preferably up to 600 [err]C., nore

preferably up to 525 [err]C 25 The ratio of the first acids to
second: aciVia 98/23566 " preferably within the range of 1:60PCHEESTM6694pre -
preferably 1:10 to 10: 1. The anount of tjmagijst acid used is in an
anount effective to peptize the m xture. Preferably the anount .qf.

bretorably fr o Esnes 4bB overCassperkPani EidR . R GRS o CARARAIM ned
wei ght of zeolmdg require gpdasbpnameunestafnabgdbiBdpeptanbydneds F@ld ds

basi s) . WO 98/2%?66 ) L
PCT/EP97/06694am°unt of e second acid used is in_apgamount effechi¥g nas

with | ower dispgrgtbmbtéi ehet BaBaYysia SAEAPALYDor the calBY yisRAWHiSH
greater_anounts of acid to peptize them _The annunt'gf t he second
acid used is ihSafrafolint EPf&ctPyeferably frgmpPednte #hwedghsl peircent

activity of t sth¥hishbin i b+ f : p rahly from
0.2 to 4 meigﬂfaﬁiégg%tk .bS lbggegeégﬁghéggggg%ﬁég agggh?5§%%§EOfite and
al um na- contahningi hgndendéanhxdhodsoaslidbi desbasi.s) . :

The m xture is m t | y.OF:VLgo i . he m xtyre
appears uniform eengg%gggga%sbél%égf%gﬁgéxggﬂ§ Er g§985° %%&n&ngﬁl of
t he conponent stiné¢ mhetuigt appeatrsonpgéform. Theomibyngddiengbeheexdaparent s

of th i xtur t .di t t f mxing,, The.m xi ng_can be
acconp Q;hed @%& cghﬁigiﬁgl?%%g?fTﬁ%gtggﬁﬁpﬁﬁPF%nag FBe BEEThESe AT C8SFean
m xi ng onfbpoadéingt bhehtcohpenéhtsi efit that mi xhazebaenddddeden® 15

f t hi ck t d_wherein t 1 Xing i ied. . b
hear i ng of t RECPIRE oot CONRLPE af 1§ By NEnEaPnR| BSoRPLLshed b a ¢ he

Lancaster M x mullefganthéheetnnpaablbhy” is usedMHekeincas Beawsead idg
carry out the nixingaEA conneggggl ender such_as a ribbon bl ender

and/ or a powde?* nPPYIRER 59 W aFBSfBEiﬁEEEW?BeEapﬁﬁ BEENt BRI tRy.
Optiongd |y thergpkeaoxhidaki pAsPeoaRYi WHePBLAl tBANMBRing is acklRipRGnaled to
the formed pelé;tsxgggiggng%aLﬁécggg%g?lggmmercially available mullers
such as the Lancaster Mix Muller and the Simpson Mix
Muller can be used to carry out the mixing. A commercial
blender such as a ribbon blender and/or a powder mill can
20 also be used to carry out the mixing.

Optionally the coke-oxidation promoting metal can be
impregnated to the formed pellet with a metals-containing
solution instead of mixing in the paste mixture.

The temperature at which the skeletal isomerization

25 may be conducted may range from 200 °C to 500 °C. Tem-

peratures should not exceed the temparture at which the
olefin will crack. Suitable pressures maintained during
the isomerization reaction is at an olefin partial
pressure ranging from 10 to 1000 kPa, more preferably

30 from above 50 to 500 kPa, most preferably above 50 to
200 kPa.



solution instead of mxing in the paste m xture. The

tenperature at which the skeletal isonerization 25 may be conduct ed
may range VOOM23%G [err]C to 500 [err]C. Tem per at BEEEPSNRAIH4 not
exceed the tenparture at which the glefin will crack. Suitable
pressures mnai ntained during the i'sé&fefization reaction is at an _

olefin parti al . . pressure ranging from 10 to 1000 kPa, nore
preferably 30 %*%%%W%JOOTD%J(& k- e oSt tr efanrdhighwiel d9 to

200 kPa. are R OB RSH06Sy the process of the i i
ST P97/ 06694 Qr%ﬁsqt invention. Hi gh

conversion, hi g% &Eivi$sed FRmpF EHine el ikear olefing chanimg ned by t he

process of the Jyasffd dAVENLIiONst 7 fin feed conprisj | i near
ol efi ns having an aver age of %atlrlf%%_z% sgazir eoncoarfq"oa}%trg(i " tohtAct ed
with a 5 el ¥ah effeciive for sheletally isonerizimg said 1inear
olefins at a cqwef;sionof : 0% 4 ' €, fpass. . However,
the process of t eﬁnventi%ﬁé%éla els':%'gnaef'?ao@t rddW 4027%@[%t%l§ﬁqus%r%&?§§e
the |inear ol efHowevar f dtheippesess of the ainesrsiions.er3bhey Sorensc®f  at

| east 70% pref V. &t 10 . ] e % nor eferagbly at ]east 90%
and nost Sq{eg'lrge%ael?i%ljlysoﬁeﬁjé%es%goga %arat?%aﬁo eaq? rf%laar s‘Hﬂj}?er pass
in the process winvdmsionentGamwe daliend ageauts| Yeadthel0%, prefORMElEiHN
per cent.ages are Qhtaijlable at te rat.ures rangi ng. from200 [err]C
to 500 ]Iq%rr] C, Ei|oeraésftera vy 5] é’r?‘pr?efeaﬁﬁ A% leaSt_ r i | R RRER00 [err]C
to 350 [err] C. preferably atlheast a3sstaideEthddid ey %@ﬁigalleh pass

i somerization th rocess iqs %{so, hi ghly sel ective towards the
manuf acture 0 PR&GEIAGHSR 45 %o’rfb‘f?;kte‘c?rbr afted tAgsqusty Al tugh

high . S @opeid N ildre perfderitidi N at e ARGOMENG & theyskel8lals 20
i sonmeri zation process, the selectivity of the catalyst towards the
manuf act ure of *fé&P9%M%hi Phnhd® o1& i o preferablypmta Yenmpeara ey

hi gher 15 near @lagigim@ta@aNIcy #Hc to 350 dceast 30%in one pass since
processes using catalysts wi th |ower selectivities are not regarded
as sufficiently 25The cagalyst RO YeoAdnithe 19kgliedtalf iisdme Hizgharon

process is also.highly selective towards the manufacture
of skeletally isomerized branched olefins. Although high
selectivities are attainable according to the skeletal

20 isomerization process, the selectivity of the catalyst
towards the manufacture of C7 or higher branched olefins
from a linear C7 or higher linear olefin stream is at
least 30% in one pass since processes using catalysts
with lower selectivities are not regarded as sufficiently

25 effective or economically justified. Higher
selectivities of at least 70%, more preferably at least
80%, most preferably at least 90%, and even as high as at
least 95%, are attainable in the process of the invention
in one pass.

30 Another advantage observed by skeletally isomerizing
the C7 or higher linear olefin streams according to the
process of the invention is that high conversion of the

linear olefin stream can be obtained in conjunction with



selectivities of at least 70% nore preferably at |east 80% nost

preferably at |east 90% and even as high as at | east 95% are
at t ai nabl eWn9%23866)r ocess of the invention ' “in one paXGI/EBy/06694
Anot her advant age observed by skeletally |soner|2|ng the C7 or

hi gher linear olefin streans accordi ng tg t4e - process of the s
I nvention is that high conversion of the linear olefin stream can

be obtained i n kb upeieehivity to the skepebgllgsssomerized branched

PCT/ EP97/ 06694 £ lefin st £
selectivity to ihe s letalT olsoﬁer?zgaaﬁrancﬁ gfefdbly an?ertnggg

olefin strean1|Bep¢@mbaa©$yoéoﬁVeleéﬁta?0%, Wlthperseheage31m& &b lthast

70% wth a sel 0; neri.ze ranch

ol efins of at %gé%g§%¥l§ %ggﬁerlz?% B?éﬁ%ﬁéﬁlgiek ﬁ%agg 8 @beﬁﬁit%%%'
preferabby at Imesé preferabdpoat| heasvt Bes, embsﬂlpeeferablyeaﬁtl&&%tof t he
olefin yeamis_converted t_a selectivit t el e aIIy

i sorreri zed bran%@%d gi%f?ﬂggg?ra?m?gggyeggqb ﬁn#gas¥ b8+ grésgra

selectivity of stré&asisooémvepsedpreteaabbyedOivity ab tﬁésbkgi%tall
selectivity. Inp a furthg ?enbodl % of the oleflns

are converted atSYBFELET F%EChegEORef6P598§66F ﬁﬁ?éttgagrdeﬁé skeletal |y

i somerized branghéflerably a 9bBéLBSvitDrerpaef eeabtyost, spbeet brelfieebaly
95% or nore. The skel etal 1sonerization process al so produceés

hi gh 1510 yi @F okedpt sRefepal eGti¥dhiri 288 Br EHERBEroPBPPAdMentheat

yield of the skelgtal bof%lé9n€ﬁézsﬂebiaacaee ebelkPSed at seltbeyhddhesat
| east about 10% but yields of at |east about 50% nore preferably

at | east about ®5090%per more towardrEhabplichetpdlyt iapvariged basachedn as
high as at 20 a}?fl§§5tm8P8”%r§9é§§Bf aSE'$¥§QE€1bEtE%§CBEC§5% BQGFB&%hGSt

yi el d of skel et y 1 soneri zed branched ol e obt al ne mted
by the equilibriumEbacekelatabnispmenszation proeasshadisol pricdscas hhigh

skel et |soner|fg agnof skeletgfﬂyeEQEHéglzéé branchad nggkgeen%he

skel et a |soner¥za I On process can range of
conditions. O efialdeofhthe skeletally ;somerlzed branched olefins

should be at least about 10%, but yvields of at least
about 50%, more preferably at least about 65%, most '
preferably at least about 80%, and even as high as at

20 least about 90% are achievable in practice. The highest
yield cf skeletally isomerized branched olefin obtained
is limited by the equilibrium concentration of the
branched olefins at the skeletal isomerization
temperature.

25 The present skeletal isomerization process can be
operated at a wide range of conditions. Olefin weight
hour space velocity of the olefin can range from 0.1 to
100 per hour. Préferably, the WHSV is between 0.5 to 50,
more preferably between 1 and 40, most preferably between

30 2 and 30 per hour. At lower WHSV's, it is possible to
operate at lower temperatures while achieving high yields
of skeletally isomerized branched olefins. At higher

WHSV's, the temperature is generally increased in order



hour space velocity of the olefin can range fromO0.1 to 100 per

hour. Preferably, the WHSV is between 0.5 to 50, nore preferably
bet ween 1waneB 28666 nost preferably between 30 '~ 2 and 30 RG3YERI306694 At .

|l ower WHSV's, it is possible to operate at |ower tenperatures while
achi evi ng hi gh yields of skel etaldd - sonerized branched ol efins. At
hi gher WHSV's, the tenperature is generally increased in order

WO 98/ 23566 to maintain the desired conversion aRCTsEPIFL VG50 to the

- 28 - t S % and.sel ectivit to t he
skeletally ISO%%%?E%% rgﬁQﬂégfz?§f¢%§gc %@tﬁiéf?ﬁs F? Lher’ ¥

seIect|V|t|essalecgamataeSyaaehgenedahlyImmhxemééfan lower oledihi al
pressures mentioned, abov . [ easo it 5. . often | .
advant ageous ¥¥° ?bt%r?%%ufgéd ??%3%?@A$R°5¢' For this| F@AFOBasitudf as
ni trogen or hytitegeadvaAtabeogs to dllutéeﬂuﬁiﬂgeahEtﬁéeﬁiﬁlﬁﬁr&ia'
pressure with be benefici to inprove the

di | uent
sel ectivity d?a}%%nbr%%§s§XCh as nityegeR gpihy E%%%%ry pbtherghe the

olefin streamdtdidglfhe oledihUpAttial pressure witR Q'&QﬁﬂéntsmHg the
nmolar ratio of olefin to di | uent can range fromO0.01:1 to 1

and is gener aP¢yoeneficial thj iMPRaveaRle #F1eciiyity of jthe process, \wen

the branchi ng; hags bges ﬁéBé@&SE‘ybt{odaﬂﬁﬁtéaﬁhé%léﬁm strédf PLtABRY
al cohol conposition of the invention have relatively few branch

poi ntk0at t heddiuentough C3 carbon positions relative to the
hydroxyl carbon afﬁ 414118eRE is used, n@héS&@IQPykaEfép%ﬁaélgf§n tgat is,

little or no branche at the second to |ast carbon at om al ong t he
backbone of 2@lluenttﬂ@narébﬁélfﬁ@Me@qu tetatie:1p and hydgergkadaybon

atom In partj ﬁﬁn zE%Qbréx cgk gl go og%gglfcule in this case

cont ai ns Iess ran |ng at t Clerr] positions,
and | ess than 5%Wisepropg| branpghbaygi bas been achieved by dimerisation,

15 the primary alcohol composition of the invention have

relatively few branch points at the Cj; through Cj3 carbon

positions relative to the hydroxyl carbon and little or
no isopropyi terminations, that is, little or no branches
at the second to last carbon atom along the backbone of
20 the alcohol molecule relative to the hydroxyl carbon
atom. In particular, the typical alcohol molecule in

this case contains less than 25% branching at the Cy and
C3 positions, and less than 5% isopropyl termination,

more usually no isopropyl groups being detected.

25 From these carbon positions, the alcohol molecules
made from the dimerised olefins look similar to the
NEODOL alcohols. However, unlike the NEODOL alcohols
which are predominately linear, the primary alcohol
composition of the invention has a very high average

30 number of branches per molecule. Due to large number of
branches found in the primary alcohol composition of the

invention and the relatively low percentage of branch



nore usually no isopropyl groups being detected. 25 From t hese

carbon posj.t]| t he al cohol nol ecul es made fromth i '
W’%ﬁﬁ ePéan| | Z@§ he

olefins lo ar to the NEODCL al cohol s. However,
NEODOL al cohol s whi ch are predom nrapely |inear, the primary al cohol
conposition of the invention has a very high average 30 nunber of ---

branches per nphegwlseat R 10 | &ge M offopyl termiHANLHSQuUNd in
the primary al cohol conposition of the “i'nvention and the relatively

| ow per cent agepekiiang) the majorAR WY PIGHO branches are toward the
PCT/ EP97/ 06694 . . . 29 - poLnts at
the C2, C3, an&REEH &fyItheMAtRa sy pErth 2 Slgmp%’scratrf%r&‘%ml?% Phj Bhety

of the branchegraneHeded idi@ocated HEWRS o Bdth 8 el edintbidzéd -
significant nunber of the branches being | ocated on one or both of

the di mérized Sarbon @i atldifs NMRrRPegEahetatianl i aensss eomsi wieht
wi th WSS o G DANGheR Alf-d hatignt adad ot £k Pasede Mo a

chem cal reaction equation. . _The types of branching found in the
primary al cohokhemical g@fsisian GHWFL4Re- i nvention varies from nethyl,

ethyl, 10 Pr ofyle sbtafylbx%rnéﬂig{berfoﬁéiﬂniéﬂég{giﬁw%lﬁhwe

branches detected by the "NVR were ethyl groups, althou IS can
vary dependi ng copwpestitd agomfodihg dmwAntien feaies from methylkacetionl,

conditi,gns. In nbodi it h 'y e o qy‘n?_er h ups
I n thelgri rraryp%%?(?ﬁdl %g{orrpostlytll E)Brlf@ﬁghép' ol} stJhge:nllfnJi/en [ o%%%‘%e& e
preferably, frbonahtiss ada3®E4ted by thedlidh werea stlgnl fgoxams j uabthooght he

anount of ethyl_. . roups. det ect ed | QDAL al cohol s. The_nunper ,of
ot hyl s ey TR PR TS NROR a8l SE RSN TS HoF Pred
sane reason. Twpid adast iwesardi timnswnberomnd entiddiméddc, howgvedpstiel |
range from 10%to 50% as det.ected by the . _ NWVR Br oadl y
speaki ng, a priw}}%?raloc%kﬁﬁq]yc]orﬁ)%%‘m%lo]rfli?e primary,aleohl b?oﬂ?%}{:i?ﬁg
an ol eflisn f eed c¥orgid Sinvgerd s |edd@sf |Jpreferably) ifiest Dbefivs Bos| he
r n f | ner i I on .
presence ot a %Hyiﬂzﬁglé)sfggfgfggnt jump from the amount of ethyl
groups detected in NEODOL alcohols. The number of methyl
groups detected by the NMR can also vary widely for the
same reason. Typically, however, the number of methyl
20 groups will range from 10% to 50%, as detected by the
NMR .
Broadly speaking, a primary alcohol composition is

obtained by dimerizing an olefin feed comprising Cg-Cqp

linear olefins in the presence of a dimerization catalyst

25 under dimerization conditions to obtain C35-Csp olefins.

In one embodiment, the olefin feed comprises at least
85 mol%, preferably at least 90 mol%, more preferably at
least 95 mol% linear olefins. The remainder of the olefin
feed comprises only a small number of branched olefins,
30 preferably less than 3 mol%.
The olefin feed can contain shorter or longer

olefins. In a preferred embodiment, however, the olefin



25 under dinerizatfon conditions to obtain Cl2-C20 ol efins.

In one enmhodi nent. the olefin feed conprises at | east 85 nol %
pref er abl yV9O3¥4Et 90 nol % nore preferably at |- e aBETHBITRSHH,
linear olefins. The remainder of the olefip, _ feed conprises only a
smal | nunber of branched ol efins, 30 %beferably |l ess than 3 nmol % ...

The ol efin feegtcan co tain shorter olefins. . In a

preferred embodif 8®e$8pprgﬁgsopgf}ﬁa%%r85 wEs\wefoghesfesClo

PCT/EP97/06694olef1ns more referabl 0 t% stream
al so conpri ses at east 85 % of the CF w an m%gt pref%ﬁ%ﬁ%yhs nor e

preferably 90 *b%té&n8emBa0 Sﬂéfénéblﬁnother adgénwa@erértheqpmudess
ol efins. Anot her ggvanta ge of the Rfogess of the invention is that
one can make nPktGPEsiBVEBGLAD §S that,ggeagancpakenmissnge sdiofebiotsd

ol ef i nssby enpbayi BEd even nufb%kered:pb POt gddrand Sgggm%‘%tfggﬁr gd ol efins

in the feed, as distinguished fromthose proces
upon ol i gorer i BLK§UEREhEE BItBrodd shef pient pupberdd olefins Hingltbwe’

olefins. 10 feed, theleQBbﬁlEﬁera ? b@ﬁgggefggcggsegtaﬁg%h or&alpha

olefins, or mixtures thereof. Pre

ol efi ns presentPpPh PﬁégP@éélééﬁﬁrﬁséheﬁt§Bnat C4 olefipketinduliddause t he
di meri zation of %gese flns tend to produce a variety of branch
types, that isti#BEAYPISIERS.  “othyl, and propyl branches, even butyl

branches. By a  The omaf@hl E¥eliScARABE hhatb gﬁeatfe&nklaéﬂa@o‘eﬁ %)lgfn at he
olefin ' @i%g I S co rised of internal olefins. Mre prefera

at least 75 wt 1Bfe BFe FﬁtPééa FgeEﬁﬁﬁrlsgﬂegﬁraber thenm@a@auty

olefins. 20  of the bﬂe@ﬂﬁseﬁP@géﬁﬁnanEhéh?eéaveeﬁgegsetggEgrhﬁlprov'ded
a one-st ep di meri zation process I merizati on
process is meaptefhaf Hpcause the dlmerlzatlon of these oleflns tend to

produce a variety of branch types, that is, methyl,

15 ethyl, and propyl branches, even butyl branches. By a
majority is meant that greater than 50 wt%$ of the olefin
feed is comprised of internal olefins. More preferably,
at least 75 wt% of the olefin feed is comprised of
internal olefins.

20 In one embodiment of the invention, there is provided
a one-step dimerization process.

' By a one-step dimerization process is meant that an
olefin feed, once dimerized, is not further subjected to
dimerization. A one-step process does, however, include

25 recycling unreacted olefin feed to the dimerization zone
because this unreacted olefin was not dimerized. It also
includes a continuous process or several batch reactors
operating in parallel, so long as one dimerized stream of
olefin is not fed to a subsequent dimerization reaction

30 zone for a second or subsequent dimerization. This one
step process provides the advantage that one may use

conventional streams of olefins without the necessity for



olefin feed, once dinerized, is not further subjected to

di meri zation. A one-step process does, however, include 25 recycl
unr eact ed WPE8RI66eed to the dimerization zone becaBSEEPATA6694
unreacted olefin was not dinerized. It aLsg _ i ncl udes a continuous
process or several batch reactors berating in parallel, so |ong-as

one dinerized stream,of gl efin.is, not fed to a subsequent,
di neri zati on r EXPENGH v§o and SQRﬂﬁ?%ﬁﬁaEf4x§§£ﬁfQElQHﬂiﬂQnﬁﬁﬁaQﬁFkﬁqzation.

This one protelR ¥ Feas makify @es Jlhr iaf\witaage dihatli NeHuBe pse
conventional streans of olefins wthout the necessity for WO

98/ 23566 linear olefins. The olefin feed magT/pobtEsamd by the

- 31 - SRR 12RA 1A St ARt A SRk AR ; i on
processes for ﬁgking an olefin stream of high pJ?ﬁ{fgﬁ“ Qﬂu&ﬁf?ﬁ%&r

ol efi ns5 The olsabiseduead Inpedignrapentinnated, or by twmnVRisdlomat

ol i gonerizatio h whi S uent.l . .

di sproporti ona?‘erg)%s(;%trh ?ﬁ%ﬁeessr—'l s"@‘Lleer)ﬁsSes al ropgbgh c;;}rl(%oer&s)eglflz 1I“J(':clj*ln u%%s a
1 carbon ol i gopesisialg @ @nd Hy ovempdssimeprC@ared tHaertrdlyster ason or
cobalt catalyst; as ) di stinguished fromtrimer or tetraner feeds of
Clerr] or { er@fstinguisheg &Hafs SHRSF f% W GHAREDriarIFePHICI R Fe
speci al 10 ext.racti.an,steps.t.o.obtain hi.gh linearity in the olefin

f eed. °le>%t1]‘§l|c§‘| S A5 hd‘lgrpg'rs{ }a%nocr%qs Condittsf astp?%%ojer a-
tures o the raggeaeftifaromtapesutto WhYanr [Hidlo 1G4ty Gn the olefin
preferably from20 to 50 [err]C for the duration of 1/2 to 15 8

hour s, preferagﬁﬁdT to 5 hours, using an olefin to catal yst nole

ratio of 200 to 2019@A.cainef,ernaRl Wihdikdtion is corldfhdi¥ nd esebegdefin

per nole of catalyst. The dineri- zation isogenerallyoconducted as
aliquid phaseﬁqﬁﬁﬁi%ﬁ1the range of from about -10 to 100 °C.,

preferably from 20° to 50 °C for the duration of 1/2 to

ng

15 8 hours, preferably 1 to 5 hours, using an olefin to
catalyst mole ratio of 200 to 20,000, preferably 1,000 to
10,000 moles of olefin per mole of catalyst. The dimeri-
zation is generally conducted as a liquid phase reaction
using pressures in the range of 0 to 300 kPa, preferably

20 100 to 200 kPa. Where the dimerization is conducted as a
batch process, the catalyst can be conveniently prepared
in situ in the reactor. The dimerization can also be con-
ducted as a continuous, semi-batch or multi-step process.
It should be appreciated that where typical or preferred

25 process conditions (é.g., temperatures, times, catalyst
ratios, etc.) have been given, that other process
conditions could also be used. Optimum reaction con-
ditions (e.g., temperature, reaction time, reactant
ratios, catalyst ratios, solvents, etc.) may vary with

30 the particular reactants, catalysts, or solvents used,

but can be determined by routine optimization procedures.



using pressures in the range of 0 to 300 kPa, preferably 20 100 to 200
kPa. Where the dinmerization.is conducted as a bat ch process, the
cat al yst @ 98@3566nveni ently prepared in situ in t hBCTEBXHAS624 The.
di neri zation can al so be con- duct % as a continuous, sem -batch or
mul ti-step process. It should be a% reci ated that where typical..or

preferred 25 QBOCE§S conditionsé&e.g., tegpe atures, tines, catalyst
ratios, etc.) have'BEe 1@?§éﬁ?tﬁﬁ&tc Re sﬁﬁoe s§his inventded GagnPecoul d
al so be used. EpbbaWRd B3CLAa@ing the apﬁ@dﬂf&%%e(%o%pon%%ﬁ%ﬁ%ﬁ?%M%

reaction tinme, reactant ratios, catalyst ratios, solvents, etc.)
may vary with getalystfga ghetodgfdn teabeadimerdzes .y frefegado,vdimes
used, Behpoadnke det @ha Radaly, stoytien 1 Begal] ’ (&S
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- 32-5 to thehe addditilogt iton thet gledfiia deednhi asi hhdist mary camsee
prepared by co i : a ri one f .t catal yst in
the olefin to B%ggbhggﬁ;ggp %&;E@Fa%%%fﬁggg‘ %h%e%kgﬁggﬁghsé gpéﬁu?él
cat al yst are nchlporrbeénzeget! lver gycilohexane matyo beheaisredaddid idaon riox t he

olefin feed, a hi auy gsition of the catal yst. Added
sol vent s, suchagéra%tn%¥ob F%&gﬁ ﬁ%e ggggggébcgﬁexane may be used and do

not det r act Theomedetciliyst ofether matedyst for the diherselaadidron sof
the catal yst for the.dinmerization.is 10 one which is selectiye towards
Lhe mamdf act ur 876F "REGH s Seledrigt Logards e Rahhtartie A i End
average of frogields of Qimelrdz3d odrd ipysetharvdblgy B averdde yfamdwms per
nol ecul e. Thes atal ysts are preferahly solubleg in hydr ocar bon
medi a, for exaﬁpﬁefot e SoPRd R @&agaﬁ%gh% 8 2.9 BEERGhsS i neri zati on
catal ysts sol uhbgeichlRYdMPrese catalyGAHRIe Yre fRURYIEXSDIMMILIH a metal,
pref erably nickel, is bound to at | east one _hydrocarbon group, for

exanpl e a hydrgearbencmgdiag Fodk&*alicde e R1Efdycifesd shitaani ckel
associ atsed t 0 gxBalbaaanatred iddHizaitd Bt UGSt AXIM1e2Qn hyddode of
catal yst consists_of the conpl exes formed b .
carbons are complexes wherein a metal, preferably nickel,
is bound to at least one hydrocarbon group, for example a
bis- nickel, a nickel halide or bis-cyclooctadiene nickel
associated to a halogenated aluminium compound. Another
20 type of catalyst consists of the complexes formed by
admixing at least one nickel compound with at least one
alkylaluminium compound and optionally a ligand, for
example a phosphine. These catalysts are well-known in
the ért. Illustrations of the catalyst that can be used
25 in this type of process are given in U.S. Patent
Nos. 4,366,087; 4,326,650; and 4,398,049.
A preferred class of catalysts used in the process
are homogenous catalysts comprising a combination of a
nickel carboxylate or a nickel chelate, with an alkyl
30 aluminium halide or an alkyl aluminium alkoxide,

respectively. The Al/Ni mole ratio is suitably from 1.0
to 20.0.



adm xi ng at | east one nickel conmpound with at |east one

al kyl al um ppound and optionally a ligand, for exanpl e a
phosphlneva#ﬁggggﬁatalysts are well-knomm in t he arrcrﬂ?gﬁgﬁ?htions
of .the catal yst that can be used 25 - this type of process are given
in U S. Patent Nos. 4, 366, 087; 4,326,650, and 4, 398, 049. -
A preferred cl ass t n progess are. nngenous
catal ysts conprlsfﬁg dé%%k ?n%.Héggn cémpr Ses %l%kﬁre%aFﬁﬁgﬁFXSétSroé

ni ckel chel at & m¢lkehnclaék§(te30 The carxumpwﬁehafudneomaneal k¥kbo-
aIummumaIkom ectlvel nole ratio is suitably

The
from1.0 f%%?é%ﬁﬁ be r&p esen%@?é@YZQ@%A%ormula (RCOO) oNi, where

PCT/ EP97/ 06694 is a branched or unb h i
ni ckel conpound Conprises a nickel car %x?/?at%y%lrfocaggyl radiratel feﬁel ate

The cardboxyl at@amplmeaml@kleylsaﬂz)@loalkyl akkéayek, mayybe é@ﬁﬂﬁ?@%@d by

the formula ( . ranched or_ unbranc
hydr ocar byl E%?%gfyifor fégl' co%&%h%+%g %é fi@?t gyE?BQPRyFtOQPkenyI

aryl, aralkyl greferably al kaf §1cieadt cahmbepnd fii 4 APoAt aLt8aAst 3 ¢anbar
at ons, jV‘\iore er bl%/Jaa sufficient nunber of, carbon atons to render

it conpatibl e W tF°TRA bEh ey FEOSHERCR Med g dr puch as a hydrpy|

r adi cal of 5- Zﬂawbonadﬁ@am o5 €30 r egltlseh #BYnmHE WRich radubsglhi Inhl&'eﬁe
Wi th, r exa dr ox 0- groups of the

t he
bi val ni ck u9§5{£g5$%¥%9%§zggﬁﬁe%%ample' h¥$6%8Y ngyCBPEF oRARI 9Lpshe

substituted WHRJD@F QYHOEEHTEFf the blvaﬁé!rmtt_eﬁl@kfeﬂ[@ﬁﬂ;%at&hﬁéﬁt%%hl s
a hal ogenoal kyl radi cal containing from1l to car bon atons,

descri bed in 3% may ¢REkoRaNoy be spebeBituted with grogszanppgg of the

ni ckel carboxydeH@sd iy &'ﬁ@obmw@éﬁe R m&tl | dHd 8% 10
bi s- (2- et hyl hexanoat e)'ni ckel ; 2-ethyl - 1 1s a anoat e #ic a?lcal

trichloro(or tadrfiaioring atedrate;to 3 carbén edﬁrmh@,exaﬂodiéﬁcﬂiﬁlém in US

0- chI rsgbenzo l?qﬁna\éq\ﬁ ez} h:yés &97 hexanoat e ni ckel acetyl acetonate,

ni ckel et hyl
Examples of the nickel carboxylates include, but are

not limited to, bis-(2-ethylhexanoate)nickel; 2-ethyl- .
hexanoate nickel trichloro(or trifluoro) acetate;
2-ethylhexanoate nickel o-chlorobenzoate; and 2-ethyl-

20 hexanoate nickel acetylacetonate, nickel 2-ethylbutyrate
trifluorocacetate, nickel 2-ethylbutyrate trichloro-
acetate, nickel 3,3-dimethylbutyrate trifluoroacetate,
nickel 3,3-dimethylbutyrate trichloroacetate, nickel
4-methylvalerate trifluorcacetate, nickel heptanoate

25 trifluorcacetate, nickel heptanocate trichloroacetate,
nickel heptanoate tribromoacetate, nickel heptanoate
triiodoacetate, nickel 2-ethylhexanocate monofluoro-
acetate, nickel 2-ethylhexanoate trichloroacetate, nickel
2-ethylhexanoate dichloroacetate, nickel 2-ethylhexanocate

30 monochloroacetate, nickel 2-ethylhexanoate tribromo-
acetate, nickel Z2-ethylhexanoate triiodoacetate, nickel
octoate trifluorocacetate, nickel octoate trichloro-

acetate, nickel decanoate trifluoroacetate, nickel



trifluoroacetate, nickel 2-ethylbutyrate trichloro- acetate, nickel

3,3-dinethyl butyrate trifluoroacetate, ni ckel 3, 3-di net hyl butyrate
trichl or odt@PHEE6C ni ckel 4-met hyl val erate trifl uor cBEHERIM66%4i ckel
hept anoat e 25 trifluoroacetate, nickegl, heptanoate trichl oroacetate,

ni ckel heptanoate tribronpacetate, nickel "heptanoate

triiodoacet at e - et X210 monof,| uoro- . acet at e, ni cke
2- et hyl hexanog:‘eeégtnrl gﬁ g%%a%?t%tee, én){?éc & nckel MYE R R HREO™

di chl or oacet atase tr ke | n iz et hyp dlewiatreoiad et RDF Luorsadeid OF aacetat e, ni ckel
2- et hyl hexanogjtoe acetate, nickel 2-ethylhexanoate

t yk]g{ ono- .
trii odoacet at &9 RiEenZoate triflugroacetatRy Jhkek iisomedpykt oat e
trichloro-  salicylcfiatienidhXdedadeeAOAtS did | lm@@&éég&enﬁske'
7
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- 34 - £ IYOTARFAR- A3 e b St kit ko, 2 TR ikl heRanaa e cheptdt uor o-
acetate, nickeiudpddimdd i fluoroacetate, nickel dodecyl benzoat e
trifluoroacetate, nickel diisopropyl- salicylate trichloroacetate,

ni ckel nyrist &€ pefteel chelats |GRRRMIMAS orvdticlameanitc kel t1-Eidiya lexhanoat e
hept a- GLETels : T L. hel onmpounds, whi ch
react with t héalz#%;ﬁw yarl%&zﬁduenﬁ'niaurn? gﬁ%(xfl esO} Clz?‘r e@bid:Psagtrel ed in US Patent

Nos. 3, 424, 81¥osnd 34,4850 84d1 armthed ,ATked Skchel Hienicidudthelhtes ihobede

havi ng ot he for r wherein R and R independently
are hydrogen, aﬂglf%l hc?qu'r{é the afroyﬁmuo aup to 10 carbon atons, or hal oal kyl

or hal oaryl of up to 10p )n_atons, V\pm_ e ;ﬁovi so that the two
R groups of each chelating |igand IE oge ‘hgr y h™tye
R— =220 O==:C —R'

(I)
wherein R and R' independently are hydrogen, alkyl or
aryl of up to 10 carbon atoms, or haloalkyl or haloafyl
of up to 10 carbon atoms, with the proviso that the two
R' groups of each chelating ligand together with the
15 adjacent carbon atoms to which they are attached, can
form a six-membered carbocyclic aromatic ring of up to
4 halogen substituents. The halogenated chelating ligand
preferably has up to 15 carbon atoms and from 2 to
8 halogen substituents, but more preferably has up to
20 10 carbon atoms and from 3 to 6 halogen substituents. The
halogen substituents of the chelating ligand are suitably
fluorine, chlorine, bromine or iodine, wherein the R'
groups together form a divalent radical in which the
monoenol configuration is maintained as part of the
25 aromatic ring;
The aluminium compound comprises an hydrocarbyl
aluminium halide or a hydrocarbyl aluminium alkoxide.
The hydrocarbyl group generally comprises 0, 1 or

2 hydrocarbyl groups each having from 1 to 20 carbon



15 adj acent carbon atons to which they are attached, can forma

si x-menbered carbocyclic aromatic ring of up to 4 h

subst i t ueMf@982386 hal ogenat ed chel ating |igand pr ef Z’%“gﬁﬁg”r‘f’ég"‘up to
15. carbon atons and from2 to 8 ha ggen Substituents, but nore
preferably has up to 20 10 carbon atons and from3 to 6 hal ogen

substituents. ulst istuent f the chel.ating |igand a;;”
suitably algﬁlslﬁo}'lisrlllea,ﬂ?hl%%?%n; q%r (}tnzq %ro%ro(%l Saine \?ﬂéer eql‘%mﬁh% R
groups toget hencllading dilkgllgntanyddi aalalikywhiadtkadyd, and cy@EnQeneoyl .

configuration_is I.ntai ned as par f t a aronatic ring;.
The al uni ni umeSrrg%&ﬁ ec&?ﬂ\plrslgsesabr %fdrgggfﬁﬂﬂes’ such J§,5Heided i de or
a hydrocar byl jakudieni whlaikee,dor bromidelhe tumlReanhwh g geperal |y

conprises 0, 1 or .2 hydrocar byl groups _each having from1l to 20
Cargons readﬁéyggpggggé&e, sué@laéJthé)chloride. xamples of the

PCT/ EP97/ 0669 ydrocarbyl aluminium halides include 3Cla, ethyl®fOls,
usually from1°to 12 carbon atons, the groups I ncl'udi ng al kyl, aryl,

aral kyl , al kaayumiaddmc yidlobdldailde, ethylallhenisailundesexaqirdisiesrildd o 6
hal i des, such as_fluoride ... lodide, chloride r brom de, preferably
whi chever is glChlorP(?zE'g’iyllflé’\%‘iniJ'M’e, lsq}bll?ré’slst%é‘{tc)ﬁﬁ}r‘}rﬂ’é?lu%anpl es of
the hy ehaeaibhle talylmEltinimia icdes Haio wdaectdfed err], ethyl -

al um nium di chl oride, ethylalum nium sesquichl oride, .

di chl éPoet hyl al untHEEAPLE AHKGFIAESo AN Hunk MTurf a@lkoxide groups

chl or odi et hyl ghdleniaueyar steigient¥ iy &% dd¥ined aboveSWii@d! fop&oXi €8S
can be 1 or 2 al koxi de groups whose al kyl. segnents are as defined
above with reé§psceltyl groups REtAAd Frdue AYHRHEd R0 the al umi ni um

Optionally, the cabali%salTRy @he0 e@1didt s illso contaiHNmS1 Wat er
whi ch has the effect of increasing the 15 rate of the catalytic
di meri zat i on. a@en&talofy waties has the ofiffegh @f ditxsAH M | thee an

anDunﬁSSUffiCEgQ% & the catéﬂyﬂf§¥aiﬂéfi{§gfbﬁﬁ ééﬁ%f¥§f§ytéﬁé amount

di meri zati on.
of water employed will be an amount sufficient to

increase the rate of the catalytic dimerization.
At the outlet of the reactor, the catalyst may be
deactivated in known manner, for example, with ammonia
20 and/or an aqueous sodium hydroxide solution and/or an
aqueous sulfuric acid solution, or an organic acid/bi-
carbonate solution. The unconverted olefins and the
alkanes, 1f any, are separated thereafter from the
oligomers by distillation, or any other suitable
25 procedure, such as extraction, and the like. Unreacted
feedstock can be recycled back to the initial feedstock.
The branched - skeletally isomerized or dimerized -
| olefins are subsequently converted to alcohols and to any
of a broad range of surfactants, including nonionic,
30 anionic, cationic, and amphoteric surfactants. The
branched olefin serves as a surfactant intermediate.
Specifically, the branched olefin serves as the hydro-

phobic moiety of the surfactant molecule, while the



At the outlet of the reactor, the catal yst nmay be deactivated in
known manner, for exanple, w th anmmonia 20 ~and/ or an aqueous sodi um
hydr oxi de WOI%82P¥A and/ or an aqueous sul furic acid SeFTHRPHISIDr an
or.gani ¢ aci d/ bi - car bonat e sol uti_og The unconverted ol efi ns and
t he al kanes, if any, are separated ?h’ér.eafter fromthe

ol igonmers by dist.illation,. qQr any ot.her, sujtable 25 procedure, such as
extraction, an§oHFEY ﬁgg{]e%%roe%e(?le in durﬁé’é’d IECEF® N5 e BRARE Dack
to the initial skeedsioals the hydrophilBhe Naiahehed e Pelt8lalily i somerized
or dinmerized - ol efins are subsequently converted to al cohols and

to any sy £2a5agd ok o Medist Aseghit®, Gondexdi idendmiagvdhed 30

anioni c, cati oRj1esigNd AEN AN IHo1S Wl %(htr%tcstgn-Ehg. . coln]syidet}re%i‘cél:eidciﬁéeagﬂci n

serves as a surfactant internediate. pecifica , the branc

olefin Serves &9 tthe Wrosent inventiegmobipravdided, tofatt He sioefsactent

mol ecul e, whil @8 ange the MQIRYA33RQ - ‘

PCT/ EP97) 06694 e ange e s a43%8ucture of Fh§60}efln to tqﬁﬁ ety
added to the olegftiemtdhiatg tthive bypmesiugitod. spmecéonger biodegpradaki egs dihe
hydr ophi | e. Nei r..t argicul ar .surfactant nor the._neans used to
convert the brg%?ﬁg sh%h% &ééﬁéﬁﬁoﬁ Fgagﬁha%goﬁ& lgﬁssﬁﬁﬁgc?% t'is

consi dered criticalConyersiont @ft thepbesacheidnvdeifiias, tor avipddthaiat it does
not rearran t he skeletal .,structure of .the olefin to the

ext ent hat thglﬁ:%‘r% dEHFPOE 1T FodGe FBVEFeGPEdabIRECogPLished, foxjces
the degree of kxanghieng biyo Hyer® fidiaiy1@tion, by oxidatiGaNweldsiHgs- t he

branched ol efins to a._primry . 10 | cohol, conposition is .conveniently
acconpl i shed, f&°*S’ oy S%Oé‘, 3t %Q’&I&f%&toﬁyrg‘tyi SRO*FPaddi st idde and

hydr o- hiyyiviatidey ol fraled aikend hyndhatireFo day 1eR¥ndatinens and
hydration, or the.l g:ll;j I n hydraqfornylation, the skeletal ly
i someri zed ol efifeehid Worh? 3266 2ledddss ars convegedo 46y iadrkagials

car bon1gonoxi deyane atytdiong el tAC @@lr®iodd monoxide bAd MR AeRBTdiMRpt
commonly used is the "nodified Oxo process", "usi ngl a phosphi e,
phosphite, arsitRetdre Oxo Progessi-di Mosti GerHoRddi fised dsbiie oerd?iG‘diQPm

catalyst, as oxo process”, using a phosphine, phosphite, arsine or
pyridine ligand modified cobalt or rhodium catalyst, as
described ip U.S. Patent Nos. 3,231,621; 3,239, 566;
20 3,239,569; 3,239,570; 3,239,571; 3,420,898; 3,440,291;
3,448,158; 3,448,157; 3,496,203; and 3,496,204;
3,501,515; and 3,527,818. Methods of production are also

described in Kirk Othmer, “Encyclopedia of Chemical

Technology” 3rd Ed. vol 16, pages 637-653; “Monohydric
25 Alcohols: 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 CO and Hy to produce an

aldehyde/alcohol which has one more carbon atom than the
30 reactant olefin. Frequently, in the art, the term hydro-

formylation is utilized to cover the aldehyde and the

reduction to the alcohol step in total, i.e., hydro-

formylation refers to the production of alcohols from



described in U S. Patent Nos. 3,231,621; 3,239, 566; 20 3, 239, 569;

3,239,570; 3,239,571; 3,420,898; .3, 440, 291; 3,448, 158; 3, 448, 157;

3, 496, 203;WaA#23566.96, 204; 3,501, 515; and 3, 527, 818. PHEMERSTIEs60
production are al so described in P§| k O hner, "Encyclopedia of

Chem cal Technol ogy" 3rd Ed. vol 16 pages 637 653; "Monohydric 25

Al cohol s: Manuf.a ectture p|ICkE)3.tIO s, and Chgm strg E. J. Wckson,
Ed. Am Chem SSitifpgits carbonylatiep and ama ?‘?Md?sr%d?éthpnsed in the

art to denote process. tA® Wsedt hofe D, aﬂy@f@féﬂm¥1$9185)fgﬁef% ﬁgduce
an al dehyde/ al cohol whi ch has_one nore carbon at om t han t e 30

react ant ol ef ittt PR PIUCEHOR Rt a2 cokads t er m hydr o-

fornylation is Ut'ﬂll&%‘:ﬁ@tﬁ@’%aﬁé‘%@égem@&@dcégf t hydrog ijUCt on to
t he al cohol step in total, i.e ro- forny atl% t he
productd on of GAtdHEt feeRalt- PhOSPhlI\V@ bggasdeeatalyst, and rhodlum-
PCT/ EP97/ 06694,h5sphi 1j tal Lefins
vi a carbonyl at$| onand an ai de y((:jae Feifiet i Hae choice §Z egg}yﬁsuggger-
herein, hydr omjrrmﬁ éxhe)nvam@ns xeachion conditibms nﬁhpo:pe@du’!:hé@é of

alcohols I C lys ] ude cobalt h drocarbonyl

5 cat al ysqt 44 gﬁ:ﬁsp‘#fnz %%%f / %?%‘FR}@ 9 QMRPR holig upprticular
phosphi ne I|gamj;aday$dsyst?oﬂ'rmmm1@,e toémp@tatxysé§ &gt efange from 8bBES the
vario SO reaction caonditions inposed condi t| ons can vary

wi del v-° dependidR oS- Heg E%I%lqo % Whencé%%aylé'{ sanghanieh Gaftas
tenperatures QasyANGR fusua ahm&crloare al$9O0Mmd e&*ﬂ?ﬁ} #f@aif 300 ée”]c-
When cobalt carbonyl cata- | ysts are used are al so the ones
typically usedl,emperatur%rrpveﬂatmme V¢I¢mrh51@°etfcr(250180[ eonk bd 250
[err]C. One of : i | 1 nthea referring to the _
above- OTARNSF Y e?qéﬂefn?e%,ag# %’fﬁ/ ot the %ﬂ Enbnte 1 8PAYETe on 15

oxo al cohol s azﬂtercbatﬁﬂqreied:amame dipsef cioneli we DNSkmdwn literatepPepat ure
and_prigssure t f}(%t avffcoho es nce‘aexgegeggifydcggfermine thofs(;)er rrgclar?éftnt.gr?s d(inrireri zed
ol efi
temperature and pressure that will be needed to hydro-~
formylate the dimerized olefins.
Typical reaction conditions, however, are moderate.
Temperatures in the range of 125 °C to 200 °C are
20 recommended. Reaction pressures in the range of 2170 to
10440 kPa are typical, but lower or higher pressures may
be selected. Ratios of catalyst to olefin ranging from
1:1000 to 1:1 are suitable. The ratio of hydrogen to
carbon monoxide can vary widely, but is usually in the
25 range of 1 to 10, preferably about 2 moles of hydrogen to
one mole of carbon monoxide to favor the alcohol product.
The hydroformylation process can be carried out in
the presence of an inert solvent, although it is not
necessary. A variety of solvents can be applied such as
30 ketones, e.g. acetone, methyl ethyl ketone, methyl iso-
butyl ketone, acetophenone and cyclohexanone; aromatic

compounds such as benzene, toluene and the xylenes;



Typi cal reaction conditions, however, are noderate. Tenperatures in
the range of 125 [err]C to 200 [err]C are 20 recomended. Reaction
pressures WO 9BRABEange of 2170 to © 10440 kPa are typPCaIEPYRE594 Oner
or higher pressures may be sel ected. Ratios of catalyst to olefin
rangi ng from 1: 1000 to 1:1 are suPBable. The ratio of hydr ogen to
carbon nonoxi de can vary widely, but is usually in the 25 range of I
to 10, prefer &ALPIANARSD ARt i FRRRVHS twich as Chmbmhmemé @ad bon
nonoxi de to f S T, ydr.of i on
process can b?ig{a{lr%%lgcdﬂout I nnigr@uq{al%geenparteesde caerao}f]ﬁ ‘? %?’5%

al t hough it |§um:h as methylrmsgdrqmde \ed ezayrhﬁn slx:dw&ksl@ﬁdé)ﬁ appl i ed
such as 30 eL | et k tone rret hyl iso-
butyl ketone, acet q%flosn%%n cyclo e’xancgy cyclohexang Rpfis
such a9 benzen@oqaﬂamarai\mltﬂmqu enegy as benzonltx\AQeB&{r?c35e6c§eton1—
PCT/ EP97/ 06694 ... - 38 -

hal ogenat ed arorraltl c conmpounds such as chl orobenzene and

ort hodi chl or obenz@hish hadspgerated mﬂaraj‘a‘ualjys&)a.cj_rgcaqa{ behtion may s&ch as
met hyl ene chl orlAde afgj_1 car.bon tetrachl qr paraffins such as

hexane, hept aff§ e XhEE h PP %lnqssoc?d%céhé‘saﬁ'dﬂrﬁ]ﬂfﬂes such

as benzoni tri pmoapthiaess, Oririamyl phostgﬂ'il'r% trihexyl phodgHid&spect to the
cat al ;@t i gancllmem?_l nt.i on nmay e of terti ary organo phosphi nes,

such trial kY yl et%g&ﬂs,pég-nq,r |Wylﬁ¥6’§ﬂhlmsnmr¥ﬁaxyﬂrmphl ne,

10 di met hyl1 @ity 1S Haa, | 4 ne,
cl opentyl (or hexyl) phosphl ne, JI phenyl buty tyﬁ’?@% neutﬁ}'l %Osphdlne

benzyl phosphPd&erntl &eﬁ‘é‘%} PGSR ime B'-uFtJﬁﬁthOXy PhOS(iql@:ﬂw,omtplﬂosphl ne
triphenyl phogphithso hlﬁlléen}le henyl p(?ﬁ:o\ﬁ)w] Sy
phosphi ne, di net hyl% propyl prolgprﬁnne the“tritadl ﬁﬂ%osyp]hlér%gs

the correspon@h@gphine, 1n 4 phed vt |Pk§1€7r$@§1mlmcldmt@ct¥a/§. tpzchmz]ate type
i gan {r traneth 985
phi nog:rSopane thgt% glel?%yl % p%&&%: Bﬁ 5@’%‘1 @%Péb#% cor eSpOt{3

arsines and stlblnes Included as bldentate—type llgands
are tetramethyl diphosphinoethane, tetramethyl diphos-
phinopropane, tetraethyl diphosphinoethane, tetrabutyl
diphosphinoethane, dimethyl diethyl diphosphinoethane,

20 tetraphenyl diphosphinoethane, tetraperfluorophenyl
diphosphinoethane, tetraphenyl diphosphinopropane,
tetraphenyl diphosphinobutane, dimethyl diphenyl
diphosphinoethane, diethyl diphenyl diphosphinopropane
and tetratrolyl diphosphinoethane.

25 Examples of other suitable ligands are the phosphabi-
cyclohydrocarbons, such as 9-hydrocarbyl-9-phosphabi-
cyclononane in which the smallest P-contianing ring
contains at least 5 carbon atoms. Some examples include
9-aryl -9-phosphabicyclo(4.2.1)nonane, (di)alkyl-9-aryl -

30 9-phosphabicyclo(4.2.1]nonane, 9-alkyl -9-phosphabi-
cyclof4.2.1]nonane, 9-cycloalkyl -9-phosphabicyclo-
(4.2.1]nonane, 9-cycloalkenyl -9-phosphabicyclo-



di phosphi noet hane, di net hyl diethyl di phosphi noethane, 20 t et raphenyl

di phosphi noet hane, tetraperfl uorophenyl di phosphi noet hane,

t et r aphenWO 8823%6& phi nopr opane, t et raphenyl di phospRCHEBST/GHI%L
di met hyl di phenyl dlphosphlnoethane di et hyl di phenyl

di phosphi nopr opane and tetratrolyl Iphosphi noet hane. 25

Exanpl es of ot e SU|tabIe | i gands, are the_phosphabi - N
cycl ohydr ocar b 2-LlrAnarey. ﬁ99r563%5y1393pﬁbs§hébi3 2.1] coupgelrenonane

in which the %ﬁ@%i@StaE ﬁ@ﬂi'@g'egeikngrlene couﬁegkﬁ g sat least 5 carbon
atons. Sone exanples I ncl ude 9-ary osphabicycl o[ 4. 2. 1] nonane,

(di)al kyl -9-aryl -Tiz® branc@e‘éhb§pmabl/c§b¢0{1qlZCQmpoaanEaneﬁl kyik

- 9- phosphabi - t gy Lo o e - 9-phosphabi cycl o-
[ 4. 2. 1] nonane, l%r%?c dal enéﬁlgaﬂl oggﬁ BP%yﬁ¥8L9gchre otPaRionic,
SubstltineasrmﬁﬂlenAQy @0d(0cationic surfactants, preferably the fo@&er

[4. 2. 1]n0nahe-%ﬁgml&g@éL%%éfér;%lénghé3anloklCO#%@eB}ghEﬂé&yprEﬁﬁry alcohol

well as their Tri'ene ¢co

conposi ti on ofbitdreched prlmanyealcoholScémpbﬁbtﬁoﬁobftBBe”BHUEﬁQEBBecQB
anionic, 5 noni oni ¢, cationic_surfactants, preferably the fornmer

two, nore prefd abI§Ithe 5%?oﬂ?ﬁur§$ECF?Fcﬁh?yma?ﬁgaCture ofhprRAhEREE

primary alCOW%uIXHWE§)tiﬁwﬂﬁﬁlﬁ@ealﬁdﬁallQﬂlﬁéﬂes and ox faH?@gtéa the
re of anionic ul fates, " including al coho

pecursor for t ufact
sul f at'®s and r%lr %es, ang| peRbpPrig| %Y@Jsthﬁaeﬁoﬁl@ﬁh@ls

oxyal kyl ated al cohgl. technlque knoﬁWYfé§C§@19¥€lﬁ?o¥@c R51suLLat 19
al cohol s can be used herein. The prinary al cohol conposition may be

directly sul f #38F RRTIIR stTRRyRF G EY ctil FORPbuREPYSition magubeatation. A
preferred cl assi c€oprosi #4088, C@.{mﬂ§§§ &§¥alkyl§{:e&eﬁéi%gwﬁda%om ¢

surfactant conprising the con- densati on” product o err] to
Clerr], particitafasatien gRrpyeferred clags Gpéredmpoanthenspecomprysakcohol

conpogk;lon Wi Uast one anionic surfactant comprising the con-
densation product of the Cg to C3g, particularly the Cqyj

to Cj9 branched primary alcohol composition with or

without ethylene oxide and/or propylene oxide, in which
the number of ethoxy groups ranges from 3 to 12 and the

20 ratio ethoxy/propoxy is from 4 to 12, followed by
sulfation.

The general class of anionic surfactants or alcohol
ethoxysulfates can be characterized by the chemical
formula:

25 R’ -0- (CHp-CH2-0) x -SO3M(II)
wherein R’ represents the branched olefin hydrophobe
moiety, x represents the average number of oxyethylene
groups per molecule and is in the range of from 0 to 12,
and M is a cation selected from an alkali metai ion, an
30 ammonium ion, and mixtures thereof. Of course, the

surfactant can by oxyalkylated with any oxirane con-
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wi t hout et hyl ene oxi de and/ or propyl ene oxide, in which t he nunber

of ethoxy groups ranges from3 to 12 and the 20 rati o et hoxy/ propoxy
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Sui t abl @ sul fation pr (c)}(f:ﬁedur es include sul phur tri‘oxide
sul fatitdn, chl EMELEIEEM ¢ SAT@ e SYldatign proceduresy|imsliusie avd-phwA ani ¢

acid (N-SOSH) telobadennsoffetsul ration, CNGRUdAlRM LY GARdld)s used
to sul fate al cohol s, the concentrated sulfuric acid is typically

from75 to 15 sulfalQ®n pmef eudfiamifo @nilb (NKBSEr GRILE Y ot GiHen i N
concentrated sulfuric acid is used to sulfate alcohols,
the concentrated sulfuric acid is typically from 75 to

15 100, preferably from 85 to 98 percent by weight, in
watexr. Suitable amounts of sulfuric acid are generaily in
the range of from 0.3 to 1.3, preferably from 0.4 to
1.0 mole of sulfuric acid per mole of alcohol.

A typical sulphur trioxide sulfation procedure

20 includes contacting liquid alcohol or its ethoxylate and
gaseous sulphur trioxide at about atmospheric pressure in
the reaction zone of a falling film sulfator cooled by
water at a temperature in the range of from 25 °C to
70 °C to yield the sulfuric acid ester of alcohol or its

25 ethoxylate. The sulfuric acid ester of the alcohol or its
ethoxylate then exits the falling film column and is
neutralized with an alkali metal solution, e.g., sodium
or potassium hydroxide, to form the alcohol sulfate salt
or the alcohol ethoxysulfate salt.

30 Suitable oxyalkylated alcohols can be prepared by
adding to the alcohol or mixture of alcohols to be oxy-

alkylated a calculated amount, e.g., from 0.1 to 0.6,



water. Suitable anounts of sulfuric acid are generally in t he range
of from O.yBowgrdses, preferably fromO0.4 to 1. 0 nol epefrepdtbesnd C
acid per nole of alcohol. A typical sul phur trioxide sulfation-
procedure 20 i ncludes contacting liqudd al cohol or its ethoxylate and
gaseous sul phur trioxide at about atnospheric pressure in the -
reacti on zone ptediefrablling rion . §u|tfoat00r4 eealcettbypy weight Walfdeditlom

tenperature in of fr err 70[err Ctoyield
the sul furic aEIE gl %gr%%o 41 &6 a1 StrI %?‘:‘?e’ LYPIRAM Ak .2 Sulfuric
acid ester of mbeaar oxhall kerl iintes earth met%tlh(wyyh@tx@.deh%&i(iés's ddgidml 1 ng

filmcolum an ne trallze% th .an alkall netal solution, e.g.
sodi um firﬁéﬁ'&l?sﬂ’f y\gg% 't W 1ghe SesIvesuIFsta sal t

or the gl cohol cgthaxysulrbat exaajatlkyiiertlon The %s@@fig‘)%@léﬂﬂ@t@

al cohol s can be prepared by adding to the al cohol™ or m xture of

al cohol s to bedgipd, as bY YRR BB 2% ec FeBGVale @ TampmtWa ey prégam 0. 1. to
0.6, f erably
fromO0.1 to O. 4ngesgeﬁpogyemgiy%}ky&gggdogﬁde calcuﬁatﬁdiﬁo(ﬁ#§§i§§

strong base, t§priaklpuin lamedie toneﬂD@IutorlZamoéJersn@fearlmylmeiaaloxm cpenje
such as sodi UMhole of Q)ig: %é'ldq_sorth%%t "1%] 'r%@u@é(y %)Hdd%hemmesulsterr\gﬁes as a 5

catal yst for oxyal kylation : resu m xtur i ed, as
by vapaQr phasmlxemallsofaléwyvamatt@r rera@xemmtll the aldkyd eare soridd iof

al kyl ene oxi de 8@' ﬁhﬂe teqh%oc% (}\él d%f the frea| Q&a%%étqgﬁeéﬁ%ﬂ%%%out 12

nol es of al kyl gne>oxi %d and
the resulting tBe decrmaxs1eur1e1 |reaa:ItI1(a>\me@rtecfssn16t@ct until the al kyl ene oxi de

S consune the course of the reacti bei ng, fol | owed hy
the decrease in reggﬁ ﬁysﬁﬁgig.téon 18 typlcaﬂ&?’hgo e &5 shtgated:
typically condueinpdratuelsvanedpressurest.esperabliees ARk iRJESSUr €s.

SUItabag reaCt{:emperatures range from 120 °C to 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
which has a high vapour pressure at the desired reaction

20 temperature. For consideration of process safety, the
partial pressure of the alkylene oxide reactant is
preferably limited, for instance, to less than 512 kPa,
and/or the reactant is preferably diluted with an inert
gas such as nitrogen, for instance, to a vapour phase

25 concentration of about 50 percent or less. The reaction
can, however, be safely accomplished at greater alkylene
oxide concentration, greater total pressure and greater
partial pressure of alkyelene oxide if suitable pre-
cautions, known to the art, are taken to manage the risks

30 of explosion. With respect to ethylene oxide, a total |
pressure of between about 376 and 858 kPa, with an
ethylene oxide partial pressure between 345 and 621 kPa,

is particularly preferred, while a total pressure of
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reaction pressure is achieved by introducing to the reaction vessel
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pressure at the desired reaction 20 tenperature. For consideration of

process saf et \gettwmen about pArandldpressus evidth tdre ethkylene oxide react ant
is preferably limted, for inst e, to, |ess.than 512 kP

and/or the eddntel FHarE oSt Pl 20 nd S ey Ls Cnsifaeedyon as
ni trogen, for mowsd apcefet ped. VEPOUBredsisee 28erves £9HNEadd fliFoOnopf tgbout 50
percent or |less. The rgaction howeveyr, be safely acconplished

at greater al A% of the r%&?ﬁjeo%o%(gﬁ{}?%t’F%?‘Etb?réa]t%rc?rb?hqieﬁ?%s Qre

and gresiter be subsPafitiallpresmplecofwabkytRaoroxddee ido Stbigble pre-
cautions, known to the art, are taken to manage the risks 30 of

expl osi on. W tHFFEHEes Y%t%thbm%ne oxi de, a total _pressure, of
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is considered to e su al'l y conp he” pressure no
| onger aldorcabasiont bf téaeh alcohol moledylsheoitll e aveleagé oofl t hat
t he oxyal kyl atj on rocedure serves 1o introduce a desired average
nunberof 3 Cehydenn SESTE e TRt S e hare b LT e GRS B ey At e For
10 exanpl egltheaghreat sobstanalabhpropoxt Lo of t &l Somml esobéties

serves to ffec§jl t
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proportion of 2l one! cORLERLE%tth 1est! Lhab®sOME, QB DEC, 1Y LB TR £ LN 3
tion product mixture, there is also a minor proportion of
unreacted alcohol.
20 Other alkyene oxides can be used, such a proplyene
oxide and butylene oxide. These may be added as a
heteric mixture to the alcohol or sequentially to make a
block stucture.
The sulfated primary alcohol composition of the
25 invention can be used as surfactants in a wide variety of
applications, including detergents such as granular
laundry detergents, liquid laundry detergents, liquid
dishwashing detergents; and in miscellaneous formulations
such as general purpose cleaning agents, liquid soaps,
30 shampoos and liquid scouring agents.
The sulfated primary alcohol composition of the
invention find particular use in detergents, specifical;y

laundry detergents. These are generally comprised of a



noi eties and an approxi mately equal proportion will have becone

conbi ned V‘%Ubsh?s%% than 3. In a typical ethoxyla- t i e TR0 hEd4

m xture, ere 1s also a mnor proportion of unreacted al cohol. 20
Qther al kyene oxi des can be used, such a pf9plyene oxi de and

butyl ene oxi de. These may be added as a heteric mxture to the "™
al cohol or sequgpblLal bY LOnBBKEnRs, pesidell 96k ShEhy The
sul fated primary a ohol cgggosptfon Sfltﬁ %négn Féﬁaggh be used -

as surfactant sataohohi dempasisipnopt the invapphpcatlons i ncl udi ng

detergents such as u u y rg quid Laundry

det ergents, quuidogﬁg? ga&ﬁ?%ﬁﬁﬁ%ﬁi%g gg%e%gg%?é gghgbnﬁcﬁlgg Pgﬁéﬁﬁ%

formul ati ons or sathoascgémpral purpose cl eani ng agents l'i quid soaps,
e sul fated

30 shanpoos uid, sgaurin age
pri mary>al cohol cgﬂﬂbi?gfﬁn(B Ofﬁg Zes zeo}ﬁ&?ﬁ?(&ﬁbPﬁﬁéeﬁérﬂF@&Wér use in
detergents, specifigabb¥ylates), |laundry detergents. These are generally

i sed of 98/ 23566
gg¥PELS$/08692 bleachygg agents and their activatgszs, nunber of
conponents, besidegsohReceHttatednpr kBBhY s, al cohol conposition of the
i nventi on: ot her surfactants of the ionic, nonionic, anphoteric
or cationic type, €BZymes, bui | ders (phosphat es, zeolites),cobuilders
(poly-39 aﬁ@gbgfg&gh@sg ents, bl eachi ng agents and their
activators, oan1controlllng agents, enzynes, 10
anti-greyi ng agenteptical brlghte@ﬁ?ﬁ@aﬁnﬁrlghteners and
stabilizers. stabilikb@yid laundry detergents generally conprise the
sane conponents-as granul ar |aundry detergents, but generally 15

contain less of thbignbdgdahodbyi Hdsergenpengsnerkiidyocomprise theopesear e
often present égmbggehkguhg g%%gﬁgggtl%%%@%baaetergents, but generally

15 contain less of the inorganic builder component. Hydro-
tropes are often present in the liquid detergent formula-
tions. General purpose cleaning agents may comprise other
surfactants, builders, foam suppressing agents, hydro-
tropes and solubilizer alcohols.

20 In addition to surfactants, washing and cleaning
agents may contain a large amount of builder salts in
amounts up to 50% by weight, preferably between 5-35% by
weight, to intensify the cleaning action. Examples of
common inorganic builders are phosphates, polyphosphates,

25 alkali metal carbonates, silicates and sulfates. Examples
of organic builders are polycarboxylates, aminocarboxy-
lates such as ethylenediaminotetraacetates, nitrilo-
triacetates, hydroxycarboxylates, citrates, succinates
and substituted and unsubstituted alkanedi- and poly-

30 carboxylic acids. Another type of builder, useful in
granular laundry and built liquid laundry agents,
inclﬁdes various substantially water-insoluble materials

which are capable of reducing the water hardness e.g. by



tions. General purpose cleaning agents may conprise other

surfactan ers f oam suppressi ng agents, hydro- and
sol ubi |'i zteV? P éﬁol s. 20 In addition to surfactants TIEM’%‘)%E%‘ and
cl eani ng agents may contain a |argg anount of buil der salts in
anounts up to 90% by wei ght, preferabl y bet ween 5-35% by wei ght-,-

intensify the ¢l anerr]g) or.gani
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et hyl enedi am %lot et ?Laaé(;blfat{ g()ij 39 %- triacetates,

hydr oxycar boxyl at &he (ﬁdnmileﬂ:lmmmayamo contalrﬁrpérﬁﬂﬁqidddﬁﬁduaﬂd a
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agents, perisrumﬂaiesss \ed @iSyaS1ils tiHd g} lak iRt eerﬁaﬁalttlcﬁmsﬂﬁécﬁ{J al's
whi ch are capabl e of reducing the water hardness e.g.

98/ 23566 taining percompounds may also cons@prepsa hyyyggng agents,

- 44 - sudrpr&sew&ﬂ%&ﬁ AiaSIRTte,| BRBIM GHHAFL M1 GRS S0l um
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this purpose. acetate or sogHei grakisatdfomhammpaniso a(ﬁirﬁsal i ipeaddirplormdss
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persul fates and organic peroxy acids. Formulations con- talni
per conpounds 9dy tdiss o neortadi it e lts &g d@é\fﬂrs washing @Mﬁ@tuﬁmﬁlem um

silicate, sodi tOW [ t lts of
phosphoni c ampés %] agcgﬁ{jlxgsﬁ]@ﬂﬂ Ede thrﬁ edCh fact | varf‘eor S can e etsfged to
i ncrease the @fafnb@arid;c acid amigfes,he .ichor dartimaqmmtgdlathdterdesiier washi ng

t enper at ures. rt y. efu f or th S Rur ose are s stituted
car boxylic aci® lerllr?l ‘des, % .dl(%uttaercl rcfazbe J‘tchyal enedi - ré‘?ﬁ%g

subst ilt5ut ed ca;ndyh»eyizemmld‘:sqnas:eg and mwdcya‘rﬁamlde oxybenzenesul fonat e
drotro

and, 2001 UTCYa0a GEanpge 07 s HE AR BECABIUSLBE () one
alkali metal salts of benzene, toluene and xylene
sulfonic acids; alkali metal salts of formic acid, citric
and succinic acid, alkali metal chlorides, urea, mono-,
20 di-, and triethanolamine. Examples of solubilizer
alcohols are ethanol, isopropanol, mono- or polyethylene
glycols, monopropylene glycol and etheralcohols.
Examples of foam control agents are high molecular
weight fatty acid soaps, paraffinic hydrocarbons, and
25 silicon containing defoamers. In particular hydrophobic
silica particles are efficient foam control agents in
these laundry detergent formulations.
Examples of known enzymes which are effective in
laundry detergent agents are protease, amylase and
30 lipase. Preference is given to the enzymes which have
their optimum performance at the design conditions of the

washing and cleaning agent.
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det er gent form@é?l%HEives of diamindS@IMbEFe odi KNO¥EL S0ZY Eg4 WY, Gh are
effective in l'aundry detergent agents are protease, anylase and 30
li pase. Prefer efdduteedyidiest y oy thipkenyhesrotpaht hewbarly suitdele.optinum
perfor ce at the 0 t hi n nd,cl eani ng
agent . e Zgg%gggé%%waﬁé JEEﬁ%s,rW%ter solyfred Céhfblds og

PCT/ EP97/ 06694 organic nature are preferably used Ex&mples are water A

| ar ge nunber of fl‘{lf’g'ueresc r‘{‘{‘éﬁe@ers are des&:r 1 é
literature. Forr3a WY T orkt YT oRsS 'ftheas po Yme’ﬂ%r?’() t FOR_L¥F

di ami nosti | benenedissdff CHtalf}EBl@.rKhdSUbalelC ac1d,'5t¢élllte1io§i¢ Sdieyfyirbtphéﬁyl are

particularly suitable. in sol ubl e
col | oi ds of ansucq’l as ?ﬁiﬁﬁﬁ¥@?ﬁﬁf§ ££§£ ?é&ﬁ%ﬁ?f %ﬁﬁ*é?t%Ye'
water 10 T uhles 4] yani oni ¢ pol yners such as polyners and copol y-
mers of acrylic and maleic aC|d cel l ul ose derivatives such as

car boxymet hyl cel | Ao Rt IR -ELaRPRyRAF JIG%R I9F -the aforepentipneg.
I'n addition to Qg 0rs PF £:©4ntdeard 06 ERBAt 4ORE ent comp&% Pefogur factants

and ot her detergent conposition conponents, conpositions according
to the inventi@pmponentsyg y‘if?f@%q’ﬂlt‘e%%r@%@%fﬁen%rt%‘%e|¥1%Y%n‘ébﬁi30nents
For 15 I nst J]f Pe-had ﬁf‘é’@ @rﬁeléﬂ%grgeiﬁéﬂ@néoxﬁﬁmé’ﬁté' Oﬁoks
typically an inert vent or diluent, nost comonly wat er .

Powder d® or gr almﬂ’fa?rn%t eﬁfg%rhakm%sﬁ i biguid detergemt cephyosbhiannis
quantities Of'ﬂyﬂicill§€gnc§néf%ré@ivent or dff&@ﬁﬁﬁjﬁost commonly

water. Powdered or granular detergent compositions
typically contain quantities of inert filler or carrier
materials.
20 The following examples will illustrate the nature of
the invention.
Example 1
This example will demonstrate the manufacture of a

skeletally isomerized Cjig olefin, subsequently converted
25 to a skeletally isomerized Cji7 primary alcohol composi-

tion according to the invention.

1 Litre of NEODENE 16 olefin, a C1g linear a-olefin

commercially available from Shell Chemical Company, was

first dried and purified through alumina. The olefin was
30 then passed through a tube furnace at about 250 °C set at

a feed rate of about 1.0 ml/minute and using a nitrogen

pad flowing at about 91 ml/minute. Working from the top,



20 The follow ng exanples will illustrate the nature of

the i nventyweyysnsses Exanmple 1 Thi s exanple w rate
t he manufacture of a skeletally isomerized (Jerr] \(I)Mll’ebhE(r%g%)&iI :
subsequent|ly converted 25 to a skeletygl Ly isonerized C17 primary

al cohol conposi - tion according to the invention.

-
Litre of NECDENERAG @b&ffirnscClifad i N6Aded Shidn Oéﬂﬁir?r‘é?d'ri%‘aé‘iﬁ@mpfﬁfi all'y

avail abl e from Shel | Chem cal Conpany, was i fied
t hr ough al uni nRf Thel i@t i prFRLA80 then thercatakest t folipwed tigpes fml nace

at about 250 [ef¢ ] setomt i d f r f ut, 1.0 id /m nute and
using a nitrogen _ ° p%adr?Jf o?/\ﬂ nagﬁ%tr%gzg%uﬁ%igrﬁ'?#nf? et?h‘WrJg‘l’(W@‘?f rom

t he top, The W»B813566the tube furnace was 66 ml. The reactor

PCT/ EP97{ 06694 - 46 - | t he tube
furnace %Nas | 0adRf i PP TR Dot T0F HefRaRF afure zones newikh & gkt bi de,
t hen the catal ysiintf dihewmsskdypBe Mnserted imfo Sthe COUbE aF i Eheo r Ay Nor e

gl ass wool at the hotto ol une of the tube furnace was 66 n .

7
The reactor 5P°S% Ju%‘bera dFHER R hierh%‘/etee‘?%e?ﬁ)aet?‘é’f%raeb%‘b%es?elﬁ‘f RRe nad ti -

poi nt t her nocoupired nsief fearki il ddwes tier Heasd 1 WY bed couldPOsé ti oned
such that the te%erat uc[)e al'g%ve, bel ow and, at three di ffe.rent
pl aces in the CAHSEEhed WOHAPDLT Was inygifiedrand Imetakbed okn vikle

inverted and | mild®d | miheHQe zondd) NAt& udMd dHY E‘é‘a%ﬂf | igd udi ng
the catal yst zone, were kept at about ZSOd[err]C ur %g itﬁrgé'
reaction and there kept atyralxoify &3fsCrgivatiaionsdiel weeld icsaenot tite 114

bgﬁjms. The tyﬁeregﬁca a yst“p%isne tjtarloélqsszirnﬂéﬁger Yaﬁilaﬁséifz%s“l e Olr]i‘ggﬁlgi tz)g t he
NEODENE 16 ol ef i n W a&nowb® i esdtraldesk used was 23.1g, or 53 ml by
volume. The type of catalyst used to structurally
15 isomerize the NEODENE 16 olefin was a 1.59 mm extruded
and calcined H-ferrierite containing 100 ppm palladium
metal.
This catalyst was prepared in accordance with
example C of USP 5,510,306, reproduced in part herein for
20 convenience. An ammonium-ferrierite having a molar
silica to alumina ratio of 62:1, a surface area of.
369 square meters per gram (P/Po = 0.03), a soda content
of 480 ppm and n-hexane sorption capacity of 7.3 g per
100 g of zeolite was used as the starting zeolite. The
25 catalyst components were muiled using a Lancaster mix
muller. The mulled catalyst material was extruded using
an 25.4 mm or a 57.2 ﬁm Bonnot pin barrel extruder.
The catalyst was prepared using 1 wt$% acetic acid and
1l wt% citric acid. The Lancaster mix muller was loaded
30 with 645 grams of ammonium-ferrierite (5.4% Loss on
Ignition) and 91 grams of CATAPAL D alumina (LOI of
25.7%). The alumina was blended with the ferrierite for §

minutes during which time 152 millilitres of de-ionized



and calcined Hferrierite containing 100 ppm pal | adi um met al .

Thi s cat aky§bgy@gs Prepared in accordance with exanpper/er®ineksad
5,510,306, reproduced in part ‘herein for 20 conveni ence. An

anmoni um ferrierite having a nolar - 47siHica to alum na ratio of 62:1,
a surface area of - 369 square nmeters per gram (P/Po 0.03), a soda
cont ent watdr 480s ppdaedd R-hExanee SOF Pé | @rlgﬁa?f@@cglacpél TadefiBer

100 g of zeolite was used as the starting zeolite, The 25 cat al yst

conponent s werdS i | bl BFRES 01 arteEierafig and 152 n%ﬂ-l%%llfmésnﬁﬁl da-

catal yst materigdi »@8$ wat&H0ess USEAEd slowly o 25né M PEr 35 702d E‘ “”C’t
pi n barrel extruder. The catal yst was prepared using wt
acetic acid amRfptize the atugipayithecpixture wamcasibednfsrnul|ler vvas

| oaded g30 ar a(grsz@fG@g;

lgniti on) and ]91 grrguélrr‘ge of CATAP. D a"?ﬁﬁ%ﬁf%ix@xi%% éélffa/&w@@gg/&?t?he

al um na was b!lemdléﬁ virams h@fféﬁPTi@mi&'%dfmt& were them nad@ed datowgywhi ch
e 152 M1 LA WEe Rlxtlfed LS hiled for PPIPIEIP 5 adaitiopar
added. A m xt urimwfe$. STem agrsargisa@faME‘E\mEh F4M hydracyprogyD grans of

t d d t
Clowiy to the AT biers Faf adfed ang tho SRGESe iRl ThiNe niERRs
was mid ed forwad mulledOfar nLb esdd Ot 26n4&T anbnofe s et Tha@nakbeupabhagdi ym

nitrate in 153 f oni zed ter wer hepn added sl owy

as the ni xturé‘%s‘a’?’nﬂ‘qg o'lj'g ii)erJllv é(? 15 JH,B?IZ?}.umlna mixtHGfes. Ten
grams of METHQGEE A Hyshk exyptopyhe 2.25 1n@¥@t®¢(ﬂa@@tle&@§@dw8aadded and
the zeolite/alumna m xture 10 was Iledfor 15 additi onal m nutes.

The extrusi on §H5&uded usipg @ aﬁli@l%'f*edﬂl%b/o The ©0:19lS8olite/al um na

m xture . Waghd Mmidtsd eréelrkPatde e 2d tFEP BONE@i€X4Hugdeenand
extruded usi ngi_ge die plate WI th 1.59 nm hol es. The noi st
g

extruddt es wereatred ik i firrovdernomrs, andhddresy Jtrts:rﬁﬁose{cért?q C for 2

hours, and th ny se 175 [.err] for hour After dryi ng,
t he extrudate n(,% glr%%r ql l:f'I.OU..'l:'S After ér J_ng, he extru ates were

longsbroken manually. The extrudates were calcined in

flowing air at 500 °C for two hours.
The olefin was passed through the reactor furnace
20 over a 5 hour period. Samples of 36.99 g and 185.38 ¢
were collected at about the 1 and 5 hour point, and
combined for a total of about 222 g. A portion of this
sample was then vacuum distilled at 0.533 kPa to obtain a

predominate amourit of the Cj;g skeletally isomerized
25 olefin by collecting distillate cuts boiling at 160 °C in
the pot and 85 °C at the head, and 182 °C in the pot and
75 °C at the head.
A 90 Gram sample of the 110.93 grams of the
skeletally isomerized olefin was then hydroformlyated
30 using the modified oxo process. 90 Grams of the

skeletally isomerized olefin was reacted with hydrogen

and carbon monoxide in about a 1.7:1 molar ratio in the



| ongsbr oken manual ly. The extrudates were calcined in flowng air

at 500 [e two hours. The ol efin was paéﬁﬂg%g ggegh the
react or f&%%g%%g over a 5 hour period. Sanples of 36. %?ban T
185.38 ¢ were coll ected at about e_1 and 5 hour point, and
conbined for a total of about 222 g. A portion of this sanpl e was

t hen vacuum di ille 0 ]g.go i N redom nat e anount
of the Cl16 ské:]%}eetslaﬁric;L ?ifonae%o}g%g r&%l olleec}aicnc’hbayltcocfa}qzeaétlf% rtillate
cuts boiling atenkffrdtarrd @f nup to about HBPC and 35 presshEedbt Ao duead,

and 182 [err]C in the pot and 75 Jerr] C at the head. A
90 G am sanpl & & 2 EQF oY ARD ARYHALL hours giwp| &t 5ogerm Rt ged

olefin was thempduerafsdl #at ed Bfter comtsldid dhe mdid i roggss. 90
G anms of the skeletally isomeri zrt%l ol efin was relglégatée)%ocvmrp't h™hydr ogen
and carbon nmompddiect wambotroked . te 16GolCar ratio in the WO

98/ 23566 PCT/ EP97/ 06694

- 48 - prids SRS 105 %%Mﬁ%fwlfa}t&?c&ﬂ%ﬁ{crcdfaa? WRQuERd 5
tenperature ofintgp tp DUl 1B dleradd wshum paSSAT e df fePoithours at 7684
kPa for four and one-half hours in a nitrogen purged 300cc

aut ocl ave. Af tlerrThnfidetoh ofSnRRF ek i JIEreanes Hrom sty §s’cool ed
poured -1 &9 & Finie SRS P A B A R
0. 533 Pa witipg.ampef alnd &  IXreasase framstar t138 B9 aher nj6€ °c, to a
finish tenperature of 165 [err]C. Distillate cuts of
respectively, and combined in a 100 nl flask.
To the distillate cuts in the flask was added 0.2 g
of sodium borohydride, stirred, and heated up to 80 °C
over an 8 hour period to deactivate the hydroformylation
15 catalyst and stabilize the alcohols. The distilled
~alcohol was washed with 90 °C water three times, dried
with sodium sulfate, and filtered into a 100 ml flask.
The alcohol was then vacuum distilled for a further hour
to distill off any remaining water. The product was then
20 subjected to NMR analysis and sulfation to test for cold
water solubility, detergency, and biodegradability.
Example 2
This example will demonstrate the manufacture of a

skeletally isomerized Cj3.74 olefin, subsequently con-
25 verted to a skeletally isomerized Cj4-15 primary alcohol

composition according to the invention.
A C13-14 linear internal olefin having a composition
of 53.38% linear Cl3 olefin, 45.24% of linear Cl4 olefin,
0.96% branched Cl13 olefin, and 0.29% branched Cl4 olefin,
30 was subjected to skeletal isomerization using the same
procedure and type of equipment as described above in

example 1. The olefin was passed through the tube furnace



10 20.14 g and 4.12 g were taken at 155 [err]C and 165 [err]C,

respecti VeLy.ogaidscombined in a 100 m flask. Tecirupotloesdd | | at e
cuts in the ?Pask was added 0.2 g of sodi um borohydri de, stirred,

and heated up to 90 [err]C overL gg 8 hour period to deactivate the
hydr of or myl ati on 15 catal yst and stabilize the alcohols. The

distilled qgﬂg! vvqsr%/%js@ i t [er ree_tipnes,
dried fov]\i tzﬁd sodi umh su te%a&#d %]fﬁq er%d{%‘%%ﬁﬁo%&ﬁ?e??ggﬁe

The al cohol wast tten wdmiuindhiate [Wasl frorrended threrahbuthree zonesotdi still
of f any remai ryj wat er.. e product was .t hen 20 subj ected, to NWR
anal ysi s and gﬁa i'onAtto];?‘.é;s.ﬁ% g‘r‘“’@&l’d38 hours, 280 hoy i 1309, .
detergency, ang Aadegraaab) lddnbles of th&WPI& A1y isomerizedis

exanple will denonstrate the manufacture of a skeletally isomerized

C err] %l efi n,olafseyuane \cebkected and comined tfon skedeakl p§ 72éngri zed

err rimary al | § 10N.2C | | tion.
g[ 013]- 12 i neer inte nlaﬁs o?fefqans ﬁaw ﬁaadcg %‘glod;%%&fl%ﬁg é@fl%{}{/%g- 38%
linear C13 ol effitgr 45. 24%wfs | {atea?ST1XC ol aid 5.5 hours 0(96%BbafChednC13
ol efin, and O'S%gg/gﬂ %ﬂecpeedan%g‘fgzgéc?firp ?J?‘é’er to &‘@édefrgpﬂgc'#ggltro skel et al

| soneri zationusing thé Sa p OCeédure an ype of "équi pnment as
descri bed abownpvsition. exanm®0 1°C,The0 alefoh tims QB3 sedefbnofghdt he
}Dg-?-/eEf /nggggzyas convey}:Q:egg,/ 2:%15@675.6% of the Cl4 olgfin feed was ;. 5¢

hours, except ddmterddds &hothissd heonespeiat Ulevels, theofelbethubey
[urnace vas LS SASEO AT A5 ULECEP SR s a9 00 BERBEonr L0 23
skeletal ly i sogygaesivdly. 67 Mdefonstnerelzabl ecivdresd wasbiaedvierda
total of 774 %3 skeletally isomerized Cl13 branched olefin. 74.0% of

15 the Cl4 olefin feed was recovered as skelétally
isomerized Cl4 branched olefin.

At 275 °C, 79.4% of the Cl1l3 olefin feed was
converted, and 82.2% of the Cl4 olefin feed was
converted. At these conversion levels, the selectivity

20 to branched C13 and Cl4 olefins was 291.5% and 92.1%,
respectively. 72.6% of the Cl3 olefin feed was recovered
as skeletally isomerized C1l3 branched olefin. 75.6% of
the Cl4 olefin feed was recovered as skeletally
isomerized Cl4 branched olefin.

25 The skeletally isomerized olefin was then vacﬁum
distilled at 0.533 kPa. 636 Gram of distillate boiling in
the pot at temperatures in the range of 135 °C to 145 °C
and at the head within the range of 108 °C to 138 °C were
collected.

30 606 Gram of the skeletally isomerized distilled
olefin was hydroformylated by the above procedure, except

in a 3.785 litre autoclave using a 37/63 mole% ratio of



Sanmpl es of gaseous and |iquid products collected after 4.5 hours

(at 250 [eryd9gzggl 15.5 hours (at 275 [err]C) .on stg 6

anal yzed in order to determne their conposition. At err|c, -
70.1% of the C13 olefin feed 10 was_cggverted, and 75.6% of the Cl4
olefin feed was converted. At these conversion |levels, the

selectivity  carbod ﬂ%%cﬁ%ﬂ%e@%ﬂ ol erlocgd,vng 32/013:9 N d%

respectively. 67.4% of the C13 was recover
skel etal |y i somdr 4896 Ck8 HrlmctiRad aidkfiTh °T4. BUB0Grah of altbb®oGlégaal efin

feed was recov%PS_cl as,ctﬁ eletally i sonerized Cl4 branched ol efin.

At 275 [err]C, 1 he C13 olefin feed was converted and
82.2% of the Cl4 olmefd mliabMams then £1GYUN&il&d. 1%&1 hﬁ V&I Sion

| evel s, _the sel E(itl vity 20 to branched Cl13 an 14 efl ns was & dP 59
and 92. ]'_5% iQlet 2.5 2L B, tWié'—fCEmefefGSrO feeef whiss+ ecover ed
as skeletally | Sﬁ_gEl’l zed Cé) r.anched ol ef| n 75 ,0% 0 the Cl4
olefin feed wasirelderdth £° %t} RPE 1 S goﬁﬁﬁll a3Edte4hpadnealted

olefin. 25 149 °ocThg1gkekehal | ¥pi§o E hgngvacy
distilled at 0.533 kPa. 636 G am of &gl gtﬁlEl ate % ed‘é"%?%ﬁ 570 g o%he pot

at tenperaturesoidn%rh@orxmﬁgeimfdew&le@tie@ b about 100 °candnat thBg head
within the range of 108 C.ta 138 C were collected. 30 606
G am of the sk&F&EEEEY Witdher il 89rs gnamse@f sodium Hogohydmisle, for a

hydr of aony! at edolpy 1t Imeaeb%aeords:edw&lrsexcwe lcoh - |3t
aut ocl ave usi ng a 37/63 nole%ratio of @ \?\8 S%'/ %%ggéésﬁi% ‘Jlﬂ’h
PCT/ EP97/ 0669490 °C water three times, dried with sod$0Gm-sulfate, carbon

oo e, PYISSRRRIST P IIOUS 0 000 gl BTG I
The al cohol wasutBebofilldsly ditstii2isl €0 8hr8u§B31kPa°d Gt the head were
collected and tested with NMR, after which they were
15 sulfated and tested for cold water solubility, deter-
gency, and biodegradability.
Example 3
The same procedure as used in example 1 was used to
skeletally isomerize a NEODENE 14 olefin commercially
20 available from Shell Chemical Company, which is a

Ci14 a-olefin, with subsequent conversion to a skeletally
isomerized C15 primary alcohol composition. The tube
furnace was kept at 250 °C. The skeletally isomerized
distillate cut boiling at 133 °C in the pot and 64 °C at

25 the head was collected and hydroformylated at
8963-9653 kPa for 5 hours at a molar ratio of Hy/CO of

1.7:1, using the equipment of example 1.

Example 4
The same procedure as used in example 1 was employed
30 to skeletally isomerize a NEODENE 12 clefin, a

C12 a-olefin, subsequently converted to a skeletally



5 collect .the (Jerr] alcohol, with about 650 g of dis-

tillate cwodsedsdéng in pot at 185 [err]C and at the head atPCI/EP97/066%94 140
[err]C collected. This cut was treated with 5.0 g of sodi um

bor ohydri de, heated to about 100 [err] C- &ad-t hen treated with 5.0
nore grans of sodi um borohydride, for a 10 total heat tinme of 9 hours.
The al cohol wadsomsatietkdMay primary Hcles) |conpdeitidv eerhémes, dried

wi th sodi um sul f at e, filtered, and vacuumdistilled at 0.533 kPa.
Distillate skeletaitly badnari zad 198 fio rfa3 ttaough duPtikied Gat the

head were ecte d te 1 th fer [ they. were 15
sul fated and t2é56[6e5d§&oa{r’ caor}% Wwa eél%%:fﬂ%%"%&u&%qﬁ%ng E\‘I\Q fJPZ gtgﬁésp and

bi odegr adabi | idne pot and H®Mel @t3the head_was-Haifﬁgﬂéd”éﬂaﬂﬂy&%é5 used
in exanple 1 was used to skeletally isomerize a NEODENE 14 ol efin

comer @ al |y Z@prmylatpditatire Fkerhchel | THehdnyded £ Qonpbatyi omhe ghipsent

Cerr] [err]- Q{i ' ; Q§§ﬂugﬂ; onver.si a_skel et al | .

i someri zed C[g'Jrar %l#ﬁ%({]y lgrco 0 con%’ogal‘fei%élﬁﬁgat%‘ﬁ%r anaé l>{oufu'rnace
was kept at 2@ ierd, Qsifie skl HMAdlrhgles @il zgos mixture. diBhel | ate cut
boiling at 133 [

' h J .t he head
col l ected and W??H)%lgrﬁr{ﬁ ;‘fagcdpugl% é‘f&f‘f‘ﬁ%%@i%% i%?ja‘f o‘i’ltt%h ﬁB}ﬁgge a}[/vaz

nmol ar ratio ofcuf£ndd#1GAPfat 141-152 Pc7:ih thsl Rt hawequipnel cef sexanpl e
1. Exanpl e 4 . The sane procedure as used in exanple 1
was el oyed e head daing calisctedneri ze a NECDENE 12 ol efin, a

Cerr] [err] '%@Jxﬁﬂe syibsequently converted to a skeletally

The same olefin, procedure, and type of equipment as

used in example 2 was repeated. The Cjy3-14 internal

olefin was skeletally isomerized at 250 °C. The iso-

15 merized olefin was vacuum distilled at 0.533 kPa, with
distillate cuts boiling at 95 °C and 77 °C at the head
being collected, as well as distillate cuts boiling
between 120 °C to 175 °C in the pot and 73 °C to 106 °C at
the head being collected under 2.665 kPa. The hydro-

20 formylation was conducted in an autoclave for about
9 hours at a pressure of 8032 kPa using a CO to H gas
‘ratio of 37/63 mole%. Afterwards, the distillate cut
boiling at 173 °C in the pot and 125 °C at the head was
collected and treated with sodium borohydride as in

25 example 2.

Example 6

Each of the primary alcohol compositions described in
examples 1-6 were sulfated by adding dropwise chloro-
sulfonic acid to the primary alcohol compesition. Speci-

30 fically, the primary alcohol composition was sparged for
2-3 hours with nitrogen in a flask, after which about

1 ml of methylene chloride per gram of the primary
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skeletal Iy isonerized olefin was vacuumdistilled at 2.665 kPa, and
the distillate cut boiling at 172 [err]Cigp — " the pot and 105 [err]C
at the head was collected and hydro- 5 fornmylated to an al cohol. “The

hydrof ornyl ati gngfuh PEBH ?OSltlon wH2S a@g HsthFe$ﬁé§¥ﬁg%l%oniE 203 kPa

over -an 8 hour using a 37 63 no as mxturée. The
al cohol was vaUagnﬁdﬂ§@|ﬁE@@W&ﬁethBEtharlmatm ahosbol composamusnbomllng

o Taui o2 [erehE oo soot 280U 3% h3Rukl! ] (ndl e ddincasnind, 1920 Dol

col | ect ed. sane ol &  and

type of equipneampaxature at abedti 30e8a8npte Horasmeepedérd. cibherCherr]
i nt er nal ef i n . was skeletally | sonerized at 250 [err]C. The iso-

15 Srreri zeW2s| éfildﬁdw&s‘- FReuSLYIEION Pegare §O533SEPAS -wilhie solution

distillate CUt%aQOhhbﬁgsékr%@d[%&Ehcn§@§06gn[?6%]@—@tmﬁﬁﬁtg%aQo
being collected, as well as distillate cutfs boiling between 120

[err]C to 175 fecilétakech&eporain@t7iCler ua}E@eﬁrowmgh[ ditr p@saadded the
head bei ng CO'E?Bh@gc%gd%rc%1§§§dk8@% Egﬁlﬂﬁdﬁgdrgglde 1nf%@ﬂ%|%g

conducted in an autoclave for about ours at a pressure o 8032
kPa using a CIBD@UngastO neutradigzieotbk PTAB3ryohé%ohAflt eowgmods,t itdme

distillate cut Il 73 h (o] . head
was 56 FFegPed % rg%tlesﬂ' % sodftgm‘iggr %ﬁ%ggi %égélgl‘?)tr? %%%
exanpl e 2. addedExammné Ghe pH was adan¢hdototbetpebmaﬁyQalddhabo

Gr opui se. oht or §o101¢7 ' 808, saturiBETdR: B3R R Eete Esha3hsinadi on.
Speci - pH. The solution was stirred for another hour, and the pH
adjusted accordingly within the stated range. Methylene
15 chloride was removed by a rotary evaporator under reduced
pressure at about 40 °C under a nitrogen sparge. '

The primary alcohol compositions were subsequently
tested for amount, type, and location of branching using
the JSME NMR method described herein. For a deter-

20 mination of quaternary carbon atoms, the quat only
JSME NMR technique described herein was used. These
results are reported in Table 1 below. The sulfated
primary alcohol samples were also tested for
biodegradability, the results of which are reported in

25 Table II; and detergency, the results of which are
reported in Table III. The examples reported in the
tables are arranged by order of chain length for ease of
viewing, and identified as 6- indicating the sulfate of a
corresponding example number. Each of these tests were

30 conducted in accordance with the procedures specified
above. As a comparison example, NEODOL 45-Sulfate was

tested for branching, biodegradability, and detergency.



30 fically, the primary al cohol conposition was sparged for
2-3 hours Wot9s/zasa6r ogen in a flask, after which about PCTIEPY /06604
met hyl ene chl oride per gramof the primary WD 98/ 23566
PCT/ EP97/ 06694 5 - 52 - al-cohol

conposi tion was added. The chl or osul foni ¢ “aci d was added dropw se-to
the primary alNpbpbiCcogPes o ask for about 25 m nutes,
whi | e mai ntai ni ng the wastgﬁ%grgqugea%gg %%%Sgﬁ %CfBF?]E¢ kB Ehe

met hyl ene chl dit¥Eent Commﬁﬁglabdenlmaryhelsohul|oambe§§ﬂﬁoh0 ¥hsegus. The
sol ution w S ar ded- ro for 2-3 mnutes to
facilitated re#g%§ISﬁb§Qt ? %e? m%gn 1} gﬁg Ygdgtergentssandl §sto a
chill ed 50% sdehMR hx;ﬁelroxtslereamdsa/sbabde@nadabllltysol ution to neutralize
the primary al cohol conposition. 10 If the pH was below 8, nore of the
basi ¢ sol uti on was added, until the pH was adjusted to between 8-9.
If too ~acidic, a 50%solution of Herr]SOerr] was added to adjust
t he pH. The solution was stirred for another hour, and the *pH

adj usted accordingly wthin the stated range. Methylene 15 - chl ori de
was renoved by a rotary evaporator under reduced pressure at about
40 [err] C under a nitrogen sparge. The primary al cohol .
conpositions were subsequently tested for anount, type, and

| ocation of branching using the JSME NWMR net hod descri bed herein.
For a deter- 20 m nation of quaternary carbon atons, the quat only
JSME NWR techni que descri bed herein was used. These results are
reported in Table 1 below. The sulfated pri mary al cohol sanpl es
were also tested for bi odegradability, the results of which are
reported in 25 Table I'l; and defergency, the results of which are
reported in Table Ill. The exanples reported in the tabl es are
arranged by order of chain length for ease of vi ewi ng, and
identified as 6- indicating the sulfate of a correspondi ng exanpl e
nunber. Each of these tests were



30 conducted in accordance with the procedures specified

above. As @‘[)(5;5%33@5& son exanpl e, NEODCL 45-Sul fate was TnesobBekok O
. L ’ 9
branchi ng, biodegradability, and detergenty%.- WO 98/ 235 6C
PCT/ EP97/ 06694 : - 53 - NEODOL 45-S was
used as the copparison hecause |t |s the current comrercial pripary ---
al cohol conposition, {which when sulfalted, Is curfrently used in
detergents and|isg |known for its ready] bi odegraddgbillity. WO
98/ 23566 8 5 :
PCT/ EP97/ 06694 « © |[err] WD 98/{23566
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results above |n05 cate that the skeletal Lygs
al cohol s according to the invention

56 - The
i soner i z SEHFEHOREA

have a very high average nunber

of branches per_nol ecul e chain, well exceeding 0.7, while the
commercial NEODOCOL 45 |5 hgs gn avejage nunber] of branches which is
quite low, on S |the ordegr gf 0.3} Thel|pattefns of branching are
strikingly sim|%r-§of the diflfedent alcoholls accprding to the
i nvention excep ~tE§t the branchgd Cl7{is curiously deficient in
i sopropyl term Ratiacon The fjedqul s 10 4l so ipdicate a sharp increase
in the nunber of4bragnghep occurringlat the C3 position conpared to
the lack of any|] < Hriangheg in the NEQDOL 4b al cohol at the C3
position. O Q < |[the-tlypdsi ob brapehes [@et ecled, npst of the branches
are met |81 Gr bupk fle |eotlE theﬁékelegally i soneri zed al co- 15
hol s and t he NHODOCajtopoff——jFoyeversTthe—srketetal | vy i soner+ zed
al cohol nethyl |branches are nqt ¢oncent r at ed at the C2 position, as
is the case for{NEODQL. 4b and ot hej conventional detergent range
al cohol's. A furlther dijstifngui shi ng ffeature of the skeletally
i sonerized 20 |® | cohpl s ig that they comtain ja | arger proportion of
et hyl types of bnanches t han tlhe | NEODQL 45. {Furt her, except the
derr] branched &l c®hpl , [ tm§t |&F |&he egbodi f@nt s were al so
skel etal 'y isongfi zgd atghtg?,tgir%nal p}irt ()E t he hydrophobe, as
i ndi cat ed by Z|he—htohrpercent of—25 er+wHnal i sopropyl formation,
in contrast qg none fljound in tlhhe NEGROL 45. The results
al so support ré dﬁnclusi%ns that a pre- N
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doni nate nunber of branches in the skeletally isonerized al cohol s

are concentrated towards the ends of the nole- 30 cul e

the C2, C3v,voa?ﬁ’335ﬁ t he i sopropyl term nal positi onpef@ﬁ"é?“%%an
towards the center of the nnlecule'ghain. NMR data show ng a hlgh
per cent age of WD 98/ 23566 - -

PCT/ EP97/ 06694 . nethyl,

ethyl, and i sopropyPebFafbhFigaPevealrgipatiadthat themﬁb@éebﬁéhwhlng i s

pr edoni nat el y i9$ﬁ59§zEHebQSHEﬁEdOElcohols 5E6098§h tb Ehe'EW@%ﬁtlaﬂ”‘the
fourth carbon on either of the chain, typically have very | ow

per cent ages of hgve a BpamWchigh éNeFﬁéeCBUahGICQfpbgaanﬁg peThmodetralabove,

however, 'showschgiR a,813NeReceaihaos of %ﬁ&gxlthstétherClal NEBBor, 45
i sopropyl types of branches as well as & ranchi ng

occurribg at thescanandecagpogumb@ﬁsof branchesndhgahlmg tihatet hewpobacul e

has a hi gher copcepLuati gp $05  yal LRACHES 3t pLhg £ and €3 carbon

positions at t e“carpon chain Atnber of
branches foundsatikingly Bm31¢ArOﬁokomgerdﬁdﬁbtbnnsa&cohbmethcendﬁinb t he

| | di d d Finally,
" apite of thE°hFBR AONBELIGP BrAREReCnAe: 08 BIANABPELE dfain, no
quat ornary carbga;BLoy WeEs cdRhechald sopropyhy cLR: MYl bhed TR IS

met hod. This wou st conpoun shou Iy
bi odegt@de. also indicate a sharp increase in the number of branches

occurring at the C3 position compared to the lack of any
branches in the NEODOL 45 alcohol at the C3 position. Of

the types of branches detected, most of the branches are

methyl groups for both the skeletally isomerized alco-
15 hols and the NEODOL alcohol. However, the skeletally

isomerized alcohol methyl branches are not concentrated

at the Cy, position, as is the case for NEODOL 45 and

other conventional detergent range alcohols. A furtherx
distinguishing feature of the skeletally isomerized

20 alcohols is that they contain a larger proportion of
ethyl types of branches than the NEODOL 45. Further,

except the Cj17 branched alcohol, most of the embodiments

were also skeletally isomerized at the terminal part of
the hydrophobe, as indicated by the high percentage of
25 terminal isopropyl formation, in contrast to none found
in the NEODOL 45.
The results also support a conclusions that a pre-
dominate number of branches in the skeletally isomerized
alcohols are concentrated towards the ends of the mole-

30 cule chain, i.e., at the Cp, C3, and at the isopropyl

terminal position, rather than towards the center of the

molecule chain. NMR data showing a high percentage of
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- 58 - Table |1 9
Bi odegrada}’{'?&‘(zzglﬁ6 Skel etal |y | sonerized Al cohol PCTIﬁWO“M
Sul f at es Exanpl e No. 5_d51¥ _ 10-day 15-day 28-day
6-4, a (Jerr] al cohol 47 61 1 100 sul f at e
6-2, a (err] 38 58, 6 ' .100 al cohol
sul fate ngthyly efbyly épgoﬁéPpr°§§§ branchigg for aggompound gg
:U:;gig w§?§e|?§§§ghﬁé 0&@'predéﬁlnately5§owards Eﬂe centerB%f
u u
C[err] al cohol the chain, i.eyhdnpeed §@9£9 Shédéepa&at P@ﬁbp@smnt §J4trlnmrcate
that eaghqobet R sehta%edt i RRY hg%olv Q% ble22nta
i nvention readily bi odeSr aded So%lo F‘{g e %WR tpe rln(r%a al cohol
conposi bi ons obranehingenti sheefenasd C3 P@ﬁhtbppéd 100% bilatt@e@lb@dra,l on at
28 d WO 98/ 2356
PCT/E¥S7/06694however, shows goth a hlgﬁ percentage_oggmgthyl,.e?hYl,
gaH etl N and iMdbtbpgbumybBaisengengianshels alkekrtal g S eRH zebuicohol
ul fat es

of branching occurring at the C» and C3 positions,

indicating that the molecule has a higher concentration

10 of branches at the Cy and C3 carbon positions at the ends

of the carbon chain than the number of branches found at

the C4 or longer positions from both ends of the molecule

proceeding inward towards the center.
Finally, in spite of the high number of branches per
15 molecule chain, no quaternary carbon atoms were detected
by the modified WNMR JSME method. This would suggest
that these compounds should readily biodegrade.



Exanpl e No. 10 [err]C 32 [err]C 6-4, a
Cerr] alcohol sulfate - 12 14 6- a err]

al cohol suM.{823566 37 49 6-3, a qé’@f%ﬁ?’%ﬁ%l

sul fate 39 50 -1, a (Jerr] alcohol sulfate
24 35 A sul f at ed NEoéé_ ~qerr] 16 .34
al cohol LSD[err] (Least Significant Difference at 95%
probability) is 5.0 at both tenperaturefable II The detergency
results indicate thatip{bgegl&Q80lon of skeSMIiPi$ £ | 24 ON%) Qbn

i nvention exhibite

exanple, 6-2 far out- performedm geisf at ed NECDO_ al cohol each

of equal 5 fﬂngT, 1 ot-eraid 1 *Mgﬂnc, A
conposi tion havitg bgoéo Tol d wat er éete gent 3“ 43% e ¥€ &ay Z8Y87%h hds
superior col djwatagr det£f gelnmyhalvel 43 sul faf e 71 NEODO apgohol  of
the sanme chain length. Preferred, havvever re those [al cohol,

sul fates whi cl svaM@te col d 10 wat er detergency jof 22% or nor e, nost
preferably 28% ore Exatpte—+ s—exargl e
denonstrates fh 6012rﬁamuaf ac]t‘hrjé3 of a 38 df eri zed h%‘?\obr anchje%o

Clerr]-Cerr] jaicddy f4domdyd ernaf 15 ol efins| using a |ni ckel chellate
cat al yst. A flask was ¢ th 22687 grans of a conpo-

sition of Cenrf=3q e rq13 ra%taml o| @Ri ns coht8ini ng sbde 4, 5|69,
and 10 carbon{ol ef | rl% and distilled using gn 11 pl ate A der shaw
distillation qhﬁ‘ﬁﬁgﬁ? th a sw ngi ng bucket WO 98/ 235/66

PCT/ EP97/066946-1, a Cy17 alcohol |44 56 70 89

sulfate

A sulfated NEODOL 44 63 78 86

C14-15 alcohol

The OECD 301D biodegradation results indicate that
each of the sulfated primary alcohol compositions of the
invention readily biodegraded. Some of the sulfated
primary alcohol compositions of the invention even

5 exhibited 100% biodegradation at 28 days.



- 60 - reflux splitter condensor, a dry ice chilled trap, and a

ni trogen bl fter 37 hours of distillation, those

distilling ‘ﬁ‘g@g’ﬁf 8 [err]Cin the pot and 125 [err] C at thePCTm%w/E“g%ead
were collected for a total anount of about ?‘3_ 1200 grams. These cuts
represent the light ends of the ol e? n, CJerr]. The - -
1200 granms of the CJerr] olefin feed wa i,meri_zed by the

foll owi ng net hod. The 1200 grans of 'thei'ggéﬁi—gl—& was poured into a 5

litre round bot M tfi sebure b8 tppegeridfies of VB k4L &t £ONGENSOhe r B2 88 YAl E8hol
condensor, a thernocouple, a wat er_Dbath,” and a ni TTogen ot anket:

19.74 G amof dried ni ckel hexaf3bkalest oacetyl acetonate (nickel

cat al yst) gl d ~ 01 an 11789 W9 sotuiiagrof—dtretdrysatym ni um
et hoxi de in cycl ohexan[?% alqtlﬁﬁ ni um sol uti on) were Zliidodeé: 15 327
sequentially and dté+4edai®i 9 aheclodEfsnifdbe reactipn 14 M XTUre was
heated up to 35 [drr]C for 6.5 hours, after which 14. 38 nor ¢ grans
of the al umi ni um §of1éi ond viéx £~ psidebicohol sulfaeat(ed7 up to 34 {®rr]C|for an
addi ti onal 2 hour §—after which : 4 ) nore gr ans of the nickel
catal yst and 13.79 & df @ Helrlcohok siwd firken sol Ut3Dn were ddded, héat ed
up to 35 [err]C tg FHerrE+er—another—10 houwrs gfter which

15.55 nore grans | ° 1’ 2@ BT (ISR Ui FELFR SO Ut i qredver e addadF ol | oped by

heat i ng f Oy A T o & TEBEGT, &Y fEr-whith ore—grars—p—the
ni ckel catal yst arcf‘ 4.4 Tore gr anms o‘? Zk'l’ljel'-’ al um ni uin§J25 %4 utioh were
added, foll owed by dlesdndgng for anot her 5 Hours, after] which 1.0
more grans of the laluminium solution and 5.0 grans off the ni ¢kel

catal yst were addedl:SD9s (Leasp| PbgrifbganeaPififetencanath@ps3 hours, after
whi ch 4.1 raps_of the_njickel catalyst and 20.1 nore grans of 30
t he al umi ni um s%]f%?%%hfshg}’{e Addd b 2€' 5Eh Lgmpgﬁﬁgéﬁﬁéntly, t he reaction
product in the flaskhavedetergencyquesabesd whébcd00 onhef ehbrhtcasbd and 22

g of a sodium - . . '
sulfate compositions of the invention exhibited extremely

good cold water detergency. For example, 6-2 far out-
performed the sulfated NEODOL alcohol, each of equal

5 chain length, in both cold and warm water detergency. A
composition having good cold water detergency is one in
which has superior cold water detergency over a sulfated
NEODOL alcohol of the same chain length. Preferred,
however, are those alcohol sulfates which have a cold

10 water detergency of 22% or more, most preferably 28% or
more.
Example 7

This example demonstrates the manufacture of a

dimerized monobranched C33-Cig alcohol from internal

15 olefins using a nickel chelate catalyst.
A flask was charged with 2268.7 grams of a compo-

sition of Cg-Cg internal olefins containing some 4, 5, 9,

and 10 carbon olefins, and distilled using an 11 plate

Oldershaw distillation column with a swinging bucket



WD 98/ 23566 PCT/ EP97/ 06694
bi carbonate solution per 0.946 litre (quart

- 61 - ,
and filter¥Q98/23566 The dinerized CJerr] ol efin was t%g%g%@ég%‘t ed to

further distillation to obtain cuts having 6)redom' nantly 5 Cllerr]

olefins. The distillation was conduct ed”a8%above, except with -a

10 pl ate Oddershaw col um, and those cuts distilli n% at 169 [err]C
r

to 194 [err]C Feitve SRlifier zendenspees t ¢ dry ice cpddlegh qmapyt anst dead,

at 6.3-6.4 kPapy; n WK - after 37 IRt doff Qiris%if[lq_taq'_liéﬂ{, 1B
grans. 10 50 granms of this batch was then subjected to hydro-

fornyl ati on i ncat50Giigtidutio ae tausdidfy °Channbbef pett erd 125 °C aprbbess.
The 150 granms of the dineri,zed ol efin were react ed wi.th hydrogen
and carbon non adgwftrea‘i% ved for Q%3 Gmepng l‘?f{ ﬁg’oﬁ’rtesence of a
phosphi me nodi fli2eh Yrams. cohald aaisalnsgreantpahas SiigRtheddxide i1k

et hanol at a . tenperature of up to 180 [err]C, a stirring speed of
1250 rpm and RYFfddyuret ¥+ 6894 kPa, for 20 hours. After °

conpl etion of the rgact, r t s caqgl to er . 20
The hydr of or nyl at _eg%% r%ezﬁbzgtﬁg‘l{c?h%g%glem\@éssuq]egg‘tnecf‘eed was Gﬁgn%rulr{%dgr
flash vol atili zat itfe G 1SRRI SneHoBNY The 1200 WG & &thdlSifd #% and
paraffins. Those cuts distilling at 182 [err]Cto 250 [err]Cin the

pot and 99 [er MBS FPWEE [idhq @ at Yiffge round httemdlddolqBERRED and
neut r ahigzed W tJ +30Q @Brgf%rfé‘ozzﬁ a dry D idgdehe di §f idddlidle, a

totaling 300 m, were adde to a round bottomflask, stirred and

heated to 50 [&®&teg karh, and a wHitgipaene Hjrearketof 1tthe! & ddtamm dordhigit i de

\évre;remag? ed and nict)%eel shoégﬁ%%%ﬁed% e \A\ér %Q%r éléacf éetng(rnri\g}cetclgﬁ%l%\%t her

30 1.5 howrst &3 .75 8D qferar G1/H™ wthén scdadtianh fafr dhiredtthela Dimgimdi um
ethoxide in cyclohexane (aluminium solution) were added

15 sequentially and stirred into the olefin. The réactipn

mixture was heated ﬁp to 35 °C for 6.5 hours, after which
14.38 more grams of the aluminium solution were added,
heated up to 37 °C for an additional 2 hours, after which

4.0 more grams of the nickel catalyst and 13.75 g of the
20 aluminium solution were added, heated up to 35 °C to
37 °C for another 10 hours, after which 15.55 more grams
of the aluminium solution were added followed by heating
for another 4 hours, after which 4 more grams of the
nickel catalyst and 14.4 more grams of the aluminium
25 solution were added, followed by heating for another
5 hours, after which 21.0 more grams of the aluminium
solution and 5.0 grams of the nickel catalyst were added,
followed by heating for another 3 hours, after which
4.18 grams of the nickel catalyst and 20.1 more grams of
30 the aluminium solution were added.
'Subsequently, the reaction product in the flask was

quenched with 100 g of citric acid and 22 g of a sodium



1/2 hours at 98-100 C. The solution was left to cool, WD 98/ 23566
PCT/ EP97/ 06694 . _ - 62 -

transf err eWO%8/235600 ml fl ask, washed by shaking with PCTRPIB667 C

dei oni zed wat er under ventilation, let stand, to whi ch was added 20
m of ethyl ether, shaken, and . separ at ed. The water phase was ..
drai ned and the process 5 repeat ed another two tinmes using ethyl
ether. After bicarbomasbiaglutﬁograax Of. 9d6diLunreul(hane tWwas faddadx,0 t he
al cohol , shook gng g@ l.et stand. The product was . filtered, the
liquid transf e?P8dTt 8r§g0 m flask, and t hen subjected to further

distillation to rithéhaimektized0Cy_g olle@inObakhehkhgblbgadsed The
distillates obtained up to 102 [err]Cin the pot and 163 [err] C at
t he head were flisthededistillatioantio82b8&ini cotst heviogt eresomi name Jyot

d . ] b h hol
having oo C13719 2heERESS o 2RE) i3 SA TG e LR A BoRsr e e e par A Oﬁé’%'zy
15 GOMB, @Qéewﬁl§theqbeg1heea0ah>é&gﬁab E%ihhﬁg and those_cu tlér t her
reaction for making the sulfates. anpl e

exanpl e demonsdiatesling ptepaPaltorooids CFémq the pot anﬂr&ﬂ92§Uto

nmonobr anched a ho fro ernal oI f usi ng a nicke

car boxyl at e ca#gg The €4 gs%né % 5%%dﬁ?%u%§'ugﬁﬁelﬁogxanple 1
above was lectgglIQ@@dawtanuhgfobbowgn rAeiked exceptions. The anount
of CJerr] internal olefins distilled was 2427.7 grans. 712.5 grans

of distPllate boil1R§ grampoofothés patehcvas then ssbjectegottoamyRm-
[err]C to 129 %s&&%gae&ohhenh%a@owem aakbeshed. mqng the mddaffi®y B} Set

at 5 seconds on seconds of | ate cuts were
predom nant |y g;gpepscarﬁbﬁ aB8i grams of the dlmerlzed olefin were

reacted with hydrogen and carbon monoxide at a Hy/CO
ratio of 2, in the presence of a phosphine modified

15 cobalt catalyst and potassium hydroxide in ethanol at a
temperature of up to 180 °C, a stirring speed of
1250 rpm, and a pressure of 6894 kPa, for 20 hours.

After completion of the reaction, the product was cooled
to 60 °C.

20 The hydroformylated dimerized alcohols were subjected
to further flash volatilization do separate out any
unconverted olefin and paraffins. Those cuts distilling
at 182 °C to 250 °C in the pot and 99 °C to 112 °C at the
head were collected, and neutralized with sodium boro-

25 hydride. The distillate cuts, totaling 300 ml, were added
to a round bottom flask, stirred and heated to 50 °C, to
which 0.6 grams of the sodium borohydride were added and
reacted for about 2 hours, after which 0.6 more grams of
the sodium borohydride were added and reacted for another

30 1.5 hours at 75-80 °C, and then reacted for another 2 and

1/2 hours at 98-100 °C. The solution was left to cool,



internal olefins. 702.6 grans of these olefins were dimerized in a
2 litre flask using 0.493 g of nickel 30

2- et hyl hex¥AJ8296i 1 f | uoroacetate in 5 m of cycl ohexane PCTERIT066941 5 1y
of a 1 nolar solution of ethylalum niumdi- chl oride i n hexane,
(first batch of catalyst) as the %0 98/23566 .
PCT/ EP97/ 06694

di merization catBryEferrafetPed ?ﬂ@om%hngFEflﬂash%@ bY shakingoWithts of
the flask were figaedid fubyeth didd Gridle AURAMAation, led WGHEIOY L he
course of the reaction. After about ours oi’ heat, a se€cond batch
catal yst in thewshoe ®as addadn&&tmhaefadﬂhgl éther, asbaken, hand of heat, a

third ~batch %$ éa a&g g sane nt . wa ad ed and after
anot her hour an® 23 #thdtes; "a 13 ?thﬁﬁ?%hw%? Leip§diand the procefs same
anount wWes addeﬂepeﬁtéeraﬁoshbﬁuteo thﬂe&lﬁsbng ethylbatg8rof pngakal yst in
t he sanme anount S addeﬂO and aft anot her 7 hours of heat,

anot her cat al ysY2®BiRe- i 40t grams of 8&H@ SHbiAEe Wids aadded Eﬁdthﬁnally

after another alcohol} 5hbeKJ Sandihenéhnabtcatahyst @ﬁéCﬁrbau&Bewﬁane
anount was added. The contents of the flask were heated for

anot her hour. 1Biltered, thg higwid| rrancheraedefpzat#of mht&lgsk, epdg of
sodi um bi car bongfiéni uB58cHeaf tdeEepLREH M@E@ilﬂ@éléﬁdEQ rid the 581400 g
of citric acid in 100 grans_of deionized water, to which was added
more wal@r to nekenaof Fherdightcands. The dhatiyiheEeseabbpénpAsupete
poured into a 2;hsts Qe gl

citric acid/ bi cadr)%oné'jltl:r?pa{é31 p@@ ar}%t]i%jn&&shgoﬁﬁan eélgntyee% gg g:ra(a%{detgl and
repeated. The and 82.ftumlabfzeledcomtezesd smluheopomasedéledcmméheaodlum

sul.fate as above,. As_in_ex |l e the ol efi rther

st led 20 Thess GEREPPES PEFF| mOPAPFRRCHed hoael i L EPRaLs: chirking

boi li ng 42% Cq4, 44% C15, and 8% Cqig alcohols as determined by
15 GCMS, and were subjected to analytical testing and

further reaction for making the sulfates.

Example 8
This example demonstrates the preparation of a Ci3-17
dimerized monobranched alcohol from internal olefins
20 using a nickel carboxylate catalyst.
The same procedure as used in Example 1 above was
followed with the following noted exceptions. The amount

of C4-10 internal olefins distilled was 2427.7 grams.
712.5 grams of distillate boiling at 120 to 154 °C in the
25 pot and 89 °C to 129 °C at the head were collected. The

reflux was set at 5 seconds on, and 7 seconds off. The

distillate cuts were predominantly Cg-g carbon chain

internal olefins. 702.6 grams of these olefins were
dimerized in a 2 litre flask using 0.493 g of nickel

30 2-ethylhexanocate-tirfluorocacetate in 5 ml of cyclohexane
and 12'm1 of a 1 molar solution of ethylaluminium di-

chloride in hexane, (first batch of catalyst) as the



at 157 [err]C in the pot and 125 [err]C at the head at 5.5 kPa,

and those boiling at 139 [err]Cto 164 [err]C in the pot at 866
kPa, and tWBQ@Ziﬁg‘?I ing at from179 [err]Cto 240 [err]Cin 1’c'r’F':Pg'”o6655"}1e pot
at. 1.9 kPa were collected for a total of 3 231.95 grans of
distillate. The dinerized dist3d Mate was hydr of or nyl ated as- - -

above and flash distilled at about 0.5-0.7 kPa. 1.39 Gram of
WO 98/ 23566 dimerization catalysts injected into peg/ epofioecThe

204 hol . heat SPRELHEL DoEORY! Edgepancaddndat a2ls. 48 gg0bc (e Shsthbh e

al cohol , [err]C for 1 hour anot her
of sodiun1borohWﬂmmdbouasthddeduaad bEathd reaeﬂlbﬂtr]ﬁfter aboutf or fOUF
hours and cool

dyct b d
rodi St ed wi {#oUPs of heRbeqdqpRrPepalen SabntFPhgLhr CRELSaEo 240

[err]C3$n the amount waQOhddéd lﬂﬁt{aerél}x&h@rlﬁéu{:ebf] Qeat t Bechgad bei ng
col l ected at 5 nobr anched C%err alcohols haV|ng 25%
Clerr], 40% C[RRF§h %ﬁdCQBQ EFErFT EPRoRBIE, 2WQUAkt HRNi AddeRy and after

GCVB, were colA@@ﬁﬁéraﬂgugubhacnsdmkﬁueeal yal §ahr£§851aeeh of catad@dt
sul fation as described bel ow. Exa Thi s exanpl e

denonstrates the phrepdrie speBptawas addede[eAﬁPGH|ﬁeﬁlbéérﬁmn§bﬁaﬁéﬁ§@
al cohol's from@alpba o#5catalyQteihNéhe same amount was added, and after

10 another 7 hours of heat, another catalyst batch in the
same amount was added, and finally after another
1.5 hours, the final catalyst batch in the same amount
was added. The contents of the flask were heated for
another hour.

15 To neutralize the dimerization catalyst, 22 g of
sodium bicarbonate in 250 g of deionized water was added
to 100 g of citric acid in 100 grams of deionized water,
to which was added more water to make a 1 litre batcﬁ.
The dimerized olefins were poured into a 2 litre separa-

20 tion funnel with 1/2 litre of the citric acid/bicarbonate
solution, shook and vented, separated, and repeated. The
neutralized dimerized solution was dried with sodium
sulfate as above.

As in example 1, the olefins were further distilled

25 to acquire Cg-g olefins. Those distillate cuts boiling
at 157 °C in the pot and 125 °C at the head at 5.5 kPa,
and those boiling at 139 °C to 164 °C in the pot at
1.866 kPa, and those boiling at from 179 °C to 240 °C in
the pot at 1.9 kPa were collected for a total of

30 231.95 grams of distillate.

The dimerized distillate was hydroformylated as above
and flash distilled at about 0.5-0.7 kPa. 1.39 Gram of



In this exanple, a m xture of 600g NEODENE 6 [err]-olefin, a (Jerr]
ol efin, and 800 of NEODENE 8 [err]-olefin, a C[%éé* olefin
cont ai ni ng¥8 9%23586 of et hyl - " al uni ni um di chl ori de 6@@3 to a
5 1litre flask. The 20 sane proceduré as used in exarrple 1 was foll owed
with the foll owi ng differences. “A®4olrution of 7.9 g of the nickel.
2-ethyl hexanoate-tirfluoroacetate in 6.35 g of cyclo- hexane (the
ni ckel sol uti GPdivR ey dnddhaaedndded to 211.4§ IQakafv%tse ndi st ol hed at

from33 Cto %4 @[c{]ﬂckfé‘a(@é‘c?@é’tso%‘é for 1t R&uGOUT eﬁr %.gl%g;%]?ﬁtg%%npl -

Another 7.6 nl nlnlun1solut|dn

and 5 ml of thes g of ssdifkelbSEbNFdONIAELs | AU eeﬁnd rﬁ&é&f ££364
flask after about 8 hours of heating. . b L|tres of t he

sodi um ci t r at €t iowgs Fnd cookerduti on was used to neut ralize the

di meri zed ol efins,pye \%og%véggg%ﬁt@shﬁ'dasa%&é enGRl §kig; e A Jert Zd

product was

PCT/ EP97/ 06694 hose distillate cuts boiling at 141.5 ®d 240 °C in the
distilled, with the cuts distilli at 149 [err]Cto 160 [err]C in
the pot and 1%PPY émd G4% “Gagq érOr‘l] &Cantt hbenbaad heiggocpbiected at 120

[err]C to 133 rr | 0. 122 t e

at 1.2 kPa, S nrf%q’f‘g?érk]%}gc&%‘% élphl%n%f‘ffgl%q[ o r*j%”t‘b Yo 145

[err] C at the d g3y Io3 kRnder sy o) l&dubidf £ tdd@drmined by Of 786.4
0 G of ese dinerized ol efins were hydrofornyl a 3{ed

|n a 3.0785 |i tGGMSButweteavanl feciedhred swpertddirtes ammlpcical tesidfly
[err]C at Presyiy %JlLJ"PattJ'90n785?s4 ci(féacrlbed below.

Example 9

This example demonstrates the preparation of a

C13,15,17 dimerized monobranched alcohols from alpha

15 olefins.
In this example, a mixture of 600g NEODENE
6 a-olefin, a Cg olefin, and B00 g of NEODENE
8 o-olefin, a Cg olefin, containing 5.32 g of ethyl-
aluminium dichloride, were added to a 5 litre flask. The
20 same procedure as used in example 1 was followed with the
following differences. A solution of 7.9 g of the nickel
2-ethylhexanoate-tirfluorocacetate in 6.35 g of cyclo-
hexane (the nickel solution) was added and heated. The
flask was maintained at from 33 °C to 38 °C throughout
25 the course of the reaction. Another 7.6 ml of the alu-
minium solution as prepared in example 2 and 5 ml of the
nickel solution were injected into the reaction flask
after about 8 hours of heating.
1.5 Litres of the sodium citrate neutralizing
30 solution was used to neutralize the dimerized olefins,

separated, and again repeated. The dimerized product was



10 809 G of the hydrofornylated ol efins were treated W th
6.5 g of sodium borohydride, as above, followed by ition
of 6.5 g oV¥OI8E? % bor ohydri de” and heating, and a t%%&bﬁg?ﬂ?ﬁ??on of

4.95 g foll owed by 6 hours of heating at up to 99 [err]C 15
The treated hydrofornylated ol efins were “wfshed as in exanpl e 1;
filtered, and distilled with those cuts dis- tilling at 152 to 181

[err]Cin the pbistandlady Wi)tflﬂzh? Pl distilling athk4feld w0 DOB iPa

b |lected f total of. 495, ,
Tonobr anched. aldbrgtS PIheRdrbiL "G 148 jhoasnkhn: healy Aol dh a
sulfated as deseyg bed Pl o in theBgBIPLAA910 to 122 oc EBCEHEIAERE

nonobr anched al ¢ conpositions des- i bed i n exanpl €s 7

sul fated by adchmglmozpwseand 127 t@thBO‘EmhfrDrﬂl‘Ce o d atzmtmea dccafwl
conposition. Speci- fically, the al cohol conpositions were sparged
for 5 2- 314n'-i)utcsavﬁ thenihgashat il B KRaadleingt tegl dgdtdd afouta total 1
m of methyl ene e per gram of the al cohol conp05|t|on was
added. The chl oc?% é) onl% acid was added dropwi se to the al cohol

conposition in the T3@sk cﬁf)rtlsé)se dimabbzied 261 &f 1 eserahh iy érodbphgilacag

the tenperature, at en | ori de s added i f
the St i P ahECTS STERbhaTeTHECLGhet  Bh BRUPERARLISS G to yp
98/ 23566 240 °C at pressures up to 7894 kif¥CI/ EP97/06694

- 66 - sparged with nltrogen for 2-3 mnutes to facilitate
renovall®f HO , aft&9 thieh thevRrdeefiermglawgy ebehins were thpkked 50%

SO 1Y R0 e Scofoleaphy boohurig o RUGEL EELLURCABRNNL
added, until trﬁnqﬁh@msaddltlon of 6.5 g of sodium borohydride and
heating, and a third addition of 4.95 g followed by
6 hours of heating at up to 99 °C.

15 The treated hydroformylated olefins were washed as in
example 1, filtered, and distilled with those cuts dis-
tilling at 152 to 181 °C in the pot and 137 to 172 °C at
the head at 0.8 kPa being collected for a total of 495 g

of C13, Ci5, and C17 monobranched alcohols. The sample

20 was analytically tested and sulfated as described below.
Example 10

Each of the monobranched alcohol compositions des-
cribed in examples 7-9 were sulfated by adding dropwise
chlorosulfonic acid to the alcohol composition. Speci-

25 fically, the alcohol compositions were sparged for
2-3 hours with nitrogen in a flask, after which about
1 ml of methylene chloride per gram of the alcohol
composition was added. The chlorosulfonic acid was added
dropwise to the alcohol composition in the flask for

30 about 25 minutes, while maintaining the temperature at

30-35 °C. More methylene chloride was added if the

solution became to viscous. The solution was then



adjusted to between 8-9. If too acidic, a 50% sol ution of

Herr]SOerr] was added to adjust the pH The sol ution was stirred
f or anot hévVOlBR¥566 and t he pH adj usted accordingly WEHERYY16694st at ed
range. Methyl ene chloride was renmoved 10 by a rotary evaporator under
reduced pressure at 40 [err]C undefba—ni trogen spar ge.
The al cohol conpositions of exanples 1-3 were sub- sequently tested
for "amount, typearaed [Wddt indrirsfgen for 243% aighiteg doi fgaile tESME NVR

met hod describ i .det er.m nati_on, of quat.ernary carbon
atons, the quafr%mm?’rae'L %foﬁyl'\]ﬁ%%c r%‘ltqt‘f’e"’lasdeasf{'dreldbés CW&Tyei yvﬁas used.
These ropsillitesd s rsaphirdre chyidrobdhiee ih (38 @licohd a@nagerc aidon
nunber was det erm. nhed .b ._-1h ul f at ed .pr.i mar al cohol_ sanpl es
were al so testé‘c?uftorraq@i ede%ieac?élb?q%qﬁy,c%os’l lotnne%rfe&ﬂet ?%fw%i%i'-%‘frem
reported i n Talg,endre @Bl s tasic soluti@RNGls tHRISES WS 10fendhigh e
reported in Table I11. The exanples reported in the tables are
arranged by or @gusted to Retnean, §hotlf o0 addisy A aithgolaidon of
identified as H,50, wal-addudi aa idegdde 4 gﬁ;.e afhed SAMERPRENG exanpl e
25 nunber. Each of these tests were conducted in accordance

with the procedirexeshdif i tEizovdovks amcbriper ipdbrrdjusted aaimgly
NEODOL 45- Sul f at.e ,was ,t.est ed .f or branchi bi_ adegr adabi | i t and
det ergency. NE hlﬁ"s-@%ﬁ?e\.}:seé{i rgnge. M]eqfhytl‘r?é’ecmlél%g “t?escaﬁfé‘&‘%%d i's
the curgent comyelCiritalyy evap¥radtyyy videah e IER0 Prid s¥braMitc g orven

sul fated, is currently used in detergents and is known for its
ready Bing®egrradeldigqasn sBad@es a conpari son, a sul fated WO
98/ 23566 The alcohol compositions of J%Q&EE%JHQ@P%%re sub-

- 67 - EXXAL- 13S al cohol believed to have a predom nance of C[err]

al cohol s and dé&earen Flnomeftasy Ifate andugdmertivags i gmd locatidy qufgh aci d
catalysis and tfien SUBPLULG] AHY HME NMR method described herein.

15 For a determination of quaternary carbon atoms, the quat
only JSME NMR technique described herein was used. These
results are reported in Table 1 below. The average carbon
number was determined by GCMS. The sulfated primary
alcohol samples were also tested for biodegradability,

20 the results of which are reported in Table II; and deter-
gency, the results of which are reported in Table III.
The examples reported in the tables are arranged by order
of chain length for ease of viewing, and identified as
10- indicating the sulfate of a corresponding example

25 number. Each of these tests were conducted in accordance
with the procedures specified above. As a comparison
example, NEODOL 45-Sulfate was tested for branching,
biodegradability, and detergency. NEODOL 45-S was used as
the comparison because it is the current commercial

30 primary alcohol composition, which when sulfated, is
currently used in detergents and is known for its ready

biodegradability. Also as a comparison, a sulfated



formyl ati on using an oxo process, was subjected to 5 bi odegr adati on

testing. EXXAL 13 is. reported to have about 3-4 net hly branches per
tridecyl - WNQ@BZIS6DI| ecul e. WO 98/ 23566 CI/EP97/06694

PCT/ EP97/ 06694 - 68 -

Table IV NVMR Structural €Raracterization Anal ysi s -~-
Ex 7, a Ex 8, a Ex 9, a NECDOL 45, -Jerr]
Cerr] d er ERXAL-Q3S ra]lcohol believed to h@qcﬁ]mredommmmf Gl zohol
al cohol Avera e Carbon 14 14, 7 Nunber
Aver age alcphpls and d%%’ed £rom JP‘SOPYlene cb’-@"“ﬁ%"é’smber Chai n
Branch Posi ti ofnRelpt iae dl a tdidfony/ larfdriish H@{tsitd Hydrd3. 7

85 83.4 81.5 and further, including no branching %@ C3
position 4.7 formylatipn using gn xo procegs wag rhijgcteg © 6. 4

6 s 7-4 biode ra7df]tld)rpsﬂééﬁrhg %@&M 1@% repo"r@ed to havg

6 2. position % propyl and

8.4 longer @ @boyosit4 awethyl branches per trldecyl alcohol molecule



WO 98/ 23566 ' PCT/ EP97/ 06694

- 69 - Table 1V (con'd) :
NMR St r uctwoaB2866r act eri zat i on Anal ysi s Ex 7, PQI/EPITASE943 a4 -
Ex 9, a NECDOL 45, derr] derr] qu] a
derr] al cohol aFcéBolk* al cohol al cohol
Types O Br anchi ng % Butyl or 52.2 28 - | onger
% Pr opy!l 17.5 12 gébIe* IV  88.8** © % et hyl

0,
%8_4 8?? Cpéfé?naﬁgR SEE&b?Efal éharaéﬁg;&;atlonﬁg 2 ngZe
Car bons Det ect ed * Approximtely 21% of the branching was

conj ugat ed pu-t-h
**| nel udes bPBﬁYISlénd butyl | B¥ahehfng.
that the dijneri zed al cohol s|¢ -1 acc
much the sane as NEbD%E al cohol

s—-op—adjacent_carbons in the chal

EX Fhea res|NEPAat €]

o T T s

posi tions, accordi ngaloohbe N aﬂuﬁh&ﬁ%; éimmhdl(xﬂlaacahﬁy'fem/S
br anches ante thaf grl At t+ he Ccl or zj'l cat S: Ace

Average Carbon |14.5 6.8 14.7

Number

Average 1.0 1.4 1.5 0.3

Branches per

Chain

Branch Position
Relative To

Hydroxyl Carbon
$@ C4 position |[83.7 85 83.4 81.5

and further,

including no

branching

%@ C3 position 4.7 3 2.7 0.0
% methyl @ C2 |6.4 6

position

% ethyl @ C2 1.6 2 6 2.7
position

% propyl and 3.6 4 4.1 8.4
longer @ C2

position




t he average nunber of branches of the dinerized al cohols

exceeds that of NEODOL al cohols, the center of the
backbone nwox983856sher e t he predomi nant nurber
situated, i.e. an excess of 80% 10 By center

of- t&%e -nol ecul e.
percent age of et hyl

position inward fromeach end
noteworthy is the higher

far

nol ecul e car bon

of br R¢CIHERD7Rp684
is nmeant the C4

Al sG -~

branches on the
di neri zed al cohols of the inventionTaple IV (con’WD 98/23566

PCT/ EP97/ 06694 conpar ed
to the relatively few ethyl %%%ﬁ%%%%g$%§%% ?%araCterlzanﬁomECDCL al cohol
Table V Analysi% Bi odegr a8at Nonaof Dipergzed AlERh9] SUTT PRESDOL 45,
Exanpl e No. 5¢day 10- day 15- day 28- day 10-7
19 43_| 61 68|“12-15 1p~B3-15 C13,15,17 |a Cpg-15 39
65 73 10-9 - 28 3 60 64
A sul f at ed | NECDOL sf2loong)  |alqoholr“Palcondy atrepet
al cohol Types Mrsul fated|EXXAL 13-S 4 12 21 40
The OECD 301D bi odegradati op results ingicate thal each of the
sul fat ed pnPﬁEPfhémﬁbhol cofpositions of the 5 I nventi op bi odegraded
readily, a$—UEQ‘§ﬁ€g@ECEEITT?EE§ﬁea 58 atconpi— —The sulfated EXKAT—
al cohol biogegra ed only poorly
longer
% Propyl 17.5 12 66.7** 88 .8%*
% ethyl 16 23 12.9 3.1
% methyl 14.2 37 20.4 8.1
Quaternary na none na none
Carbons
Detected
* Approximately 21% of the branching was conjugated with
methyl branches on adjacent carbons in the chain.
**Tncludes propyl and butyl branching.
The results indicate that the dimerized alcochols
according to the invention look very much the same as
NEODOL alcohols with respect to the branch positions,
according to the NMR analysis. Specifically, very few
5 branches are located at the Cy_4 carbon positions. Since
the average number of branches of the dimerized alcohols
far exceeds that of NEODOL alcohols, the center of the
molecule carbon backbone must be where the predominant
number of branches are situated, i.e. an excess of 80%.
10 By center is meant the C4 position inward from each end

of the molecule.

Also noteworthy is the higher percentage of ethyl

branches on the dimerized alcohols of the invention as



Tabl e VI Mul ti sebum Det er genci es of Dinerized Al cohol Sulfates
Exanpl e No. 10 [err]C 32 [err]C 10-7
27 3wW098/23566 10-8 2 1 PCT/EPS7/(594
10-9 15 25 A sul fated NECDOL
Clerr] al cohol 11 29 +SOYerr] (Least Significant -

Difference at 95% probability)
The det er gencycemphuatii obs thedireateivealy ke ethyl brdhohesz&duakicafol s of

RECNBUBBE' 31c8het?.

the invention
conpared to th

Is 5.0 at both tenperatures.

equal

cold water detergency as
NEODOL sul fated al cohol

Substitute sheet- 5 May 2000 - Téble-v
CLAI MS ) . A branched pr| mary al cohol nB05|t|on havi ng from
8 to 36 cirBindggsadakignapt Zﬁdnﬁépomlh HhEREesper
mol ecul e of frO@*éh 1goNé U, sarabrangh NAI0N EI §§ﬁ5k§a1d
et hyl branchesj, ¢ A _branched dr?nnr% :H ﬁ%yk %gcgﬁ ing to 8 alm1,
wherein the avel@g% nunber of branches |pk? nolddule 61 rangeés fron 1.0
to 3.0. brareted 1548 ek Y kot e5+t--an—aceoi-di :"rg —+6
claim1l or 2, M%%r |n t he average nunber Z%f brsﬁ%hes péﬁ 73

10-S 60 64

A sulfated NEODOL 40 64 71 75

C14-15 alcohol

A sulfated EXXAL 13-S 4 12 21 40

The OECD 301D biodegradation results indicate that
each of the sulfated primary alcohol compositions of the
. as did the NEODCOL sulfated
The sulfated EXXAL alcohol biodegraded only

invention biodegraded readily,
alcohol.
poorly.

Table VI
Multisebum Detergencies of Dimerized Alcohol Sulfates
10 32
27 31
21 31
15 25
11 29

Example No. °C °C

10-7
10-8
10-9
A sulfated NEODOL Cj4-15 alcohol

LSDgs (Least Significant Difference at 95% probability)

is 5.0 at both temperatures.
The detergency evaluations indicate that the
dimerized alcohols of the invention have superior or
10 equal cold water detergency as compared to the con-

ventional NEODOL sulfated alcohol.



10 mol ecul e ranges from1.5 to 2. 3. 4. A branched primary

al cohol conposition according to any one of clainms 1 to 3,

conpri si ngvb®@sa3iggean 0.5 atom % of quaternary car boRCIIBPOW06694
5.. A branched primary al cohol conposition according to 15 any one of
claims 1 to 4, containing |l ess than 5% of. 71 - |l inear_alcohols. . .
6. A branched conposition according to any one of clains l1to 5,

oyl "branches, 20O 7 "A'branche arconal compod MBI ABMIES®

any one of clains 1 to 6, wherein from5%to 30% &f the" nuiber of
branches in the al cohol are ethyl branghkesA I M S 8. A process for
preparing a branched primary al cohol conposition according to claim
1, which process conprises 25 the steps of: a) contacting an
olefin feed coripri A rigrantheregsriohefy nralcohol cdmposiptbdn) ehstidgCcarbans
atons with a catalyst effective for skeletally isonerisi said
linear olefin t Y¥€I%FEPOH atoms i3nd 3R ARFEFIH TR %gn%réﬁFggﬁ°Hﬁﬁber;
and mdAESiié WWe SPe.t0:7 StdBy. €009aid branching comprising

- 72 - _ b) converting said branched olefin to said primry

al cohol conposi®§ighyl and etlyyl bHrapchess according to claim8, wherein the
skeletaldy isoneri s nér£rdiddy Shr GRAPY | SESoRo WA EEM M nd to c1aiRVE, having
at | east one channel with a crystallographic free dianeter along the
x and/or y pl ae%Rin Heh¢ cdMg§rage numieewwf PERREhes opeD. Belegude7o
nanoneter, the y{&acul8fom 1.0 tSiBVE. preferably being a zeolite having the
ferrierite | sotypi c structure. 10 10. A process for preparing a
branched pri mar3- al doHotanched prigetmiostt oo hceome st ion cearardingatpng
from1i3 to clairﬁll CSE bon G in%gha‘s’é?&gé?j&%@i”ébeLQﬁcﬁEgp eff:

a) dinerising, in the presence of a honbgeneou | - nmer | sati on
catal ystQ an olmflieciked-zogesiiony h-Ceerd-FHerr]

4. A branched primary alcohol composition according to

any one of claims 1 to 3, comprising less than 0.5 atom $%
of quaternary carbon atoms. '
5. A branched primary alcohol composition according to

15 any one of claims 1 to 4, containing less than 5% of

| linear alcohols.
6. A branched composition according to any one of claims
1l to 5, wherein at least 40% of the number of branches in
the alcohol are methyl branches.

20 7. A branched alcohol composition according to any one
of claims 1 to 6, wherein from 5% to 30% of the number of
branches in the alcohol are ethyl branches.

8. A process for preparing a branched primary alcohol
composition according to claim 1, which process comprises

25 the steps of:

a) contacting an olefin feed comprising a linear olefins
having at least 7 carbon atoms with a catalyst effective
for skeletally isomerising said linear olefin to yield a

branched olefin oﬁ the same carbon number; and

- THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED

AT




15 olefin to yiel . 1 hed ol efin; and b) converting
said Cl2-C20 branqheci m ;! |“m‘: branched primary al cohol
. L

conposi t i oMo 98/23566 cﬂm“ @cess according to claim10, MIEEBITO6EHE

ol efin feed conprises at | east 90% | i near ol efins. 20 - 12. A
process according to claim10 or 11, wherein the olefin feed __.
conprises at | ebst BSowvektiimgesedld dremiched olefin tb3saAdppadessyaccor di ng
to any one of cl ai 0t e wherein said dinerisation catalyst
conprises a com Bhot cog“p]ogstlltolr?ndf a nickel carboxylate with an al kyl

al uminium 25 9. hal pdecess acoordiimat iten cAbid 8i,Ckilereiel ahe with an
al kyl aluniniun1ig 0 cess according to any qne of

ide. . . 14. A pr
clains 8 to 13, S*&-¢ aq%\%é‘rsé)ﬂ?rtlﬁé‘n@o Yo §PMPRE SGSefi MG IHE al cohol
in 5 stepshkvies heffiert ed e aydicpfeodRanlel NG itthe 20lcefist iy r3hic
car bon nonoxi de and hydrogen, i.n the presence of a hydro-

hy
fornyl ating cat &F§st drameter alongs Yhe, ke pad/on Yapyaaiecord] tRiskddAld e
conposi tion, view rRf Q{gatf'z%nb)o 422G 10 7 ARG N IR YnAlLMN
conpo- WO 98/ 2356 , _ 73 o
PCT/ EP97/ 06694 Sieve pr&figradlyc &§idinhg tZ8odifeomavingcitiierferni®rite th an
oxirane conpoundgorvpic stbudbd¥eanched primary al cohol al koxyl ate
conposition g corging to claim15 wherein the al koxylate is pre- 5
dom naniPy et hotPl-ate processr didire yepPagdagi ag brkacheidmpmimary alcahedhol
conposition wt ls oxi de . ;. g ra rd lLkyl
sul phat e, preparggg\b?ét%;?Q%n )gc(%%srlﬁlf“gt itr?gjcgapl'r%ll lr%rs’tr &%&%@gﬁ(ﬁr@g{éﬁp%g I on
according to angl carbonoréonfs,clwdiimh progress tOmpriseb8.the letapshext:

al koxyl ated primary | | phat e, reparahl e by al koxyl at.i ng and
SRHHs AT e g SRR SRR

sul phating a branch composi cor gl to any
one of Chairisatitom Catalyst, B dAdfiandeed pompariysialgkyd Cg-Cig
car boxyl ate, preparable by 15 oxi di sing a branched primary al cohol
conposi &on olefin to yield a Cy13-Cpp branched olefin; an

b) Converting said Cj32-Cyp branched olefin to said

branched primary alcohol composition.
11. A process according to claim 10, wherein the olefin
feed comprises at least 90% of linear olefins.
20 12. A process according to claim 10 or 11, wherein the
olefin feed comprises at least 50% of internal olefins.
13. A process according to any one of claims 10 to 12,
wherein said dimerisation catalyst comprises a com-
bination of a nickel carboxylate with an alkyl aluminium
25 halide, or a combination of a nickel chelate with an
alkyl aluminium alkoxide.
14. A process according to any one of claims 8 to 13,
wherein the conversion of the olefin to the alcohol in
step b) is effected by hydroformylating the olefin with
30 carbon monoxide and hydrogen, in the presence of a hydro-
formylating catalyst.
15. A brancﬁed primary alcohol alkoxylate composition,

preparable by reacting a branched primary alcohol compo-
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according to any one 20. A detergent conposition
conpri si ng: H utﬂrfactant(s) sel ected fromthe group of
branched o psiz3seal C accor_dpgg to 20 CPCI/RPHH6694

branched primry al kyl sulphates accordi ng claim17, and
branched al koxyl ated pri mar alkg sul - phat es accordln to claim
18: b) Sl Hie} RFCOERERg to anYc?“%p?foﬁb?+950het6r nBi-Ehaddi ti ves
sel ected fromtdhe 2one com%é@ﬂ@.of foam control | ing agents, enzynes,

bl eachi ng agents | each activators, optical brighteners, co-

bui | ders, hydrdtﬁop%sb%m@C%@@bP¥$@@¥E alcohol aphoxplabeccoeROSEEHPBsition

according 10 ol gl 2ing to clatReII fnbh iRUEhdoL s hasens L guthe o oup

of alkali 30 nat es I cates, sul pol ycarboxyl at es,
am nocarboxyl atdspimentlyoethaxelates, phyganayterbpxyeactlng theapeimary

i , b d and WD 98/ 23566
O 21 ES SUCC Do OB AL L P8 AL B RV eme pRidle: o ond

pol y- car boxyl i cLaci Alshranepeé@xprimary alkylnssipheeéesprapdrabXbubgs
t her eof . 22, A detergent co siéign accordlng to claim 20 or 21,
containing a bl $%thhRggen rhﬂ?ﬁﬁ PLCPRUPPE bhi-PRea§COXAING, EQn agy’

perborates, pergssbopatesimpersubfates, organic peroxy acids, and
nlxtures t her eo et ergent comnposition accord%g% to any one

of cla|n%820AtBr??°h%€n?gFﬂFﬁ abed) BRtRHAREt RV kY Or St

selected fr0n1gﬁﬁeﬂéﬁﬁﬁl@fanébﬁéﬂylﬁtQﬁbdaﬁalQﬁ§phé@1ng a Bﬁaﬁbhbﬁted
carboxylic aci and m xtures thereof A detergent conposition

according to an@rU%%rbfalC°h°1 cerpPFitiont acegrdipgt APnARY anRy&Lot r ope
which is ﬁ&gciegofﬁon1the group of alkali netal salts of aromatic
acids or al kyl car oxylic acids, alkali nmetal chlorides, 15 urea,
mono- or poIyalk&nokahrﬂesheénﬁrnmﬁFMréékvhecééboxylater p2spanabéeepyent

Comee 1o TrehfLgshg Sn-aREngl prumey SLOLIB 2oholterd o |
| aundry detergemtsqrdlng to any one of claims 1 ¥o 7. ’ q .
20. A detergent composition comprising:
a) one or more surfactant(s) selected from the group of
branched primary alcohol alkoxylates according to
20 claim 15, branched primary alkyl sulphates according to
claim 17, and branched alkoxylated primary alkyl sul-
phates according to claim 18;
b) a builder; and
c) optionally one or more additives selected from the
25 group of foam controlling agents, enzymes, bleaching
agents, bleach activators, optical brighteners, co-
builders, hydrotropes and stabilisers.
21. A detergent composition according to claim 20,
wherein the builder is chosen from the group of alkali
30 metal carbonates, silicates, sulphates, polycarboxylates,
aminocarboxylates, nitrilotriacetates, hydroxycarboxy-

lates, citrates, succinates, substituted and unsub-
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stituted alkane-di- and poly-carboxyiic acids, complex
aluminosilicates, and mixtures thereof.
22. A detergent composition according to claim 20 or 21,
containing a bleaching agent which is selected from the
5 group of perborates, percarbonates, persulfates, organic
peroxy acids, and mixtures thereof.
23. A detergent composition according to any one of
claims 20 to 22, containing a bleach activator which is
selected from the group of carboxylic acid amides,
10 substituted carboxylic acids, and mixtures thereof.
24. A detergent composition according to any one of
claims 20 to 23, containing a hydrotrope which is
selected from the group of alkali metal salts of aromatic
acids or alkyl carboxylic acids, alkali metal chlorides,
15 urea, mono- or polyalkanolamines, and mixtures thereof.
25. A detergent composition according to any one of |
claims 20 to 24, which is chosen from the group of
granular laundry detergents, liquid laundry detergents,
dishwashing detergents, soaps, shampoos, and scouring

20 detergents.



