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LI NEAR OLEFI N / PARAFFIN FEED The present invention relates to a process
for prodwoioagidzanched olefins froma linear olefin / pacaffromodseed, the
use of catalysts and the Iike therein apparatus therefor, branched ’

ol efins obtained thereby and 5 the use thereof; nore partiéularly to a
process for producing olefins with controlled branching, the use of

catal ysts therein, apparatus therefor, branched olefins obtained thereby
and the use thereof in the preparation of detergents, surfactants and the-
l'ike. 10 The derivatives of long chain olefins having about 7 to 28 carbon
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5 the use thereof; more particularly to a process for

producing olefins with controlled branching, the use of
catalysts therein, apparatus therefor, branched olefins
obtained thereby and the use thereof in the preparation
of detergents, surfactants and the like.

10 The derivatives of long chain olefins having about 7
to 28 carbon atoms have considerable commercial
importance in a variety of applications, inc¢luding
detergents, surfactants and freeze point depressants in
lubricating oils. Primary derivatives which are used in

15 many household laundry detergents include alcohols which
are produced by hydroformylation, and alkyl benzenes, for
example linear alkyl benzene (LAB) and modified
alkylbenzenes (MAB) which are produced by the alkylation
of benzene. v

20 In the application to detergents, sufféctants and
the like, primary derivatives are generally converted to
anionic or non-ionic detergents or surfactants by
sulfonation or ethoxylation, respectively, of the
derivative. Important considerations in providing

25 effective detergents or general surfactants ig cold water
solubility/detergency, which is usually associated with

hydrophobic branched olefin precursors, along with the



need for good biodegradability which is usually associated with |inear

ol efin precursors. Since these properties are conflicting it is not easily
possi bl e wo 03ppra¥¢ de surfactants, etc. nmeeting both requi PETEPIZ08884 US
5,849,960 (Shell G| Conpany) disclosés an alternative solution to this
probl em by providing a new conposition of controlled branching al cohol,
and their sulphate derivatives, via the olefin internediate, in order to
decr ease hydregebbiai tgpathdidecaiedabadisaswhighc dpdufia@ &ty det er gency,
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stages, 15 via their branched olefins. The olefin feed is usually a
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the feed. The |ocation of the douhle ond is _not.Limted he ol efin feed "
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benzenes (MAB) a elr ) by paraffin 1sonerization and
dehydr ogenat i god dioddddmresiabidlikyt.ati on by ol efins of aromatics, and
sulfonation. The paraflini g o8 {9l ‘IO 52845006600RL! S88phi0gar O
using a process for producing controlled branching
primary alcohols from a .linear olefin feed in two stages, -
15 via their branched olefins. The olefin feed is usually a
distribution of at least 50 weight % of linear mono
olefins in a specified carbon range, the remainder of the
feed being olefin of other carbon number or carbon
structure, diolefins, paraffins, aromatics and other
20 impurities, depending on the origin or synthesis process
used in providing the feed. The location of the double
bond is not limited, the olefin feed composition may
comprise alpha-olefins, internal olefins or a mixture
- thereof. The alkyl branched primary olefins obtained
25 therefrom have from 7 to 35 carbon atoms, and an average
number of brancheg per molecule chain of at least 0.7,
containing not only methyl branches but also ethyl
branches.
US 6,187,981 (UOP) discloseg preparation of modified
30 alkyl benzenes (MAB) and their sulfonates (MABS) by
paraffin isomerization and dehydrogenation to olefins,

alkylation by olefins of aromatics, and sulfonation. The

paraffinic feed for isomerization comprises linear or



WD 03/ 016249 PCT/ EPO2/ 08884 3 normal paraffins having a total of 8 to 28
carbon atons per nolecule, and the isonerised streamfor dehydrogenation
cont ai ns wolBghend concentration of |ightly branched par afPCirmEPo2/68884
Accordingly in the broadest aspect of 3the present invention there is
provi ded a process for producing branched olefins froma m xed |inear
olefin / paraffin_isonerisation feed conprising |inear olefins having at
| east 7 car béwreInPanR HisglhaydRer PstR§enCh gi Fet 29 0°¥age akdtetal ly
i somerising ] ins | ! :LSAt | ed,-and in a second
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are subst ant iadHydmicefriat iorandrtisieasr anbligbekesoacentvhieiomi ef and/ or
paraffinic. 15 Preferably the process provides al kyl branched rimar
ol efins havi #glgé"tt%iyeﬁa h@éf@@ﬁ%&&ﬁﬁ,' preferably 7 to 28 car Eon atgms,
nore preferably 1%&%@8} hon 30 MEoaaRdtanspYerage M e®dnbranches
per nolecule chain of at least 0.7. Preferably al kyl branches 20 incl ude
][ret hyl br anchigsreqyid cal sanmme seppividednehpsocepg ef e aprgdaginSoneri sati on
eed conprises 5%.to0 0%, far ex I, 09 59 S tally linear
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conpri §gs str Ui bl diafing i Qishng €6 hBgEY-PERERSSES sreh as jet fuel
or kerosene, or 30 streans originating.fromFischer-Tropsch gas to oil
facilities. isomerisation feed, and in a second stage separating

branched and linear molecules wherein branched molecules
are substantially olefinic and linear molecules are
olefinic and/or paraffinic.

15 Preferably the process provides alkyl branched
primary olefing having at least 7 carbon atoms,
preferably 7 to 28 carbon atoms, more preferably 10 to 16
carbon atoms, and an average number of branches per
molecule chain of at least 0:7. Preferably alkyl branches

20 include methyl branches ‘and also some ethyl branches.

Preferably an isomerisation feed comprises 5% to
50%w, for example 10% to 35%w of substantially linear
mono olefins having from 7 to 28 cérbon atoms, preferably
olefins having from 10 to 16 carbon atoms, with the

25 balance being paraffinsg, olefins of other carbon number
or carbon structure, diolefins, aromatice and other

" impurities, more preferably predominantly paraffins.
Suitable feed comprises streams originating from oil
refinery processes such as jet fuel or kerosene, or

30 streams originating from Fischer-Tropsch gas to oil
facilities.

Optionally the process comprises in a preliminaxry

stage providing an isomerisation feed by dehydrogenation



Optionally the process conprises in a prelimnary stage providing an

i sonerisation feed by dehydrogenati on WO 03/016249 PCT/ EP02/08884 4 of a
subst ant iwblog/okdé2aear paraffinic feed for exanple conpri siPpeg/EPexassshan 10%v
olefin, or substantially no olefins. 4The process may include a recycle
fromthe 5 separation stage to the isonerisation stage or.preferably to

the prelimnary dehydrogenation_stage. The recycl be su enment ed by
br anched oIefﬁ%ﬁbé?%h%qég%%ﬁ%%?é&&?e% B§¥6F668¥F3§8?53§aﬁs?¥% M nits such
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predom nantly branched (iso)paraffins. It is a particular advantage of the

present inventdioims-hat the process may be operated with feed conprising
streans froma varj.ety of sour i i ng hsSO .satpon or
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dehydrogenati on f eed- avi ng ol'efinoriginating from oi
refinery procassastton Htsehkertoltbpsdloméhe spracasstafet be  prweatalohy
provides for selective skeletal branching of |inear ol efins whi]st
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obt ai ned duead dyripriathictsy prfodigenstoeant Loatsi sechndai kbghtrerds ng
products and heavy ends. Skel etal isonerisation.of.linear olefins nay be
D carr 1 ed oUt By W TR MRS, by Breranry SRer bk SOreShEitda i on 1<
with uge of thedqumeess 16f JBnand49,(960,) pbrareentents of which are
incorporated herein by reference, with use of a catalytic isonerisation

furnace. Preferably &h g frricdarondvesdags Rér EPRbEFEFEMHef i ned

invention that the process may be operated with feed
comprising streams from a variefy of sources including an
isomerisation or dehydrogenation feed having 0%w to 50%w
15 olefin originating from o0il refinery processes or
Fischer-Tropsch. The process of the invention provides
for selective skeletal branching of linear olefins whilst
paraffins in the feed remain as unreacted linear
paraffins, so enabling simple olefin/paraffin separation
20 with use of known processes for separation of linear and
| branched molecules. Excellent selectivity is obtained
due to minimal byproduct formation, i.e. minimal cracking
products and heavy ends.
Skeletal isomerisation of linear olefins may be
25 carried out by any known means. Preferably skeletal
isomerisation is with use of the process of US 5,849,960,
the contents of which are incorporated herein by
.reference, with use of a catalytic isomerisation furnace.
Preferably an isomerisation feed as hereinbefore defined
30 is contacted with an isomerisation catalyst comprising a
catalyst which is effective for skeletal igomerising a
linear olefin composition into an olefin composition

having an average number of branches per molecule chain



30 is contacted with an isonerisation catalyst conprising a catalyst which
is effective for skeletal isonmerising a linear olefin conposition into an
ol ef i n cowpasiotézan havi ng an average nunber of branches pemn/RPot/esssd e chai n
WO 03/ 016249 PCT/ EP02/ 08884 5 of at ISeast 0.7. More preferably the

catal yst conprises a zeolite having at |east one channel with a

crystal |l ographic free channel dianeter ranging from greater than 4.2

Angst r om and dfess tleast7 OAdgst Mewe Brﬁééﬁ}g&j bher 6oht{ BRpeFARRFESSH t h

essentially 1o channel nRieseal WALCR BAS Bnbhfigr chappel dianeter which is

greater t han %7 Z,Er?gst rom Surtabl e zeolites are descri in US 5,510, 306,
t he cont ent s cafyawhildboaehincarper ahednehedtamebyrrefegengefrand are

described in the Atlas of 10 Zeolite Stracﬁure T]éges %W M ©Meier and D.
H Oson. PBEaTe&d thatalty <t 3PPREFGle 2R er HREF PR AT PRSI T EAPO. 11,

SAPG- 315 SAPQe%Js?ur%H' Rt Wo;notemgsggtu;gl,\ﬂ' F2ehZSWeéRe ial 2SS cHaMa3D,
ZSM 48, ZSM 50, ZSM 57, SUZ-4A, APO- 11, MAPO 31, MeA 41, MeAPSO- 11,

MeAPSO- 31, amctelMeARSOMTh 18sNeAPSee4ehamnAPClianeEeAPGIBgh B APO 41,
e ogem o fEseer thetn) PHESREGes: SATERBLL! SuofROCL Dbl tacaolited e,

hydr ogen for @6 caf crum Torm of nordenite and
partheite, ang tfieisr, 510SClwNI Ehst buatenes. o€owhiBAt apasintozeotateas can
al so .20 be used herein. These conbi nations can include pellets of m xed
zeol i tes and hsrgdRePyb&Gigrenngendntisase dgaeathse suchhashit+ad xanpl e,

ZSM 22 @nd/ or, 3 QRS Fri BRIt 8, 18T fil ekl 8 0NRE BSMi2ZoRndl or
ZSM 23,1@and 571\%% ()S\%rs%lcfghgzgﬁ%lﬁ'eggt acked cat alrysts can be of the 25
sane shape amdedfersiere cartadfysdisf fiecéntieshepeiandter Z1LE@-35ucPhBG-1U¥8 inch
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7Z8M-23, ZSM-35, ZSM-48, Z8SM-50, ZSM-57, SUZ-4A, MeAPO-11,
MeAPO-31, MeAPO-41, MeAPSb-ll, MeAPSO-31, and MeAPSO-41,

15 MeAPS0O-46, ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11,
ELAPSO-31, and ELAPSO-41, laumontite, cancrinite,
offretite, hydrogen form of stilbite, the magnesium or
calcium form of mordenite and partheite, and their
isotypic structures. Combinations of zeolites can also

.20 be used herein. These combinations can include pellets
‘of mixed zeolites and stacked bed arrangements of
catalyst such as, for example, ZSM-22 and/or ZSM-23 over
ferrierite, ferrierite over ZSM-22 and/or ZSM-23, and
7ZSM-22 over ZSM-23. The stacked catalysts can be of the

25 same shape and/or size or of different shape and/or size
such as 1/8 inch trilobes over 1/32 inch cylinders for
example. Alternatively natural zeolites may be altered
by ion exchange processes to remove or substitute the
alkali or alkaline earth metal, thereby introducing

30 larger channel sizes or reducing larger channel sizes.
Such zeolites include natural and synthetic ferrierite
(can be orthorhombic or monoclinic), Sr-D, FU-9 (EP B-

55,529), ISI-6 (US Pat. No. 4,578,259}, NU-23 (E.P.A.-



by ion exchange processes to renpove or substitute the alkali or alkaline
earth netal, thereby introducing 30 |arger channel sizes or reducing |arger
channel swpas/01628uch zeolites include natural and synt het IPCTfEPO2/0SSB4 t €
(can be orthorhonbic or nmonoclinic), $-D, FU-9 (EP B- 55,529), ISI-6 (US
Pat. No. 4,578,259), NU-23 (E.P.A. WO 03/016249 PCT/ EP02/08884 6 103, 981),
ZSM 35 (US Pat. No. 4,016, 245) and ZSM 38 (US Pat. No. 4,375,573). Most.
preferably the0@a?alyst2$4-3% of¥$ Fatt e Nopnet K& @R PESECTs4Bi dHScat al yst

is suitably 5 Loed, W+h & 5ef ragtary..oxideas, kding Aaterial in
known nanner,ngPbgﬁéﬁ%1e nhturgl 2fays%)sué%%%s%-bentgnifg? e
nmontnoril | oni ferra¢tapeal gite, and kaolin; alumna; silica; silica-alumna;

hydrated alum na; _titania; zjrconia and m xtures thereof. .M preferred
10 binders are al uW’ﬁa%,eﬁ%‘é# a%s?)‘%%{f’u%agb]é?{hﬁaéfa Msaﬁalltﬁégé'ri te

al um nag. TheggmbiAEE 1@ € Meathid & MR d-allee a L YINRIEGIAkY c2RE1akR USed toO
manuf acture al um na-based catalysts. The weight ratio of zeolite to binder

material 15 knbvabhrgnpemgekor reaabloutnaniegy g ayifousugh. §50. 5,

preferably from ab 75; 2 0 .. 99: I r.ef erahl .about 80: 20
t o about 98:283%§O§%é ! Tﬁéﬁéﬁ%&#@gﬁ%é%ﬁaa%%ﬁ%%;%qf w6 gb%ﬁ%ﬁgg}S
(anhydrous basisina; 20i Pred eradil dcskdletiala ;| Symefated adamisa¢onduct ed at

el evated tenperature in the range 200C to 500C, nore referably 250 to
350C. PreferaBF9a¥h%fi%%%ﬁﬁ?%%ﬂ?%ﬁlW%ﬁﬁ%ﬁ%ﬁ]qg?ﬁﬁﬂﬁducmgﬁe RESHPEESHr e

rangi ”gllg)f rom ; 1@k gosphes Bsn{rdds KRAcH el Qs ARAIRERRE!, €gafiha MEAY, NOre
preferably from0.5 to 5
bayerite aluminas. These binders are readily available

commercially and are used to manufacture alumina—based
catalysts.

The weight ratio of zeolite to binder‘material

15 gsuitably ranges from about 10:90 to about 99.5:0.5,
preferably from about 75:25 to about 99:1, more
preferably from about 80:20 to about 98:2 and most
preferably from about 85:15 to about 95:5 (anhydrous
‘basis) .

20 Preferably skeletal isomerisation is conducted at
elevated temperature in the range 200°C to 500°C, more
preferably 250 to 350°C.

Preferably the isomerisation reaction is conducted
at pressure ranging from 0.1 atmospheres (10 kPa) to 10

25 atmospheres (1 MPa), more preferably from 0.5 td 5
atmospheres (50 to 500 kPa).

The feed to the first stage isomerisation unit
comprises linear olefin and more than 50%w paraffin, for
example 80-90%w linear paraffin. It is a particular

30 advantage that the feed is readily available as
byproducts of downstream units or is prepared in a
preliminary stage dehydrogenation facility. 1In a

particular advantage the linear paraffin is thought to



at nospheres (50 to 500 kPa). The feed to the first stage isonerisation unit
conprises linear olefin and nore than 50%v paraffin, for exanple 80-90%w

| i near pawefoBion24¢t is a particular 30 advantage that thePCaagpor/essseadily
avai l abl e as byproducts of downstreamunits or is prepared in a
prelimnary stage dehydrogenation facility. In a particular advantage the
| inear paraffin is thought to WO 03/016249 PCT/ EP02/ 08884 act as a
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ere
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process and recycled to the first stage, nore preferably up to 15%w.

Preferably thetrésonerd shs i vecyslespdregaidiah wildeds n6RL7 Poreshver si on,
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range 90 to 9 ersi he “second stage separation of branched

ol efins from suneeactedy feed ITmy desdiyimnbknotugqer geesisictReaf.er abl y
separation is via branched/linear, separation by contactin% tha Eroduct
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preferably a zeolite or urea and the li'ke. The nol ecul ar sieve

separ at es nol Etubessbyge adsarptpiefenibly subdeyuditv -ded@megerarlastRGown in

the igomerisation is operated in excess of 70% conversion,
more preferably in excess of 85% conversion and most
preferably in the range 90 to 95% conversion.

15 The second stage separation of branched olefins from
unreacted feed may be by any known process. Preferably
separation is via branched/linear separation by
contacting the product from the first stage process with
a suitable inorganic or organic molecular sieve such as a

20 zeolite of appropriate pore diameter, preferably a 5A
zeolite or urea and the like.

The molecular sieve separates molecules by
adsorption, with subseqguent desorption as known in the
art. Suitably separation is via a fixed bed containing

25 adsorbent as defined with separation of a branched olefin
stream and recycle of unreacted linear olefin/paraffin
stream.

Suitably separétion is conducted at elevated
temperature in the range 100°C to 400°C, more preferably

30 180 to 380°C.

Suitably separation is conducted at pressure ranging

from 2 bar (200kPa) to 7 bar (700 kPa).



art. Suitably separation is via a fixed bed containing 25 adsorbent as
defined with separation of a branched olefin stream and recycle of

unr eact edwbima@ar4ol ef i n/ paraffin stream Suitably separatPcarEPoyossenduct ed
at elevated tenperature in the ranges8l00C to 400C, nore preferably 30 180
to 380C. Suitably separation is conducted at pressure ranging from 2 bar
(200kPa) to 7 bar (700 kPa). WO 03/016249 PCT/ EP02/08884 8 Suitabl e unit
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may be by any known neans. Preferably dehydrogenation is wth use of a
st andard dehyddegehantsen facility enploying a Pt catalyst, for exanple

oxenpl 1 fi ed i US PRL SCRBES. 3o PR BaIS ST AT S S 0B SOV 12,
4,430, 517; 4, ¥46, 448; t4, gBavEH0; ads 86162 o ddthirdy 82% Q&Guidedever, a

preferred catal yst conprises a refractory inorganic oxide having uniformy
di spersed 20 EhefednYabe| 2eliewre bma‘ﬂmna\rgr\w%q@rbuﬁn\m PE( tBPAC 8- 10))

met al at NEs P r , for exanple as disclosed in US
6, 187, gigﬁl. Pr}é?‘g?%%% ?Ef%%%?%ﬁemgﬂ-

The preliminary stage dehydrogenation may be by any
* known means. Preferably dehydrogenation is with use of a
standard dehydrogenation facility employing a Pt
catalyst, for example PACOL or with use of a

15 dehydrogenation catalyst for example as exemplified in US
Pat. Nos. 3,274,287; 3,315,007; 3,315,008; 3,745,112;
4,430,517; 4,716,143; 4,762,960; 4,786,625; and
4,827,072. However, a preferred catalyst comprises a
refractory inorganic oxide having uniformly dispersed

20 thereon at least one platinum group (Group VIII (IUPAC 8-
10)) metal and at least one promoter metal, for example
ag disclosed in US 6,187,981. Preferred refractory
inorganic oxides include but are not limited to alpha
alumina, theta alumina, cordierite, zirconia, titania,

25 and mixtures thereof. When contacting the catalyst, the
dehydrogenation feed may be in the ligquid phase or in a
mixed vapour-liquid phase but preferably is in the vapour
phase.

The product stream typically comprises linear olefin

30 in 5-50%w, preferably 10 to 35 %w, together with
unconverted linear paraffin, and forms the isomerisation

feed.
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separ at i50n. ofv%f%‘a%ﬁ &&%@m?foﬁ%g Olu%eg)r'?bggng%gglt ?gbg%par' ation unit,
fractionating by npdegut@rciei @dtydiddgerfari exanyile i€10pt4on€l3y16 streans

and the like. Optionally the process includes additionally. the

hydr of or my| atPeevidedrigae 2| B} Fahie Fomnt SlEsdeTrraRERFRgPHY RSN
means to provide t ol O‘Hﬂ‘ A ql%tgpl-rfcqr deur ek iepnvyensk to
detergents, surfac tn%s égl;}g t erk?rlci%; or al klyl atui gnaof prloduct olhgfgi n wth
control | ed brasehéaop it horben? eneodyctk e ame dront Ghepldvieds/branched

correspandi ng al kyl pbenzenes, and optiqnal furth |_phonat i on. f. 20
In a fufther & A S c;toﬁzr{[aﬂ:é.tng ibgfr 5 %\9?%3 g}gg herihber oo 0

: : nevel “process
stage or combipatipmmpherepf_ as, cis_1¢ streams and the like.

Optionally the process includes additiomnally the
hydroformylation of product olefin with controlled
branching by known means to provide the corresponding

‘15 alcohol for further conversion to detergents, surfactants
and the like; or alkylation of product olefin with
controlled branching with benzene by known means to
provide the corresponding alkyl benzenes, and optionél
further sulphonation thereof.

20 ' In a further aspect of the invention there is
provided a novel process stage or combination thereof as
hereinbefore defined.

In a further aspect of the invention there is
provided an apparatus for producing branched olefins by

25 means of the process as hereinbefore defined. Suitably
the apparatus comprises a first stage catalytic
isomerisation unit, a second stage separation unit and
product and recycle lines. Optionally the apparatus
includes a preliminary stage dehydrogenation unit and

30 recycle line is to the first stage or to the preliminary
stage unit. The apparatus includes a feed stream to the

first stage unit and/or to the preliminary stage unit.



her ei nbefore defined. In a further aspect of the invention there is

provi ded an apparatus for producing branched ol efins by 25 neans of the
process awohafeiznbef ore defined. Suitably the apparatus c®cprEPezessss fir st
stage catalytic isomerisation unit, # second stage separation unit and
product and recycle lines. Optionally the apparatus includes a prelimnary
st age dehydrogenation unit and 30 recycle line is to the first stage or to
the prelimnary simge fumthedhes@pparat uhd nevedes on fréedestiseamto the

first stage unit and/or to the prelimnary stage unit. WO 03/016249
PCT/EP02/0888ErOﬁ£ﬂ?¢1%P?Lﬁﬁ%éﬁgéﬁﬁﬁﬁY¥$ny€-%ﬁ@eﬁﬂ%@naﬁhere is provided
the use of cafalypise 8k tdgrdide B8 tergipheloe debi Agdehnibheaprocess

of the invention as hereinbefore defined. 5 In a further aspect of the
i nvention t heherésnbefone déf trwluse of the branched ol efi ns obtained with

t he progcess and apparatus_of the inventli fQr__producin det er gent s,
g ?%ga %?5€h%%ﬁ?%gﬁﬁﬁn%§:g$eIﬁﬂ)eﬁ% O osE

surfactants, freez p ricating i'Fs*8nd the |ike.

For use in provbeidda Lbhsaans, ofdeier genireadd clurfiaet aptaibhbe hianched
olefins of the invention are suitably converted to al cohols b

hydr of or nyl at tle® B¥oes % | anse R Bif Afkybst iloveasdon, §9Fpﬁ§?éa%¥lg
et hoxyl ated b qg§i T jnventi . il LNs;pon
limting 15 %%%%§$¥€E$E re %ﬁéﬁ%ﬁgﬁk;%ﬁﬁE%fﬁgu%gghgngggkgﬁ%?ggg lIf%igure 1
il lustrates alwsetiemting ofiln apbartat usikef. t Feri meentinoprasifigngi nbef ore
define ure 1, isonerisation feed % olgfin)

is fedqpolBnr%gﬁp%mi%§F§¥ﬁﬁQﬁﬁﬂﬁ éfQﬁﬁﬁéqgﬁ%gp% %Lgﬁﬁgg%%égoéggFﬁFa?
i sonerisationcof Ohedhion RIQIUGtitably converted to alcohols by
hydroformylation or alkyl benzenes by alkylation and
. sulphated or ethoxylated by:known means.
The invention is now illustrated in non limiting
15 manner with reference to the figures and examples.
Figure 1 illustrates a schematic of an apparatus of
the invention as hereinbefore defined.
In Figure 1, isomerisation feed'(comprising 5%w to
.SO%W olefin) is fed to Unit 1 which represents a unit for}
20 controlled skeletal isomerisation of olefins. Product
stream from Unit 1 is fed to Unit 2 which represents a
linear/branched separation unit, for example MOLEX (UOP).
This unit produces two separated streams, a product
stream comprising olefin with controlled branching which
25 is suitable for hydroformylation to alcohol or alkylation
to alkyl benzene and subsequent sulfonation or
ethoxylation to form commercial detergents, and a recycle
stream comprising linear hydrocarbons, mainly paraffins.
The recycle stream from Unit 2 is fed to Unit A
30 - which represents a paraffin dehydrogenation to olefins
Unit, for example PACOL (UOP). Product stream from Unit

A 1s recycled to Unit 1.



streamfromUnit 1 is fed to Unit 2 which represents a |inear/branched
separation unit, for exanple MOLEX (UOP). This unit produces two separated
streans, wWOompBoOt2a? stream conprising olefin with control IPEd/EPOAOSSBE NQ
which 25 is suitable for hydrofornylation to al cohol or alkylation to

al kyl benzene and subsequent sulfonation or ethoxylation to form

commerci al detergents, and a recycle stream conprising |inear

hydr ocar bons, nai ohytper afifiuns. tiiheisenyrisasiorapedd o Uit 2 iiSfed to

Unit A 30 which represents._a raffin dehydrogenation.to ol ef]i nit,
for exanpl e PRESVSAUEBPT PFBdEg?l’g?F%aﬂ?fg%ﬁ?kﬁ%{]ﬁr §Hy eéélyrcﬁcetg%/t c())L‘JﬁJnit 1.
VD 03/ 016249 PGTLERDZ( 03884 pntdr | Dntheal | omeré heeds eI aldaprdmed Lo

Unit 1 is derived fromoil refinery or Fischer-Tropsch, directly or
indirectly vica RAGCLlEfiiniaitWhelé febde@nterar bepenstO%h akafdtefiticity,
if a feed conprises_0-109% l efing. i Sk & ni .1 s conpri ses
5- 50%W %I ef i ASTEES 8gt ép%/%lag’uﬁ?t iFL &fﬁ%gg%‘?‘% ?%\%%péjiésbflo%ét ilognal ly fed

wi th dehydregerati ap fyraed firom downstream Units to Unit A in addition to
i sonerisation feed conprising 5%vto 50%v 10 olefin tp Unit 1. Unit 1

conpri ses a catal y¥€ H8i§eddPFrbER iH PJBtlg?é;thQ%%‘? Yhtt 2 conprises a

[ near/ br anclied, SBALALLAR BUEN £BUANIAPE SdaQ AL SO Al eve. il L A

conprises plat rogenation catalyst with or without 15 pronoter
(s) . The predddtiohetonikporriaatign hegdngompni $ohd eefiwW rarkthihg i s
suitably separated by. nol.ecular weight into streans such as C10-14, for
converé@lon f'(?rleé%&rrﬁ%ge F&g l}‘l;'l;AB,.type products, C15-16 which is suitable for

Unit 1 comprises a catalyst as described in US
5,849,960, Unit 2 comprises a linear/branched separation
agent such as urea or molecular sieve, Unit A comprises
platinum dehydrogenation catalyst with or without
15 promoter (s) .
The product olefin from Unit 2, having controlled
branching is suitably separated by molecular weight into

streams such as Cjg_14, for conversion for example to
MLAB type products, Cig-ig which is suitable for
20 conversion to branched detergent alcohol and the like.

Examples

Typical feed and product streams from processes
using the apparatus of Figure 1 are described in Examples
1 to 3 below and are given in the following Tables 1 to
25 4.

Example 1 — Fresh feed to isomerisation unit

In this example fresh feed is passed to
isomerisation Unit 1 only (To Ul); product stream is
passéd to Unit 2 for linear / branched separation

30 (U1/U2); olefin prodﬁct is obtained from Unit 2 (From
U2); unconverted (linear paraffin and any remaining

linear olefin) feed is recycled from Unit 2 to



20 conversion to branched detergent al cohol and the like. Exanples
Typical. feed and product streanms from processes using the apparatus of
Figure 1 wpe3deseri bed in Exanples 1 to 3 bel ow and are @Cr@&Ero2/ossghe
following Tables 1 to 25 4. Exanple 12- Fresh feed to isonerisation unit
In this exanple fresh feed is passed to isonerisation Unit 1 only (To Ul);
product streamis passed to Unit 2 for linear / branched separation 30

(U7 W2); ol ef dehpiodyetat sombimihed (Fofi20ni argl (uheomesm)tan@néénvért ed
(linear paraffjn_and any r inin | i near e .S recycledfrom
Unit 2 to \/\0‘6%?%&%%4&%@5%’5’0%0%%%@ degﬁaf dr OFerit L:%on GSFt A (U2/ UA);
and the resul { 88hetif8aon Ol@L juts) fromUnit A are passed back to Unit 1 for

i somerisation (UNUL). The olefin product fromthe Exanple is shown in 5
col urm 5 ( From U2) Tandokebie seredudin 0bses ke FEHRIE %ﬁkﬂ‘i’é‘d igl ef i n.

Table 1. Mde sB i uny se wth
fresh f(ged to° %:\{Fﬁl Tgﬁ'%%ﬁ‘?u A%?{%IH ZI@I&IU l%Ell %gar olefin
30 0 11 0 11 BtanBreachesttobefin 0 0 100 100 0 0O Li near paraffl n 70 0 800
0 800 730 Example 2 - Fresh feed to dehydrogenation unit 10 In this
exanpl e freshriged is-passel 1Qss dehysh@gensatid kit Acyori pw Tiaité),;
product of dehydrogenation Unit A is passed to Unit 1 (UA/ULl); product
stream of Uni £01 ¢3spasgsidy fl@eﬂﬂmﬁeezi it Unifedr branched separation
("U1/U2); olefin product is obtain

To Ul To UA | U1/U2 | From U2 | U2/UA | UA/UL
Linear olefin 30 0 11 0 11 81
Branched olefin 0 0 100 100 0 0
Linear paraffin 70 0 800 0 800 730

Example 2 - Fresh feed to dehydrogenation unit

10 In this example fresh feed is passed to
dehydrogenation Unit A only (To UA); product of
dehydrogenation Unit A is passed to Unit lv(UA/Ul),
product stream of Unit 1 is passed to Unit 2 for linear
branched separation (U1/U2); olefin product is obtained

15 from Unit 2 (From U2); unconverted (linear paraffin and
‘any remaining linear olefin) feed is recycled from Unit 2
to dehydrogenation Unit A (U2/UA); and the resultant
linear olefins from Unit A are passed back to Unit 1 for
isomerisation (UA/UL)

20 The olefin product from the Example is shown in
colﬁmn 5 (From U2) and represents 100% conversion to

branched olefin.



15 fromUnit 2 (From U2);
linear olefin) feed is recycled fromuUnit 2
wod3ohe49 esul t ant
i somerisation (UA/U).

(U2/ UA) ;
Unit 1 for
is shown in
ol efin.

WO 03/ 016249 PCT/ EPO2/ 08884 13 Table 2 -

Mbdel

colum 5 (From U2) and represents 100% conversion to
Mass Bal ance usi ng

unconverted (linear paraffin and any remaining
to dehydrogenation Unit A
linear olefins fromUnit A areCpaprsmoksback to
2013The ol efin product fromthe Exanple

br anched

arbitrary floWaimni¢ s - flmdeﬂasl\éaw tBﬁIam Y tarlhirazy Toldy Wol tgn UL/ U2
From U2 U2/ UA A/ Ul Ling

A

69%%6

11 Branched olefin 0 0 100

100 0 0 Linear®parHiTi' Exanpl e 3 This exarrpl e
illustrates a rati on-of cat-a-vst—usef ul f or—i-sonmeri vl ng
linear olefins to branched oI TRnUﬁrrrﬁjerﬁ}ngF’f“ep%t Uhg%r U}?f%l ar
silica to al Umi@akabrLesi 62: 1,0 a Surfpace| arema of 368 squane neterst per
gram (P/ Po=0.103) . a soda content of1 480 pbm-and h-hexane lsorptign-capatity
of 7.3 g per |BEGRER 2beHablitd wab uded hs PRe kstarfPng zeolitd. The

cat al yst conponieRcs BEFEr#AH | €0 ouSi N0 1@0 LANC@sd ef m ¥ nul [l efpooTfie 16ubl ed
catalyst mat e@rial was extruded._us ng a1 inch ofr a 2 25 li nch Bannot p'n
barrel extruder. 15 The binder utilized was CATAPAL O D. F4M

hydr oxypr opyl 1 gﬂ&eg | ul ose from The Dow Chem cal Conpany was used as an
extrusion ai d.—F -ds were obtained from The Al drich Chem cal Conpany.
| soneri sation Cat al§tsis Rezeppaplag i iOllustrates a method of preparation of

5

a catalyst useful for isomerising linear olefins to
branched olefins. 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
10 zeolite was used as the starting zeolite.

The catalyst components were mulled using a
Lancaster mix muller. The mulled catalyst material was
extruded using a 1 inch or a 2.25 inch Bonnot pin barrel
extruder.

15 The binder utilized was CATAPAL ® D. F4M
hydroxypropyl methylcellulose from The Dow Chemical
Company was used as an extrusion aid. The acids were
obtained from The Aldrich Chemical Company.

Isomerisation Catalyst Preparation

20 The Lancaster mix muller was loaded with 645 grams

of ammonium-ferrierite (5.4% loss on ignition {“LOI"))

and 91 grams of CATAPAT, ® D alumina (LOI of 25.7%). The
alumina was blended with the ferrierite for 5 minutes
during which time 152 milliliters of deionized water was

25 A mixture of 6.8 grams glacial acetic acid, 7.0

added.
grams of citric acid and 152 milliliters of deionized

water was added slowly to the muller in order to peptize



20 The Lancaster mx nmuller was | oaded with 645 grans of
ammoniumferrierite (5.4%loss onignition ("LO")) and 91 grans of
CATAPAL OwDoalowszsna (LA of 25.7% . The al um na was bl enaea/rmo2/bssshe
ferrierite for 5 mnutes during whictinme 152 mlliliters of deionized
wat er was 25 added. A m xture of 6.8 grans glacial acetic acid, 7.0 grans
of citric acid and 152 mlliliters of deionized water was added slowy to
the mull er in téwededumsngept i'I‘.i_'l@ v@m/r@lmmr@@'ﬁ/@(f@/m&?%minlwelshe al um na.
The m xture S rr(‘gulled for m_nut.es. amst tetrag$3ne al I adi um
nitrate in 153 @afE 6t odEe r?@&”\ﬂgt B é A4d&d 8 94§ he

mxture was' ofuldegdrfieed wberogeafe L&e@ddddtde@@lldm&uta@e thEhm&t@&Ter usi on
m X had an LA of 43.5% The 90:10 zeolite/alum na m xture was transferred

to the 2.25 i Wel$ B3t fo¥t PudEriond oéx Lbudedifdiong la msmaitigisess Theeel di e
pl ate V\nfg h 1/ 16% !J'}%Il%i m‘gg;ehg@ sty %tlr %(%8.4% \Was drquhe%d ot JOZSC for 16 hours.
ng,

10 After dryi e extrudate was | ongsbroken manua The extrudate was
calcined in flz(e\mlrigedlarluaﬁnaombdt@rre twae haans famrd et t@ rrmel Zudtt enpdr at ur e
of 500C for two hours. eextrudateu%s al l,owed to co inantrqQ en

filled dessi cBOORObefFraUCEXdPRG RS ORE PSdlCors Stig §§LS| F§GeProfeur

| someri sationp1Atet glikhesyist-eebitube, 1 inch OO, 0.6 inch 1D and 26
i nches | ong was used as a reactor. A thernmowell extended 20 inches from
the top of the tub&helTaoicadekheudetet ans2dritedvas fl2BSC fovel§ edoand. a

smal | plug of %I ass woqQl was_ slid down the reactor tube over the
t her mowd! I unfcett drlbﬁli“gt'héhﬁo%mugﬁttehé’atsuﬁémgﬁhﬁoc?@ﬁ 8arHP4Y( 20 nesh)

was added to %h%e%& a%%o%%sec%ﬁ%Q%%d C%e%loQE%gwgﬁr at 200°C for
two hours and at a maximum temperature of 500°C for two
hours. The extrudate was allowed to cool in a nitrogen
filled dessicator before loading into the reactors.

15 Testing Procedure

Isomerisation

A stainless steel tube, 1 inch OD, 0.6 inch ID and 26
inches long was used as a reactor. A thermowell extended -
20 inches from the top of the tube. To load the reactor
20 it was first inverted and a smail plug of glass wool was
slid down the reactor tube over the thermowell until it
hit the bottom of the tube. Silicon carbide (20 mesh)
was added to a depth of about 6 inches. Over this was
placed a small plug of glass wool. Approximately 6 grams
25 of catalyst particles, 6-20 mesh admixed with about 45
grams of fresh silicon carbide (60-80 mesh) were added in
two parts to distribute the catalyst evenly. The
catalyst bed was typically about 10 inches long. Another
piecé of glass wool was added to the top of the catalyst
30 and the reactor was topped with 20 mesh silicon carbide,
followed by a final plug of glass wool. A multipoint

thermocouple was inserted into the thermowell and was



pl aced a small plug of glass wool. Approximately 6 granms 25 of catal yst
particles, 6-20 nesh adm xed with about 45 grans of fresh silicon carbide
(60-80 newb)o3med2e9 added in two parts to distribute the cacalippsrosssen|y.
The catalyst bed was typically about130 inches |ong. Another piece of

gl ass wool was added to the top of the catalyst 30 and the reactor was
topped with 20 nesh silicon carbide, - followed by a final plug of glass
wool . A mul tipesttiondrswdouplas ids iteFeered st @%pweltﬁeﬁ-ﬁwémi ahd was

WO 03/ 016249 PCT/ EPCQ%{II%)E%B&% p1§pa[cpeo iitd' %@}%ﬂ C%L&%ti I 5}2%36%2 Ohegpggg;ur e above,

bel ow and at tli”ﬁereee er ent aces’in e cat coul

moni t ored. TheofEastad. Wakhd nwelded: ad iinstealteed aind tthetafiledade. theThe

i sonerisation feed utilized was obtained froma Fischer-Tropsch reaction .
of carbon nonb%FRRC@nd hydrogen which yielded a mixture of prinmary |inear

paraffips and ol ef)ds; i b SO JH N AMRUNLS of WHiLR8t aRdaoxyeanat es.
present in it. The mxture was fractionated by 10 distillation into various
boi | i ng cut s. FTdeheorPospsdlonceaft itdre dfs erebosationexfided andedyfdsoghbwn i n
Tabl e 3 below.. . The jso i satiaqn feed was vapori.sed _befor nt ing the
i sonerisati on""%b‘f%l%‘?%g% astr%ﬂr}f%ﬂ'bet e Hred&tdr ,llir)tea\f/agaffﬁr%sfggﬁ %ﬁéd to the
15 desired opsiatimng WEMPeiEhdlme rierlandundy JFoud epelsi agdanstyghakdeat the
operating tenperature for 2 hours, all under flow ng nitrogen. 60g/hr of

i somer i sat i onPfesthwakn phifpedi® e Yreactsr LB SR Progen was al so
passed 197V éi‘stm{ém WL J%}%%\Fﬁfg»ﬁ%yv%%%usl ¥ne BEmRBsk 26HOr Was

operated at an ou pressure o e at m)spherl C pressure and a
t enper at ure obf 2800 Gomdwoimert t@nphreat ursesl dan shewnsed debllewdr beéed.r at es
and if _ , . ) -
The isomerisation feed was vaporised before contacting
the isomerisation catalyst.
To start up the reactor, it was first heated to the
15 desired operating temperature over a four hour period and
held at the operating temperature for 2 hours, all under
flowing nitrogen. 60g/hr of isomerisation feed was
pumped to the reactor. 61/hr of nitrogen was also passed
over the catalyst with the feed simultaneously. The

20 reactor was operated at an outlet pressure of 20 kPa

above atmospheric pressure and a temperature of 280° C.
Lower temperatures can be used at lower feed rates and if
the amount of alcohol present in fhe feed is lower. For
example, greater than 90% of the linear olefins are

25 converted to branched olefins at 230° C when the
oxygenates in the feed are removed first from the feed
before it is isomerised. Higher temperatures can be used

at higher feed rates.

30 Table 3 below shows the composition of the isomerisation
feed used in Example 3, analysed by gas chromatography.
Table 4 shows the wt% of C8-Cl10 branched olefins, C8-Cl0

linear olefins and C8-Cl0 paraffins in the isomerisation



t he amount of al cohol present in the feed is |ower. For exanple, greater
than 90% of the linear olefins are 25 converted to branched ol ef ins at
230C wherwpDha/o1aygenates in the feed are renoved first frPorEPazogseLd
before it is isonerised. H gher tenpet@atures can be used at higher feed
rates. 30 Table 3 bel ow shows the conposition of the isonerisation feed
used in Exanpl e -3, anal ysed by gas chromatography. Table 4 shows the wt %
of C8-Cl0 br afiedhdd(af efr n, ha@8-01Gnd jime &heoledffilmenind aEgec184paraf £fns in
the isonerisati on WO 03/016249 PCT/EP02/08884 16 feed (after O hours) and
in the ef fl ueMPUXRftert FH G 48 “™Hours of isomerisation). Table 3 -

| sonerisation Feed Type of hydrocarbon in feed W% in feed C7 and lighter
hydrocarbons 0.12 C8 branched olefins 0.02 C8 linear olefins 0.75

1- Oct ene 0. 69Talplexd anel Somer i IRtaf@fed ol efins 0.16 C9 linear ol efins
8.52 1-Nonene 8.07 n-Nonane 20.03 C10 branched olefins 0.28 C10 |linear
olefins 22.92 1-Decene 20.87 n-Decane 41.12 Cl1 and heavier 0.21

hydr ocar bons[€9p£13r ahg@bhetsrBorb GG 8] 016249 PCT/WEFD 2108884
C7 and lighter hydrocarbons ~0.12
C8 branched olefins 0.02
c8 linear olefins 0.75
1-Octene 0.69
n-Octane 2.21
C9 branched olefins ‘ 0.16
C9 linear olefins : ’ 8.52
1-Nonene ' - 8.07
n-Nonane . 20.03
C10 branched olefins 0.28
C10 linear olefins 22.92
1-Decene ’ : 20.87
n-Decane 41.12
C11 and heavier 0.21
hydrocarbons
C9-C11 alcohols 3.56




17 Table 4. W% of C8-Cl10 branched ol efins, C8-Cl0 linear olefins and
C8-Cl10 paraffins in isonerisation feed (after O hours) and in effluent
(after 24awend/iod@4hours) Time on Stream O (Feed) 24 Hr. 48PHT/EP02/(448%)

C8- C10 branched 0.46 (wt% 33.04 (W\t%9733.16 (.w% olefins C8-Cl10 |inear
32.19 (WMt% 2.52 (Wt 2.54 (\t%9 olefins C8-Cl0 paraffins 63.19 (W%
63.32 (W% 63.27 (W% Branched to 0.1 (wt% 13.1 (\t% 13.1 (Mm% :

| i near C8- Cl10 Talfe ns: rvétd oo T8 1 ulrenichefablef4nsho@wst Bap tLheeamjority

of linear ol efjns. were verted intq.branched ol efins.during.the
Csomersat | on SOp DR AN Y S SaRREar o SrefesioBrAPt ARgdndShrer

mat eri al boi | ihdhetow L8 was generat-ed o tkromucragkikBghsii@dg) reactions. I n
addition, a portion of the C9-Cl1 alcohols present in the feed were -
dehydrated t|oFyi®IQR atfdigd®nal | ol f ifieedh t he pr2dddig-. The avésade- nunber
of al kyl branc on the C8-Cl0l olefins in the product was 1.0. WO
03/ 016249 PCT/ /08884 18 GL AI MS 1. |A process for| produci ng
branched ol eflias-dr®ommandieced | i neas obef) n/jpasabdi (wtsonenrizsats qwtheed
conprising lijnear_ol efins having at |east 7 cgarbon atons n 5- 50%v
conprising i AF5¥E stage skeletally 5 isoferising linear olefins in fhe
i soneri sation T T %@ql§tqg%%§e dEQ%bnqu%gncleg_ggd(&égpd
nol ecul es wherei n ranéhe nol ecul es are subgtantially

olefins

C8-C10 paraffins 63.19 (wt%) 63.32 (wt%) 63.27 (wt%)

Branched to 0.1 (wt%) 13.1 (wt%) 13.1 (wt%)
linear C8-C10

olefins ratio

The results in Table 4  show that the majority of linear
olefins were converted into branched olefins during the
'isomerisation step. During the isomerisation step a
small amount of material boiling below C8 was generated
5 from cracking side reactions. In addition, a portion of
the C9-Cll alcohols present in the feed were dehydrated
‘to yield additional olefins in the product. The average
number of alkyl branches on the C8-Cl0 olefins in the

product was 1.0.



olefinic and |inear nolecules are olefinic and/or .paraffinic. 10 2.
Process as clained in aim1l wherein an isonerisation feed conprises 5%
to 50%v oovalsi2anti al ly |inear nono ol efi ns havi ng fr omPCTIEPOZESS84r bon
atons together with paraffins, olefits of other carbon nunber or carbon
structure, diolefins, aromatics and other 15 inpurities, nore preferably
predom nantly paraffins. 3. Process as clained in aim1 or 2 which
conprises in a prelimnary stage providing an isonerisation feed by
dehydrogenation of a substantially linear paraffinic feed conprising |ess
than 10%v ol efin, or substantially no 20 olefins. 4. Process as clained in
any of Clains 1 to 3 which includes @tL|&a%tMofe recycle to the

i sonerisation stage or the prelimnary dehydrogenation stage. 5. Process
as claimed in any of Clains 1 to 4 wherein 25 an isonerisation feed is
contacted with an isonerisation catalyst conprising a catalyst which is
effective for _skeletal isonmerising a linear olefin conposition into an WO
03/ 016249 PCT/EP02/DdBEACedd HMRiPFOFeries i brynchedi abedinaveragea nunber of
branches per i . 0.7 Process as clainmed in any
of ainms 1 toﬂ%ﬁ%ﬁq&%ﬁdﬂ%ﬁ%ﬁ %/P%%%I?i%sgé%lﬁ%glﬁgr%?%?%f%?ﬁon of olefins
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molecules wherein branched molecules are substantially
olefinic and linear molecules are olefinic and/or
.paraffinic.

10 2. Process as claimed in Claim 1 wherein an
isomerisation feed comprises 5% to 50%w of substantially
linear mono olefins having from 7 to 28 carbon atoms
together with paraffins, olefins of other carbon number
or carbonAstructﬁre, diolefins, aromatics and other

15 impurities, more preferably predominantly paraffins.

3. Process as claimed in Claim 1 or 2 which comprises
in a preliminary stage providing an isomerisation feed by
dehydrogenation of a substantially linear paraffinic feed
comprising less than 10%w olefin, or substantially no

20 olefins.

4. Process as claimed in any of Claims 1 to 3 which
includes at least one recycle to the isomerisation stage
or the preliminary dehydrogenation stage.

5. Process as claimed in any of Claims 1 to 4 wherein

25 an isomerisation feed is contacted with an isomerisation
catalyst comprising a catalyst which is effective for

skeletal isomerising a linear olefin composition into an



second stage separation unit and feed, product and optional recycle lines
and optionally includes a prelimnary stage dehydrogenation unit, and
recycle Iwoe3oil®49s to the first stage or to the prelim n®Cy/EPOAOESSuNi t. 8.
The use of catalysts and the |ike in the process or apparatus of the

I nvention as hereinbefore defined in any of Cainms 1to 6 or. 7. .9. Use
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produci ng detRrgefiscull kastants, ofr e82kpYopei nt depressants in
| ubricating oils and the like. 10. A process or apparatus substantially as

herein 25 deséri bedrasgiser aisl cdetimgtedni anyhefdedeinptione $iwwieh and
exanpl es. additionally comprises hydroformylation of olefins with

5 controlled branching to the corresponding alcohol; or
alkylation of product olefin with controlled branching
with benzene to the corresponding alkyl benzenes, and
optional further sulphonation.
7. An apparatus for producing branched olefins by means

10 of the process as claimed in any of Claims 1 to 6 which
comprises a first stage catalytic isomerisation unit, a
second stage separation unit and feed, product and
optional recycle lines and optionally includes a
preliminary stage dehydrogenation unit, and recycle line

15 is to the first stage or to the preliminary stage unit.
8. The use of catalysts and the like in the process or
apparatus of the invention as hereinbefore defined in any
of Claims 1 to 6 or 7.
9. Use of the branched olefins obtained with the

20 process and apparatus of the invention as hereinbefore
defined in any of Claims 1 to 6 or 7 for producing
detergents, surfactants, freezing point depressants in
lubricating oils and the like.
10. A process or apparatus substantially as herein

25 described and/or illustrated in the description, figure

and examples.



