WD 03/016249 0 6 F E B 2006 PCT/ EP02/ 08884 1 PROCESS FOR PRODUCI NG
BRANCHED COLEFI NS FROM LI NEAR OLEFI N / PARAFFI N FEED The presentDQpMﬁp@hﬁn
relates to swv@onpmess for producing branched olefins froma Linear ole /
paraffin feed, the use of catalysts and jhe like therein, a%ﬁﬁP%PH@m&'

t herefor, branched ol efins obtained thereby and 5 the use thereof; nore
particularly to a process for producing olefins with controlled branching,
the use of <catalysts therein, apparatus therefor, branched ol efins

obtai ned thereby and the use thereof in the preparation of detergents,
surfactants and the |ike. 10 The derivatives of |ong chain ol efins having
about 7 to 28 carbon atons have considerable comrercial inportance in a
vari ety of applications, including detergents, surfactants and freeze point
depressants in | ubricatiragrgisd $orPPROBUYING BraANCYED ohieghngre used in 15
many househol d | aundry ‘detergents 1nclTude alcohol'S which  are produced by
hydr of ornyl ati on, and al kfIRPeAANHAR OLEFINey 3 RARAFFIN-FEER kyl benzene
(LAB) and nodified alkylbenzenes (MAB) which are produced by the al kyl ation
of benzene. 20 In the application to detergents, surfactants and the |ike,
primary derivati vesTi¢ epgedeial nvaanvel red dtes ald Gigrafed0IFd0NI C
detergents or surfactants by sulfonation or ethoxylation, respectively, of

the derivativerodypng dmanaied edinendnon g dvitdiaty 2 fEm det i ve
det t ' t j | NERAY, ,
Whi i o usual FEPELEn SHEES ML Siad oS caciiviics Sd Thld IS RERGRIRY.

along with theapparatus therefor, branched olefins obtained thereby and

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 derivativés of long chain olefins havihg about 7
to 28 carbon atoms have considerable commercial
importance in a variety of applications, in¢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 (L2B) and modified
alkylbenzenes (MAB) which are produced by the alkylation
of benzene.

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 is cold water
gsolubility/detergency, which is usually associated with

hydrophobic branched olefin precursors, along with the



0 6 FEB 2006 WO 03/016249 2 PCT/ EP02/ 08884 need for good bi odegradability
which is usually associated with linear olefin precursors. Since(6Hege00b
properties are conflicting it is not easily possible to provide

surfact ant sV 0eP®184et i ng both requirements. 5 US 5, 849, 960 FEHAIR02/g5884
Conpany) discloses.an alternative solutfon to this problemby providing a
new conposition of controlled branching al cohol, and their sul phate
derivatives, via the olefin inaginedi

te,. | der to d
hydr ophobi ci ty ARtF t Her 531 et %%rﬁfga@o]t#nwr %é%r‘@%ﬁ%ﬁf%ilst at the

sane time exhi bigddeh a0 dspdetiadatildddh phheeybPMPosiddonshdfe US
5,849,960 are prepared wusing a process for producing controlled branching

primary al coholprédpemties iawmrcotBiictinedi ns wosteapsly Bossbldhdia

branched ol efins, The olefin feed i |1y a distribution of at |east 50
i gt 9% of | i IR TG oA BT n 5 Spat S5 018 i tort JRRGETHE 1 o nder

of the fged being ohefs oy ofhelsket D NUIRRSaRF) CR HOTosSE ragt ure,
diolefins; paraffins, aromatics and other 20 inpurities, depending on the
origin or synt hekherprtoicess ssolngsicbn it pridvidiprphilien fleedrahieding & irmw of t he

double bond is_not limted,..the olefin feed canpositign Jmy rise

al pha-ol efi ns, ?Wpec?snlaqlogf ecﬁ ncsorbtrrog'lrﬁ%(tlﬁra Cq-{ eaolfc.cJ ]ef aarrllélot nched
primary ol ef i nsiolirai e diedbiddieneld o iEavad IamfAid o ridfeeediaitat ags, and an
average nunber. of branches per nolecule chain of at least 0.7, containing

not only nethyloxstendedanneans qxiraphoticdtohand e sy, 98I 4aseP)
d'SC'OSG?OprepQ£§§d(wbégrrH%HJfﬁchy, whilst at the same time exhibiting

good biodegradability.

The new compositions of US 5,849,960 are prepared
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 cof 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 carbop atoms, and an average
number cf branches per melecule chain of at least 0.7,
containing not only methyl branches but also ethyl
branches.

US 6,187,981 (UOP) discloses 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



30 al kyl benzenes (NAB) and their sulfonates (NABS) by paraffin

i sonerization and dehydrogenation to olefins, alkylation by oquipi ﬂ@
aromatics, and sul fonation. The paraffinic feed for isonerizatio % ?ises
| i near or Ow® ¢3/0868B92006 WO 03/ 016249 PCT/ EPO2/ 08884 3 nor peir/Epasadsk] ns
having a total of 8 to 28 carbon atons per nol ecule, and the isonerised
stream for dehydrogenati on contains a higher concentration of Ilightly
branched paraffins. 5 Accordingly in the broadest aspect of the present

i nvention therendosmpl ovadedf onpriecessy fortpradduei iy tdrahohedbol eftiowss from a
m xed linear olefin / isonerisation feed conprising linear olefins

araffin
having at |east®¥ E%}%ﬁﬁﬁ%td%%diFP%L¥i@W?¥iﬁﬁﬂi%ﬁ?ﬁf@rﬁ?ffirst 10 stage
skeletal l'y 'So@éhﬁaf'&géﬁé‘%noé&{tlé‘ﬁaéthﬁ&f‘ghéﬁs%ﬁjlfdérﬁ!ﬁ]ﬂcﬁﬁ and in a

second stage separating branched and |inear” nol ecul es erel n branched. .
nmol ecul es are bidistanthedhghed gfaraitarmd. | i near nol ecules are olefinic

and/or paraffinic. .15 Preferably the process provides al kyl branched
primary oPefins havi%@c%’f&r Y g‘“c&?%%%ﬁ‘%ﬁﬁg aﬁﬁ%‘?terod‘lbl’gl}“e/ RIESA car bon
atoms, nore pr e{&\'}@rpii/orlocﬁ@:é@s C;%@P.ﬂiéﬁ %rcﬁﬂ%sarfcﬁr\’%fﬁgﬁadl er of

branches per . nolecule chain of "at |east 0:7. Preferably al kyl "ranches 20
i ncl ude nethyl Yrarched el bisdExone aindd Qriasche lefref/esdiaf fam

i sonerisation feed conprises 5%1to 50%y. for .exanpl % t 9 35%w of
substant, al 1y 11 LT b) 1T FRA T T4 ok A S8 T g Re b
preferably ol efddse havdiEbd anachl tih 15 b ebrih@EngMith 4 e r23 bal ance
being paraffins, olefins of other carbon nunber or carbon structure,

diol ef i nd0 aromtiaas shrilefidleyy isomerising linear olefins in the

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 olefins having at least 7 carbon atoms,
preferably 7 to 28 carbon atoms, .more preferably 10 to 16
carbon atoms, and an average number bf branches per
molecule chain of at least 0:7. Preferably alkyl branches

20 include methyl branches ‘and alsc 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 paraffins, olefins cof other carbon number
or carbon structure, diclefins, aromatics 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 preliminary

stage providing an isomerisation feed by dehydrogenation



inmpurities, nore preferably predomnantly paraffins. Suitable feed
conprises streans originating fromoil refinery processes such &S FEBZ(0Guel

or kerosen r treans originating from Fi scher-Tropsch to oil
Pacilit; oo Nadeniaal i et mpy s

|y the process .corrp(rjj ses in a prelimnar
provi ding an isonerisation feed by dehydrogenation 0 6 F E B 2006 WD
03/ 016249 PCT/ EP02/ 08884 4 of a substantially linear paraffinic feed for

exanmpl e conprist ng a5t drhaie 10N h&fd had s S1DSE ahdé@l Fyr NBxamprL i ns. The
process may include a recycle fromthe 5 separation stage to the

| someri sati on St iFing diegabiian 10 Tvheo Jrfin ni elar juldiehsek bgblation st age.
The recycle macébbﬁ suppl enented by branched ol efin/paraffin.streans as
by- product s of ft9eam units such as | ght ends from hydrofornyl ation of

branched ol efi ns conmid shg-dds phpdoimdad Va bracebed fise)preaffins. It is
a particular advantage of the present invention that the process may be

operated ¢ th feRER%EHIN dtRpsthedhe frymerigatery sfageweereirtaking an

i sonerisation r "l f ving .0%w t o 50%w ol ef.i
originating fr (%rn? %ﬂy%gﬁglﬁig@ yﬂagl%cage?g(e&s}aocﬂe st eré-)tlar%%’schﬁéerh}eecp)ﬁghceess of

the invention megvistesudiliensaleal ibie skaldial draniohipgrof £ in naarephef i NS
whil st paraffins in the feed remain as unreacted |inear ﬁaraffi ns, so

enabl i ng si npl &SoBFHFSRIGHT i9f SEparsiiesn 200463 s 3% Jdhh §hdtesses
bt ai nod _due. 10 T AR AP At et et e TR e Ry
yproduct formation, i.e.” mninm acki
product sladnd heawdcendsantly branched (iso)paraffins.
It is a particular advantage of the present
invention that the prdcess may be operated with feed
comp}ising streams from a varieﬁy of sources including an
isomerisation or dehydrogenation feed having 0%w to 50%w
15 olefin ofiginating from oil 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 skelétal
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 isomerising a
linear olefin composition into an clefin composition

having an average number of branches per mclecule chain



Skel etal isomerisation of linear olefins may be 25 carried out by any known
means. Preferably skeletal isonerisationis wth use of the proc[ggg @3 tL]JS
5,849,960, the contents of which are incorporated herein by ref 2 U,U

wi th use of wpgsiimbptic isonmerisation furnace. Preferably apcdaggehissati on
feed as hereinbefore defined 30 is contagted with an isonerisation catal yst
conprising a catalyst which is effective for skeletal isonerising a |inear
ol efin composition into an ol efin conposition having an average nunber of

branches per nobecatelehatno076 Fidr8 R2006eYH D3/ Ohb 248t £TFs EPONOEREA  of
at least 0.7. More preferably the catal yst co&gari ses a zeolite having at
| east one chann?l Z@Ptht% h%Y%%ﬁaﬂ otfaphi e r e phnét tyi &met er rangi ng

from greater t é ?169&]99 % pm | &S Snddang+/ ,@@%iltr B L ed at room
t enper at ur e, wi?ﬁ}n%s%ent' aﬁ’y nof’jgﬁ%nne%n presle?lt e %s gE?Irsee channel
di anet er whi ch gseageratieanthah Andwmigsdm cemd Sled abtlesz edl Ahest asre, descri bed

in US 5,510,306, the contents of which are inc.orkgorated ,h]trarei nb
reference? and BFRSYEECIFhetPTh tFRPAFHISf WO ettt betre e‘%lhl‘%&i'&es1 by

W M Meier a”d%%séht Qg0 nds ef efF&d Sl AhySLS dcl dde,deep i gL te,
ALPO-31, SAPO- 11, SAPO- 31, SAPO-41,” FU-9, NU-10, NU- 23, ZSM 12, ZSM 22, .

ZSM 23, ZSM 35,5758, t1ISM BRNESMGT, ShZ bl dtles ARSI ibed
MeAPO- 41, McAPSO- | . and MeAPSQ 41,1 APSO- 46, ELAPO- 1

ELAPO 31 ELAPGR1S SE{/EA%@%@& %E%\F%%ﬁﬁn%san%f Bf! e Jr’é%‘??d?ﬁﬁtee,]a
cancrinite, offi&getid ey st Ooan-d ordpdfasd iddddLibhdd e AragnResitig Hros cal ci um

formof nordenite and partheite,. and their isotypic structures.
Conbi nat 19ns ofZeebl ¢ St pugtWis T e DHENIIEd heMgier BRE L cdhbiPdRdrons can

include pellets, of [gxed 2601468 AN SAAGked &% AL T aNGRIEN S Qlpo 1,
I SAPO—Bi, SAPO-41, FU-9, NU-10, NU-23, ZSM-12, Z8M-22,
Z8M-23, Z8M-35, Z8M-48, Z5SM-50, ZSM—57, SUZ-4A, MeAPO-11,
MeaPO-31, MeAPO-41, MeAPSb-ll, MeAPSO-31, and MeAPS0-41,
15 MeAPSO-46, ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO—ll,
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, Z8M-22 and/or ZSM-23 over
ferrierite, ferrierite over ZS8M-22 and/or Z8M-23, and
ZSM-22 over ZS8M-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 zecolites 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 inélude 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.-



catal yst such as, for exanple, ZSM 22 and/or ZSM 23 over ferrierite,
ferrierite over ZSM 22 and/or ZSM 23, and ZSM 22 over ZSM 23. ‘rﬁ@ ﬁé mﬁed'
catal ysts {3 b@ gf the 25 sanme shape and/or size or of differe E ape
and/ or size"OM%e 1/8 inch trilobes oyer 1/32 inch cyli ndéCd/iF§}/08834
exanple. Alternatively natural zeolites y be altered by ion exchange
processes to renove or substitute the alkali or alkaline earth netal

t her eby i ntrodugjRg | a r-egh e iz or, ugi g g? n
sizes. Such zegp?fg§9?hc?%geB%agggaFaghdﬁéyn#hgﬁgégéggr%gﬁi?gm gazﬁge
ort hor honbi ¢ or patnoRbi. Nk¢cp75967B) . FUMBst ERrBferab3®9rhel Sbt@1{WS Pat. No.
4,578, 259), NU-23 (E.P,A O06FEB2006 WD 03/016249 PCT/ EP02/ 08884 6

103, 981), zSM 35erEE*PAES-No. 4,016, 245) and ZSM38 (US Pat. No.
4, 375, 573) . NbSt"pr?EEFQQEXEEleggéﬁg%zgﬁﬁégn&F5E5§§%EeiSTQ%i§555§tal

i somerisation catalyst is suita th a‘refractory oxide as
bi ndi ng mét eri atomhinkdowhthaaneefréotoexanpldenatubahdechgysatendchl asn

bentonite, nontporillonite, attapulgiti, and kaolinp; alumpa; silica;
si l'i ca- al uni na; *RYYR aFBBREF unf AR; ®*EPPaRi 22t RFRdoRitaYEndSHFRt BFes t her eof .

More preferred J0,phRdees ﬁéﬁtﬁbfﬂlﬂéﬁitéPthéépH?EEFQPOQHHikSolQﬁ“ﬂa and

bayerite alumi nas. These binders are readily availabl'e’ comrercially and are
used to manuf acklueimbkunéndibasediliatahysnsnaThbydeaghd eratindnaf zeolite to
bi nder materi al uitably ranges.fro 0:90_to gbout 9

.%5 S i nﬁabout % 9 S:Qﬁg,
preferably frontabBt375225°PB1an30E 96X fidr EPCFFRf er APY S PHRT GB0HTE 80: 20
to about 198: 2 apgnaest aPeecitnmbhisironrabayt p8sudébbenmbedt §&mma (&fdydr ous

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 ‘suitably ranges from about 10:90 to about $9.5:0.5,
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.o.l atmospheres (10 kPa) to 10

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

The feed to ﬁhe 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 i1s prepared in a
preliminary stage dehydrogenation facility. 1In a

particular advantage the linear paraffin is thought to



‘basis). 20 Preferably skeletal isonerisation is conducted at elevated
tenperature in the range 200C to 500C, nore preferably 250 to 359@£BZ%5

Preferably risation reaction is conducted at pressu rangi ng from
0.1 atnnspheres(?ﬁgekPa) to 10 25 atnospheres (1 Ma), nnre$§rgﬁﬂggﬁg§ from
0.5 to 5 atnospheres (50 to 500 kPa). The feed to the first stage

i sonerisation unit conprises linear olefin and nore than 50%v . paraffin,

for exanple 80a%Q%Wé|hn€§quﬁEaEE'Bhe'Esbﬁe@lBQEEbﬁUF%6c§Qsa€M€BEBQG t hat
the feed is readily avail able as byproducts of downstireamunits or’is

prepared in a pN@hdmngahyaEYagadaenyddug@manlon faC|I|ty |n a particul ar
advant age the |inear arafF i g .to. VWO 03/0 ﬁG F E B 2006
PCT/ EP02/ 08884 act as'& &FFf HFanlﬁﬁ erd5REFPRaf PR ﬁ88§s§thereby

avoi di ng heavy gﬂéiepéﬁﬁrcféwat1JEQyCﬁ§§HYEbﬁdL§98ﬁélﬁﬁbk@ByCQHdh&b@@§ are
preferably relatively mld conditions whereby an amount 5 of unconverted

linear ol éfin igfprasenverhedhéipeatuelesineas andsestr ésythedrrodetther with

| i near paraffin r e ) operated.with a
selectivity andngéggrggélig yp?gguétgg¥ gﬁc |on€1};1 gl F%ﬁl?aragfﬁn 30%
linear ol efin i ghypebpveréedrandsssmdP Bepepatgtetinwi be seBOHH st age process

and recycled to the first stage, nore greferably up to 15%w. Preferably the
i someri sation |§eéﬁ6FéFéHY|ﬁn@x%@§sCB¥C b9E chrwepdneh, Pradretppeferably in

excess of 85% canyeLsi 9nuANEoOEk 1PEELET BPLY1 A N L hentange, 904! 9,95

conver si on.
10 separated in the second stage process and recycled to the

first stage, more preferably up to 15%w. Preferably the
isomerisation 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 wvia 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 separétes molecules by
adsorption, with subseguent desorption as known in the
art. ‘Suitably separation is wvia a fixed bed containing

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

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

30 180 to 380C°C,.

Suitably separation is conducted at pressure ranging

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



15 The second stage separation of branched olefins from unreacted feed may
be by any known process. Preferably separation is via brancheqigiggqmﬁ
separation_b contacting the product fromthe first stage proc 5 Wi a

suitabl e iﬁ%é@aﬁ?ﬁu%r organi c nol ecul ar sieve such as a 20 z&&T{EEE2/4F884

appropriate pore dianmeter, preferably a ¥A zeolite or urea and the like.
The nol ecul ar sieve separates nol ecul es by adsorption, wth subsequent
desorption as known*in.th art..  Syi.tably separation.s via a fixed b
contai ni ng 25 adsorbgﬁfkgﬁlgeFPﬁgdﬂﬁpﬁhuébﬁﬁ&@fﬁ%ﬁf%%lQ¥lﬂ%ﬁuﬁﬁﬂygﬂ%ﬁﬁ Y
stream and recyehgief vetrachedsl FaeakexamglienaBakaidinn i nStirRamorgy t abl y
separation is conducted at elevated tenperature in the range 100*C to
4000C, nore prePepabby (UOP180stog380obexsSli sablyaddpasattieshricd ogomdaoded at

pressure rangin fr bar, (200kPa) .to 7 bar. (700 kPa).. 6. F_.EB.2006 WO
D5/ 016240 poy) RosPbEBESe"2s ek PRNET ek e PR e s ST b aLAY GY g P12
conveni ensly eapkoy4teabpigyesstar iaxanptetashkaoway AnidheqMkEXenpr ocess

(UOP) using Sorbex " separations technology, and a suitable adsorbent nmay
conpri se commer@faPryenvai | able 5 ADS-14, ADS-34 used in that technol ogy and

equi val ent adsor ben rat] f t knewn in
The art To prevent s BSRFIASEEANTRY, PE LBS% PLqTIoRCTES dagipen LA
achi eved in situhenaupstoepfeuehtsaagbotbentOppteeasagof ittheecquieati osr The
prelimnary stage, dehydrogenation may be by any known neans. Preferably
dehydrogenationthésmm@ﬁ beeaghigved In situ in upstream units of the

10 process of the invention.
The preliminary stage dehydrogenation may be by any
" known means. Preferably dehydrogenation is with uée 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
refréctéry 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
as 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 liquid phase or in a
mixed vapour-liguid phase but preferably is in the vapour
phase.

The product stream typically comprises linear clefin

30 in 5-50%w, preferably 10 to 35 %w, together with

unconverted linear paraffin, and forms the isomerisation

feed.



standard dehydrogenation facility enploying a Pt catalyst, for exanE)I e
PACOL or with use of .a 15 dehydrogenation catalyst for exanple adb FEB 2006

exenpl i fi edwigysidpsaedat . Nos. 3, 274, 287, 3,315,007, 3, 315, 008, 4 2;
4,430,517; 4,716, 143; 4,762, 960; 4,786, 625; and 4,827, 072. PETE s

preferred catal yst conprises a refractory inorganic oxide having uniformy
di spersed 20 thereon at |east one platinumgroup (Goup VIII (IUPAC 8- 10))

netal and at |east oNenpPaPHBEELEL IBHEondOFfi&XENDhE1LAS 4 s&hOsLehie Uk
6, 187,981. Preferred refractory inorganic oxides include but are not

limited to al praerexad Ha, fxoetabantun S C cor dileeut e209T1¢ copnef exalni a, 25
and mi xtures thereof,, Jen, sontact ing bhe calal yst,, s he, dehyer gaenat i on 1 eed

may be in the lTquid phase’ or in a “nixed Vapour= i quid phase Dut preferably
is in the vapourkrflsise:o Taeowts oploetksd (Paraddy m Cﬁ%ﬁi&ﬁﬁ@ﬁﬁb}e%ﬂé&eaf
olefin 30 in 5-50%v, preferably 10 to 35 %, together with unconverted

| i near pafaffi nvelndl for (EIShe ¢5ofwsn Sstdwmn 0 feerh dbduatE B 2006 WO

03/ 016249 9 PCT/ EP02/ 08884 Dehydrogenati on conditjons include a tenperature
of generally from a%‘?ﬁé YR 0E ¢ o“eBiRt CPTREI G ettt S OBt IR&bBUt 400C to

about 525C, a_REESStH& oér&#%ﬁ ol KRl filnd:Q, Ao U1 SARAKFR( e AN Gy d ol d

hourly space 5°elocity (LHSV) of fromabout 0.1 to a dto

t he dehydr ogenati on Qpiiicnsl opt tloagbtgeess ovdydechd Iode saddi i1 oref neriyt sor

Fi scher-Tropsch, process. Qotional | he process ymy include addj.tional units

for separation OfF piRft % eﬁ?gﬁﬂﬁ%ﬁﬁﬁmr%ﬁgﬁ {hely/pranched :
10 separation unit, fractionating by molecular weight into

for example Cjyp-314, Ci5-15 streams and the like.

Optionally the process includes additioﬁally 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
igomerisation 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.



10 separation unit, fractionating by nol ecular weight into for exanple
C10- 14, C15-16 streams and the Iike. Optionally the process i id bick&0b

addi ti onal | hydr of ormyl ati on of product olefin with controlled

br anchi ng b%otéjg@\l/\%%r(reans to provide the 1 orrespondi ng 15 al c%ﬁ&&mwssﬁhrt her
conversion to detergents, surfactants and the like; or alkylation of
product olefin with controlled branching with benzene by known neans to

provi de the correspondi ng_al kyl benzenes, ang ogtionaL fukther,sulphonation
thereof. 20 In a furthef EgﬁEg?ro?sPﬁEtiﬁgeﬁ FohVRBFECPs BrGvifed a novel

process stage osrSef@ifathonusbeseotaag1vhesehnhetaee ggbingd. 1 n a further
aspect of the invention there is provided an apparatus for producing

branched ol ef i nsebginksf ppandedinefieipr bhessraseher ef nbeéoirvdrtinedas

Suitably the apparatus conprisges a.first stage catalytic isonerisation
unit, a secondp£§ﬁﬁﬁg§%%%¥ t?%ﬁlﬁﬁgt and product and recycle lines.

Optional |y the appargtus rhpehedessgeBt ebEmnar ynsbageodehydeagenati on unit
and 30 recycle line is to the first" stage or to the prelimnary stage unit.

The apparat us iprdUHded stlieecdsetreamhe odbtdrchéd relefingechniingddwdtht o t he

prelimnary stage unit: 06 FE 2006 ¥¥)03é0;€249 PCTéEPOZ 08884 10 In a
further aspect ofc tHePTHVRNTTONHRT 2513 Obr VT del’ The Uit of BEPar§EtE and

the like as hedei e, defiihedtdme s her pEOLLSS Poitbhedépvestsvbs agn
herei nbefore defined. 5 In a further aspect of the invention there is
provi ded the uskBidfiecing pehedRd cfhieisl Ubt ai neer vits® 1% Her oy HéE8% and

apparatu§00f trg%gﬂgqﬂﬁéégkééﬁt£r§gwcé£§kactants the branched olefins of

the invention are éuitably 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 feedl(comprising 5%w to
50%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 deﬁergents, 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 is recycled to Unit 1.



detergents, surfactants, freezing point depressants in lubricating oils and
the |ike. For use in . providing 10 soaps, detergents and surfactgng $E8 2885

branched ol gfg @3589 the invention are suitably converted to s by
hydrof ornyl ation or al kyl benzenes by alkylation and .sul phg?kﬁﬁﬂgosssp

et hoxyl ated by. known neans. The invention is nowillustrated in non
limting 15 manner with reference to the figures and exanples. Figure 1

illustrates a sche i f aRpanat t:he .i.nvent | r.ei.nhef or e
defined. In Figur en?,gl %?%rref?ﬁ%satl %#%f ézsc? é&%%ls%ﬁng@éﬁ%ﬁ /twf/L t(§1E'Tefi n) is
fed to Unit 1 vhirdhredefitesentis aeddiderfyolor 20 seorir-ddopdkeldralctly or
i sonerisation of olefins. Product streamfromUnit 1 is fed to Unit 2 which

represents a FPRe&FCEAANEHE POEREr &TiEn Auni (Thersr fopsimse SIS ERR=06P) .
This unit pr Od%%eilttrs‘é‘gl%‘iﬁiﬁ%ti%%, aﬁffe%”ggeﬁ Qfo%ga%essbr—ﬁ%@wc %ﬁ@ﬁfsngt

olefin with contro ranchin ich IS su e for hydrofornyl ation
to al cohdd or @&nkgkat eonUntia &l kylf KenzemprdmessEbhseogue il efilfsodat i on or
et hoxylation to form connercial detergents, and a recycle stream conprising

| i near hydr ocafB&RES ﬁﬁiHPﬁtp&raffins. The recycle streamfromUnit 2 is fed

to Unit A 30 whichigpresents @ g?;qgfb%tqgg%qQ?ggﬂﬁghq@kgo olefins Unit,
for exanple PACOL (UOP). Product stream from Uni Als recycled to unit 1.
WD 03/ 016249 18ehy@regEnEtOo20@6cdPCTLEPORNMIB8B4am Antihe ficglinétt Be in
i somerisation f%%dtt.o U i.ved .framoil ref.iner

i

it.i is_.der Y. or .
Fi scher - Tr opscR2di-r&8t Eff’ SPOTRRAPPECERY TFES BREEE 1GHTE R"WhiEr 8 F¥ed enters
depends 1®n it giekehi pbCcithy+ hf a‘feed conprises 0-10%w olefins it

Unit 1 comprises a catalyst as described in US
5,849,560, 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 clefin from Unit 2, havihg controlled
branching is suitably separated by molecular weight into

streams such as Cjg-74, 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 streaﬁs 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
passed 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



5 enters at Unit A if it conprises 5-50%v olefins it enters at ﬁﬁgﬁ ém The
unit line up is optionally fed with dehydrogenation feed_fronld% J am
Units to U addition to isonerisation feed conprising 5%v to 50%v
10 ol efin ng}qﬁl(qmiﬁ Unit 1 conprises a catalyst as descri bed%TﬁEItQé"’sss*‘
5,849,960, Unit 2 conprises a | i near/ br alfched separation agent such as urea
or nol ecul ar sieve, Unit A conprises platinumdehydrogenation catalyst with

or without 15 pro The roduct olefin from Unit 2, having controlled
branching is su??ggé gééﬁFéPBd Bﬁtnﬁléyaﬁgﬁ)meﬁ&ﬁ;9@%(?9%3 tShits 14BERTas
C10-14, for conyersifAl kepmenadBl & Loe gEQQeEYB%c&TQQMQhﬁt Gl%16 which is
SU|tabIe for 20 conversion to branched detergent al cohol and the |ike.

Exanpl es Typi cabofieedsandopr ddB¢Uistreans from processes using the

apparatus of Figure are_described in anpl es to.3 hel ow and .are given
in the foll owi ng Tab&gg PLESINLBTR! uE%aE%P@ f%‘ ﬁ?@gﬁlﬁééﬁlé¥QWHMHﬁlsatlon

unit In shis exgmphg Er ¢pbohesd) '§n8a§§?geggnt53@@@L'%@Eb%&sg%httol only
(To U); product streamis passed | i near / branched separation
30 (U/UW2); ol ebranpheducilefsnobtained fromuUnit 2 (From U2), unconverted
(linear paraffin and any remaining linear olefin) feed is recycled from
Unit 2 to 0 6 FEaB12006-\Vi-88410MER49E42 aRCE/ BEARG0EEB4 tdelrydridgenaniias , Uni t

A (U2/UA); and the resultant Linear
for case with fresh feed to Unit 1

To Ul To UA | Ul/U2 From U2 U2/Ua | UA/UL
Linear olefin 30 0 11 0 11 81
Branched oclefin 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); ﬁroduct of
dehYdrogenation Unit A is passed to Unit 1 (UA/Ul);
product stream of Unit 1 is passed to.Unit.z for linear
branched separation (Ul1/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/UR); and the resultant
linear olefins from Unit A are passed back to Unit 1 for
isomerisation (UA/U1)

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

branched olefin.



olefins fromUnit A are passed back to Unit 1 for isorne*risationar{3 Ligdq
The ol efin product fromthe Exanple is shown in 5 colum 5 (Fro ﬁ d
represents WoPpwenyersion to branched olefin. Table 1 - Eya§§mgalance
using arbitrary flow units, for case wjgh fresh feed to Unlt 1 To Ul

UAUL/ U2Fr om U2U2/ UAUA/ U1 Li near ol efi n3001101181 Branched ol ef i n0010010000
Li near paraffin7008000800730 Exanple 2 - Fresh feed to dehydrogenation unit
10 In this exanprgpigesh- fﬁ@del5M9§§Sﬁglhﬁcéeﬁﬁf_{h@g%&@l‘t@%ﬂﬁmitlcﬁn QM TO
UA); product of —dehydrogenation Unit A is passed to Unit 1 (UA/ Ul)

product stream ofotn¢ase witphadsedht beedi to2Unat Bi near branched separ ation
(U/U2); olefin product is obtained 15 fromUnit 2 (From U2).; unconverted -
(l'inear paraffijn and any renainngmJinaaﬂﬂoleﬁirgzfeEﬂomsuzecyE]mxifUHﬂnl
Unit 2 to dehydre u.misr Ur-—A{ 2L UA-—and—theHesuHt-anrt——H ear—elefins
fromUnit A are B&EERT L 0 m?x?. sationd (U Ul)l.i 20 THé

Unlq Lifor® iso
ol efi n product fEﬁﬁdhléa Elé.ﬂDhG I so shown ¢g'n [cadamm S (Fvom (2) @nd 0
represents 100%-conversion-tgo thranched olefitn WO (03/016249113. 0 6/FEB 2006
PCT/ EP02108884 [TaBiedToPar bt (Mass Bal abt®e UsitA§0arbitrlry 1 ¢&O8ni/t $990¢ br
case with fresh Teed to Unit A To UITo UAUL 7 UZFrom UZUZ/'UAUA Ul Linear

ol efin0011011111
Example 3

This example illustrates 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 169
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 16aded with 645 grams
of ammonium-ferrierite (5.4% loss on ignitiom (*LOI*))
and 91 grams of CATAPAL ® D alumina (LOI of 25.7%). The
alumina was blended with the ferxierite for 5 minutes
during which time 152 milliliters of deionized water was

25 added. 2 mixture of 6.8 grams glacial acetic acid, 7.0
grams of citric acid and 152 milliliters of deionized

water was added slowly to the muller in order to peptize



Branched ol efi n0010010000 Li near paraffin01001000010001000 Exanpl e 3 Thi s
exanple illustrates a nethod of preparation of 5 a catalyst useful @
isonerising linear olefins to branched ol efins. An annonlun}ferﬂ}&fﬁﬂ 06

having a mgyg@hsofhld ca to alumna ratio of 62:1, a surface apefreh/es:
square neters per gram (P/Po=0.03), a sqga content of 480 ppm and n-hexane

sorption capacity of 7.3 g per 100 g of 10 zeaolite was used as the starting
zeolite. The catal yst conponents were nmulled using a Lancaster mx muller.

The nulled catakyst aMREQMHAl WaR Xiided;dSing Ped EHEN1OT m@ndeds . inch
Bonnot pin barrel. extruder. 15 The binder utilized was CATAPAL (r) D. F4M

hydr oxypr opyl n@tﬁ?lgebh@l@éeﬁhﬁﬂadmmndxnﬂllﬁdnwmjnltbapanynma§3ugedmas an
extrusion aid. The .acids re __obtained fron1c§§<€IdL?c ngany
| sonerisation C8 aﬁﬁ%?nﬁF MESn WA ST Rt % %uFF ﬁa@lFB He&d
With 645 grams ,gf AMMDRIGURRER Rite (OF ‘h@'ﬁ&@-ﬁohﬂi"ﬁlhﬁﬁté%'—o The and
91 grams of CATAPAL (r) D alumna (LO of 25.7%. al um na was bl ended

with the ﬁbrrleﬁKtQUE@DHSHnwn@ﬁébaﬁddﬁﬂh@ﬁMﬁ&ﬂﬁ%lrmﬁh@29ﬁrlD|I|ters of

dei oni zed wat er _wa ded ture of r cial, acet ac

750" grams of - GFEPLA RPN A BB e T A BT 60 EHAL 21 het thded
slowy to the nEbhfibti ex@t-d@ert anpeRrbitzIded Jsimd 2086 01 8360462:1% 1 e
PCT/ EPO2/ 08884 14 the alum na. The m xture was nulled for 10 minutes. 0.20
granms of tetraapilAgepaiithdilditdi fiodes in 153 grans of deionized water were
then added slowy asThgengé%u%%trudate was dried at 125°C for 16 hours.

10 After drying, the extrudate was longsbroken manuvally.
The extrudate was calcined in flowing air 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 small plug of glass wool was
slid down the reactor tube over the thermowell until it
hit the bottom of the tube. 8Silicon carbide (20 mesh)
was added to a depth of about 6 inches. Over this was
placed a small plug of glass wool. Approximately ¢ grams
25 of gatalyst 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



was nmulled for a period of 15 additional mnutes. The 5 extrusion m x had an
LO of 43.5% The 90:10 zeolite/alunmna mixture was transferred to the 2.25
i nch  Bonnofygrpsiistder and extruded using a stainl ess steel d'i,e.mgiﬁ) ;%%th
1/ 16" holes. The noist extrudate was dri,gd at 125C for 16 hours. ter
drying, the extrudate was | ongsbroken manually. The extrudate was cal ci ned
in flowng air at 200C for two hours and at a maxi mum tenperature of 500C

for two hours.pdbe: exheddatienWesadl tR¥edehBe 620Lré NaBobe ! 108eHw L4l £d
dessicator before loading into the reactors. 15 Testing Procedure

| someri sati on Rhzeai diéserenceplacde, in thehcommlpss baéhcoDlAdnde26 i nches

I d : : h |l ded .20 _inch h f
het ube. To | QlB TG Flact BPe200P Y CRESvIT 1 0 T RyET L SO aaS o SHER | 1 L of

gl ass wool was fghhglcdown the .reactor tube over the thermowel |l until it hit-
the bottomof the tube. Silicon carbide (20 nmesh) was added to a depth of
about 6 iAches. OverTh@issqmerippbted Besduntipiugdovagl ektaped. from a

Appr oxi mately 6 py t .parfic - i wi t h about
45 grans of fr%g%&g% izg%cglgscgﬁb?%%%%%%%f %%%Ogeﬁgn%%fﬁé%%%ﬁ dr%%?l% s to
di stribute the wiaichypiebded! y. mIbeureadnlysimded WasedypbLodf Fimvdaiia 10

inches long. Another piece of glass wool was added to the top of the
catal yst 30 andot®ElReatibr §@REtBHYEH I dhshires R caFRates

ol oned b o {hgalent o, 91 o ek AL PR i sl e
posi ti ond@ suchdidmatlldnei denjet at vael abovieyi belowhansl. atThe hraepak £ isrrent
places in the Cg%a%ggtigggegfgégigf feed used is shown in Table 3 below.
The isomerisation feed was vaporised before contacting
the isomerisation catalyst.
To start up the reacﬁor, it was first heated to the
15 desired operating temperature over a four hour period and
held at the operating teméerature for 2 hours, all under
flowing nitrogen. 60g/hr of isomerisation feed was
pumped to the reactor. 6l/hr of nitrogen was also passed
over the catalyst with the feed simulfaneously. 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 f@e 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 ﬁemperatures 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-Cl1l0 branched olefins, C8-Cl0

linear olefins and C8-Cl0 paraffins in the isomerisation



nmoni tored. The reactor was inverted and installed in the furnace. 5 The

i somerisation feed utilized was obtained froma Fischer-Tropsch reaction of
car bon non%'gq,gm?fg}?g hydrogen which yielded a mixture of primar{ 6l B2
paraffins and olefins with sone ninor unts of dienes andPGXFEFEHIISES
present in it. The m xture was fractionated by 10 distillation into various
boiling cuts. The conposition of the isonerisation feed used is shown in
Tabl e 3 below. The | i i e oL | f ntaciing,,the
aomer i sati on ey LEERE SRAbRE SRR BT RO TLE RO TR B ERTRET LSS e
15 desired operkdumng dEnpesmét! €atoyer) a four hour period and held at the
operating tenperature for 2 hours, all under flow ng nitrogen. 60g/hr of

i sonerisation feed was punped to the reactor. 61/ hr of nitrogen was al so
passed over t yst-with i rul t aneously. The 20 reactor was
oper at ed at anh%ht e?é pr e%%%é%%%%%&gg%éé%ove at nospheric pressure and a
tenperature of 280 C. Lower tenperatures can be used at |ower feed rates

and if the anpunt—of alcghol preser nthe feed-is lower—FQ exanple
greater than 90B8RE FhYIFRATRARIIASELRS 25 convert &%t 6™ f&SEhed ol ef i hs
at 230C when tlhe oxygenates in the feed are renoved first fromthe feed
before it is ilsonerised. Higher tenperatureg can be used _at higher feed
rates. 30 TabljecB dred o gihoss Hder eogiosid i gn of the isonerization feed
used in Exanplie 3, anal ysed by gas chromatodgraphy. Table 4 shows the w*|of
C8- C10 branchgd ol efins, CS-Cl0 |I|inear oleflins and C8-Cl0 paraffins in the
i someri sation VG AIG249 o i F £ B 2008 0.02

C8 linear olefins 0.75

1-Octene 0.69

n-octane : 2.21

C9 branched olefins ' 0.16

C9 linear oclefins - _ B.52

1-Nonene ' 7 B.O7

n-Nonane : 20.03

€10 branched clefins 0.28

C10 linear olefins - 22.82

1-Decene ‘ ‘ ‘ : 20.87

n-Decane 41.12

Cll and heavier 0.21

hydrocarbons ‘

C9-Cl1l alcohols 3.56




PCT/ EP02/ 08884 feed (after O hours) and in the effluent (after 24 and 48
hours of isonerisation). Table 3 - Isonerisation Feed Type of hyd&gg@@@gn I n
feedW% in feed C? and |ighter hydrocarbons0.12 CS branched ol efl . C8

| i near ol efy®sfe1asd - Oct ene0. 69 n-Cctane2. 21 C9 branched ol gfdmefha b0

Il i near ol efins8.52 1-Nonene8. 07 n-Nonang20.03 Cl O branched ol efi ns0.28 C10

| i near ol efins22.92 1-Decene20.87 n-Decane4l.12 Cl11 and heavier 0.21

hydr ocar bons C9-Cl1 al cohol s3. 56 06FEB7006 WD 03/016249 17 PCT/ EPC2/ 08884 .
Table 4. W % of 1G81€1Q .branched cgl-ehionsra&SHEeh0 diicheals, elsefdins 13pe68- C10
paraffins in isonerisation feed (after O hours) and in effluent (after 24
and 48 hours) TiodeigmsStereard -CRéeBpZaRfingsHIN (HPsprdsationbiaschdadtss

(MKWQBB'04(MK96%§T&§¥f§M(§EdQH%f%@%1uent {after 24 and 48 hours)

Time on Stream 0 (Feed) 24 Hr. 48 Hr.'
(Hrs)

C8-C10  branched 0.46 (wt%) | 33.04 (wt%) 33.16 (wt%)
olefins

CB8-C10 linear 32.19 {wt%) 2.52 (wt%) 2.54 (wtk)
olefins

C8~C1l0 parafiins 63.1% (wt%) 63.32 {(wt%) 62.27 {wL%)

Branched to 0.1 {(wt%) 13.1 (wt%) 12.1 {(wt%)
linear C8-C10

olefins ratio

The results in Table 4 show that the maiority of linear
olefins were converted into branched olefins during the
'isomgrisation 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 (C$-Cll alcohdls present in the -feed were dehydrated
‘to yield additional olefins in the product. The average
number of alkyl branches on the C8-C10 olefins in the

product was 1.0.



CS-Cl10 linear32.19 (wt% 2. 52(wt % 2. 54(w % ol efins C8-Cl0 paraffins63. 19
(Wt % 63.32(wt'-.)63.27(wt % Branched to0.1 (wt % 13.1(w % 13. 1(WPQ FER T08Rr
CS-Cl10 olefins ratio The results in Table 4 'show that the majority o '
linear ol W0 t3916%Pe converted into branched ol efins duri ng RGTEEP02/08884

i somerisation step. During the isomeris#tion step a snmall anount of

material boiling below C8 was generated 5 from cracking side reactions. In
addition, a portion of the C9-Cl1l al cohols present in the feed were
dehydrated to yield additional 'olefins in the product. The average nunber
of al kyl branches on the C8-Cl10 olefins in the product was 1.0. WO
03/016249 18 CL Al M S 06 FEB 2006 PCT/EP02/08884 1. A process for
produci ng branched olefins froma mi x&d }ifedrMoBefin/paraffin

i somerisation feed conprising linear olefins having at |east 7 carbon ‘atons
in 5-50%v conprising in a first stage skeletally 5 isonerising |linear
olefins in the isonerisation feed and in a second stage separating branched
and linear nolecules wherein branched nol ecules are substantially clefinic
and |inear nol edul esPap&osiess fiar adicingpaanched. colpipnspigenss as

gtggfgﬁtgglf'ai '%e%h%&%%%ra%l#f%ﬁzﬂgfggfégl{éﬁﬁ%ffgﬁéigﬁzfgg%to 50%w of

y i néar “hono ol éf1ns Having Trom 0 carbon at ons

toget her wi th pabapkigingolléhicrs ofiefiitey Warhog sunbesst 7 carbon atoms
in 5-50%w comprising in a first stage skeletally

5 isomerising linear olefins in the ilsomerisation 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.

10 2. Process as claimed in Claim 1 wherein an
igomerisation 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 carbonvstructﬁre, 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, Procegs as claimed in any of Claims 1 to 3 which
includes at least one récycle 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
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figure and exa
7. A process or apparatus substantially as herein

10 described and/or illustrated in the description, figure

and examples.





