22NOV 2005 WO 02/ 094746 PCT/ EP02105759 PROCESS FOR THE PREPARATI O\I O: LI NEAR
OLEFI NS AND USE THEREOF TO PREPARE LI NEAR ALCCOHOLS The present FQZ/
relates to a process for the preparation of linear olefins and to a process

to prepare |linear alcohols froman ol efin-containing feed, which is at
| east partly based on these linear olefins. 5 There are various nethods
known in the art to prepare linear olefins. The present invention rel ates

to the preparsbboni@é |inear olefins by a process which atserozosmsol ves a
Fi scher-Tropsch hydrocarbon synthesis reaction- 10 Such process is al so
disclosed in U S. Patent No. 4,579,986. This U S. patent discloses a
process for the preparation of |inear Cl0-C20 ol efins, which process

conprises preparing a mxture of hydrocarbons substantially consisting of
| i near paraffins by; PRPSE%%)FOBOW%EFF?@AEI@H XEUFBEBR ebFHIdA MPhE%FEde and
hydrogen at el evated tenper3tarer aitd” présEur & BRft H@Eebbal t - cont ai ni ng

catal yst, (b) separating fromthe paraffin m xture thus prepared a heavy
fracti on which consists substantially of CZO+ 20 paraffi ns, and (c)
converting at least this heaﬁ%tfractl on %a wax" mld thernmal cracki ng

into a mxture of hydrBRdrBERS HRFEH Bohsins s %Bs?ﬁ?ﬁelsﬁl §SF &P21 i near
ol efins and cont aprepathieicgest riddeGlGLlERDnDIefitrs 2 PHoAlst houglrepime: wax

cracki ng net hod acﬁﬂfedknﬂlctoﬁoié Srom Q&lt eméf1|}<1(3c014?535719n598f@e§ervfkﬁ'&ﬁ315
satisfactorily, th releast Hy LLoom for, i rrptigr\{eear;eg# £1 Particularly if the
starting point i s dace ano efcmn cont ai ni ng Ted whi ch can be used

as (part of) the feedé" %ﬁ?kaF%rvaélﬂ%F“SF%?dr?yF&?W’bﬁ%Uwr et vRTSrAge to
produce |inear detEergentclamdrns plrasti:eiszet iaveodiahsretdtesnet had according to

U S. patent 2 2 NQ/ 2005 WP 0210944461 PEHFEP2 Q3489 < which also
involves a Fischer-Tropsch hydrocarbon synthesis
reaction.

10 Such process is also discleosed in U.S. Patent No.
4,579,986. This U.S. patent discloses a process for the
preparation of linear C;p-Cz;e olefins, which process
comprises preparing & mixture of hydrocarkons
substantially ccnsisting of linear paraffins by:

15 (a) contacting a mixture of carbon monoxide and hydrogen
at elevated témperature and pressure with a cobalt-
containing catalyst,

(b) separating from the paraffin mixture thus prepared a
heavy fraction which consists substantially of Cge+

20 paraffins, and
{c}] converting at least this heavy fraction f{(a “wax”)} by

mild thermal cracking into a mixture of hydrocarbons
which e¢cnsists substantially of linear clefins and
contains the desired Ci7-Cz; olefins.

25 Although the wax cracking method according to U.S.
patent Nc. 4,575,986 performs satisfactorily, there is
still room for improvement. Particularly if the starting
peint is to produce an olefin-containing feed which can
be used as {part of) the feedstock for a hydroformylation

30 reaction stage to produce linear detergent and

plasticizer alcchols, the method according to U.S. patent



No. 4,579,986 can be inproved. Nanely, linear plasticizer alcohols
typically contain from7 to 11 carbon atons, while |inear deter% v 2005

al cohols typically contain 12 to 15 carbon atons. Accordingly, l @[ﬁ

hydr ocarbon fraction 5 produced to serve at |east partly as the source of
hydr of ormyl ati on feedstocks should contain a significant portion of C6 to
Cl4 ol efins, | east 80% by wei ght, but preferably at | t  85% by wei ght,
of whi ch consﬁ%?%z%g ™ he correspondi ng |inear a-olefins. g‘?ﬁ%ﬁ%m?gound t hat
by 10 hydrogenating the wax feed prior to subjecting it to the mld thernal
cracking treatnment very high quality C6-to- C .0 and C. to Cl4 |inear
a-olefins are produced: the C6 to Cl4 olefins produced (contained in a

m xture of C5+ cl 8- i4n8Y9 szt beormraeyed t Hamel30%4 neaveb gist iofze€6 to Cl4
15 i near o0-ol ef i BBcohACE Oiyeht gy, codtaanf facat 7 aspact cddbenpitegent i nventi on

relates 1o a process d of,dleaSRALALHON. O ALY GonfOIPLLSINg OO 1 near

ol efins, which process conprises™ the ) reacting carbon
nonoxi de and hydr 6gERTPH™ the™Hr ESEMRERSHY - &RY SPMIELEIRFET afFBGhE O'bf
Fi scher-Tropsch catalugst tcundere ki Siher -garopgcds reaciduene @andi tions; (b)

separating from t pes hydrRoak bOn rotddutrs WS PTERRL £ 2 algnli€asinone
hydr ocar bon fraction, of %Agl cth gt Ile%st 25 95% bg nel ght. gon i sts of
hydr ocar bons cont BPi*Rg U5 “¢ C&r bon" st oR% &F note; *1T) YcBHEREt iy this

hydr ocar bon fract Porferely iy dresgenginby tird apt eséneli f carrieff edt i ve anount

of hydrogenation .gatalysipcHader 1 hydrogenation gendid i-onss 30 J) subjecting
t he hydrogenat ed hydrocarbon fraction thus obtained to a mld_thernal

cracki ng tredt mentYERG2 (LY SEpEPALEAT Fr6M ThE RISERBA Pr bBUUEE t hus
prepared the n xtuilel thapel sérgkOss trppewmt oy efyi hsgh 22N Y2005°W0 02/ 094740

PCT/ EP02/ 05759 - 3 Thecpr adug! 1 it U e, GeupL i Slng: SBitchi Rarc,oLef i ns

preferably is a mXxture conprising C5 to C .linear
Cy, olefins produced (contained in a mixture of Ce+

clefins) consist for mere than 80% by weight of C¢ to Cy,

15 linear a-olefins.

Accordingly, in a firsat aspect the present invention
relates to a process for the preparation of a mixture
comprising Cs+ linear clefins, which process comprises
the steps of

20 {a} reacting carbon monoxide and hydrogen.in the presence
of an effective amount of Fischer-Tropsch catalyst
undexr Fischer-Tropsch reacticn conditions;

{(b) separating from the hydrocarbon mixture thus prepared
at least one hydrocarbon fraction, of which at least

25 55% by weight consists of hydrocarbons containing 15
carbon atoms or more;

(c) contacting this hydrocarbon fraction with hydregen in
the presence of an effective amount of hydrogenation
catalyst under hydrogenation conditions;

30 {d) subjecting the hydrcgenated hydrocarbon fraction thus
obtained to a mild thermal cracking treatment; and

{e) separating from the cracked product thus prepared the

mixture comprising Cs+ linear olefins.



olefins with mbeing an integer of from10 to 20, preferably 12 to 18, nore
preferably 12 to 15. A very 5 useful mxture is a mxture conprising C5 to
Cl, linear olefins. Such mxture suitably conprises at |east 202005

wei ght, and nore preferably from25 to 50% by weight, of Cl1 to Cl4 |linear
at-olefins. The C5 to C10 linear cc-olefins typically constitute up to 75%
by weight of the stream 10 suitably from40 to 75% by wei ght. The bal ance
up to 100% byvaneigtits, which fornms a relatively small proggrePtonef the
stream consists of hydrocarbons other than the ol efins nentioned, such as
C4 hydrocarbons and the correspondi ng C3+.1inear al kanes, i so-al kanes, iso
15 olefins, internal olefins and dienes_ Typically this small proportion of
ot her hydrocar bons wrhé pretuexeced:re20%byswei ght 1aneh:suidmbky is | ess than

10% by wei ght. | nplsetfgpak(l%) le hhgt%r eg&r%g d%cgs%é)hgdﬁgg%r bons are formed
ro

by reacting carbon nmonoxid e conditions. In
general , the pr ep%\]rezit‘P%ﬁ’lﬁP ’h)}aai‘%‘i’:éflb%)‘i‘fsegﬂd)rh Ar9R XPufR ?8f car bon nonoxi de
and hydrogen at eledeatsd Lznpelat meee anefpra@ggure tonit he veryesence of an

effective anpunt @ferth mlxtapé qsce@tnakyélte Icémpxk.L@QM@ c’glstct ke, Fischer-Tropsch
hydr ocar bon synt h Si.S. %ﬁ&a rocarbpon.s synt hesis are

ts
& %s SBFA AR UII'Er S‘b’sta%’lﬁa‘foglp &% ssyﬁhdleagﬁaﬁl Y conpri se one

normal | y referred to as
or more netals fromstowps WIEQPWri}@lYoﬁIOW RE Perscédhx W?aﬁﬂte of El enents,

optional ly togethgl oo Ef 1%@r%~oﬁ@fﬁlspf9§@k§r§y %nﬂn%agao[ ro'l@flr{‘éat erial. In
30 particular, iron, cobalt and rutheni um ar known

catal ytically actli}ﬁ’échje yaic%‘z‘?tdFurs‘ﬁé‘ﬁ Wt af Y&t "ETHE © gl tshé"h%trrei“f]“opsch cat al yst
to be used i'A stepritayloffrehdt pr sénty pedgessThuibrapise ey L8&s a porous
carrier, in particukaghta wefdnacdokya @dideiarr sl Rxayptesm of 2 2 NOV 2005

WO 02/ 094746 PCT/ §ROZ2105759 on51stas%kt1%}alrgc£r% EQC&% y gxi.dg carriers include

alumna, silica, titania, zirconia or mXtures ereof such as
silica-al um na or®YHyRT CEPEHPRE urs? st fre é@’d?i’“fairé’an%r?&d the

corresponding Cs+ linear alkanes, iso-alkanes, iso-

15 .olefins, internal olefins and dienes. Typically this
small proportion of other hydrocarbons will not exceed
20% by weight and suitably is less than 10% by weight.

In step {a) of the present process hydrocarbons are
formed by reacting cerben monoxide and hydrogen under

20 suitable conditions. In general, the preparation of
hydrocarbons from a mixture of carbon monoxide ang
hydrogen at elevated temperature and pfessure in the
presence cof an effective amount of a suitable catalyst is
known as the Fischer-Tropsch hydrocarbon synthesis.

25 Catalysts used in this hydrocarbon synthesis are normally
referred to as Fischer-Tropsch catalysts and usually
comprise one or more metals from Groups 8, 9 and 10 of
the Periodie Table of Elements, optionally together with
one or more promoters, and a carrier material. In

30 particular, iron, nickel, cobalt and ruthenium are well
known catalytically active metals for such catalyst. The
Fischer-Tropsch catalyst to be used in step (a) of the
present process suitably comprises a porous carrier, in

particular a refractory oxide carrier. Examples of



titania. Very suitable carriers are those conprising 5 titania, zirconia or
m xtures thereof. Titania carriers are preferred, in partiCU|ar%%3®§3@ﬁ
whi ch has been prepared in the absence of sul phur-containing co

This carrier may further conprise up to 50% by wei ght of another refractory
oxide, typically silica or alumna. 10 More preferably, the additiona
refractory OX|de2 if present, conprises up to 20% by we even nore
preferably up“P&ffﬁﬁbby wei ght, of the carrier. The prefé%?@@ugéF alytically
active nmetal is cobalt, although nickel, iron and rutheniumcould al so be
used. 15 The anount of catalytically active netal present in the catalyst
may vary widely. Typically, the catalyst conprises 1-100 parts by wei ght of
such netal per 160 *t3drt §EWC\RE¥YQHT‘1‘Eﬁ CE&BRY ¥o9*6r ingnet erlanise. 3-60 parts by
wei ght, nore prefseradl,yriferd@, paircsnby ovwehBlithred @ caby es2éh asount s of

catal ytically act 1Y§carr%tl§rlnn{ E?%h‘i&éﬁ%i%ﬁ' &JE%UQJ: sq]fl.a.tpéetaﬂli in el ement

formand can be determ ned by  known el enmental anal ysis techniques. For the
sake of conveni AEEEOLATTY PEITRLEITBIIET REF TIPSt PR ¥e catal ytical ly
active netal5 buttifénias eiplvass zedmittatre®S3hemsteadiodnier canriadeition to

cobalt other catakyti.caklyes, ag; Ipuetmtlakstlagnﬂ;%a@;%qsh?ée%l nbefore may al so
be used. In addltlontoctf1I L, thec guy% _gy rr{)rlse one. or nore
promoters known £6°FHose SKiTl 8d n tch PTUSTEABTE pFERTST s i ncl ude
manganese, zircodféinc3giey f“éﬁl%ﬁﬁth?mt‘:ﬁ@wl{ﬂﬂ up)| t&t P Ay Wﬁééllﬁﬂﬁm pal | adi um
and/ or rheni um atberanpentacobrploandd ekypidalpyesanta drSalyfineal |y between

0.1 and 150,part §,py ﬁ&%‘fgﬂiblyf OMmeCX@RkL Sndetueen.. .1, andys50 ;parts by wei ght,
per 100 parts by @rﬁ?%’cﬂa of carrier. 22NOV2005 WO 027 094746 PCTI EPO2/ 05759 -
e

5 Typically, th "B OPET AP ALY ST 46EF of L BRtRi n al kali or

al kal i ne earth merefexrabdpairt tPridh bposssi e of nPuwr FefEsTi ntroduced with

starting material s ithet peefreparatinripanGesstBfe hbeaicat alopsis, of the

present although nickel, iron and ruthenium could also be used.

15 The amount of catalytically active metal present in the
catalyst may vary widely. Typically, the catalyst
comprises 1-100 parts by weight o©f such metal pexr 100
parts by weight of carrier, preferably, 3-60 parts by
weight, more preferably, 5-40 parts by weight. The above

20 amounts of catalytically active metal refer to the total
amount of metal in element form and can be determined by
known elemental analysis techniques. For the sake of
convenience cobalt is referred to hereinafter as the
catalytically active metal, but it is emphasized that

25 instead of or in additicn to cobalt other catalytically
active metals as mentioned hereinbefore may alsc be used.

In addition teo cobalt the catalyst may comprise one

or more promoters known to those skilled in the art.
Suitable promoters include manganese, zirconium,

a0 titanium, ruthenium, platinum, vanadium, palladium and/or
rhenium. The amount of promoter, if present, is typically
between 0.1 and 150 parts by weight, for example between
1 and 50 parts by weight, per 100 parts by weight of

carrier.



5 invention. Typically, the atomc ratio of alkali or alkaline earth nmetals
to cobalt netal is less than 0.01, preferably, less than 0.005 The

Fi scher-Tropsch process conditions applied in step (a) of the Pr2edrn
process typically include a 10 tenperature in the range from 125 to 350 C,
preferably 150 to 275 C, and a pressure in the range fromb5 to 150 bar abs
(tiara). Step of the present process nay be operated at the pressures
convent i onal | ﬁ%{%’? i.e, up to 80 bara, suitably up F‘E)T/%”?f&ga but

al so higher 15 pressures can be applled In a preferred enbodi ment of the
present invention step (a) conprises reacting carbon nonoxi de wth hydrogen
at a tenperature in the range of from 125 to 350 C and a pressure in the
range from5 to 150 Barigalfyt Kéephiesbacdr2Dsof catadaisal §ets vopri si ng cobal t
on g_ carrier conpédnshig al'kiaiﬁmraallﬁuilhélﬂﬁ)_‘thhtnt&aﬁﬁt abyﬁi £2Bd pr _OCEZS_ o
conditions in ste t such .t product obtained in this
step (a) conpri s6s c,%sﬁé‘%% aIrsll%eg%f %fdtrom d Wﬂ%‘og}]%rtm%\ema% flep]}s a"Cll to Cl4
hydr ocar bon fractﬁf@nPrWﬁréhl%Pﬁ?"cﬁséca? r&a “f'ﬂf"&ét’?%ﬁn Oéo‘Fﬁﬂ PEeTTNn t he range
of from10 te 602yt .ghtrizased ehetobalc waikghtofoklkdliisofracti on of Cl1

to Cl4 nono-ol ef i fgq; I %aPQ{“mQtaf&rto'é’b%fai‘E‘%maPels achi ayed by, using a
Fi scher - Tropsch cat aflf%sb}éf ;87‘% o balt and titania at operafing

tenperatures of I/t C%ﬂ’d opttrating pressures of 20 to 80 bara.
Hydr ogen and car bon Bendxkeer(Syenstbspmrcgas)coaetiangperrdliby fed to the
process at an at asdeg (At bd dHe bh&entapgeehs P@chb0idsiv@specially from1l to

3. Ina prg erretcémggp% |rg19ﬂ; ghg hleang%d{r%ge Q.carbaen rg}%?%%%sﬁ% atom c

ratio is in the range from1 v 2005 WD
PCT/ EP02105759 - 36"0 TR TR SThEPS Tt GPERH e tHEn TEEP () ey 1B conduct ed
using a variety darr&actiorrdly.péserarnd) r&ache areserggiemesessf nay éranpl e a fi xed
bed regime, a sl wgeYaphse HeLQhdMuQks AneMHibalingapedeuegi B, it W ll be
to 80 bara, suitably up to 50 bara, but also higher
15 pressures can be applied.
In a preferred embodiment of the present invention
step (a) comprises reacting carbon monoxide with hydrogen
at a temperature in the range of from 125 to 355 °C and a
pressure in the range from 5 to 150 bara in the presence
20 of a catalyst comprising cobalt on a carrier comprising
titania. Suitably, the catalyst and process conditions in
step {a) are gelected such that the product obtained in
this step (a) comprises in the range cof from 2 tc 20% by
weight of a C;; to C;, hydrocarbon fractien, which
25 hydrocarbon fraction comprises in the range of from 10 te
60% by weight based on total weight of this fraction of
C.; to Cy4 mono-olefins. This could, for instance, be
achieved by using a Fischer-Tropsch catalyst based on
cobalt and titania at operating temperatures of 175 to
30 275 ©C and operating pressures of 20 to 80 bara.
Hydrogen and carbon monoxide (synthesis gas) are
typically fed to the process at an atomic ratio in the
range from 0.5 to 4, especially from 1 to 3. In a
preferred embodiment, the hydrogen to carbon monoxide

35 atomic ratio is in the range from 1.5 to 2.5.



5 appreciated that the size of the catalyst particles may vary depending on
the reaction regine they are intended for. It is within the norgazl @k@is
of the skilled person to select the nost appropriate catalyst p 4 N ize
for a given reaction regine. 10 Further, it will be understood that the
skilled person is capable to select the nost appropriate condi tions for a
specific react‘%mg(gp]u guration and reaction regine. For the
preferred gas hour1 space vel ocity may depend upon the ype o Peaction 15
regime that is bei ng applied. Thus, if it is desired to operate the

hydr ocar bon synt hesi s process vvith a fixxed bed reginme, preferably the gas
hourly space vel oci t is chosen in the range from500 to 2500
N1/1/h. If it is deg‘P?eFdsf:BebﬁéP&ﬁ%‘ T RRESHPBr OCar Fon "&Ytthesi s 20 process
with a slurry phasenduegédmsipy ef erablty ¢heegasor hoprd yndpaeecikel ocity i s

chosen in the rang%lfﬂegmf%go&gﬁle?éggx&! /b%émeglﬂeState\(l@y aéehe present
process at |east one h%%roc ‘ag gt% I‘]?flg} a%3 | east 95% by wei ght,
25 preferably at [eadf o%b%3 FoHte ~g rfsegé‘f‘es &t ¥i/dr B&ar bons cont ai ni ng 15
carbon atons Sor neprreftapschepat t@iSﬁ#Zﬁr@fcttihema,tailssts@patﬂatled fayom t he

hydr ocarbon m xt ut&y RegfaLeg donthdecpeticadiapinkl sdiekrdriopsedednydr ocar bon
synthesis step (a% The sse%{ﬁtnl of. %%Qmﬁe Rerfor tqne,b%r?ﬁ[ thods known in

the art. Preferab y such separation involves a st| i“on” t'r eat ment
notably fractionaf® S§i'8%4 [FP&tTEH. a%ﬁ%’lﬁﬁeoﬁ%ﬁaléir“’%tﬂalrFé‘ﬂeoﬁl%eeé’ﬁﬁl ques can
be wused. The separditveonnrdantsdrepe¢ine.may be effected solely by 35

distillationg but CO@LQtrﬁe'rSOnCQHfDIlb%euﬁdefz‘cgﬁbédﬁ%w&hgfs@llg NOV 2005 WO
02/ 094746 PCTI EP02/ 05759 - 7 (inat (?)I stillation with another

separation treatfent. $i Cﬁp"él?sles r| Por hg OF CONdEMEiIRG: “For instance, the

hydr ocar bon pr odu%‘?nqlltb‘?ﬁssff@’p A ayeeduF oregicser fepstosetigepatated into a
i quid stream andreegaseodgind.r eamedxymple, the preferred gas hourly

space velocity may depend upon the type of reaction

15 regime that is being applied. Thus, if it is desired to
operate the hydrocarbon synthesis process with a fixed
bed regime, preferably the gas hourly space velocity
(GHSV) is chesen in the range from 500 to 2500 N1/1/h. If
it is desired to operate the hydrocarbon synthesis

20 process with a slurry phase regime, preferably the gas
hourly space velocity is chosen in the range from 1500 to
7500 N1/1/h.

In step (b) of the present precess at least one

hydrocarbon fraction, of which at least 95% by weight,

25 preferably at least 98% by weight, consists of
hydrocarbons containing 15 carbon atoms or more (further:
Cis+ fractionj, is separated from the hydrocarbon mixture
prepared in the preceding Fischer-Tropsch hydrocarbon
synthesis step (a). The separaticn can be performed by

k1 methods known in the art. Pfeferably such separation
invelves a distillation treatment, notabkly fractional
distillation. Conventional distillatien technigues can be
used.

The separation in step (b) may be effected_solely by

35 distillation, but could also comprise a combinaticn of



5 passing the hydrocarbon product fromstep (a) through a condenser, which
is suitably operated at simlar tenperature and pressure conditi 2?9 @520[}5
applied in step (a). The liquid streamfromthe condenser can th N)
recovered as the Cl15+ fraction, while the gaseous 10 hydrocarbon stream
contains the bulk of the hydrocarbons w th | ower carbon nunbers (typically
up to Cl4). The gaseous streamis subsequently liquefied and subjected to
a fractional o0Vet¥9?#74¢ion treatnent to recover the desir8dUVERIdPBEPar bon
fractions for further treatnment. 15 The C15+ fraction will not normally
contain nore than 5% by weight, suitably not nore than 2% by wei ght, of
hydr ocar bons contai ning nore than n carbon atons with n as defined

Perei nafter. Thﬁ %itﬂsaacaiwﬁlluseszﬁsfitmanoh&?ds&@az&&epn(ﬁ) mgy be the Cl5+
racti on as such, o] . C15-C,_fr | on_w t. ei ng an

i nteger of at Ietélge%ttTgr?t'g?%?rgr%bf‘%%ggl]%e%étcof@?%g%llégqafow§f 16 preferably
at nost 35, nore prefEREPYR PABLECI3ETOMTHESP udpefotihPtsq 153 £]bl y

sel ected such thategearetédcedid & 1t heidvaxreamaskd rgosteps( dhreas onpl et el y

gaseous undek thep25;:6Lagki Rgk.condhdd gpédu'c@ areete 40 @yohd.aake formation in
t he wax cracker. %h% remai ni ng heavy, o g fraction coul,g al so be, in whole
or in part, used 834" f®esd"to sf‘%ps‘%g‘éf‘ PP °Fr s i Prfocess or subj ect ed
t o ot her treatnentgweratych e Reav§rrparafdfirferer agkinrg ied éat At which
results 30 in oil (productisqglikerpaphithan therasicagsandagasehl e The

expression "Cl5+ fraction;.as,used gearc@%&pf LeLH WLl 2l39,,1nclude the C15-Cn
b tep (c) hy

fraction as defined above. In stée drogenati on” of the Cl5+ fraction

C)
takes plac€d? TheP¥RFarvgenat i*6i™t FEIERRNF S pPL iy P EEPFREW 35 out in
t he presence of avindiogenatimn vattekyst{tyandel2y2uiN t© Vi.200BeWD 021094746
PCT/ EP02/ 05759 - &.scBydragesm at sulLahaiatul fnkeot 100 £0400.Lrcpreferably

from 100 to 300 G, Jpore preferably., ;130 10,203 & &veh., myre preferably 180
to 250 C. Typi cal?y,. a Jhyarogen partial pressure is app ied in the range
from10 to 250 désired Hydrocarbon fractions for further treatment.

15 The Ci;+ fraction will not normally contain more than
5% by weight, suitably not more than 2% by weight, of
hydrecarkbons containing more than n carbon atoms .with n
as defined hereinafter. The C .+ fracticn uséd as the
feed to step (c) may be thé Cis+ fraction as such, but

20 may also be a (35-C, fraction with n being an integer of
at least 18, preferably at least 20, and at most 40,
preferably at most 35, more preferably at most 30. The
upper limit is suitably selected such that the feed to
the wax cracking step (d) is completely gaseous under the

25 cracking conditions in order to aveid coke formation in
the wax cracker. The remaining heavy Cp+ fraction could
also be, in whole or in part, used as a feed to step (c)
of the present process or subjected to other treatments,
such as heavy paraffin cracking treatment which results

30 in ¢il producte like naphtha, kerosine and gascil. The
expression “Cis+ fraction” as used hereinafter will also
include the C,5-Cn fraction as defined above.

In step {c¢) hydrogenation of the C;o+ fraction takes
place. The hydrogenatiocn treatment isltypically carried

35 out in the presence of a hydrogenation catalyst and



5 tiara, preferably from10 to 150 bara, nore preferably from 10 to 50
bara, even nore preferably from15 to 45 bara. Hydrogen may be supplied to
t he hydrogenation treatment stage at a gas hourly space vel ocit¥ ZiNOVt2ie
range of from 100 to 10000 N1/1 reaction zone volune/hr, 10 nore preferably
from 250 to 5000 Ni/1 reaction zone volune/hr. The Cl5+ fraction bei ng
treated is tyRiEalbda » SUPPlied to the hydrogenation trea;,gﬁﬁ; sedage at a
wei ght hourly space velocity in the range of fromO0.1 to g/1 reaction
zone volume/ hr, nore preferably fromO0.25 to 2.5 15 kg/ 1 reaction zone/hr.

The ratio of hydr ogen to C15+ fraction mdy range from 100 to 5000 N1/kg and
is preferably fr 250 t(g 3000 N1/ kg %dro enation catal are known to
those skilled in ™H&3%G * ahd "AFE 4VAr| & Dmver & alr yore ?r be 20

prepared by net hoﬁts)"\/vb*PQ trén@)% ‘Cn ntdre mraterdyipi.cab? o ehe °Chyelrasgenati on
cat al yst conpri sesor@Sptateahyiy aabl e achive TEROMNE aRggennDre netal s

sel ected from Goups & 8.9, 209 48,00, e berlodl ¢ Tabie of, & erents, in

particular one or nore netals sel rom noly num_ tun sten 25
cobalt, nickél, rkARen?ifFFTRYYdEnm st 4P RATari AefR BReferpalY adi um
Prefer abI Y, the chicarl Yy troc HNPrarg e Sevenem@re noeferahket gremse| ested from ni ckel

pl ati num and pal |@éilaum)ﬁﬁ‘ogérh%agaﬂélsﬁfaﬁﬁ%ldl Yo 8&1@ M@drgggmaeﬂt A
particularly swtab% (;_at st _conprises ni ckel as a catalé ically 30

active conponent. "CAtS P UE & N THREY RS enéjtcll(t% Bre¥inent” stage
typically conpri s@naer‘é"i‘ rfaert‘dr%? ﬁ%tléP%X‘ild?e Bractsel i20ae ecagne/ hearri er .
Sui t abl e carwi er rﬁ’f&TeejSi‘a'ﬂeSalel}dfMde 2581 td Gapo alwm fAactSod izeae« al um na,

zirconia, titania, angd.An &lgqsfhmacr gqubﬂgéegxeerarcgg Garydet {pterials for 2
2 Nov 2005 WD 02/ 094746 PCTJEP62 9  Inclusionin the catalyst for

use in the proces®PBtithit8 t}ien\%ﬂfcig(?ﬁa'ﬁroé‘ SRR v tﬁﬁf’r‘?& 2 s19%9E4- al uni na,
and di at omaceoushediY ep@ke esglgut fin thve resdealofsiram - b@rﬁrph@élt he
catal ytically actieé@tion zone volume/hr, more preferably from 0.25 to 2.5

15 kg/1 reaction zone/hr, The ratio of hydrogen to Cig+
fraction may range from 100 to 5000 Nl/kg and is
preferably from 250 to 3000 Nl/kg.

Hydrogenation catalysts are known to those skilled in
the art and are available commercially, or may be

20 prepared by methods well known in the art. Typically, the
hydrogenation catalyst comprises as catalytically active
component one or more metals selected from Groups 6, 8, 9
and 10 of the Periodic Table of Elements, in particular
one or more metals selected from molybdenum, tungsten,

25 cobalt, nickel, ruthenium, iridium, osmium, platinum and
palladium. Preferably, the catalyst comprises one or more
metals selected from nickel, platinum and palladium as
the catalytically active component. A particularly
suitable catalyst comprises nickel as a catalytically

30 active component.

Catalysts for use in the hydrogenation treatment
stage typically comprise a refractory metal oxide or
silicate as a carrier. Suitable carrier materials include
silica, alumina, silica-alumina, zirconia, titania and

35 mixtures thereof. Preferred carrier materials for



5 conmponent in an anmount of fromO0.05 to 80 parts by weight calculated as
el ement, preferably from0.1 to 70 parts by weight, per 100 parts by wei ght
of carrier material. The anount of catalytically active netal rg@@p@m{n
the catalyst will vary according to the specific nmetal 10 concern
particularly suitable catalyst for use in the hydrogenation treatnent stage
conprises nickel in an anpunt in the range of from30 to 70 parts by wei ght
(calculated as el enent) per 100 parts by weight of carrier material. A
second parti cV3P¥Y74%i t abl e catal yst 15 conprises pl ati n&FFFH>8H¥anount i n
the range of fromO0.05 to 2.0 parts by weight per 100 parts by wei ght of
carrier material. In subsequent step (d)smld thermal cracking of the

hydr ogenat ed hydrocarbon fraction obtained in step (c) 20 takes place. This
mld thermal crackifigséam ibetlsareteldyssutobyspairs thkaqwrcess tdfetiart . 1 n one

preferred enmbodi nepenttbie a%mntlla@r NBhmERACkE NG-Shephikd) 48 carried out in
the presence of I eam Such tr menté Igs;%réfor i nstance, described in the

af or ement i oned U. A R Nl IR ey g which is incorporated by
reference herein. T§B|Ctaébhégtrﬁ"PH qNEERRE LaP iR Ryt itcee &Y EREVE nvol ves
cracki ng t heshydr @g@mé&d iyt e@athor:f £aet cots ab &o ptaeapefyat.rwg&mof from 450

to 675 G prefera@ilycuﬁpedt 95 60Qnefe , %r9§&sa§hlfzefr%tn Erlo%lv& Qazfs hara

preferably 1 to 10 30 bara and nore' erab %/ bara, _and resi dence
time of 0.5 to 20"E&EConFET b?oefpéf‘éﬁlhﬁ?’ ¥e15 16 scé‘EBh‘?fsmatWé‘ 't ne¥"mal cracki ng
can be carried ougmsynthelrapsiréatllydirkuers meSUi babdeatdih dnt s i ncl ude st eam
and inert gases, cof21vhi &hlstmm h&cpeferieedre Isbeélisfq@, mf_stiaeam is typically

22 Nov 2005 02/094746. P 0575 us n t, of up to 40%
by wei ght (bg\ged c(:)%nc%neroggégb cu5_L ?y psru;i?aetrﬂa %gt 5@ %05% E% wei ght. As

i ndi cated, an ineft® & éigrcﬁaﬁi?a%ﬂoé’otb%atﬂ@%l %Fé‘gﬁlclcﬁéﬁ’csesAﬁld‘ieﬁeH Fas in this
connection i s a gasyumwhithhedoesmsaodf Sromtxr fer® wetids bhevggacki ng reactions

by deconposition (calculated as element) per 100 parts by weight of
carrier material. A second particularly suitable catalyst

15 comprises platinum in an amount in the range of from 0.05
te 2.0 parts by weight per 100 parts by weight of carrier
material.

In subseguent step (d) mild thermal craéking of the
hydrogenated hydrocarbon fraction obtained in step (c)

20 takes place. This mild thermal cracking can be carried
ocut by ways known in the art. In cne preferred embodiment
the mild thermal cracking step (d) is carried out in the
presence of steam. Such treatment is, for instance,
described in the aforementicned U.S. Patent No.

25 4,579,986, which is inceorporated by reference herein. A
suitable mild thermal cracking treatment involves
cracking the hydrogenated hydrocarbon fraction at a

temperature of from 450 to 675 °C, preferably 480 to €00

°C, a pressure of from 1 to 5C bara, preferakly 1 to 10
30 bara and more preferably 1 to 5 bara, and a residence
time of 0.5 to 20 seconds, preferably 1 to 10 seconds.
The thermal cracking can be carried out with or without
diluent. Suitable diluents include steam and inert gases,

of which steam is preferred. If used, steam is typically



and/ or reacting with the hydrocarbon reactants and cracking products.
Exanpl es of suitable inert gases include nitrogen and noble gaszz Nlﬂpégﬂé
hel ium and argon. It was found that using a diluent has a positi i t
10 on the anount of by-products forned. In a preferred enbodinent the mld
thermal cracking “treatnent conprises the stages of: (dl) conbining the

di luent and thg hyds,oQenated hydrocarbon fraction in an r, and 15
(d2) thermally craclgi ng the evaporated hydrocarbon fract ?%cﬁrmqlﬂ’té%évaporator

is usually operated at a tenperature sufficiently high to evaporate the
hydr ogenat ed hydrocarbon stream This wii19 “~nornally be at |east 350 20 C,
suitably at least 400 C while the maxinum tenperature will usually not
exceed 600 C, sui tEBFy750D 2T PioPRET® 8% Aot Bkc dREsfeRr acki ng. The
actual cracki ng ihydstcageorf d2pdl yprebddaply akes pliabe wedicht. tranper at ure of

from 450 to 650 Cingudde@B! YarA8Qc 0 o8P GhagSafso Be PIRISHE &1i9kedtl. hgast 1 bara
and usual ly not nore thanin3(g ibacra sui t apl tiara, nore

nert gas S colhect % from é'tho le
suitably 1 to 5 Bara; “a°reésidence tThe °0f 0259t 26 Sed8RuL " suitably 1 to
10 seconds i’ the ipredfeneevich thre cdptiieat Tearsinpd [Pybdegdimpesissed herei nafter,
subsequent 30 sepamafdrofesit@pg():hmaye WHyetstaabbe e cCants Bydr ocar bon

stream which can he.at,l -pa %&xr;g%gyg% %qiz%l%rgﬁé@tngase%t ep (d), either
C I mo

g )
directly or via hydrogenation step, ( n suc e of “operation thernal

cracking step (d) PEIVUEUPTERSEG B PR 0BT ndEfe S6EH T GARITT96Rs t hat the 2
2 NOV 2005 WO 02/ 094%6 1 PCH EPOR/MB575S dilldentclorn/ er rontivé dmpdrocar bons per
pass is in the rargecdf ambi@mad G t-g-&Q%byrovrght, preferably 10 to 35% by

wei ght and nore preferab 5.1 $..b ight.. based on_total weight of
hydr ocar bons passed t rgg%f%ﬁéefﬁggﬁlmggy\ﬁlgc lllr?ggg%réng?o?ralc%l?%at pass. In

subsequent step (&FetHETHESTFEIETT kPUré 8Pt si ng

(d1) combining the diluent and the hydrogenated
hydrocarbon fraction in an evaporator, and
15 {d2) thermally cracking the evaporated hydrocarbon
fraction.

The evaporator is usually operated at a temperature
sufficiently high to evaporate the hydrogenéted
hydrocarbon stream. This will normally be at least 350

20 °C, suitably at least 400 °C, while the maximum

temperature will usually not exceed 600 °C, suitably 500

°C, in order to avoid excessive cracking. The actual
cracking in stage (d2) typically takes place at a
temperature of from 450 to 650 °C, suitably 480 to €00

25 °C, a pressure of at least 1 bara and usually not more
than 300 bara, suitably from 1 to 10 bara, more suitably
1 to 5 bara, a residence time of 0.5 to 20 seconds,
suitably 1 to 10 seconds in the presence cf the diluent.

Az will be discussed hereinafter, subseguent

30 separation step (e) may yield a heavy Cp+ hydrocarbon
stream, which can be at least partly recycled to cracking
step (d), either directly or via hydregenation step (c).
In such mode of operation thermal cracking step (d} is

suitably carried out under such conditions that the



the C5+ linear olefins is separated fromthe cracked product. In principle
any separation technique suitable for separating the C5+ hydrocarbon

m xture fromthe 10 cracked product can be used. This coul d i nvol v&0¥Hbt
path distillation techniques |ike separation with a wi ped filmevaporator,
stripping techniques and fractional distillation at atnospheric or reduced
pressure. For the purpose of the present invention one particularly 15

sui t abl e separ soitenosmet hod conpri ses the stages of: (el) csoiEPrgstshe cracked
product and separating fromthe cooled cracked product the |iquid cracked
product containing the C5+ hydrocarbons,,and (e2) separating fromthe

| i quid cracked product the 20 m xture conprising the C5-Cm | inear ol efins.
Typ} Ical ! _ydcool i ngtc%ﬁdexflgjﬁ[:ﬁtofsQP@J&EEQ&ESEﬁQ%ta@@! s ]Eiﬁk@}[e QL@glféegif{] a
gas/liquid separatgr. cracked produc [ r cooled to a
tenperat ure at V\hi%ﬁmt%ﬁegag&%r%ﬁw&éggt‘hﬁﬁ?g%raa%%?\lso %?osﬁeg i"GaPat and t he
gaseous Cz to C4 ZZdpryguetafeasbiwellf % 34hyevdiEimt pred Ph toliel cr acki ng
treatment can be nenpned: asydgas@onktparskl deoufdenstirdnat hat a smal |

amount of Co+; hydrocarhans. wi |l end,up J.0. the gaseous stream while a small
portion of the C4- hydrocarbons w || ehd up in the liquid stream It wll be

30 appreciated that tHe 253 eMHEP atr EPGEPi e BEFREs YR 1EHE pressure

appl i ed. The |i quitdestsebimerecBeéied iffr oeparthed dass [thgurchcepar at or cont ai ns

Ehg) de\?\ﬁi1 red tCﬁ+ fb}é@ﬁ&tﬁaaﬂo@Qiﬁdl@l.btsarf}eGEﬁé}at%Q@fﬁ_e:gHﬁr?itqu%g@ﬁrt_aia%Qn st?ggs c
e2), ere the Cy- racarbon stream cont ai ni e m xture o -C.
i near olefins i gééjg;gae afaet&%gﬁles &t & gr%caigﬁ’ 61\79'%64Er ié65/ 094746

PCT/ EP02/ 05759 - FFacksgnPEiivfabiay? Be SeAduttied s i daistotvpp@rrtopti onal |y

using a strippi ngagasiiki Kgast@anechmiquegerkehedbavm om atgor. wipkde Cs- Cm

hydrocarbon stream;eQnivabtangr t R rBhxtddl €c @i Ges GHA |drRearoghefins is
recovered as the tdqgtfractl on. In a.n U er.separation stage e3) the COmt+

bottom fraction i $ suitaply at" 1es erﬁa;%ﬁhfer‘éccyclfree o hy%r ogenation step
purpose cof the present invention cne particularly

15 suitable separaticn method comprises the stages of:

(el) cooling the cracked product and separating from the
cooled cracked preoduct the ligquid cfaéked product
containing the Cs+ hydrocarbons, and -

(e2) separating from the liguid cracked product the

20 mixture comprising the Cg-Cp, linear oclefins.
Typically cooling and first separation stage (el) take
place in a gas/ligquid separator. The hot cracked product
is first cooled to a temperature at which the desired Cg+
hydrocarbons become liquid and the gaseous C, to C,

25 products as well as any diluent used in the cracking
treatment can be removed as gases. It will be understocd
that a small amount of Cs+ hydrocarbons will end up in
the gaseous stream, while a small portion of the C,-
hydrocarbons will end up in the liguid stream. It will be

30 .appreciated that the exact temperature applied depends on
the pressure applied. The liguid stream recovered from
the gas/liquid separator contains the desired Cg+
hydrocarbons and is fed to subsequent separation stage
{e2), where the Cy-Cn, hydrocarbon stream containing the

a5 mixture of C:;~C, linear olefins is separated. This stage



(c) and/or to cracking step (d). The m xture conprising C5+ |inear ol efins
as obtained by the process described hereinbefore typically conprises 10
from20 to 50% by weight of Cl1l to Cl4 linear a-ol efins and from?4oNGVoll#%%
by weight of C5 to Cl1O linear a-olefins and hence is a very suitable
feedstock for preparing |inear detergent and plasticizer alcohols in a

hydrof ornmyl atign teaction. 15 Accordingly, in a second as%&‘,&m}zmgspresent
invention relates to a process for the preparation of |inéar ~al Cohols by

reacting an olefin-containing feed with carbon nonoxi de and hydrogen in the
presence of an effective anount of hydrd&ornyl ation catal yst under 20
hydr of ormyl ati on conditions, wherein the olefin- containing feed is at | east
partly based on tKermutapley PeoiRFErStfyi TR SHFHeRr - otRfiprst Wwbkdinged by t he
process as descriabetkipeie aheflidkeestAmyetit rogéd, abkBiyar e€esgohn thi s

connection is a 2§h9r£g@ms§ydl;gfgg;§gnnSg%eamo]:&{ti(ag- ﬁggp}tgja q,'%ir;(%;%ee%q s obtained

by subjecting to a fractionation treatnent: I st “hydrocarbon stream
derived from reactrngPe¥arbdhiitondxicge atd iy dP6getr frrtHE2pridsénce of an
effective anount dhrHegclhmrriropsebhasatiallyshe uhdeportdd fiascher 4%r opsch

reaction conditioRgitaRgd {b)easepanthhydipgasbon nshirQaMERsEsdd ng of the

m xture conpri s:\lgg] Co+ {I3| near ol efi ns ob;{g ned by the process as described
her ei nbef ore. 22Nov fd’&é WO 0271084726 BT/ BPCR/ 05759 - 13 The wei ght ratio
of the first hydrocarBenmistrearforerities Secbivdahyelicdén? Fenoktdieadn may vary
W thin broad |im bg,thebptocsdb tddslcyibesl hbrdihBef@rgeymifcal I9mMcBpdiskst 0 30: 1,

[ eat mont” sul® abl 57 Sb7P cbanas T Io s Bhararrof sUOR" ] 3 1Ke procese
according to the khdstromagpect?ssf by heipresent: tnvantliionaas-desicimsbed
her ei nbef ore. :and hence is a very suitable feedstock for préparing

hlinear detergent and plasticizer alcchols in a

hydreformylation reaction.

15 Accordingly, in a second aspect the present invention
relates to a process for the preparation of linear
alcohols by reacting an clefin-containing feed with
carbon monoxide and hydrogen in the presence of an
effective amount of hydroformylation catalyst under

20 hydrcformyliation conditions, wherein the olefin-
containing feed is at least partly based on the mixture
comprising Cs+ linear clefins obtained by the process as
described hereinbefore.

" A very suitable process in this connection is a

25 process, wherein the olefin-containing feed is cobtained
by subjecting to a fractionation treatment:

{a) a first hydrocarbon stream derived from reacting
carbon monoxide and hydrbgen in the presence cf an
effective amount of Fischer-Tropsch catalyst under

30 Fischer-Tropsch reaction conditions, and
(b) a second hydrocarbon stream consisting of the mixture

comprising Cs+ linear olefins obtained by the process

as described hereinbefore.



The first hydrocarbon streamis the product of a 10 Fi scher-Tropsch

hydr ocarbon synthesis reaction, suitably the entire C4+ product recovered
from a Fi scher-Tropsch hydrocarbon synthesis reaction. This r&atNibdlliits
conditions and ways of operation have been extensively discussed

her ei nbefore. Suitably, the first hydrocarbon 15 stream conprises from2 to
20% by weight, nore suitably 3 to 10% by weight, of Cl1 to Cl4

hydrocar bons. YP'%Hé¥e C11 to Cl4 hydrocarbons 10 to 60%°BYEVRIYRAY
suitably 15 to 50% by wei ght, consists of Cll1 to Cl4 |inear nono-ol efins.
The second hydrocarbon streamconsists fas at | east 20 95% by wei ght,
preferably at |east 98% by wei ght, of hydrocarbons conprising 5 or nore
carbon atonms and Thypiecghd yaconprii ses firomh20r4@rbbfodyemeitghtheof Cl1 to Cl4

l'inear a-olefins, s%ndehytﬁc\é%£§bcm‘ sgpeéﬂnbMazy\ezlagptWLQEuWr%ad %.rlghgé/en 35% by
wei ght or nore argga SO evabl e CS to C10 1i near

a-olefins in the §8tdhg= dﬁﬁcﬁﬁﬁgﬁE?P?%éﬁ1f9ﬁ18aFlﬁtPaﬂbés from40 to 75%
by weight. The barefteebup it:d 9DG% byandengyist profirsiabls Sot tdhydrbcar bons ot her
than the ol efsi ns nentrhenedcr sodt 188 Geardipdr g@ﬁﬁb@pscoamsaaaesmrtﬁzewondi ng

C5+ |inear al kanege%a:’}gtl&o réa&ﬁsbf |t?lfca)o%o%1;| spsacco élenr ngo tgll e%l NS and

dienes. Figure 1°s ene o exenplary process
according to the §%ﬁd°%§5‘§c¥“ﬁenf he@vepticsent qeﬁ(?éﬁzteidon 2 2 NOV 2005 WO
02/ 094746 PCT/ EPCREOSREOfereld |In this figure 1 a Flscher Tropsch C4+

hydr ocar bon  pr oduct ngrﬁ@@cﬁhme@a%q hiranFisehersToonsch o hydr ocar bon
synt hesi s prqpesngQ%% égomnl ! % fractlgnatlon cqﬂgnn 1. A
CA-C5 fraction 7 GPBCT FREETG g s&“&’ﬁsﬁﬁe%‘: acti SM P c15- c30
fraction 10 and &PC3OH fe fet |Pc15ﬁd11<$ arevesedered FIReh<CBTCIFkhracti on B
and the Cl1-Cl19 f radccofbd arernpassetacticn. fwydr ebosuryhaticen unit 5, where

they are converted,ifto..d asResh Vel Loplasthoiagr paleahols:1Z,and deter gent

10 al cohol s 18. Tge C30+ fraction 11 can be passed into a
iscussed hereinbefore. Suitably, the first hydrocarbon

15 stream comprises from 2 to 20% by weight, more suitably 3
to 10% by weight, of Cn.to Ciq hydrocarbops. Of these Ci,
to C;y hydrocarbons 10 to 60% by weight, suitably 15 to
50% by weight, consists of Cj; to Ciy linear mono-olefins.

The second hydrocarbon stream consists for at least

20 95% by weight, preferably at least 98% by weight, of

hydrocarbons comprising 5 or more carbon atoms and

typically comprises from 20 to 50% by weight of C;; to Cy,

linear w-clefins, while levels of 30% by weight or more

and even 35% by weighf or more are also achievable. The

25 amount of Cs; to Ci;, linear g-c¢lefins in the second
hydrocarbon stream typically ranges from 40 to 75% by
weight. The balance up to 100% by weight consists of
hydrocarbons other than the olefins mentioned, such as C,
hydrocarbons and the corresponding Cs+ linear alkanes,

30 iso-alkanes, iso-olefing, internal clefins and dienesf

Figure 1 shows a simplified flow scheme of an
exemplary process acceording to the second aspect of the

present invention.



heavy paraffin cracker (not shown) to be converted in e.g. mddle
distillates |ike naphtha and kerosine. The C15-30 fraction 10 is p

into hydrogenation unit 2, resulting in hydrogenated fraction 12, N@nﬁ&% is
15 subsequently cracked inmid thermal cracki ng unit 3. The cracked
product 13 is fed to fractionation unit 4, from which a - fraction 15, a
C5-Cl14 fracti nd a Cl5+ fraction 14 are recovered.

recycled to g?%c %g(gunlt 3, while the C5-Cl14 fraction i IP'SP"%:/%B |ned 20
wth Fi scher-Tropsch C4+ hydrocarbon product stream 6 and passed into
fractionation colum 1. The invention istfurther illustrated by the
followng exanples without Jimting_the invention to these specific

enbodi nents. 25 ExanpP&hts WUESnJr’ré’r Eifihey - TrarFadi e WIPOYeRat ed Fi scher -
Tropsch react or product stfesmitl abtanadder at hiescheradeoparks SX-30 and SX- 50)

wer e conbi ned in g EHon! §itBe SN p20ceD%- %OotofshZ@q)BQs?a@sgybﬁ%uent ly 5t by

wei ght ; based on 30 the total t l.us SX-5Q) of hexadecane was
added in order to§s Crrtru natttlon ﬁ?\ﬁe?lgqengt %d ""C%E%lrcp Pl chef- &TICBpSCh feed for the

wax cracker. SThe &epodt i on Cof CtxhleathlééoP-l § ShoWwn fimacTidd @0 1and22NOV 2005
WO 02/ 094746 - 15a c]'@bkfh’db;lEﬁeﬁ aeerﬂwsiréﬁe‘anSﬂQ fr-acs irenafitars hydr ogenat i on

(% by weight) C19, -5 paraffin 9 C21-C25 paraffin26.4
C26- C30 paraffin3b, NS ;[J:ara acglé %@%%%8%%9 For the actual cracking

reaction a Al S| ﬁWIPE%&YEJ?“‘inub’é“(I5en‘6”tel‘163‘6‘eé’rr?r‘?/61°ﬁ1’f%rtfé H was used.

Accordi ngly, respectively plasticizer alcohols 17 and detergent

10 alcohols 18. The Cip+ fraction 11 cén be passed into a
heavy paraffin cracker (not shown) to be converted in
e.g. middle diétillateé like naphtha and kerosine. The
Cis.30 fraction 10 is passed into hydrogenation unit 2,
resulting in hydrogenated fraction 12, which is

15 subsequently cracked in mild thermal cracking unit 3. The
cracked product 13 is fed to fractiocnation unit 4, from
which a C,- fraction 15, a {5~Cyy fraction 16 and a Cig+
fraction 14 are recovered. The latter is reéycled to
cracking unit 3, while the Cs-C;, fraction 16 is combined

20 with Fischer-Tropéch C4+ hydrocarbon product stream 6 and
passed into fractionation column 1.

The invention is further illustrated by the following
examples without limiting the invention to these specific
embodiments.

25 Example 1

Two commercially available hydrogenated Fischer-
Tropsch reactor products (available under the trade marks
§X-30 and SX-50} were combined in a weight ratio SX-
50:8X-30 of 70:30 and subseguently 5% by weight (based on

30 the total weight of 5X-30 plus SX-50} of hexadecane was
added in order to simulate a hydrogenated C ¢+ Fischer-
Tropsch feed for the wax cracker. The composition of this

feed is shown in Table 1.



5 the hydrogenated fracti on was subsequently conbined at a feed rate of 12
grans per hour with recycled O5-C20 fraction recovered fromthe cracked
product at a recycle ratio (i.e. weight ratio of recycled fraction to fresh
hydrogenated fraction) of 3.2. The conbined paraffinic 10 strean M8V dised
at 70 C froma heated storage vessel into an evaporator where it was
conbined with heliumat a nole ratio heliumto hydrocarbon of 1. The
tenperature in_the evaporator was approximately 400 C. The evapor ated
stream was sub¥&ddei{*’y passed into the cracking zone 15 W8P ELki ng t ook
pl ace at a tenperature of 560 C and a pressure of 3 bara at a residence
time of 4 seconds. The cracked product-was-subsequently separated into a
gaseous fraction (heliumand Cl-C4 hydrocarbons), a I|iquid cracked product
CS-Cl14 fraction arrelb:ae |2i qui d‘e@ﬂ.&oﬁﬁ@sﬁ@om oduct, which was recycled to be
combined with fres hytrogenate ftieri ng the evaporator.
The conposition i:1y€he éracked pr ocf§§egg§/d6§%ena%lg (JI cated in Table 2. 25
2 2 NOV 2005 WD (2 094746 - 16 Taple 2% Gb’rrﬁﬁﬁhttl)on of cracked product

PCTI EP02105759 Firfa OIVABF Ohit VK a-c

(par +ol ef ) 37C11- ¢ 9% —C5--614 ’M”o.Lef\RSm’lJ‘MO 2 fbased on total weight
of Cl-Cl4 forned Ek" niﬁlpariﬁlaﬁ] i gui d cracked product| C5-Cl4 fraction
obtained in 5 BE{énpFe rexabsinfract| onat ed #siéng a 15 |tray packed Fi scher
packed distillati ~EQIJER: Al a 1€ ox ratipzof—25. 1he Cl11/Cl2 fraction
and the C13/C19 ffﬂ:* 'frré obtal-red-through—thi-s—fraet|fi onati on were subj ected
to a hydrof ornyl at (1o tfreat nent to producé the corrjespondi ng al cohols. The
10 conpositions of the both fractions are given in Table 3.

Hydrof ornyl ati on of bethcid actiaANs-¥ASn§afdaicedoDy AT1ST 210 reactor

tube {length 30 cm, volume 10 ml) was used. Accordingly,

3

5 the hydrogenated fraction was subsequently combined at a
feed rate of 12 grams per hour with recycled C;s-Cyp
fraction recovered from the cracked product at a recycle
ratio (i.e. weight ratio of recycled fraction to fresh
hydrogenated fraction) of 3.2. The combined paraffinic

10 stream was desed at 70 °C from a heated storage vessel
into an evaporator where it was combined with helium at a
mole ratio helium to hydrocarbon of 1. The temperature in
the evaporator was approximately 4C0 °*C. The evaporated
stream was subseqguently passed into the crécking zone

i5 where cracking took place at a temperature of 560 °C and
a pressure of 3 bara at a residence time of 4 seconds.
The cracked product was subsequently separated into a
gaseous fractien {helium and C,-C, hydrocarbons}, a
liquid cracked product C;-Cyy fraction and a liguid Cy5-Coue

20 product, which was recycled to be combined with freshly
hydrogenated feed priocr to entering the evaporator. The
composition of the cracked product C;-Ci is indicated in

Table 2.

25



charging a 1.5 litre autoclave with 565 grans of feedstock consisting of
53% by wei ght of the Cl1/Cl2 fraction or the C13/Cl4 fraction, 34%b

wei ght of iso 15 octane (as diluent), 1% by wei ght of n-decane @rZ NDV %6(]!]
tetradecane (as internal standard for respectively the Cl11/Cl2 fraction and
the C13/Cl4 fraction) and 12% by weight of 2-ethyl hexanol in which KOH and
the hydrofor catal yst were dissolved. The 20 hydr i on

catal yst was ggb%gbgﬂ cobalt octanoate as cobalt precurso?fﬁghg)6 #

9- ei cosyl - 9- phosphabi cycl ononane as the ligand and these were added in such
anount that the amount of catal yst was- 3625% by wei ght based on total

f eedst ock added and the ligand/ cobalt nolar ratio was 25 1.2. The anount of
KOH present in théaneet?hyI%@Ra?ﬁdliom/e@ﬁ csgeiedt hE@9uche K/ Co nolar ratio

amounted to 0. 4. i@ my I O WeWghat DS eI LI CAT T 1 € ) ¥ e L ) C
and 70 bara syntr S—gas{HLCO-polar ﬁﬁ—ai—l—c;?—fhe-—r—%aw—an_l_l_ae was 3
o o, e comvelEriss BARTEUT b 30 ot A5 BNy 2008 D 857 094k
PCTi EPO2/ 05759 - |E7-CuTHearcraldé) al |coho|63prodL ¢t s Cobt ai ned \jiere suzcess) vel y

subjected to a simgbEsSt BHE: FRIPTHEhLE VEF Bl [ rbadpm (Rotavap—operati on at
100 nmbara and batrEl teger ature of 80-220 C) saponi fication through the

addi tion of NaHB9 -90 C, two water washing treatnents at B0-90 Cto
renove the inorgani c ™al igufidreregkandraddits Ci1datficoet iopr edeared iat reduced
pressure to renovexidigel i gt andtcibeawy piodust s ¢riPRREREG am@lcﬁeai l'ing"
treatment). The c |m&q of tJ;';e & gohol _prodyct 10 is
indicated in Table QQB&% : tl “WO 8,2?%951474%1419( g %’%T?EC%Z/ 59 3

Cu Ciz fractlon and t e Cn C;, fraction obtained through

this fractionation were subjected to a hydroformylation
treatment to produce the corresponding alcohols. The

i0 compositions of the both fractions are given in Table 3.

Hydroformylation cf both fractions was carried by
charging a 1.5 litre autoclave with 565 grams of
feedstock consisting of 53% by weight of the C;;,/Cis
fraction or the C,3/Cy;; fraction, 34% by weight of iso-

15 octane (as diluent), 1% by weight of n-decane or-
tetradecane (as internal standard for respectively the
C1:/Ci. fraction and thé C13/Cyy fraction) and 12% by
weight of Z-ethylhexanol in which KOH and the
hydroformylation catalyst were dissolved. The

20 hydroeformylation catalyst was based on cobalt octanoate
as cobalt precursor and 9-eicosyl-9-phosphabicyclonconane
as the ligand and these were added in such amount that
the amount of catalyst was 0.25% by weight bhased on total
feedstock added and the ligand/cobalt molar ratio was

25 1.2. The amount of KOH present in the 2-ethylhexanol was
such that the K/Co molar ratio amounted to 0.4.
Hydrecformylation was subsequently carried out at 1922 °C
and 70 bara synthesis gas {H,/CC wclar ratio = 2). The
reaction time was 3 hours. The conversion achieved was

30 »98.5%.
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The crude alcohel products obtained were successively
subjected to a single stage evaporative distillation
{(Rotavap operatiocn at 100 mbara and bath temperature of
B0-220 °C), saponificaticn through the addition of NaHB,

5 at 50-90 °C, two water washing treatments at B0-%0 °C to
‘remove the inorganic salts formed and a distillative
treatment at reduced pressure to remove the light and
heavy products {(“topping and tailing” treatment).

The composition of the alcchel products thus obtained

10 is indicated in Table 3.
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Process for the preparation of a mixturé &brprising C5+ linear ol efins,

whi ch process conprises the steps of (a) reactingrcarbon nonoxi de and
hydrogen in the presence CLAIMS

1. Process for the preparation of a mixture comprising

Cs+ linear olefins, which process comprises the steps of

(a) reacting carbon monoxide and hydrogen in the presence
of an effective amount of Fischer-Tropsch catalyst
under Fischer-Tropsch reaction conditions;

(b) separating from the hydrocarbon mixture thus prepared
at least one hydrocarbeon fraction, of which at least
395% by welght consists of hydrocarbons containing 15
carbon atoms or more;

(c} contacting this hydrocarbon fraction with hydrogen in

‘ the presence of an effective amcunt of hydrogenaticn
catalyst under hydrogenafion conditions;

(d) subjecting the hydrogenated hydrocarbon fraction thus
obtained to a thermal cracking treatment at a
temperature of from 450 to 675°C; and

{e} separating from the cracked product thus prepared the
mixXture comprising Cst+ linear olefins.

2. Process as claimed in claim 1, wherein the mixture

comprising Cs+ linear olefins is a mixture comprising Cs

to C, linear olefins with m representing an integer of

from 10 to 20.

3. Process as claimed in claim 1 or 2, wherein the

thermal cracking step (d} is carried out in the presence

of a diluent.

4. Process as claimed in claim 3, wherein the diluent

is steam.

5. Process as claimed in any one of claims 2 to 4,

wherein separation step (e}l comprises the stages of:

(el) cooling the cracked product and separating from the

cooled cracked product the liquid cracked product
containing the Cs+ hydrocarbons, and



of an effective amount of Fischer-Tropsch catalyst under Fischer-Tropsch
reaction conditions; (b) separating fromthe hydrocarbon m xture thus
prepared at |east one hydrocarbon fraction, of which at |east DbdHYIH
wei ght consi sts of hydrocarbons containing 15 carbon atons or nore; (c)
contacting this hydrocarbon fraction with hydrogen in the presence of an
ef fecti ve anount of hydrogenation catalyst under hydrogenati on conditions;
(d) subj ecti ngWh&/bwW#r ogenat ed hydrocarbon fraction thus P@WEPAled to a
thermal cracking treatnment at a tenperature of from450 to 675C, and (e)
separating fromthe cracked product thus grepared the m xture conprising
C5+ linear olefins. 2. Process as clai med“fn claim 1, wherein the m xture

conprising C3+ |ingal QeBhidSinkSe2mMixd ULy LPMRELSENG-ERicet @z C | near
olefins with mrepresent.i \%%ran I nt.eger %f fro?,lo to 28, 3. Process as
claimed in claiml or Z**WRET SPPTRE™ tREr Fal~ r8&RT Fgst®p (d) is carried
out in the presence Bfecgsdidsuemimed iPcdeens . aghedcdnntde Frpadagion 3, wherein
the diluent .is stfap (f. cRrfGess Asueddi-NBehden any one of clains 2 to 9,
wher ei n separatjon e . ri S f: I aling the
cracked pr oductg an‘ﬁagse%ée%g%%lng r,c}r%hgg%éggéo%ﬁagggccg"aciégoér%gﬁc Or?he l'iquid
cracked product cont aifAPRGEPREXCESP HyEr 68 aT1H6KHERT SREP 21D MY/ ©2005 WO

02/ 094746 PCTI EPO2/ 05758dro@bat{@2)}tgepatating fromthe liquid cracked

product the mixture £QEREL SisNg:4iheaChr Gy dRedr Olefins.o6s, Process as
claimed in claim5, \r/\Qgrg{IQr}he fa%g;‘i‘ratsi on dﬁto?rg %g%.c r;pfarigesé a further
stage: 5 (e3) recyCrfhg &tST8asT 354 tY &F°ThE tBMFrafti®n  from
separ ation step t FuER RRERY FPepatdFhardrvrrsiry drfodentrdashont epr(c) .
: pass is in the range of from 10 to 50% by weight based on
total weight of hydrocarbons passed through the thermal
cracking reactor in that pass.
8. Process for the preparation of linear alcohols by
15 reacting an colefin-containing feed with carbon monoxide
and hydrogen in the presence of an effective amount of
hydroformylation catalyst under hydroformylation
conditions, wherein the olefin-containing féed is at
least partly based on the mixture comprising Cs+ linear
20 clefins obtained by the process as claimed in any one of
‘claims 1-7. '
9. Process as claimed in claim B, wherein the olefin-
containing feed is obtained by subjecting tc a
fractionation treatment:
25 (a) a first hydrocarbon stream derived from reacting
carbon monoxide and hydrogen in the presence of an
effective amount of Fischer-tropsch catalyst under
Fischer-Tropsch reaction conditions, and
(b) a second hydrocarbon stream consisting of the mixture
g compriging Ce¢+ linear olefins cobtained by the process
as claimed in any one of claims 1-7.
10. Process as claimed in claim 9, wherein the weight
ratio of the first hydrocarbon stream to the second

hydrocarbon stream is in the range of from 0.1:1 to 30:1.



7. Process as clained in any one of clains 1 to 6, wherein thermal cracking
step (d) is carried out under 10 such conditions that the conversion of
hydr ocarbons per pass is in the range of from 10 to 50% by wei %ht %aﬁlgf on
total weight of hydrocarbons passed through the thermal cracki r?gN or in
that pass. 8. Process for the preparation of linear alcohols by 15 reacting
an olefin-containing feed with carbon nonoxi de and hydrogen in the presence
of an effectiwgogpund of hydrofornylation catalyst undepc-hydseharnyl ation
conditions, wherein the olefin-containing feed is at |east partly based on
the m xture conprising C5+ linear 20 olefins obtained by the process as
clainmed in any one of <clainms 1-7 9. Proééss as clained in claimB, wherein
the olefin- containing feed is obtained by subjecting to a fractionation
treatment: 25 (a)*hw FFPEeShJUrDEaAPHbAT st da8m YEFi vod “Prom™ E88ting car bon
nmonoxi de and hydr dgen hnircheripmesence ofmranseeftirevt? v amobgt of

Fi scher-tropsch calahysirs wnder c FirsebedlEopseh featki o weond Lkons, and (b)
a second hydrocarbon_ stream consi stin og,the m xturlef, 30 conpri sing Co+
linear ol efins obtAiRed By the prockss A3 A alReY A3y one of claims 1-7.
10. Process asicl & nm@dedasschaigie9nedpieraivnothefnel givs Srtat ild, of the first
hydrocarbon streamd:@it h@eSeend niWdEoORNDONr Sl 8aHP-iSed FrbAe o ange of from
0.1:1 to 30:1. 2 2 NOV 2005 WD 02/ 094746 PCT/ EPQ2/ Q5759 - 22 11. Process as
clainmed in clains™38F 20 "Sh#er 8 Ot HE Cri 1Ry YT UEAI Bon stream conpri ses
from2 to 20% by weight of Cl1l to Cl4 hydrocarbons, 10 to 60% by wei ght of
whi ch consists of Cll1 to Cl4 linear nono-olefins. 5 12. Process as cl ai ned
in any one of clains 9 to 11, wherein the second hydrocarbon stream
conprises from20 to 50% by weight of Cl1 to Cl4 linear a-olefins.





