0:7 DEC 2005 WO 02/100806 PC 17EP02/06373 PROCESS FOR THE PREPARATI ON OF A
H GHLY LI NEAR ALCOHOL COWVPCSI TI ON The present invention rel at e§ 7tk Callls
process for the preparation of an al cohol conposition, nore specifically
to a process for preparing an al cohol conposition having a high
linearity. 5 The preparation of the so called oxo-alcohols is known in
the art. Onewlwphdads met hod of preparing such oxo-al cohglrgpichy

hydrof ormyl ating an olefin into an oxo-al dehyde foll owed by hydrogenation
of this oxo- al dehyde into the oxo-al cohol. Hydrofornylation is 20
typically conducted in the presence of a hdnbgeneous catalyst which is
based on a source of a transition netal, typically a nmetal of G oup 8
(iron, rutheniumor osmum , 9 (cobalt, rhodiumor iridium or 10
(nickel, palladiumor platinun) of the Periodic Table of Elements. 15 In

their catalytically active fornpihese p@t aks sayaRerrosed with carbonyl
| i gands, but they can al so Qe %ﬁﬁngﬁgN%m§%H%E&§%%%h(F&&?&g |'i gands,
S

sui tably phosphorus- contalnlng are comonl y
referred to as phosphite and/or phosphlte nodi fied 20 hydrof ornyl ati on-
catal ysts. The secondarmg peéthitOoimvent on rBEadvsdeogeRabian odr the

oxo- al dehyde [nto Lhe,6arLsonondng oxor abalals HOGLS st Lanpousl y

wi th the actual of or ny atlnn react| on gﬁneous
hydr of or nyl at i on céfa?§§P§e%?§°?5m§ﬁFfFﬁi@ﬂt?&”&&%ﬁﬁ%@?ﬁwﬂQH gi*Hate the
in-situ formed oxe dldehyderbinto the desired oxo-al cohol. Sonetines,

however, a separate hygrobifi-shing st:ecﬁlel §oaﬁﬁ.hb@d3>donal%g§§ i£o i nprove

(he gual iy ol the il jongaleoal  Biadict L.\ Thglull 5.8 deryde

oxo-aleohols is by hydroformylatlng an olefin into an
oxo-aldehyde followed by hydrogenation of this oxXO-
aldehyde intc the oxo-alcchol. Hydroformylation is

10 tvpically conducted in the presence of a homogeneous
catalyst which is based on a source of a transition
metal, typically a metal of Group 8 (ircn, ruthenium or
osmium), 9 {(cobalt, rhodium or iridium) or 10 (nickel,
palladium or platinum) of the Periodic Table of Elements.

15 In their catalytically active form these metals may be
used with carbonyl iigands, but they can also be used as

" & complex with other ligands, suitably phosphorus-

containing ligands. Such catalysts are commonly referred
to as phosphine and/or phosphite-modified

20 hydroformylation catalysts.

The secondary reaction, i.e. the hydrogenation of the i
oxo-aldehyde into the corresponding oxo;alcohol, occurs
simultaneocusly with the actual hydroformylation reaction.
Some of the homogeneous hydroformylation catalysts are

25 sufficiently active to hydrogenate the in-situ formed
oxo~-aldehyde into the desired oxo-alcohol. Sometimes,
however, a separate hydrofinishing step is applied in
order to improve the quality df the final oxo-alcohol

product in terms of its aldehyde content.



Oxo- al cohols may be very useful as plasticizers or detergents. Typically,
pl asticizer alcohols conprise from 7 to 11 carbon atons, whil@@7d€fefi§ent
al cohols conprise from12 to 15 carbon atons. An inportant elenment 5
determ ning the plasticizer and detergent properties of the final

oxo-al cohol product is the linearity of the product. Throughout this

- speci ficati oMOPH®WO406 nearity of an al cohol product is dBfTERHEE t he

wel ght percentage of |inear primary nono-al cohols relative to the total
amount 10 of alcohols. In general, conventional oxo-processes typically
produce al cohols having a linearity of 50 to GO% by weight. The quality

of the ol efin feed to &lace dudsotapmyl aklon.des.and Gpartani.fagtor in

relation to 15 the final erties of e al cohol uct. In particular
the amount of Ii neélFt‘?ﬁ%‘?Bt%1 VPh%alrléﬂ RPFE Tt T‘FeCOPBJtEalcoﬁ%iﬁﬁt £ ol ef i ns
present in the feed ts ldncaihyportamnt ¢edtodstelrpegnelagpest cenpeips esent

invention aims to I@.EQMlﬁeto 20 é&&lfbl%t !atEBaHé‘ Oahdliimp YrQ@inef Lnnkged.
I nt ernat i onal App|| Qtl on, the anS 521 dd %ﬁ oses. a rocess

or
pr oduci ng oxygenat 83" Progu a‘f‘lzer % VHSE ENT °RFE9/R81 < from an
ol efin-rich feedst 6tk, fln\?\hl@l@ E*@éﬂééspi@éﬁﬁﬁﬁ |1§e‘s‘htir dageimgy ¢hthe
hydr of or nyl ati on 2%rsdage, machysaiteenily @ﬁs@ifldEEidtedh@lleEémleychiOduct wth

car bon nonoxi de ang hé/ﬂr ?gf%roguéthgsp&e%gggg E&;d:a%#&%%% y effective

gquantity of a hydrofo ation catal yst_an tion
reaction conditi on%meatropﬁrﬁdfﬁcréonﬁxi‘/b‘é%?ﬁﬁ%dfeﬁ%ﬂ‘ﬁcttg tc?tﬁfr‘r'lfﬁ”ias,ll AEP@tdehydes
30 and/ or al tohol sef THigcbdef.i AnrdenhrieedstrGok ibyi cadbiprocesrtai ns from 35

to 100% by wei ght olefdns, ;%dm chcolabins, 90 10 :L00%by-mebohy are
| i near a-ol efins, o4, &I hlgy wei ght mono- et hyl branched a-ol efins and 0

to 10% by \/\/elght PP hedr "Titernal ol efins. The m ni rum ol efin 07 DEC 2005
. The quality of the olefin feed to the

hydroformylation is an important factor in relation to

15 the final properties of the alcohol product. In
particular the amount of linear mono-olefins relative to
the total amount of olefins present in the feed is an
important factor.

In one aspect the present invention aims to provide

20 an optimum quality olefin feed.

International Application No. WO 87/01521 discloses a
process for producing oxygenated products, typically
aldehydes and alcohols, from an clefin-rich feedstock,
which process comprises reﬁcting, in a hydroformylation

25 stage, ra Fischer-Tropsch derived olefinic product with
) carbon monoxide and hydrocgen in the presence of a
' "catalytically effective cquantity of a hydroformylation
catalyst and under hydroformylation reaction conditiens,
to produce oxygenated products domprising aldehydes
30 and/or alcohols. The olefin-rich feedstock typically

contains from 35 to 100% by weight olefins, of which
olefins 50 to 100% by weight are linear o-olefins, 0 to
60% by weight mono-methyl branched g-olefins and 0 to

10% by weight linear internal olefins. The minimum olefin



WD 02/ 100806 PCT/ EP02106373 - 3 content of the feeds used in the working
exanmpl es is 50% by weight (Exanples 9 and 10). The Fi scher-Trdp38bC 2005
derived ol efinic product is the product obtained by subjecting a

synt hesi s gas conpri sing carbon nonoxi de and 5 hydrogen to Fi scher-Tropsch
reaction conditions in the presence of an iron-based, a cobalt-based or
an iron/ cobwbtez/fomsed Fi scher-Tropsch catal yst. A cl ear rcprEeiz@sence i s
expressed for iron-based Fischer-Tropsch catalysts, which is al so
illustrated by the fact that in 10 all working exanpl es descri bing

hydrof ormyl ati on experinents the hydrofd?ﬁy]ation feed was based on the

product of a Fi scher Trq_‘psglthree? onsg\éperekhe 1rﬁ mpqn cat glﬂ%st was

used. In the process accor *nt'&Fhati onal"® tiron

97101521 t he feedst¥ckeicdrt h’f“é“ah’y%ﬁﬁ)ﬁofﬂhﬁylléhoﬁe FE%FFOTFF@FS@e is an
ol efin-rich feedst @@klvéﬂ’lbméﬂf:lrﬁc odakched bye reashdén@beaidean-yonoxi de and

hydrogen in a Fischgrs.[rnQ g%%%ggo%fgimln%}%Qngyca%B& GELLAG ! D guch

Fi scher-Tropsch reaction p treatments,
distillation Yreat AEAT¥Er E° rFéﬁﬁ??rea"r?RFChoF%‘aé’rtlf’B FBEAFIPOENER E&Fbon
fractions w th theppeescr bedhn mroi-asedl ef cabagontenrt of a35% by wei ght.

However, the process RceeEdi NG Lo F\_{\Q:r?eﬁz"é caéaa.%gs A Qod,f or .
i rrprovenent in terns of the conbinati hoI sel ecti v%ty in the

hydr of or myl ati on afd® Eirr?éﬁ?ljtsyeﬁretsﬁégdﬁogoh ol's bB?o CRYSTTRI D58 First of
all illustrated byatdesier I&ih}ghe’a@aﬁfw%gié‘ﬁst\ﬁ@mdgw O1sXrct ivhataln but one
exanpl es where a FiastherxIippsehpfaededsiusef hytherdrbpearsbhy is at the

typical level, whi leﬁp@ﬁ@ﬂﬁg ?}Q ﬁﬂr&%fm‘{rﬂ%’ 1dgS cpal wggtlsamah o Rpthe only

exanpl e report| ng a ver near i t le S)_ the al cohol
selectivity is only*84%" Pﬁ'pﬁ ﬁﬁﬁleffﬁqé’foﬁséfla‘f‘?a\‘f&‘iln r‘f‘&ng =9 H%6duct s are
formed. The ol ef i niconwversioit was tised.

In the process according to Internatlonal Application

15 No. WO 87/01521 the feedstock to the hydroformylatiom -
reaction stage is an olefin-rich feedstock, which is
obtained by reacting carbon monoxide and hydrogen in a
Fischer-Tropsch reaction followed by subjecting the
Fischer-Tropsch reaction product to distillation

20 treatments. Such distillation treatments are required in
order to obtain the carbon fractions with the prescribed
minimum olefin content of 35% by weight.

However, the process according to WO-A-97/01521
leaves room for improvement in terms of the combination

25 of alcohol selectivity in the hydroformylation and
linearity of the alcohols produced. This is first of all )
"illustrated by the working examples cf WO-A-97/01521: in
all but one examples where a Fischer-Tropsch feed ig used
the linearity is at the typical level, while alcchol

30 selectivity is not optimal. In the only example reporting
a very high limearity of B4% (Example 5) the alcochol
selectivity is only 64%, implying that relatively many
by-products are formed. The olefin conversion in this

example is also relatively poor: only 68%. Secondly, it



exanple is also relatively poor: only 68% Secondly, it 07 DEC 1005 WD

02/ 100806 PCT/ EP02/ 06373 was found that when using a fused |r0[n17gggq(]ggst
the resulting olefin streamis characterised by a relatively high

content of branched olefins. This is not beneficial for a high linearity
of the alcohol product in .5 conbination with a high al cohol selectivity.
Finally, thevORIYHp| efin content of the hydrofornyl ati BATEREETH
prerequisite according to WO- A-97/01521, inplies that quite a severe
distillation treatnment of the Fischer- Tr.opsch reaction product is
required. 10 The present invention ains to overcone these shortcom ngs.
I\/brg speci fi cal : Y, ﬁafl&ogﬁ@&em &Mﬂ%i@al aldem ‘w?rplrgevﬂhi%ta%}&r oceﬁs fO(r]I
produci ng oxo-al cohg hydr of or.nyl atlon of Fischer-Traps pr oduct
streams, which resu Utsltlx% cﬁe sdcrie;ﬁ“éér ST EoRors Ig%r?bl na |§nf15 with a
hi gh al cohol sel echi#h ey F’i@ W@F%@%Pﬁ??ﬂﬁ oftisstggent ppraficia ting the
anmount of by- produets o atgedinedthie yexpressinndsepreattviiny” as used

t hr oughout this Pg&llf’l%%ﬂ Q,EtﬁPJ%G_éhtanc&Ebglt gg_{g ﬁgfs‘%g%%f% med from

products fornmed relative e anount
the converted clef P95 2 8B EPFVARY L %MW&PE‘@H@F%O’? dreftd > 100- tot al
anmount reaction prodeuctsisier theymibne,td KOthe7preassimflithaengresent

i nvention very hi guhlttal sfé&egen&ﬁrtaupm@atﬁseam&w rbenatrt adaabl e, while
25 it should al so not ch |red tguucse h%/dr of ocgrryl ation feeds
h i

conpri si ng 3E% by werk roera rr%)cr’% 5o ns- 21t “Was surprisingly found

that by sel eéting spegﬁﬁlﬁ:resﬁybe‘él"ﬁﬁtm alvaste PYRTSERH 4RES Fi scher - Tropsch
and hydr of or nyl at bsrtebageshi mddey shedigacadlycobind ppeechictisvafieoul d be

obtained at very high %ggm as€l echiddet &@%dod&&@l\éem QR LEREESHy -

Accor di ngl” h r nventiqn_provi r
ccor di 9 y’ the p es%ydrofor%y atlonpofo Fl(sjgl‘?era'r opos% product streams,

which results in highly linear alcochols in combination
15 with a high alcohol selectivity in the hydroformylation
stage, thus limiting the amount of by-products formed.
The expression “selectivity” as used throughout this
specification refers to the percentage of alcochol
products  formed relgtive to the amount of total products
T 20 formed from the converted olefins: i

selectivity = amount alcohols formed x 100%

total amount reaction products
Furthermore, in the process cof the present invention very
high olefin conversion rates should be attainable, while
25 it should also not be required to use hydroformylation
Y .  feeds comprising 35% by weight or more of olefims.

It was surprisingly found that by selecting specific
types of catalysts in both the Fischer-Tropsch and
hydroformylation stage highly linear alcohol products

30 " could be obtained at very high alcohol selectivity and
conversion rates.

Accordingly, the present invention provides a process
for the preparation of an alcohol composition comprising

one or more primary mono-alcohols, at least 60% by weight



for the preparation of an al cohol conposition conprising one or nor e
primary nono-al cohols, at |east 60% by wei ght 07 DEC 2005 - yggfﬂmﬁ
consists of |inear primary nono-al cohols containing at Ieast 7 ca

atons, said process conprising the steps of: (a) reacting carbon nonoxi de
wi th hydrogen under Fischet- 5 Tropsch. reaction conditions in the
presence of a Fischer-Tropsch cataly$t~conprising cobalt; (b)'separating
fromthe product of step (a) at |east one hydrocarbon fraction conprising

bet ween 10 aner4%% l@)bns‘ﬂ@i:ghbfoiuﬁlﬁf ipRame N ted iy ) chheil snor e car bon
atons; 10 (c) cantacting,one nore of the h dr car bon fractl ons

obt ai ned i rF Y& EBF. 2 ﬂ'ﬁaEEr it TR0 2L 8BS & f under

hydrofornyhaiéﬁﬂﬁngdtheogaep@ éhe presence of a hydrofornylatlon'
catal yst base sour ce of cob | t ang&eg3 bstitut substltuted

15 rmnophosﬁcﬁ'?alfleéﬁél-aﬁl RARROR | T dﬁnﬂl ré’cgt?\?er“FﬁSrohéS%Iec%"hol

conp@gsi tion. Th&o@ls@ﬁh@éa@@mﬂsddﬁdiﬁlbh@aiﬂl ytnﬁatpajd}@dc&Ubfabl y conpr.ises
at | east 60% bryli,,we'}jght nor e, sui ¥ at | east ré % wei ght, of linear
C7+ primary moRdS&PEoRGFSPSSR ﬁt@ﬁéﬁs el BRNpUSi% iGW§Conprise at | east 65%
by wei ght ofp) @Je%rﬁuﬂgrfrmnmealp@@habs oﬂ'y@ie(;m lay, atheesExi¢aum chain

| ength of-11ne primary nono-al cohol s Erese in the_ al cohol conposition

will be 20 car g‘é’HISFBH‘Eonn%F%Ct%‘iﬂ CEBPYL 54 SIS at8ndnantP BVh nore

suitably 16 cakRegn@5oat o&siThe PItasassqof dhedeesaRbohNyesid,on has been

found particul arly adyant ageous for prepari nposi ti ons, conpri sing one
or Mbre of G11°°B13°tE18 A TIPS Afa h%rqmaﬁﬁﬁﬁ SFEBHbIR as t he,

mai n  conponenbgshinwvbiie @i@ph@i|w@@ﬁD@§iB¢ﬁNﬁbﬂB&EﬂélShﬂg as 30 mmin
component s . ¢AUN B3k 0, o G2 10,12 P L ToRe- gl cpf o o @
presence of a hydroformylation catalyst based on a
source of cobalt and a substituted or unsubstituted

15 ‘ monophosphabicycloalkane ligand; and |
{(d) recovering the .aleohol compositicn. _

The alcohol composition finally obtained suitably
comprises at least 60% by weight, mofe suitably at least
65% by weight, of linear C7+ primary mono-alcohols.

20 Preférred compositions comprise at least 65% by weight of
Cl0+ primary nmono-alccheols. Typically, the maximum chain
length of -linear primary mono-alcohols pressnt in the
alcohol composition will be 20 carbon atoms, more
suitably 18 carbon atoms and even more suitably 16 carben

25 atoms. The process of the preseﬁt invention has been
found particularly advantageous for preparing
compositions comprising one or more of C11, Cl12, C13 and
€14 linear primary mono-alcohols as the main
component(s), while aidohcl compbsitions comprising as

30  main components a combination of €12 and C13 primary
mono-alcohols or a combination of C14 and Cl15 primary
mono—alcohbls have been'found particularly useful.
However, also lower alecohol compositions may be prepared,

notably compositﬁons comprising combinations of C7, C8



nono- al cohol s have been found particularly useful. However, also | ower

al cohol conpositions may be prepared, notably conpositions cofdrlE§i 288

conmbi nations of. C7, CS 0 7 DEC 2005 WD 02/ 100806 PCT/ EP02106373 - 6

- and/or C9 primary nono-al cohols and conpositions conprising a conbination
of C9, ClIO and/or Cl11 primary nono-alcohols. In step (a) of the present

process hydr®¥@&avi9éms are 5 prepared by reacting car bonPRYBRROEE and

hydr ogen under suitable conditions. In general, the preparation of

hydr ocarbons froma m xture of carbon nonoxide and hydrogen at el evated

tenperature and pressure in the presence of a suitable catalyst is known

as the 10 Fi scher - knofischs hydhacamdas- SyBhbrsiagd. cdopbal tishs used in this

hydrocarbon synt hegig,.are,nar g@xlﬂ%a@&?r%eé'st%lé FB?%E%J:Lm%QSCh

catal ysts and usually conprise one or nore netal S from ups 9 and 10
of the Periodic Tal‘.’)‘F"éo %f°HEment s, optionally together. with one or nore
15 pronpters, and a camrsiefp rat erf ahe dresgar pirotd e hydaragarbonsi ekel , cobal t

and ruthenium are LgarﬁeoywrggéﬂlngtJ:&%Llym@g&aé/ean@ela@ar%g&%nagph

catal yst. The Fisc ropsch, catalyst to be used in ste t he
present process, We%é? cc’é’ﬂbh’rodjscoﬁ‘b SRR b APT PASPRIRE g‘ét gl yt| cally 20

active nmetal. The éamcyslpor@l Sorw onpritses of perbus nepgrideerndmterial, in
particular a ref raﬁp@fo)éeﬁﬂtdeleﬁ&réei EdmpeEXaiHR| 853 Presslid-abh eneef ractory

OXi de carri ers : in %gse%ce o%m.angdlt%hh c%.’tai gtaglsakno%v!nra(\:son a or ITi xtures
t hereof, such as silica-alumna or ySi cal mixtures such 25 as silica and

titania. Very suitdbt&eEaryPars fyﬁé@f%@ PGRPFISI AR ERNIVE=I A% coni a or
m xtures thereaof. Thimabiyarowmabsi eystiarsspref epred,lyi nefpartd ol as titani a

which has been prepangd. tnothe absepce gfa subR weamtiaknd g o cOMpounds.
Thi s carrier may fué%eh%le‘até:lomgéms%rgups % 59% l%ylo of the Periodic Table

of Elements,.optionally together with one or more

15 promoters, and a carrier material. In 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,
however, should comprise cobalt as the catalytically

20 active metal. The cétalyst also comprises‘a porous
carrier material, in particular a refracfbry oxide
carrier. Examples of suitable refractory oxide carriers
include alumina, silica, titania, =zirconlia or mixtures
thereof, such as silica-alumina or physical mixtures such

25 as silica and titania. Very suitable carriers are those
comprisiné titania, zirconia or mixtures thereof. Titania
-carriers are preferred, in particulai titania which has
been prepared in the absence eof sulphur-containing
compounds. This carrier may further comprise up to 50% by

30 weight of another refractory oxide, typicaliy gsilica or
alumina. More preferably,-the additional refractory
oxide, if present, comstitutes up to 20% by weight, even '’

more preferably up to 10% by weight, of the carrier.



30 weight of another refractory oxide, typically silica or alumna. Mre
preferably, the additional refractory . oxide, if present, cold§tjR(ulgs up
to 20% by weight, even nore preferably up to 10% by wei ght, of the
carrier. Q7 DEC 2005 WO 02/100806 PCT/ EPO2/ 06373 Typi cally, the catal yst
conprises 1-100 parts by weight of cobalt (cal culated as el enent),
preferably 3wedzigamt s by wei ght and nore preferably 5- 4CTEaetE37BY Wei ght,
per 100 parts by weight of carrier. These amounts of 5 cobalt refer to the
total anount of cobalt in elenmental form gnd can be determ ned by known
el emental analysis techniques. In addition to cobalt the catal yst may

conprise one or nore BLAMRLES,StKOQMRAT R+t QQ@Eengggl I qggllggrrtgeb)art 10
Sui t abl e pronoters includ n%ng ;a S fltrconl urﬂ1§ rut heni um
pl ati num vanadi um*part £&di GMARd/ Gt HSH G H%ntdrroﬁ’fl‘?fe6f‘ promdter, if
present, is typicalHayts Gt weerht021d ande IBGIpeatly by owekgint by cedight at ed as

el errent) for examyee betvweets By2oiand @,caﬂme& smgsabkryoun]té &etween 0.5
and 20 and even morg,shl Lably Delyeen. 0 5804 10:.RaLt s, By pelght per 100
scher

parts by weight of carrier |caﬁl , the ch-catal yst does
not contain al kal if°8F &% &+t é %%tretrﬁlﬁﬁ%ft &y strcipattemFrbh SpptEiisl e
inpurities introducedhmiguasstarting materials in 20 the preparation

process of the catalysis .@h: e Qf%gﬁt tInQV%tanp& mlym&@usye oLbe atomc
ratio of alkali or alkallne eart netal "is | ess than

0.01, preferably, Te%& % RAN V6D no’fﬂgtolzl g%?leels %Joeﬁ Y¥Fotess conditions
applied in 25 stepuftyrlisf crdvtpresentuds @emeﬁyplzeaizmﬂumncl ude a
tenperature in the tiangen ramnirbud, 0p 8350 1Gn, prebenal! ¥a11560ut @nd7& C, nore

an espect al 1y 1rom 180 10 DI Shsterel & ket ol S P B o
150 between 0.1 and 150 parts by weight (calculated as

element), for example between 0.25 and 50, more suitably
15 between 0.5 and 20 and even more suitably between 0.5 and
10, parts by weight per 100 parts by weight of carrier.
Typically, the Fischex-Tropsch catalyst does not
contain alkali or alkaline earth wmetals, apart from
possible impurities introduced with starting materials in
20 the preparation proéﬁss of the catalysts of the present
invention. Typically, the atomic ratio of alkali orx
‘alkaline earth metals to cobalt metal is less than 0.01,
preferably, less than 0.005.
" The Fischer-Tropsch process conditions applied in
25 step (a) of the present probess typically include a
temperature in the range from 125 to 350 °C, preferably |
"160 to 275 °C, more preferably from 175 to 250 °C, even /
more preferably from 1390 to 240 °C, and especially from

120 to 235 °C, and a pressure in the range from 5 to 150
30 bar abs. Step (a) of the present process may be operated

at the pressures conventicnally applied, i.e. up to BO

bar abs., suitably up to 65 bar aks., but alsc higher

pressures can be applied.



30 bar abs. Step (a) of the present process may be operated at the
pressures conventionally applied, i.e. up to 80 bar abs., sui t@glggc\?@go
65 bar abs_, but also higher pressures can be applied. 07 DEC

02/ 100806 PCT/ EP02/ 06373 - 6 In a preferred enbodi nent of the present
invention step (a) conprises reacting carbon nonoxide with hydrogen at a
t enper at ure VA HE06 ange of from 125 to 350 C and a pr &SHFEPB¢3® t he range
from5 to 150 bar in the presence 5 of a catalyst conprising cobalt on a
carrier conprising titania. Suitably, thegcatal yst and process conditions
in step.(a) are selected such that the product obtained in this step (a)
conprises in the rangerdt frddrZed @md8mbytr seirgbtpeker: GhlediaLld

hydr ocarbon fracti Qgep"‘(‘&) Eon;lpg hydr ggggll;l%n[:gbaé%t hg&xgggp{ltgegyd n the range

of from1l0 to 50% based on tota fractron of
Cll to Cl4 nono-ol éfl?lstem?ﬁ‘Tast“ESuFﬂth?oﬁanEﬁs‘f%ﬁéém e tachPeledmBya using a
Fi scher - Tropsch cabpatystrebéaisedeormanceobalnt 5ang 1ot s an atheOpessainicag

tenperatures of 175:to ckﬁa%& Qo@gl_qs rc%sogm cplrgsc%%@ér Uomb LM, 30 Up to
65 bar abs. In a further referred odi nent resent. 1 nvention

the pressure appli &8 T H3st Bh ER}Y §h§t°alté‘é§ft i‘ﬁg %’%ﬁ‘:es rEPETERTY Bt | east
SO bar. A nmuch prefeer €@d) 28 pressthed surgebes t8O ppdh0 dhaprinsgvan nore
preferably 55 to 140s haep (peeaidiges enperat:ings at rifeserPrRasyyes my

be those normally a Iled b erat i enperatures at these
pressures are in thg% l&tlflrto C?%ﬁa% 3E lgar%%%n’ f’éer ably 160 to

230 C. 25 . Hydrogéﬁd’éf’r?&rE%ﬁ Eﬁﬁc‘i‘f[ﬂ‘i‘o%‘?%lf‘%i/ri‘tnhé%? sra@%l%)ofaifjéom tPpital |y
fed to the reactorsat & welaut batddoonndthe waighgeoff tbiw GFrbetiepndpf
preferably fromO0. 511 Go3c1iMHcBo- Pl s abhys fdQMH0. Bt iR Bcandeespecial Iy
frc”n 1.0 to achieved by using a Fischer-Tropsch catalyst based on

cobalt and titania at cperating temperatures cf 175 to

15 275 °C and operating pressures of from 30 up to 65 bar
abs. )

In a further preferred embodiment of the present
invention the pressure applied in étep (a) is at least 40
bar, preferably at least 50 bar. A much preferred

20 pressure range is Sd-to 150 bar, even more preferably 55
to 140 bar. Cperating temperatures at these pressureé may
be those normally applied, but preferred operating -
temperatures at these pressures are in the range of from
150 to 250 °C, more preferably 160 to 230 °C.

25 . Hydrogen and carbon monoxide (synthesis gas) are
typically fed to the reactor at a molar ratio in the
range from 0.5 to 4, prefe&ably from 0.5 to 3, more
preferably from 0.5 to 2.5 and especially from 1.0 to
1.5. These molar ratios are preferred for the case of a

30 fixed bed reactor.

The Fischer-Tropsch reaction step (a} may be
.conducted using a variety of reactor types and reaction
regimes, for example a fixed bed regime, a slurry phase

regime or an ebullating bed regime. It will be



1.5. These nolar ratios are preferred for the case of a 30 fixed bed
reactor. The Fischer-Tropsch reaction step (a) nmay be conduct ecb}lmm;g]sa
variety of reactor types and reaction regines, for exanple a fiXed g
regime, a slurry phase regime or an ebullating bed regime. It will be 0 7
DEC 2005 - 9 appreciated that the si ze of the catalyst parti.cles may

vary depending on the reaction regi me®they are intended for, it is within
the normal skills of the skilled person to select the nost appropriate
cat al yst pafprelcéasedethatr tie migevefi teactitmivségpaetiFleshery it will be

under St ood Ll dLhe-SkhL! 80 ¢ RER00. L 5, CARADLE . select oL gy pst

appropriate i‘ons“for a speci |c rea flguratlon and reaction
regi me. Forfoexadpl és WhEhlmntﬁaﬂmpedagaskikkﬂIqﬁ $®ESpécélvélmﬂﬂaqp may
depend upon t e t reg S ;R B pplig Thus, if
it s desi Pced@;%%%g Efr?%tﬂegftﬁ 45%38?0061'%%3”&{51 tspce ?s prg]é%eés)s vmdft%r a fi xed -
bed fegine,a pﬂ@ﬁerabayttﬁ@ eseeur |y space velocity is chosen in the

range from 5002408200 MU pbf Hh&erétfou” rqle%' ked Lpspperate the

hydr ocar bon synthesi's protess wt hase regine, preferably the
gas hourly rspace ivefapitde ite ckdésen Fhe trm';str a@géopmatqsoo to 7500

N1/ A Lerasacbon FoRoide, andhyds FIGPEREHE YR s

hydr ocar bon p uct in step( n su sequent tep
hydr ocar borreprodant régimepdian edainpi e, oree @rafgre<Hydaschewoly fractions

9 t | 15 d 45% Db
Com?p]'t sing 59%%‘3’??%?‘2591? arA?'r'_’ @eBénd LGty P S%%r ak ¥e98§/¥§§” an y

wei g of re carbon atons good results
have al so eehmachhal ets \M@—ngsepaia@ﬂndm% a5 M]di@cd?—%bmd rostep (b)

into at Ie%%rgpg py? @ﬁ@{g&r}mg gﬁﬁﬁg%cﬁ%%cggggwhﬁgs t S5a by wei ght

of oleflns 't was d that suc whi ch s are atlvely
bed regime, preferably the gas hourly space velocity is

chosen in the range from 500 to 2500 N1/1/h. If it is

15 desired to operate the hydrocarbon synthesis process with
a siurry phase regime, preferably the gas hourly space
velocity is chosen in the range from 1500 to 7500 N1/l/h.

After carbon monoxide and hydrogen have reacted into

a hydrocarbon préduct in step (a), in subsequent step (b)

20 this hydrocarbon:product is separated intoc one or more
hydrecarbon fractions comprising between 10 and 45% by
weight, preferably Between 15 and 45% by weight, of
olefins containing 6 or more carbon atoms. Very good
results have also been achieved when separating the

25 hydrocarbon in step (b) into at least one hydrocarben
fraction confaining léss than 35% by weight of olefins.
It was found that such fraction, which has a relatively
low olefin content, is also a very good feedstock for the
hydroformylation in step (c) and also results in alcohol

30 products with high linearities and excellent alcohol
selectivities. Preferably the separation in step (b)
involves a distillation treatment, notably fractional

distillation. Conventional distillation technigues can be

used.



| ow ol efin content, is also a very good feedstock for the
hydrofornylation in step (c) and also results in alcohol 30 produgy §EQuzgn
high linearities and excellent alcohol selectivities. Preferably the
separation in step (b) involves a distillation treatnent, notably
fractional distillation. Conventional distillation techniques can be
used. 0 7 DEC 1005 - 10 The separati¥¥n-in step (b) may he effected by
fractional distillation, blit could also conprise a zonbination of
distillation wihh sepitmricepar &tepn (b} rmeat ieneffsuthdakycondensati on

and/cz extr Lon, . pref.erre ' t thi- -rpcarbon fractions
recovered §?§§F9PP3§t$£ﬁaJRH§%?PV|gP?gﬁggkﬁgﬂgg ?B?Pg¥ge %he Cs-d o

ZI'l -G 2 ancofSbinptiomcef ahisstiddeliicpont & rimghatr separdsify wei ght, but
nore preferahl 26 L of s the ' i ng hydrocarbon
10 fracti or%,ga);rﬂ%%' {T%“Sé&béscg%}(lrd\éﬁﬁgg#? sa%ad’p?r e gg%g!&?ggé action,

cont&i ning at bpsé dredarnesl ghtodboennore npreberabby Atamiomsst 21 by
wei ght, of _the._nei ghbgur.i Ch. an hydr.ocarb f ti,ons, Each

hydr ocar boﬁe]‘:rgggie%ng\)L %fr cr}%r “’oﬁoﬁﬁ?rbé?s J‘r}yj(*sdﬁl%%bgﬁnEE%ﬁ 1Bk & of frome
to 15 14) shet 8BFgleontEi1sl2 GndoC58% by imicghibnspoeraclsuitably 20 to 45~
by wei ~ht, -Cn-ol efihs.: 2 r al'read Lndi.cat ed herei nbefore,
hydrocarboﬁggF3%?%%%sa%g%?gfgﬁﬁé§ r%séb%%éﬁﬁs 95§bgkag?5%hl¥ﬁ§%lefins are
al so very wseful# bifhesiggHtaydrfotarboaifiiaciiogs hgdnoberiused i ndi vi dual |y

£ adli o reScRUMET LIV Lo SEEPTI LI, 0 BEePRLEQT (NESe
hydxof or nylfaetbnonn st i+GngThe peotess yf weheghtpriesentoisvention is
oo o RESTUARL ER oiney (g2 S Shgcatba sl sprmand QLo 14
t akes pl acendFoP hydrocarbon fractions. Each hydrocarbon fraction
of carbon pumber n (so n being an integer of from 6 to
15 14) suitably contains 10 to 50% by welght, nore suitably
20 to 45% by weight, of Cn-olefins. However, as already '
indicated hereinbefore, hydrocarbon fractions containing
less than 35% by weight of olefins are also very useful.
These hydrocarbon fraétions can be used individually as
20 feed to hydroformylation step (c¢), but two or more of.
these fractions may also be combined into a feed stream
to the hydroformylation in step (¢). The process of the
present invention is particdlarl&'suitable when using
C11-C12 hydrocarbon streams and Cl3-Cl4 hydrocarbon
25 streams as feed in step (¢). '
In step {¢) hydroformylation takes place. For the
purpose ¢of the present invention it was found very
advantageous to use as a fesd in step (¢):
(1) a hydrocarboh stream comprising at least 30% by
30 weight of Cl] and Cl2 n-alkanes and from 20 to 45% by
welight of linear C1l1l and Cl2 mono-olefins (i.e.
including 1~blefins, 2-olefins and internal clefins),

or



pur pose of the present invention ~t was found very advantageous to use an
a feed in step (c) : (1) a hydrocarbon st~sam conprising at | ea8t &6ty
30 weight of Cl1 and Cl2 n-al kanes and from 20 to 45% by weight of |inear
Cl1l and Cl12 nono-olefins ~i,e. including I-olefins, 2-bleflnB and
internal clefins), or 07 DEC 2005 Wo 02/ 100806 PCT/ E1' 02106373 - 11 (2)
a hydrocar boryGéfeaee conpri sing at | east 30% by wei ght gdrpdecend Cl4
n-al kanes and from 10 to 45% by weight of linear C13 and Cl4

nono-ol efins. The feed described above und$ (1) suitably conprises 5.
from55 to .75% by wei ght of n- al kanes and from 20 to 45% by weight of

| inear Cl1 and C12 rRng- 0 &hin | east  75% bé/ pght and Qreferably at
ﬁ\ﬁ an(% %&2 ,

on st prigin

| east BO% by wei ght of v% Ch-consi sts of T near
mono- cc- ol efi ns- Tr aﬂﬁ’rﬂl‘itoﬁft%Bt Bt 714l keAbanehd Aoiicrol @ ftensS% ke f eed

may 10 al so contain rekatdnteby smmht @BDam $:wfmcmohereﬂmﬁponents
(typically up to a tofal. olechS3odap ue] dhlye BLELET@D! s B85 &b Ig% by

wei ght and mor e preferably Iess han 7% by weight) , such
C10 and C13 n?al kan&sS™ B3P EféJfY H%lghﬁr%dhéﬂk?ﬂee“*f PHS f3Ad 3& é?lcqﬁéd
al kanes. 15 The fedd desert lbédl atseyeCuinded (12) mengi-babfipsconpieses from 60

to 80% by weight of;dqi- gl-kanes: and LF&m-1o4 @c40%scbyoively0idigaf dd near C13
and Cl14 nono-ol efins, at least 70% by weight and preferably at |east EO%

by wei ght of whi CHTEGRSTEEE BT Fi g™ (98 ahY CE4A™RNG: 8L THBFi fe. In 20
addition to the n-alddanbts: andtimpneaDiaeks nsdt hend-eads frey thalfeed cent ai n

smal | amount ,0f othek e&mqgelrgﬁtl&éwpgmﬂ xmomst Br achot aéomllpénelés/o
wei ght, preferably £S5 t %p r&hym)re refe ab]y | ess than
8% by weight), sucHY&s%% goﬁ%lto ad>1/°2tm§ CIE B SFkENes FFCE+ 0l efins, 25
branched ol ef i ns ankksir Blrfeh@fl® dvkapeght and more preferably less than 7%
by weight), such as alcohcls, C10 and C132 n-alkanes, Cl3+
olefins, branched olefins and branched alkanes. '
15 The feed described above under (2) suitably comprises
from 60 to B0% by weight of n-alkanes and from 15 to 40%
by weight of linear C13 and Cl4 mono-olefins, at least
70% by weight and preferably at least B80% by weight of
- which consists of linear Cl13 and Cl4 mono-o-olefins. In
20 addition to the n-alkanes and mono-olefins the feed may
‘ also contain small amcunts of other components. (typically
up to a total of 15% by weight, preferably less than 10%
-by weight and more preferably less than 8% by weight},
spch as alcohols, Ci2 and C15 n-alkanes, Cl5+ olefins,
25 branched olefins ana branched alkanes.
The hydroformylatioen catalyst used in step (¢} is
‘based on a source of cobalt énd one or more alkyl
phosphines, more in particular phosphorus-containing.
ligand modified cobalt-based cafalysts.‘Such catalysts
30 are well known in the art and are, for instance described
in U.S. Patents Nos. 3,239,56%5; 3,235,571; 3,400,163;
3,420,898; 3,440,251 and 3,501,515, which are
incorporated by reference herein. For the purpose of the

present invention it has, however, been found



The hydrofornylation catalyst used in step (c) is based on a source of
cobalt and one or nore al kyl phosphines, nore in particul ar qgnﬁgzm5
phosphorus-containing. I|igand nodified cobalt-based catal ysts. Suc

catal ysts 30 are well known in the art and are, for instance described in
U S. Patents Nos. 3,239,569; 3,239,571, 3,400, "_63; 3,420, E99; 3,440,291
and 3,501, 515, which are incorporaf by reference herein. For the

pur pose of the present invention it has, however, been found 07 DEC 2005
- 12 parti ;mAdddlopladianzdgeotaraaysuse AdaOEERSoUsy dr of or nyl ati on

catal ysts q&ﬁri (WaeF) t the. cat icalldyactibve getal in
corrbinatio%l fﬁ%ggglggg'rycgéﬂﬁgfrtg?égé%%ﬁg%hgﬁﬁhquéycloaIkanes as the
| i gands, 5 qeretlivcdkaily 2¢el wubsttietlut edeorbinats@dsmiltht egtionally
menophosphal] a isngl.y lﬁiﬁ%%?%?lth@rﬁ' Lrgd catal ysts are
t hose base g%*%%gohggﬁgﬁﬁpco af?hggg %annnop osphabic%gloa kane- L gand,
wher éi n t heraiiceprotustiae ofittiss WWulssei ent ees ukiath thiy@éfogen or non 10
acetylenic r - O 3R sCaRROL, @t (erg. kyl or aryl) and
this phosph%%ﬁ%g%gggpng%’éggc okt st 00 ot ﬁ‘ﬁ‘agre“"\%!ct hout being a

bri dgehead mtafimrand watzhyshoregshédphabbesst oal skavernasof? ¢abg car bon
atons, 7 or C o) i g i : sphorus atom 15
bei ng nenbearngd S ﬁ?ﬁggg?%@c: ILCJYS elag?gfgsﬁr E{dd%g.rggﬁr gpgrred
monophosphatiiceptboak kapen | i gands tdouped sel i hydawgahkygk sobstituent of 4
to , nor r,ef I arb i Q r enyl _substituent or
hydﬁggen v;%%%eﬁ&?F?QSM%ég éﬁ1 Hbﬁg ?oggtiéwdg%qﬁ% Fﬁgﬂghééﬁﬂbrus-atonlzo
form ng t healliydyeki srskelaidlthsitsr pbrarkorRaratiosular bymeppef evff ed | i gands

phosphabi cyel L3, i Ronare: &?&Lésﬁyﬁ'l%f’%%%?ﬁ%%%??%" 79 % Fhonane and
9- phosphabimeyeloparpand siolrard kaTgebas 7 to 46 carbon atoms, 7 or 8

carbon atoms of which tggether with the pﬁosphorus atom

15 being members of the bicyclic skeletal structure,
Preferred monophosphabicyclealkane ligands comprise (i)
an alkyl suvbstituent of 4 to 30, more preferably 5 te 25,
carbon atoms, or & phenyl substituent or hydrogen with
(11} 8 carbon atoms togéthef with the phosphorus-atom

20 ferming the bicyclic skeletal structure. Particularly
preferred ligands are S-eicosyl-9-
phosphabicyeclo[4.2.1]nonane; 9-eicosyl-9-
phosphabicyclo[3,2.1]nonane; 9-phenyl-9-phesphabicyclo
[4.2.1]nonane and 9—phosphabicyclo[4;2.1]nonane. These

25 ligaﬁds as well as their preparationzare disclosed in
U.S. Patent No. 3,400,163, while their use in
hydroformylation reactions is disclosed in U.S, Patent
No., 3,420,898, bbth incorporated by reference herein.
The alkyl phosphine iz used in such amount that the molar

30 ratio of alkyl phosphine tec cobalt is in the range of
from 0.5 to 2, preferably 0.8 to 1.8. In addition to the
cobalt and the alkyl vhosphine, the hydroformylation

catalyst may also comprise additicnal components for



o5 Ilgands as well as their preparation are disclosed in U S. Patent No.
3,400, 163, while their use in hydrofornylation reactions is djipgf@3sl in
U.S. Patent No. 3,420,898, both incorporated by reference herein. The

al kyl phosphine is used in such amount that the nolar 30 ratio of alkyl
phosphine to cobalt is in the range of fromO0.5 to 2, preferably 0.6 to
1.8. In addition to the cobalt and the al kyl phosphine, the

hydr of or my| ave eaooseat al yst may al so conpri se additi onal pcumpometnts for 0 7
0 E C 2005 WD 02/100806 PCTI EP02106373 13 enhancing the stability of the
Co/ phosphi ne system and/or for inproving.the al cohol selectivity.
Suitable additional conponents include strong bases, such as KOH and

NaCH wi th KCH bei n&rﬁﬁ[‘:{ﬁgc%érér)ébﬁﬁf;ﬁ et Ebﬁpxésaﬂm t; al, coRenent is

typically used in such amount e nolar rati-o_of IS conponent to

hat th
cobalt is in the ?%hQEP%?HF?OﬂFDa%Sﬁfl ?ﬂﬁCHVHVBTO?HiFﬁ%?on reaction in
step (c) can be caditeehadutomprdent eomreendd ehadnchpdsef,orngt asixm 10

condi ti ons. Accorgazﬂghs{oﬁ &ch&tﬂrﬁb@ﬂ@bﬁt&%lhw BQ@fer&@@-CtﬁhggS 250 C
terrperatures Int n (0] rom to
c{ ?‘ grifc}oco%poneng'r esf e}r%chI'an}édlseB 6uglgra¥n

and pressures fromd e anount of
catal yst relati vethtaé E¥re "%?Fr%ﬁtaté? A ERtN OPBP%@nhy‘H? ePBrYylated is 75 not
critical and may viatey rsbdgteloy. frbppoced znol ar ratios of catalyst to olefin

in the reaction mxtukg. 3haAnk ol Ve onPIRRL UG Og he) reacklon may be in
the range of from 1:1000 to ratio. of between 10 and 5:1 is

often used. The HVHF&?BF%$1%ﬂqﬁfnmxﬁﬁ?tﬁﬁﬁﬂlV@hPﬁBnﬁ§€tb?la 20 sol vent
t hat does ndf i nt erdrng i mgbstermridahdly  wittrabhe codésiioad ¥edeti# on. Such
sol vent s incl ude s@autm:edeﬁ;mitdr@g gantke sehyenktssidkeoaleobel sc, et hers,

acetonitrile, sulfal-ang,, paraffing, and ANy, MOIe. 4 LS, Joueyer,
bar, preferably 20 to 150 bar. The amount of catalyst
relative to the amount of olefin to be hydroformylated is
15 not critical and may vary widely. Typical molar ratios of
catalyst to olefin in the reaction mixture at any given
moment during the reaction may be in the range of from
1:1000 to 10:1. A ratio of between 1:10 and 5:1 is often
used. The hydroformylation may inveolve the use of a
20 solvent that does nqﬁ interfere substantially with the
@esired reaction. Such solvents include saturated liguid
organic solvents like alcohols, ethers, acetonitrile,
sulfolane, paraffins and many more. It ié, however,
preferred not to use an additional solvent, but to use
25 the reactant stream itself as the ligquid reaction medium.
The ratio of carbon monoxide to hydrogen applied in ‘ |
step (¢} may vary widely. It is, however, preferred that J
the hydrogen to carbon monoxide meolar ratio in step (c)
is in the range of from 1.0 to 5.0, more preferably from
30 1.5 to 2.5.
Typically synthesis gas, i.e. a blend of carbon
monoxide and hydrogen, is used, but in principle both
gases may also be fed iandependently from each other to

the hydroformylation reaction medium. Preferably,



preferred not to use an additional solvent, but to use 25 the r ﬁcmm
streamitself as the liquid reaction nedium The ratio of carb ; ‘rlde
to hydrogen applied in step (c) nay vary widely. It is, however, preferred
that the hydrogen to carbon nonoxide nolar ratio in step (c) isin the

range of from1.0 to 5.0, nore preferably from 30 1.5 to 2.5. Tgpi cally

synt hesi s ga¥0%1W8%5 bl end of carbon nonoxide and hydrf&JeR24E3 ysed, but
in principle both gases may al so be fed i ndependently from each other to
t he hydrof ornyl ati onreacti on nedium Pref-erably, 07 DEC 2005 WD 02/ 100806
PCT/ 11P02/ 06373 - 14 however, synthesis gas or syngas is used. Syngas is

typically made by perevel, eoripestis masobr sypees Glseusnd.eéunga@nds commer ci al
syngas nornal |y conppisesyMH08enodrle2)) @nehsaichos: mopeXxtdent Gkal N a

H2/ CO nol ar ratio oandf roml 5.tg 2.5 E cqgr nol ar rainl Qs up ?]19)10. 0 could
al so occur in syndas,“e.g. syngas Prepared’ by The®Wat & gas " shi¥'t '
reaction , and suchmmsyfgasn oeulodidd slaobeiuser,/coAseairdiragioy pf Sitichabl e

syngas conprises hydrogen_and_ carbon noxi de i.n H2 nol ar ratio of
T o 6o 18 S0 b BrET afir, SRl TE § 6% 20 s HEP: F B vean
1.5 and 2.5 is nostinppafaerr et S - THESRY dPOEGE Ay 1t Fom vetepesecFhifdy be

carried out in a GceAttiOUSsndSelth GOALANUWOUS GnsbadCchis@de. I n case of a

conti nuous node of ALLeD, o.be..auid hourly spa velocities

typically are in tﬁgg%mgg %’f‘,sh pamlte). 1710 1% Wi.?mﬁ‘gﬁr%%& aJt“?ng step (c)

as a batch process, FRILIPONIOFi e Haf SaPtabFetvary FFdhto? %o 10 hours

or even |onger. Byooperattagntierdoyndi of @onyl At hofistepa(ie) b@sS.«20

descri bed hereinbefore al gohal, ﬁ@é@%&%yéﬁieﬁs of at least” 90% and even of
' ‘while at 'the '

at least 92% are aclhl eved, whi _
: The hydroformylation step (c) may be carried out in a

continuous, semi-continuous or batch mode. In case of a
continuous mode of operation, the ligquid hourly space
15 velocities typically are in the rénge of from 0.1 to 10
h'!. When operating step (c) as a batch process, reaction
times may suitably vary from 0.1 to 10 hours or even
longer.
By operating the hydroformylation step (c} as
20 ' described hereinbefore alcohol selectivities of at least
$0% and even of at least 92% are achieved, while at the
same time the linearity of the aleohol product obtained
is =t least 70% by weight, suitably at least 75% by
weight, for the C7-Cl3 mono-alcohols and at least 60% by
25 weight, suitably at least 65% by weight for the C14-C15
_alcohols. In addipion, olefin conversions as high as 95%
by weight or more and even 89% by weight or more are
achieved.
Step (d) of the present process involves recovering
30 of the linear mono-alcohol product from the .
hydroformylation reaction preoduct. This can be achieved

by methods known in the art.



N
o

same time the linearity of the al cohol product obtained is at Igaﬁil 27”0/
by weight, suitably at |east 75% by weight, for the C7 -Cl13. m)rg co
and at |east 60% by 25 weight,.suitably at |east 65% by weight for the
Cl4-Cl15 alcohols. In addition, olefin conversions as high as 95% by
wei ght or nore and even 99% by wei ght or nore are achieved. Step (d) of

t he present mooee®ssi nvol ves recovering 30 of the |ineacTmpéegssb cohol
product fromthe hydroformylation reaction product. This can be achieved
by methods known in the art. 0 7 DEC 2005 WD _02/ 100806 PCT/ EP02/ 06373 In a
preferred enmbodinent step (d) conprises the steps of a first distillative-

treatment, saponification, rmr%dmamantré@émm angra-seennd
dlstlllatlve treatnent. AcCcC node of ogeratlontheS

AG
hydr of or nyl ati on r €46PF 6 Br gjcﬁf’cg %ltl%b%‘ﬁ"(ecﬁr‘?astmleﬁstsa fuhicet e to a
first distillative wateatwmshing gi-eermanhi ehl at heccaldc@blilprioidiect - cont ai ni ng
fraction obtained it&eaﬁﬁé&jteci&@rm@ysfaﬂmmg Gfdle 0Bf tcrp%@ma,at tﬁ@ renove
any acids angd est Irlmoyvetlo L2 ater rvvguckLt ng ggeeat < renove
the sodium salts. Ot er-washet” proauct - fen~tSuby c:'t 1"Eo a second
distillative treat rﬁéﬁﬂe‘%t@dr Eﬂﬁ/élr%)ﬁlﬁ@l‘%ﬂﬁﬁwﬁj tFﬁ?)U‘ﬁnFr exfter Wyiepr oduct s.
The first distill atth¢ealdopal nentiupr-ebetabliyici Sraatits eatapndd tesulting in a

top fraction contaifing Jmst, alé ém%;cm%ﬁ M@@mé% ttayrmvghgn preferably
at | east 70% wei ght, nore prefera

){LF | east 80% %‘i gwt of the -
al cohol product f orifst® a?ﬁ& 5Ot DN PYESEYoR oAt al Hige HEAUTEY &
conponent s t éget herrewpteh thhesqdésn ofltehd'hgl eotral-vapregdoceducdr iedheThe

bottom fracti on is ssyidakbycs @cysdz&@ dz&lanaﬁle@strwmte}ly tcAREmagai n
subj ected to the dla%% 1datly, - f,fltt 0Ot %;ggl .es. of suitable
t as

distillative treatne inc i ng hort path distillation, the
| atter he flISt dlStlllatlve treatment preferably is a

=2
»

treatment resulting in a top fraction containing most

15 (i.e. more than 50% by weight; preferably at least 70%
welght, more preferably at least 80% by weight) of the
alcchol preoduct for%ed'and a bottom fraction containing
heavier components together with the rest of the alcochol
product formed. The bottom fraction is suitably recycled,

20 at least partly, and again subjected to the distillative
 treatment. Examples of suitable distillative treatments
include flashing and short path distillation, the latter
treatment being particularly preferred for the purpose of
the present invention. However, other distillative

25 treatments may also be used.

The (top) fraction containing most of the alcohol
product obtainea from the distillative treatment is
subsequently subjected to a saponification treatment in
order to remove any acids and esters, mostly formate

30 esters, present. Saponification is typically carried out
by contacting the aicohol-containing fraction with an
aqueous solution of a strong basic hydroxide, typically
gsodium hydroxide (NaCH) or sodium boron hydride'(NéBHd,

at elevated temperature and whilst stirring. For example,



treatnment being particularly preferred for the purpose of the present

i nvention. However, other distillative 25 treatments may al so b@ 7ud€diiliThe
(top) fraction containing nost of the al cohol product obtained fromthe
distillative treatnment is subsequently subjected to a saponification
treatment in order to renove any acids and esters, rmstlcy formate 30
esters, preséfR1%4¥onification is typically carried outPCTBFI¥6HEact i ng

t he al cohol -containing fraction with an aqueous solution of a strong

basi ¢ hydroxide, typically sodium hydrox de -(NaCE) or sodi um boron

hydri de (NaSH4), at elevated tenperature and whilst stirring. For .
exanpl e, 07 DEC 200&p¢@i DRat008 06y REST FEROR06BY Iy- cdBacsgmpihéi cati on may

be carried out by conbastimdcihe wahic@Rolpfbastd @ncyiidch, an.:aguepys 0. 5to
10% suitably 1 to S%, I\Pgﬁl sollfgti on.at an _or ni éwa er phase rfati o of
10:1 to 1:1, suitably 8 116 L Thé eXactSrati/ S 5 uEpaRtiRG 2Pkt he
estimated amount of3%gst e S :ancFHErdYy Ept et Shposrsctcrrtiion can be
carried out batch-wW&ending eaniHenyatishyed Waetebwreasderal gohakidd action i s

normal Ly one to tNeetd Ms,subkeated 10, 58PoNLhLGal).of.. LYpLEA]
-saponification tenperatures are 1n the range of from40 10 to 99 C,
suitably 60 to 95 COBIRETEIY he™STFR FATT C6RRAY FoRS i8R EhiPsTolYi n

normal Iy forned, thus abldwengirhe s@pecidd tatssppnitaetions Tywidsake pl ace.

Wien stirring is si.0pReficaPhas@-s6RaAkatiLRrOCGHES: aREt e erganic phase
cont ai ni ng 90% by wei %ht or nore_of the al cohol product 15 is recovered

for further tfeatnméit *°The Br'gahte o5ht3e€>r €cobet && From-tHe™§aponi fication
is subjected to'a watnéitivashat regat svemt it cuoreabse fbhed, sodisual Salihs
present. Typicakly Suchwater-WashiRdcridgat oenkei puokvesfir om.one to five
water washes. A Wati%r sggppe ?hp}.l\assetye%la%alj!%' og?'Jrrsl ggd %gte (Pl)éamé(lp%gsé he
containing 90% by weight or more of the alcohol product
15 is recovered for further treatment.
The organic phase recovered from the saponification
is éubjected to a water wash treatment to remove the
sodium salts present. Typically such water washing
treatment lnvolves froﬁ one to five water washes. A water
20 wash is typically carried out by mixing the
saponification product with.water and subsequently
allowing phase separation to occur. The sodium salts will
theﬁ be contained in the water phase. The water phase and
organic (alcchol-containing) phase are then separated.
25 Details of suitable water wash treatments are well known
} to those skilled in the art.
7 ' To further increase the purity of the alcochol product
.obtained the water washed alcohol product is subjected to
a further distillative treatment to remove any components
30 which are- lighter and/or heavier than Ehe desired alcchgl
products. Such “topping and tailing” treatment can be
carried out using conventional distillation techniques.
For imnstance, fractiocnal distillation can be used,

thereby collecting those fractions which meet the



saponi fication product with water and subsequently all ow ng phasgﬂ EC 700
separation to occur. The sodiumsalts will then be contained in Mj M{Jér
phase. The wat er phase and organic (al cohol-containing) phase are then
separated. 25 Details of suitable water wash treatnents are well known to
those skilled in the art. To further increase the purity of the al cohol
product . obtVe® fREdosphe wat er washed al cohol product is seEjEEVedsto a
further distillative treatnent to renove any conponents 30 which are

| i ghter and/or heavier than the desired al gghol products. Such "topping
and tailing" treatment can be carried out using conventional distillation

techni ques. For | n%@a@@catflbastée@naﬁd qaiossiﬂllyahbmn@ﬁ@ thenUsed, ond her eby
coll ecting those fracti 1.ons hj_ Jreet ftme 07 DEC 2005 WD 02/ 100806

PCTI EP02/ 06373 - 17" "SpeciTi ca?l 6ns sef and possibly conbining theminto
one or nore crude al cahmcrfiriacaﬁcehgl PFﬁéu%tr gaE2gedorl SptYdgertaspt ai ned
may still contain resicdunlalakeehydess ardi seriabcetatis cobpalnesnponents 5

coul d be adeqyat el ycéﬁ@%@d&d@&u&%%& 0a the @l ool tﬂgoaﬁ%sgr{]romthe

topping and tailing treatnent °t |n|sh|n t reat nent isis a
hydrogenation r eaclf"fcﬁlHCEa“?rrof“eH“eoﬁf’PRﬁ?@e?n‘? élaéjr’r%ﬁe%mteﬂt dGnditions. It
can be carried out kydrofihvienthorakatyditoginat iomn hfdprscesses, such as by
passing the crude al&Rhoby faedied egi_etdaﬁervuetlatﬁfélbommf chydrogen ever a

bed of a suitable h%d%oger}f@tiggrgmgabaIC%FVTntlg{cl% %laér%%?na are wel I known

in the art and typica rise
functional it y? sch%eﬁFﬁePuc$&Pl%¥ﬁlpﬁﬁ?W }SF%tqrﬁém Gﬁh°7]5fae°? efractory

oxi de support such ageaheriviap Sirlbe afohyd:@igkh careatl diedacs Eheuitable
hydrogenation tenperal-ure, And, Jy¥dia0ensphHesIULe ABY. . apy: Wit Bi-D ;Wi de
limts and typl cal ll‘}{e ggpga%dr gyﬁ%giiy\/%lo pxtlrs%ma 5rneta9 w1tg hydroggl'llatt?.'gllly
functionality, such as nickel, palladium or platinum, on
15 arrefractory oxidé support such as alumina, silica or
silica-alumina. The hydrogenation temperature and
hydrogen pressure may vary within wide limits and

typically range respectively from 50 teo 250 °C, suitably

100 to 200 °C, and from 10 to 150 bar abs., suitably 20
20 to, 100 bar abs. The hydrofinished alcchol product
obtained from the hydrofinishing is the final alcohol
product. 
In a further aspect the present invention also
relates to an alcohol compositioﬁ comprising
25 {2) 70°to 80% by weight, preferably 7% to B5% by weight,
of €12 and C13 linear primary mono-alcohols
{b} 10 to 30% by weight, preferably 15 to 25% by weight,
of Cl2 and C13 iso-alcchols
wherein the weight ratio Cl12 linear primary alcchol to
30 C13 linear primary alcochol is in the fange of from 0.5 to
2.0. ' . ' '
The expression “iso-alccochols” as used in this connection
refers to the 2-methyl isomers of the primary mono-

alcohols mentioned under (a).



100 to 200 C, and from 10 to 150 bar abs., suitably 2C 20 to 100 bar abs.
The hydrofini shed al cohol product obtai ned from the hydr of i ni shigmgpk s 00he
final alcohol product. In a further aspect the present invention also
relates to an al cohol conposition conprising 25 (a) 70'to 90% by weight,
preferably 75 to 85% by weight, of Cl2 and C13 linear prim

mono- al cohol Y%B*41 to 30% by weight; preferably 15 to %%PE%G‘V%I ght ,
Cl2 and C13 iso-al cohols wherein the weight ratio Cl2 linear prinmary

al cohol to 30 C13 linear primary al cohol -i% irn the range of fromO0.5 to
2.0. The expression "iso-al cohols" as used in this connection refers to
the 2-nmethyl isoners ofn eh&insdi perartnbho Prafevhohserenr | Divedreisder (a). 07
DEC 2005 WO 0211008062:PGLeER2/06563 tiod Gompii AAnki nal aspect the present

i nvention also rel Se 1 al.c C £IpLising 55to 80%
by wei ght, prefer ag%? 650ttt80@d;5/b &eq%t %R%iafb%l Q; 5%:15?% ‘lqén “primary
mono- al cohol s 5 (b) 20°ft 6151@%%91%&#% T PHLBFRT BRI ""235011‘%}5405 by wei ght ,

of Cl4 and ClbH i so-(ab cohobsiasheyetgigthhe pmefgﬂ%lpaza @aoCidk biynedighpy i mary

al cohol to C15 linear,peiiagy &l£qhgl, jc%hbpsthe range of from1l.0 to 2 0
10 The above al cohol conpositions can, be aobtained by the [ ocess '
descri bed her ei nbef‘”BF%emTﬁ]ée " eht iF6hT w9 Bwaﬁepwwaaml&gw 59 the.

fol | owi ng exanpl es OWf t higgtr [Hmineinglebieisdoper ohetdraoei givéntt Gnotoy t hese
particul ar enbodi nents. 15. Exanple 1 In a Fischer-Tropsch reaction stage
synt hesi s gas, '

of

The above alcohol compositions can be obtained by the
process described hereinbefore.
N o The invention will now be illustrated by the.
! : following examples without limiting the scope of the
"invention to these particular embodiments.
15 . Example 1
In a Fischer-Tropsch reaction stage synthesis gas
containing hydreogen and carbon monoxide in a molar ratio
of about 2:i was passed over a fixed bed of activated '
Fischer-Tropsch catalyst extrudates at a pressure of &0
20 bar and a weighted éverage bed temperature (WABT) of 205
°C. The Fischer-Tropsch catalyst'was a CoMn/titania
catalyst. The GHSV amounted to 800 N1/1/h.
The reéction product was passed into a condenser
operated at 60 bar and 205 °C resulting in a heavy liquid
25 product and a gaseous product comprising all reaction
products having a boiling point'below 205 °C. This
-gaseous stream was liquefied by cooling it to 15 °C and
the ligquid stream obtained was subsequently subjected to
a number of batch fractionation treatments using a 15
30 tray Fischer packed distillation column. Firstly, the Cé6-
Ccl0 hydrocarbon fractions were removed and subsequently
the C1i/C12 and C13/Cl4 fractions were recovered. The
compositions of both these fractions are given in Table

1.



cont ai ni ng hydrogen and carbon nonoxide in a nolar ratio of abo;ﬁ7 %Edﬁl s
passed over a fixed bed of activated Fischer-Tropsch catalyst ext at es
at a pressure of 60 20 bar and a wei ghted average bed tenperature (WABT)
of 205 'C. The Fischer-Tropsch catal yst was a CoMn/titania catal yst. The
GHSV anounted to 800 N111/h. The reaction product was passed into a
condenser omar@hedosat 60 bar and 205 "Cresulting in a fgawydssguid 25
product and a gaseous product conprising all reaction products having a
boi l'i ng p0| nt below 205 "C. This gaseous streamwas |iquefied by cooling
it to 15 'C and the liquid stream obtaired®vias subsequently subjected to
a nunber of batch fractionation treatpents using a 15 30 tray Fischer
packed distillati onTa%gFu]rm ﬁy%PFmege'éloéGfe hydr ocar bon fractions
wer e renoved and sljubsequently the]Gii/Cl? fandtiob3] CiZB /fnacibzontonngr e
recovered. The conpogkti ons of bofh these fractiohs are given in Table 1.
07 DEC 2005 WO 02/ 10@89@101 19 Tablle 1 . Hyd?ofornylation feeds
PCTI EP02/ 06373 C11j¥€P2 ¢ ?"r)actl onCl34Cl14 fraction C9| (%) al cohol 2.0 |C10
(1w) n-al kane0.9 all c&ﬁ% ]"2“16 Cl1 (1\1}\/) 1-0l 8f7n13.4 p-olefin2. 9 internal
ol efin0.2 n-al kan %1J(Dw) —

l-clefin 1
2~olefin 2.
internal olefin 0.
n-alkane 2.
alcohol : : 2.3

Clz2 (%w)
l-olefin .1
2-olefin 2.
internal olefin 0.
n-alkane 29.8
alcohol

Ci3 (%w)
l-olefin
2-olefin
internal olefin
n-alkane 0.7

Ci14 (%w)
l-olefin
2-plefin
internal olefin
n-alkane

Cls {(%w)
l-olefin .
n-alkane -

Total olefin (%w) 31.1

.4
9
2

L;J

w
L;.l

1,_I

. B
2
5

H o
\0 O

I—.I
¥
AN S

w
[53]

o N w
N R

W
[
.

o o
M

8]
u
-~

Exampleg 2 .
The Cl1/C12 fraction was subjected to a |

5 hydroformylation treatment as follows.

A 1.5 litre autoclave was charged with 597.1 grams of
hydroformylation feed, 9.% grams of n-Cl0 alkane (as
internal standard for subsequent GC analysis) and 7.3
grams of a 5.81% by weight KOH solution in 2-

10 ethylhexanol. The autoclave was pressurized to 20 bar
with synthesis gas (ratio HQ/QO = 2) and heated to 185

°C. Then 33.6 grams of a catalyst solution were injected.



al cohol 2.3 C12 (%) 1-olefin.11.9 2-olefin2.2 internal olefin0.5

n- al kane29. B0. 9 al cohol 1.9 C13 (1w) 1-olefinl0.4 2-olefin3.1 internal

ol efi n0. 6 n-al kane0. 736.6 C14 (1w) 1-olefin8.1 2-olefin2.1 intedhdECL 2005

ol efin0.7 n-al kane31.9 C15 (1w) 1-olefin .0.5 n-al kaneD.2 Total olefin
(1w)31.125.7 Exanple 2 The Cl1/Cl12 fraction was subjected to a 5

hydr of or myl aMOd®14%8%at ment as follows. A 1.5 litre aut odICAFE'¥EE3 char ged
with 597.1 granms of hydrefornylation feed, 9.9 granms of n-Cl0 al kane (as
internal standard for subsequent GC anal yseés) and 7.3 grans of a 5.81% by
wei ght KOH solution in 2 10 ethyl hexanol. The autocl ave was pressurized to
30 bar wth synt hesiis gasl¢statsbdutizhCais Rrabnd heatreditingl8b¢ @ Then

33.6 grams of a catg‘%tg_a{étofsglw%i 8D MBLG I Njxget ey 07 REG,2Q05: VWO 02/ 100806
PCT/ EP02/ 06373 20 This catahyst sol Uti on was obtai ned by_preHIX|ng 214.8
Shellsol 140T (a paraffinic sclvent; Shellsol is a trade

mark) with 221.4 grams of 9-eicosyl-9-

5 phosphabicyclononane ligand. Accordingly, the amount of
cobalt was 0.285% by weight based on total weight of
reactorrcontents, the ligand/coebalt wmelar ratio was 1.2
and the K/Co molar ratio was 0.2. Immediately after
injection of the catalyst solution the pressure in the

.10 autoclave was increased to 70 bar with synthesis gas
(ratio Hp/CO = 2).

After two hours the conversion of olefins was
complete. During these two hours the reaction temperature
rose to 196 °C. The composition of the crude C12/C13

15 alcohol product is indicated in Table 2.

Example 3

Example 2 was repeated except that the c13/c14
fraction was now taken as the hydroformylation feed. The
amounts of the various components used were 546 grams of

20 C13/Cl4 fraction, 9.1 grams of n-Cl¢ alkane, 6.7 grams of
the 5.81% by weight KOH solution in 2-ethylhexanol and
31.0 grams of the catalyst solution.

After two hours the conversion of olefins was
complete. During thése two hours the reaction temperature

25 rose to 195 °C. The compesition of the ecrude Cl4/C15

alcohol product is also indicated in Table 2.



grans of a 70% by wei ght cobalt octoate solution in Shellsol 140T (a
paraffinic solvent; Shellsol is a trade mark) with 221.4 grans @W[ﬁEZWS
9-ei cosyl -9 5 phosphabi cycl ononane |igand. Accordingly, the anmount o
cobalt was 0.285% by wei ght based on total weight of reactor contents,
the ligand/cobalt nolar ratio was 1.2 and the K/ Co nolar ratio was 0. 2.

| mredi at el y aveo erioospnj ecti on of the catal yst sol ution theCcy¥mgesarne in the
.10 autoclave was increased to 70 bar with synthesis gas (ratio H2/CO =
2). After two hours the conversion of olefins was conplete. During these
two hours the reaction tenperature rosélto 196 C. The conposition of the
crude Cl12/C13 15 al cohol product is indicated in Table 2. Exanple 3
Exanpl e 2 was ref@dted exceptiet ptcrehePCEIFE14 fracti on was now taken as
t he hydrof ornyl gtion Teed. The armurt$:1@7c1t3h31¢/@1rouoHJscmﬁpgn@%goys d
were 546 grains L PJi'Jn, Q-l-grans—of .7
grans of the 5| BPHKBYWerght KOH solluti on P# 2- et hyl hexandi®-and  31] 0
grans of the cafaldesydsoli@wl on. After] two houts the ¢onversban of oljefins
was conplete. dopgiitEse twohourg—the reactTonmtenperature—25T0se to
195 C. The conppsition of the crude €14/ C15 al cohol product is also
i ndi cated in Tapfé€?2°¥07 DEC 2005 WD|02/ 100806 - 21 [Table 2 Crude 4l cohol
product s PCTI EPP2/®B8378 Cl12/ C13 al cohol C14/€&-8 al cohol n-al kanes
(%) 59. 168. 1 al peloydesn (%) 0. 10.1 al gohols (%) n-CS{OH2. 1 2.1

n-cl2-cH / i-ci2-ox" 12.9 / 3.7 1.8 /0.0
n-Cl3-0H / i-Cl3-0H 10.98 / 3.3
n-Cl4-0H / i-Cla-OH 0.5 / 0.1 8.4 /4.6
n-Cl5-0OH / i1-C15-0H ' 5.9 / 3.1
n-CL6-0H ' e ' 0.1
other (&5w)™ _ . " 5.3 . 5.8
linearity (%w) 77 65
alcohol selectivity (%) 94 ) 94
Conversion (%w) 99.8 96.8
* n-Cm-CH ig a linear primary mono-alcohol having m C-
atoms ' A

1i-Cm-0H is an iso-alcohol having m C-atoms

5 * % includiﬁg 2-ethylhexanol used as catalyst solvent.

Example 4

The crude alcchol products of examples'z and 3 were
worked up by the subsegquent steps of wipéd film
10 evaporation, saponification of the top fractioms, batch
distillation treatment to remove the top and tail
fractions and hydrofinishing.
Wiped film evaporation was carried out at a
temperature of 110 °C (for the crude C12/Cl3 alcchol
15 product) or 120 °C (for the C1l4/C1l5 crude alcchol
product), a 1 mbar abs. vacuum, a cold finger temperature

of 5 ©¢C, a gtirrer speed of 375 rpm and a flow rate of 16



/0.0 n-C13-OH /
i-Cl3-0H13.9 / 3.3 n-Cl4-OH/ i-Cl4-OH0.5 / 0.16.4 /4.5 n-Cl15- 0377( 2005
i-Cl5-0H5.9 / 3.1 n-Cl16-0HO0.1 other (1w) ~5.3.5.8 linearity (%) 7%@:
al cohol selectivity (% 9494 Conversion (%) 99.899.8 n- OHis a linear
pri mary nono-al cohol having in C atons i-CmCH is an iso-al cohol having m
C-atons 5 ** WHRIWHOng 2- et hyl hexanol used as catal yst SSNREM3Exanpl e 4
The .crude al cohol products of exanples 2 and 3 were worked up. by the
subsequent steps of w ped film 10 evaporatipn, saponification of the top
fractions, batch distillation treatment to renove the top and tail
fractions andf hydrqrfli/ﬁ\%ﬁhimg.oﬁﬁi’a@ﬁgh fsiphm&\ﬁap%;ﬂ%blefbrﬂ\@$wCﬂtﬁb@?ve@ldt at a
tenperature of 110 r crude 13 a 5 or 120 OC
(for the Cl14/C15 crguéé grc%ﬁglcrﬁrgg ulfz%lf)gé§:ai"13'tf°rrcf)cfa)ltpg):z?l%%c.Jt \751%%&21% ;foém d
finger tenperature th6f cxpde, CHEAHPr 2 k4ohgh @Bt 375 rpmand a flow rate of
15 07 DEC 2005 WO 021100806 RGELERO2E0637 3igdd .milhmvapodddoabitai ned

splits in topibottqm W at boSwel & 1,19 £05, the,erlide £120G13.al cohol
product and 90/ 10 for _the crude Cl4/CI5 alcohol product. The top fraction

of the wiped film éFEPoTHL O Was® B85 pTHI P ¥y © CBirEacti Aghi%™ at 90 C
with an aqueous 3%tbMaGHdeofL2/@RA atcchchhaveuratang ortgaph amater S6f 4:1

for NaOH solution at a phase ratio organic:water of 6:1 for

n-Cl0-0OH2.0 n-Cl11-0OH2.1 n-Cl2-OH / i-Cl2-O+H12.9 / 3.71.8
/ n-
i

the crude C1l4/C15 alcohol product. After phase separation
10 the organic phase was three times washed with water under
similar conditions.

The saponified alcohol products were subsequently
topped to remove the.light by-products and tailed to
remove the heavier by-products by distillative treatment

B ‘ using a 15 tray Eischer packed distillation column. The
resulﬁing crude C12/C13 and Cl4/015 alcohol products
contained respectively B4% by weight and B2% by weight of
alcohel. . ‘

These crude alcchol products were then subjected to a

20 .hydrofinishihg treatment by contacting the crude alcochol
(at 0.8 ml/min) with hydrogen (at 5 1/h) in a trickle
flow hydrogenation column containing 14 grams of a
nickel/alumina hydrogenation catalyst (HTC 400 ex
Crossfield) at 120 °C and a constant hydrogen pressure of

25 60 bar:

The yield (relative to the C1l1/Cl2 respectively
C13/Cl4 feed to the hydroformylation reaction),
composition and linearity of the finished alcochol
products obtained is given in Teble 3.

30



the crude Cl12/C13 al cohol product and with an aqueous 5% NaCH solytqy
a phase ratio organic:water of 6:1 for the crude Cl14/Cl5 al cohol B

After phase separation 1C the organic phase was three tires washed with
wat er under simlar conditions. The saponified al cohol products were
subsequently topped to renove the |ight by-products and tailed to renove
the heavi er Mp®h@d¥cts by distillative treatnment 15 usiB¢g/ERZI08378r ay

Fi scher packed distillation colum. The resulting crude Cl12/Cl3 and

C14/ C15 al cohol products contained respectively 84% by wei ght and 89% by
wei ght of al cohol. These crude al cohol products were then subjected to a
20 hydrofini shing tyeat nent Qﬁngg{gdagu&g)ltﬁ%dﬁ@gge al cohol (at 0.8

rﬂ/mn) wi th hydragen. (at Ln_a tric w_hvdrogenation col um

containing 14 grarfs of a nickel/al Qrﬁlﬁécﬁ/ﬁllt‘“)@té?;}ai i GhAEECarYRECL HIIC 400
ex Crossfield) at[pldUkincandza co""t]‘a“—f hyd=0g€eN pfessure o0b 2o b0 |bar:

The yield (relative *ehfhﬂ "1)14 Ci2—4-espeettvely—CE3/-Cld—feed-to-tHe
. alc ol W
hydr of or myl ati on rle ion ( conposiftion and lineafity of the finigdhed

al cohol products élbﬁbﬁ’ﬂ%’d is given|in Tadl-é 3. 30/07 DEC 2005 WO
02/ 100806 PCT/ EP03106G37-3823 Table 3 Fini shed al cohol products C12/|C13

al cohol C14/ C15 al qq:hg;z %Haékgry_qg(o@a 0.2Q.Q /alscghol 5 (%Y 4nyQ @ OHO.|2

n- Cl1- OHO. 6 n- C12-|OH S 60 4/ + C13- C]-II-C13 OH33.1 /
12.10.7/ 0.0 n-Cl3-0H-/ 1-C13-0H 7/ 0
n-Cl4-OH / 1-C14-0H 0.1 / 0.0 43.6 / 16.6
n-C1l5-0H / i-C15-0H 22.3/15.3
n-Cl6-0H 0.1
Linearity (%w) - B1 66
Yield (%w)’ 57 60

* Overall alcohol yield, including hydroformylation
(Examples 2 and 3) and purification steps (Example 4)



r--Cl4a-oH /i-Cl4-0H0.1 / 0.043.6/ 16.6 n-Cl5-OH /i-Cl15-OH22. 3/15. 3

n-Cl6- OH0. 1 Linearity(9%)- 8166 Yi ?m (%) 5760 * Overal | al cohol §i7&EE 2005
i ncl udi ng hydrof ornyl ati on- - ( Exanp and 3) and purification steps
(Exanmple 4) 07 DEC 2005 CL Al MS 1. Process for the preparation of an
al cohol conposition conprising one or nore primary nono-al cohols, at

| east 60% by wei ght of which consists. of |inear primary nono-al cohol s

containing at |east 7 carbon a , 7 §akd process conprising the steps of ;
(a) reacting carbon nonoxide mrgﬂghydrvgen under Fischer- Tropsch reaction

conditions in the presence of a Fischer-Tropsch catalyst conprising
cobal t; L¢b) Bepwstifwy futemprkpaprbiostobfarstedpofa@)l at | east one

hydrocarbon fraction conpr.ising between 10 .and _ 45% by ft of ol efins
cont ai nFAYFS® %ﬁl?ﬂn%9W251%ﬁ?ganﬁs°'(%?r%xﬁﬁﬁﬂﬁﬁyhaogﬁ a8F° ¥ of the

hydr ocapbonefsaciionsy wlil@itned wAishegord)stw tdF qanbap nonoxi de and
hydr ogen under hydrofornylatlon conditions in the presence of a

hydr of oPAYIAEY dre etz S0 Usasea tanndny shurle@ s¢f TcBabenaatoms subst i t ut ed

unsu HHEH bicyc | i gand; and (d) recovering
the alc§§&P %%ﬁ%%????%% %%rggéséggé$gﬁ§ined in claiml, wherein step
(a) corrprlsesctneag:taatgaocnambnnxﬁrdaomim Wwdrogryduaden Btsehet-enperature in

t he range from 125 tq 350 C,a ure in the range fromb5 to 150
bar abs. |n{{?ﬁﬁggnﬁﬁﬁﬁ%ﬁ?nofoﬁd&5%3?@ %iﬁbPr§FﬁBc808glf on a carrier

conprisi tifafder-IrddsREeestasyst atomsriding dloWalegr 2, wherein the
separation in step (b)_ involves a distillation treatnent

(b) separating from the product of step (a} at least one
hydrocarbon fraction comprising hetween 1C and 45% by
welght of olefins contaiﬁing 6 or more carbon atoms;

{c) contacting one or more of the hydrocarbon fractions
obtained in step (b) with carbon monoxide and
hydrogen under hydroformylation conditions in the
presence ¢f a hydroformylation catalyst based on a
source of cobalt and a substituted or unsubstituted
monophosphabicycloalkane ligénd;'and

(d) recovering thefalcohol compositicn;

2- Process as claimed in claim 1, wherein step {(a)

comprises reacting Carbon monoxide with hydrogen at a

temperature in the range of from 125 to 350 °C and a

pressure in the fanée from 5 to 150 bar abs. in the

presence of a catalyst comprising cobalt on a carrier

comprising titania.

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

separation in step (b) invelves a distillation treatment.

4, Process as claimed in any one of claims 1 to 3,

wherein the feed to step (c) is a hydrocarbon stream

comprising at leﬁét 30% by weight of Cl1 and Cl2 n-

alkanes and from 20 to 453% by weight of linear Cll and

Cl? monc-olefins.



4, Process as clained in any one of claims 1 to 3, wherein the éﬁ%ﬂ:tﬁ
step (c) is a hydrocarbon stream conprising at |east 300 by wei ght 8f %ﬂl
and Cl2 n- al kanes and from20 to 4. 1% by wei ght of linear Cl1 and Cl12

nmono-ol efi ns. 07 DEC 2005 -25 5. T0ocess as claimed in any one of clains 1
to 3, wherein the feed to step (c) is a hydrocarbon stream conprising at
| east 30% by weight of Cl3 and, Cl14 n- al kanes and from 10 to 45% by wei ght
of linear CP¥O5R45 @F4ChBnBedl H1 4y 9B° PLocbdsmast ctaitred in any one of

claim 4 4Q:% chehecehnebhgcbydiogen taohgéEQQQrH&‘I‘oé(ﬂP@anﬂol ar ratio in
step (c) 1sin the range of from1.0 to 5.0. 7. Process as clained in any
one of wimmisihgt et6leawvherf nogtvegighd) ofofipsi zmd Tk rsteps of a first

Lot atlove & el Jenk, 53RN £ GAL) By LT ESIL 10 s gL et and 2
step (M14 adaict-bosakhy,conprises a hydrofinishing treatnent.

6. Process as claimed in any one of claims 1 to 5,

wherein the hydrogen to carbon moncxide molar ratio in

step (¢) is in the range of from 1.0 to 5.0.

7. Process as claimed in any one of claims 1 to 6,

wherein step (d) comprises the steps of a first

distillative treatment, saponification, water washing

treatment and a second distillative treatment,

g. Process as claimed in claim 7, wherein step (d}

additicnally comprises a hydrofinishing treatment.



