WO 02/ 100806 PCT/ EP02/ 06373 - 1 PROCESS FOR THE PREPARATI ON OF A H GHLY
LI NEAR ALCOHOL COMPOSI TI ON The present invention relates to a process for

t he prepaoakiiosoe©f an al cohol conposition, nore specifi c®dTEP2/063a3 pr ocess
for preparing an al cohol conposition having a high linearity. 5 The
preparation of the so called oxo-alcohols is known in the art. One typical
met hod of preparing such oxo-alcohols is By-hydroformylating an olefin
into an oxo-al dehyde foll owed by hydrogenation of this oxo- al dehyde into
t he oxo-al cohol. Hydroformylation is 10 typically conducted in the presence
of a honpbgeneous catalyst which is based on a source of a transition
netal, typically a netal of Goup 8 (iron, rutheniumor osmum, 9
(cobalt, rhodiumor iridium oPRROCESH| ERe|ITHE FREPABATAP®r pl ati num of the

Peri odi c Tabl e of El enmentgg ﬂfhjdhﬂ@hghﬁEggtgiaéﬁéﬁﬂédﬁgyggbyngorn1these
netals may be wused with carbonyl 1igands, but they can also be used as a

conplex with other |igands, suitably phosphorus- containing |ligands. Such

catal ysts are commonine rp&fe@éﬁedmwn@foxph@a@k&eaetanglﬁoﬁwrflau gnaodi fied
20 hydrof ornyl ati on- cat al yst The_ secondary reacgtion, i

hydr ogenat i on ofpf?ﬁﬁraﬁa?napgeﬁ?d% FAEY 1R HﬂﬁﬁFé?Bodﬁ?ﬁﬁ %B&?%&PEBHBY
occurs simultaneouslprodesls tbhe peépwtidy drohoesybat tofpdeadicononavisgne of
t he honbgeneous hydrq%qﬂgylatéon catal ysts are 25 sufficiently active to
hydr ogenate the 1n- §$ or oxo- al dehyde into the desired. oxo-al cohol.

Somet i mes,5 however ,Thee sepppateibydrDfihe sioi kglitépoxs-appitiodd LA order to
e o k35 L, U8 AR ol RUGE LALEITE Bkt
oxo-alcohols is by hydroformylating an olefin into an
oxo-aldehyde followed by hydrogenation of this oxo-
aldehyde into the oxo-alcohol. Hydroformylation is
10 typically conducted in the presence of a homogeneous
catalyst which is based on a source of a transition
metal, typically a metal of Group 8 (iron, 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 ligands, but they can also be used as
a 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
oxo-aldehyde into the corresponding oxo;alcohol, occurs
simultaneously 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 gquality of the final oxo-alcchol

product in terms of its aldehyde content.



Oxo- al cohols may be very useful as plasticizers or detergents. Typically,
pl astici zer al cohols conprise from 7 to 11 carbon atons, while detergent
al cohol s worepnomses from 12 to 15 carbon atons. An inportalRCTdPeneqir3 5
determ ning the plasticizer and detergent properties of the final

oxo-al cohol product is the linearity of the product. Throughout this
specification the linearity of an al cohot %$roduct is defined as the wei ght
percentage of Ilinear primary nono-al cohols relative to the total anmount 10
of al cohols. | n genetad-alcohvdst mepabe oxe@ypreegsdess pypsichatizgrpr educe

al cohol s havi ng | ity . %.by wei Jh al i.t.y of_the
olefin feed to t Skéﬁgﬁﬁ%% 'or%lgtgllgﬁ’ iép%gn@ﬁcr%\g%ﬁgt%'?o?gg?oronllpﬁ:l)réeel g Sn to
15 the final propekEpi&s @frhdve aglomehorvhprodisfierdentpat ool aarcampeigrount of

| i near mono- ol ef ieBgnr £ atd & (B rrblieat Ghdl AU OEn0! 6f LAS,Present in the

feed is an inportant factor. In one aspect the present invention ains to
provide 20 an ofBFfRtmiiRd ithye sleffhcierd anthidetrasrphabrdgasitiieat P6n No.

WO 97/ 01521 di sckasesidal R:QCQ3%0hol Produal NG exkoenated: OF QFUeHS,
typically al dehyde andrﬁ“l cohols, froman ol efin-rich feedstock, which

process conpri seSTPEACE i Nt ugRRuhy BROT ofRRAECICGH 198 SRagkinegrity of

Fi scher-Tropsch deraveshsl efriodiuetptiedact indd s @:&ébaaigm?%&%n@agehbfﬂr ogen
in the presence of _a _catalytically effective anti

hydr of or nyl at i onel%%?ﬁl s ma\éfﬁ’d mﬁﬁaé?f‘ﬁwﬁrﬁ &e&%%éf"%%xr@?ﬁ%o&ﬁlcé‘ﬂa?ﬁons,
to produc® oxygenétetcgraductls genpraki npratedelipded SfoamtbBassakcohol s. The

ol o1 i ns. of whi ch 6l 1 nd 26°FS T00%RbY" e aRe & 6T Rear” R7or81 FRs, 0 to

ol efins, of whic . 0 Inear” a-olefrns,
60% by wei ght nofAB3 MY Hygidhtanched a-olefins and 0 to 10% by wei ght |inear

internal ol efins. Thendriqiatumobefine WA H2/,10Q866BCIAEP02/ 06373

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 97/01521 discloses a
process for producing oxygenated products, typically
aldéhydes and alcohols, from an olefin-rich feedstock,
which process comprises reacting, in a hydroformylation

25 stage, a Fischer-Tropsch derived olefinic product with
carbon monoxide and hydrogen in the presence of a
catalytically effective quantity of a hydroformylation
catalyst and under hydroformylation reaction conditions,
to produce oxygenated products comprising 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 a-olefins, 0 to

60% by weight mono-methyl branched o-olefins and 0 to

10% by weight linear internal olefins. The minimum olefin



3 content of the feeds used in the working exanples is 50% by weight
(Exanples 9 and 10). The Fischer-Tropsch derived olefinic product is the
product oWwDaenesoby subjecting a synthesis gas conpri si n@CEaPboos3ndNoXi de
and 5 hydrogen to Fischer-Tropsch reaction conditions in the presence of
an iron-based, a cobalt-based or an iron/cobalt-based Fischer-Tropsch
catalyst. A clear preference is expressed ¥or iron-based Fi scher-Tropsch
catal ysts, which is also illustrated by the fact that in 10 all working
exanpl es descri beogtdrydradf ariwey Fatdsnuseak pier ithentwerkheg hy<hmgdlesmilkatbsn f eed

was based on the,__ produyct Lscher-Jropsch,re i wherejnh a fused
iron catal yst Wa]gyuvéeelg(“ﬂ’l n@%@pgﬁgcgs%n%clébgr'dﬁ%ge ? %Efﬁ%‘%ﬁzg p|Socﬁal
Application 15 ferivad $A/Fi52¢ phedieedst ddle pootthet hghkirafrmsdmplyat i on

reaction stage i suaLoleld o Lhelnlerdsiar kol chilSca thlalned dyer gagt i ng
carbon nonoxi de and hydrogen in a Fischer-Tropsch™reaction followe y
subj ecting the ¥YEeIEan ToFSERPEAEIPRATHAGRFEL ORoCENSt 19t iionthe

treatments. Suchpgisdidd ald an LEALPRIMS & @bRAYLHELed or Qfrder to obtain
the carbon fractjions, with the prescri bed mini num ol efi n content of 35% by

wei ght. However , “¥ PR G8dds $2588oF HF TFR T ABSALo 7Bt - 1540685 oom f or
i mprovenent in terémerdnddascerbir8aieédfor?d roh-aheehori selactirvbkyni N the

hydrof ormyl ation_and |inearity. of t al.cqhol s prqduced. This i irst of
all “illustrat edc%i/adﬂ?et%?” 1%8 ekal ?OeslcEL S\ti\f}a)%? 7#51‘%%:%% ti‘f’lp bt one
exanpl es Where aaF schdrisifr epschlégetedsrilised hiyHeofonegrdatdiypn s at the
typical |evel, I . 0 0 I \] N opt i I n_t only
exanpl e reporti \rl:%&g)e:rl\?&éér}l&@hilt&% ]Ij?ﬁ%eg%]{myl%%lgg%@%gaﬁ%% %edt %3 gﬁ%ohol
selectivity is optrgdwdyeh mpFypager Hktcnsshatieaek yoravyer i gy dugetls are

forned. The ol ef{ p, conuensi@nywhe L&k exanple is also relatively poor:
only 68% Secondly, it :

In the process according to International Application

15 No. WO 97/01521 the feedstock to the hydroformylation
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 alcchols produced. This is first of all
illustrated by the working examples of WO-A-97/01521: in
all but one examples where a Fischer-Tropsch feed is used
the linearity is at the typical level, while alcohol

30 gelectivity is not optimal. In the only example reporting
a very high linearity of 84% (Example 5) the alcohol
selectivity is only 64%, implying that relatively many
by-products are formed. The olefin comversion in this

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



WO 02/ 100806 PCT/ EP02/ 06373 4 was found that when using a fused iron
catalyst the resulting olefin streamis characterised by a relatively

hi gh contwonto2a6o8bé anched ol efins. This is not beneficial PCOEPa2/3gh
linearity of the alcohol product in 5 conbination with a high al cohol
selectivity. Finally, the high olefin content of the hydrofornylation
feed, a prerequisite according to WO A-97/901521, inplies that quite a
severe distillation treatnent of the Fischer- Tropsch reaction product is
requi red. 10 Thevwps dgantd itpegntion asing teo fosedcdrment heselysthatieconi ngs.

More specifical | Yoodlieify @aRRLA! BYEOLK OfL APk REONI He 2 RNAEESS1{Or

produci ng oxo-al cohols by the hydrofornylation of Fisc psch product
streanms, whi ch Peguleatenthipdhbyanreedrol@idewol Ship tomphdeneditsabi th a
hi gh al cohol sel ggtiyitigH nihbarhydr of orny lAlHdLB1 stadget tHyus liniting the
amount of by-products forned.  The expression "selectivity" as _used

t hr oughout® t hi s CSPRIGFGICR WdhDr 8f BIER 1t IR lpsrdent Ayttt vf Hitedhyl the

pr oduct sdf olr rr;ed lliﬂ_l;}atcfl\é&iﬁ'p cbheeasount t1af lHy%]@:fo@anduﬁaén Z&Oééz}r ged f Ir omthe
converted olefins: selectivity = apount c rmed, x 100% _tota

amount reaction B’F%’ﬁ‘?fc‘ilssltﬁu%ﬁ@fﬁb?%&? 2‘10["%5%5?8&3%%' ot ™R WS r88Ent

i nvention very dugte ¢ efavereonyet $11ar iqat esxecahoshd b did dirabker while 25

it should al so i t y.dr of Lation feeds conprising
35% by wei ght o%%%‘*r%%?‘%%??ﬁs&%%gsﬁ%%re%r{’iq%feﬁw y found that by
sel ectinglspeci fic Thepeseskngatarystiond ribet kot heeFesuherheReopsch and

hydr of or nyl ati ong;84.a98,nirgfal Y mbioease & £ohah ,pr educ §e§@n@%vgnfe§oﬂbt ai ned

at very high al cohol selectivity and conversion rates. Accordingly, the
present inventi odPt A FESVAIFr BcRERCeT D Th@rprEpaRat P BFCOAR LAl BBhol

conposi ti on conp¢hsim@iroformylation of Fischer-Tropsch product streams,
which results in highly linear alcohols 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 alcohol
products formed relative to the amount of total products
20 formed from the converted olefins:

selectivity = amount alcohols formed x 100%

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

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



one or nore primary nono-al cohols, at |east 60% by wei ght WO 02/ 100806

PCT/ EP02/ 06373 - 5 of which consists of |inear primry nono-al cohols

cont ai ni ryoa/10sest 7 carbon atons, said process conpri siPey/RPhBOSTIEPS of :
(a) reacting carbon nonoxi de with hydrogen under Fischer- 5 Tropsch
reaction conditions in the presence of a Fischer-Tropsch catal yst
conprising cobalt; (b) separating fromthe Hroduct of step (a) at |east one
hydr ocarbon fraction conprising between 10 and 50% by wei ght of ol efins
containing 6 or ebreviclr namsdesssef 10ifedr conimaelyi ngnonelerhaisre of the

hydrocarbon fractions Qs aiingdabp step-dd) M, canbgn,poaqd de and

hydr ogen under hydrofornyl ation conditions in the “presence of a
hydr of or myl at i onCeBRE}SARI Fa$edt6RSaCE s0urce of cobalt and one or nore

al kyl phosphi nesja) 1@Mdgd)ca&§59vx%w&&mu%cag}akogméﬂ @ schbg-
al cohol canposition finally obtained sujtab le H’BI’I ses at |east 60% by

wei ght, nore sui tablV%W%&?F“BB%W%W EeEFSERE B fary
mono- al cohol s. 20 Przeﬁsefrre&dmaﬁpesl &aw@wmﬁp&esahgl easd1t865% by wei ght  of

C10+ i I hol I h th of |
O R 0 anD PROR e ARG BTN ERel B, 4 B Bet oo
atons, nore sui tabllwdtt&ctaa*bbonfaaotmorannbn@zarsmgr besueézabllo,/ ab@ cakbop 25
atoms. The process gf | H%ﬁtg%ﬂfe%%%lﬁ%‘vc%ﬁea%u%gs bS%“moxté)U&%%%r EkgHg‘” y

advant ageous for prepa ositions co i Sing one or
Cl12, Cl13 ¥nd Cl4c] |Wqﬂm@@yen@hdﬂ%nﬁ:@rfoltéleaQYﬂh@Cmqn f@@ﬂp@ﬂeﬁt(s)

whi | e al cohol COWPO%Hdél@édCQHpétéf; ngo)a%zl%@l RLBoEONPOREIHS @gconbi nati on
of Cl12 and Cl13 prinmary. nono-al coh or a conbination of Cl4 and C15

primary nono- al cohdl¥&tegee H@@ﬁrf%'xlﬁlkf’fﬁr‘ftyléﬁllﬁﬁl gopdfigns in the

presence of a hydroformylation catalyst based on a
source of cobalt and one or more alkyl phosphines;

15 and ' 4
(d) recovering the alcohol composition.

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

20 Preferred compositions comprise at least 65% by weight of
C1l0+ primary mono-alcohols. Typically, the maximum chain
length of linear primary mono-alcohols present in the
alcohol composition will be 20 carbon atoms, more
suitably 18 carbon atoms and even more suitably 16 carbon'

25 atoms. The process of the present invention has been
found particularly advantageous for preparing
compositions comprising one or more of Cll, C1l2, Cl3 and
Cl4 linear primary mono-alcohols as the main
component (s) , while alcohol compositions comprising as

30 main components a combination of C12 and C13 primary
mono-alcohols or a combination of Cl4 and Cl5 primary
mono-alcohols have been found particularly useful.
However, also lower alcohol compositions may be prepared,

notably compositions comprising combinations of C7, C8



However, also |ower al cohol conmpositions may be prepared, notably

conposi tions conprising conbinations of C7, C8 WD 02/100806 PCT/ EP02/ 06373
- 6 and/wp 0@90qsné mary nono-al cohol s and conpositions cORPTIEPONQ323

conmbi nation of C9, Cl0 and/or Cl1 primary nono-alcohols. In step (a) of
the present process hydrocarbons are 5 prepared by reacting carbon
nmonoxi de and hydrogen under suitable conditions. In general, the
preparation of hydrocarbons froma m xture of carbon nonoxide and hydrogen
at el evated tenpefdUr &R LFREESUPRCTH IHE L SpredefeEPoT i el @Y t abl e

catal yst is knowsodsridithgl@ Eomshest T60RSC vd)y dnoCanlpsr syt heShiry

Catal ysts used in _this h irocarbon synthesis are normally referred to as
Fi scher- Tropsch IB%?%'I%CEO;% ffd usual 'y conprise one or nore metals from
Groups 8, 9 and 10 dfn tdepPdri odf ccHaldr=scafc blesess shydpidepahkyateget her
wi th one qQr nore 15 pro tersacgnd a carrier _mat articular, iron,

e re in arxbo o tﬁrial Ir]é% d
ni ckel , cobalt aRE Futhenruicars ial FERASWTERr ARt 7edl XA oger V%6t al s
for such cat al yssuithiel dFicooldéiidnepshh gaatallystheéopbeparsadonnost ep (a) of

the present pr Ocﬁéﬁﬁmc"’h‘?’ \éet'fro houl d.camprdsse . ¢ahal toas e catal ytical ly
e catalys

20 active netal . al so conprises a porous carrier material, in
particul ar a refra¥Iagsn Gt géevehed i teupedmyeesndf psessuns énr sheactory

oxide carriers jpacddide sURl B3itshld Chrdiiania, xZbfE U ar mxtures
t hereof, such as_silica-al um na or physical mxtures such 25 as silica and

titani a. Very suft3BiSF CEAPPEERSPEFECTHIXE SYHHPEELP ng aGalammits, UepRcHmi a or

m xtures thereofthild taRirdcagBbhi eysridsi Prebenbedal iy Rarddreul ap fitani a
whi ch has been pice ar e& in the absence of sul gggi-cont ai ni ngﬁaconpounds.

S
This carrier may Her *CBRpr §%t?1]§'“°ttos 569 b WeF gH= 51 t Rer
refractory oxi depoteypietallly febhi Gaowss @l Wnand. 10bse tHeeflferabbyc thele

addi ti onal refragfcgﬂ@ments, 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 catalyst also comprises'a porous
carrier material, in particular a refracﬁory oxide
carrier. Examples of suitable refractory oxide carriers
include alumina, silica, titania, zirconia or mixtures
thereof, such as silica-alumina or physical mixtures such

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

30 weight of another refractory oxide, typically silica or
alumina. More preferably, the additional refractory
oxide, if present, constitutes up to 20% by weight, even’

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



oxide, if present, constitutes up to 20% by weight, even nore preferably
up to 10% by weight, of the carrier. WO 02/100806 PCT/EP02/06373 7

Typi cal | ywotohaoosed al yst conpri ses 1-100 parts by wei ght eCTEPOAVLET73

(cal cul ated as elenent), preferably 3-60 parts by weight and nore
preferably 5-40 parts by weight, per 100 parts by weight of carrier. These
amounts of 5 cobalt refer to the total anbuht of cobalt in elemental form

and can be determ ned by known el enmental analysis techniques. |In addition
to cobalt the catal y&Pifdy} lzeonphesedhierstorcofpréspe ohpt & LAFIGWRYt 0 t hose

skilled in the aptigHO cauidonbhe REQIBLELSd REG WdemEBAYANSSEse A1 GOBLEA
titanium ruthenium plati nur}% vanadi um pall adium and/or rhenium _The

amount of pronotRECS PY)MEdeht, apd PORF EahErabdvweshl Rartthdy18§ighEt s by
wei ght (cal cul atgéer asoelRireRt by weigeXasmlehekweethfse Samithts0ornor e

sui tably 5 between 0.5 and, 20_and _eyv nore suitab bet ween 0.5 and 10,
parts by wei ght %@?amltod: art §°b§ﬁﬁeF%%a?f&mO@élFr Pgr?o%thr cdt Iegl,‘:”mfaﬁl&"‘l?il

Fi scher- Tropsch tatmlatst cdaedendeterohial yalkkakin ol ecadkicdl rmadastih netal s,
apart from poss&éoclﬂ%ii yrities introduced with starting materials in 20

t he preparation proces 5t the catal ysts of the present invention.

Typically, the atoniin radiciofr bbkedhaldr thal kakrhpseanah gmetpaliset oneobal t

metal is less thap Q... pebesaRhdun &S SHRAN R 992q Thedd seher-Tropsch
process conditions applied in 25 step (a) of the present process typically

i ncl ude alf t enpefattiAtel g PrORetpafgen? TeRopsesso elrepefdlably 160 to

275 C, nore prefefadldud,r @chddduhd 2B {GurEV @BnaBRLR, RbLhRIBRkY ahaPer 190
to 240 C, and especially from 190 to 235 and ressure in the range

C, a
from5 to 150 307BIHHbs Th& BF°rEY of BRI Esent B?%%%%%’ ney “BBL6per4t ed
at the pressuresbeomento.anahbyiappbaes Hy: ereigptt 0Oc80culated 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 Fischer-Tropsch catalyst does not
contain alkali or alkaline earth metals, apart from
possible impurities introduced with starting materials in
20 the preparation process of the catalysts of the present
invention. Typically, the atomic ratio of alkali or
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) oJf the present process 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 190 to 240 °C, and especially from

190 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 conventionally applied, i.e. up to 80

bar abs., suitably up to 65 bar abs., but also higher

pressures can be applied.



bar abs., suitably up to 65 bar abs., but also higher pressures can be
applied. WO 02/100806 PCT/EP02/06373 8 1In a preferred enbodi nent of the
present iwWOoentdmsne step (a) conprises reacting carbon non@KirgPoxddsns
hydrogen at a tenperature in the range of from 125 to 350 C and a
pressure in the range from5 to 150 bar in the presence 5 of a catal yst
conprising cobalt on a carrier conprising” %itania. Suitabl y, the catal yst
and process conditions in step (a) are selected such that the product
obtained in this stEp ¥ dreéeapriseslodinent dngFocopresont 2Anvemouwby

wei ght of a Cll £l NydhpealRan£4@€Lhd har it hohBxhydr fLal b laat i on
conprises in the range of from10 to 50% by wei ght based on total weight
of this fraction®dbf® CIPRGEFE ABnbPR| B1IHS CITHTEMCcdaP dEO 10 iWseafce, be

achi eved by usi ngrésdiseher theopaaheCat&h sttdasednar ig0bE@ thradnidet ani a
at operating ter’rg,graturt(ta?;L of 175 to 15 27%af and operati%g ressur.es of
from 30 upsnto 65°hat CHIFEY ST CEPRFEHRT T P8 2efrBoaT e nt OB & 9pr esent
i nvention the prebsati afplitethlyn shepcddlisk ahd epastedd cdaayitipnel enably

at |l east 50 bar. mu preferred, 2 ressyre range_i§ 50 t.o 150 bar, even
nore preferably %éept amlf&ebasre.&% t%&a%?‘%sﬁ%ea%pg?lgt GF 88"k ?l??teaslélebir éfsures
may be those notrlwbs | steappla)edombut sgs eferited repgratit ngrotm elper 2A0Gr by at

{hese Pressures aLfahi dhe Ka10800ky L rom. dA00 200 Croorg el er ably 160

to 230 C. 25 Hydrogen and carbon nonoxide (synthesis gas) are typically
fed to th¥ reactlrdeecarhas fracsiprd Feompticses dagéher 5anee 5% Fom goeter abl y

from0.5 to 3, Mg pLPrefabkYsEa0sh O d10 wighandresResi aldok ifnomel. 0 to
1.5. These nolar _ratios are preferred for the case of a 30 fixed bed

reactor. The Fi sChertarOs@RnPeatef b stBp- S &P ey ber instance, be

achieved by using a Fischer-Tropsch catalyst based on
cobalt and titania at operating temperatures of 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 step (a) is at least 40
bar, preferably at least 50 bar. A much preferred

20 pressure range is 50-to 150 bar, even more preferably 55
to 140 bar. Operating temperatures at these pressures 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, prefefably 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



conducted using a variety of reactor types and reaction regines, for
exanple a fixed bed regine, a slurry phase reginme or an ebullating bed
regi ne. lwowehboshe WO 02/ 100806 PCT/ EP02/ 06373 - 9 appr ecratreziodshmat t he
size of the catalyst particles may vary depending on the reaction regine
they are intended for. It is within the normal skills of the skilled
person to select the nost appropriate café1yst particle size for 5 a
given reaction regine. Further, it will be understood that the skilled
person i s capabl @pesdtast theé FBSt S hprdpribat eatebrdh tPfsi Fles Bagpecific

reactor configurafipigidiaineachi Ohe M BH B o MegenamPhey dhe Riehaered gas
hourly 10 space velocity may depend upon the_t ge of reaction regine that

i s being appliedfomhust s Withia gaeirdddl Skdé FaPt Ehe Hidrlscapssron
synthesi s processowdied fineeaosbesdppeshimatPiakal abt ypdhei gas shedr Fyrspace
velocity is chosen, in the range fromb500 to 2500 N1/1/h. If it is 15
desired to oper at eIt e Ay &H<GEEFbORIEYnt hesi s process with a slurry phase

regi me, preferably thetgas, haurvylspeseeindeaisaobtythst ctins egkiilnetihe range

from 1500 to 7500 N1/1/h. Aft carb noxi de d_hydrogen have reacted
into a hydrocar%ﬁﬁféﬁcﬁﬁuﬁ?pﬁﬁagte% %%B%Eﬁ %§§u Sggu%%gr%ﬁéﬁ§%ﬁn 20 this
hydr ocar bon pr odoetditsigepdrat edspat bt oneegctor eohy dgocsriyon afidact | ons
conprising between, 10 4nd A%DY roted Ghits1 T @her BhLycPeLYRRN 1R,30¢ 45% by
wei ght, of olef?ns contaﬁ_ing 6 or noré carbon gton%. Very qog ?esults
have al sollbeen a®Phet S ATdhYsBpHEr @ereRy tURe ShRy Hybe apbaredatis®fep (b) into

at |east one hydr@cafdamatf HACHEDRg CORBILH NGNS Ehan 85%y resi ght of
olefins. It was found that such fraction, which has a re|latively _|ow
ol efin content, PRERH A& S{rgoatPIR I GERIFoPTPRESS MidibPofyfati on in
step (c) and al sped esading,i prafeokivol y Ahpre@duabsrM t Spddtghrdlideaaaki tkes and
excel | ent alCOhOéhosen in the.range from 500 to 2500 N1/1/h. If it is
15 desired to operate the hydrocarbon synthesis process with
a slurry phase regime, preferably the gas.hourly space
velocity is chosen in the range from 1500 to 7500 N1/1/h.
After carbon monoxide and hydrogen have reacted into
a hydrocarbon product in step (a), in subsequent step (b)
20 this hydrocarbon product is separated into one or more
hydrocarbon fractions comprising between 10 and 50% 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 hydrocarbon
 fraction containing less than 35% by weight of olefins.
It was found that such fraction, which has a relatively
low olefin content, 1g 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.



selectivities. Preferably the separation in step (b) involves a
distillation treatnent, notably fractional distillation. Conventional

di still atwom2tienshéi ques can be used. WO 02/ 100806 PCT/ EPORIO®8Y®373 10
The separation in step (b) may be effected by fractional distillation, but
could al so conprise a conbination of distillation with another separation
treatnent, such as condensation and/or extriction. 5 In a preferred

enbodi nent the hydrocarbon fractions recovered after fractional
distillation in stepiib)semegatipe €3-tae @1reyebgnaf&asicidbyiractions,

each contai ni Ngfa4ciMsta®Biky ivehghbn, Dt Rrapeeter abhyrade sMOst 2% by
wei ght, of the nelrg,[pbour_l ng hydrocarbon 10 fractions. Al so the C6-C8

fraction is a pr8PEPTRRFINT & FORTLEORE L ™hi'HE Pa R REEET S9ERRF MeiFht , but
nore preferabl ytatatmsit 2%day wei gbhdedadite RedgbPoUkt RgetGon .and CO

hyd bon f ti . Each _hyd bon, f [ f b nb

being an ihteger of T Gt 8L T8I AToRt T § " BoRY AF RSOt & 1509857 et ght .

nore suitably 20etoved™d ftwei dhtet bbndn-dilsefilistiblowkvestems(al ready

i ndi cated herei nbgf ofe, 1twdrcqga599n?lflﬁ§a§ﬂr_%s4 %%gg@@iglilgg eJ ss than 35% by
ur. y

wei ght of olefins are al'so very use hese rocarbon Tractions can be
used i ndi vi dual | gyorsa POLfeed moshyd¥ dbwrwaddtti. obust vpré refarabilwoabr nor e

of these fracti ; copbi i v £309 t he
hydr of or nyl at i onlq?%t si[@%/erﬁ}( ?%.lg%é g?oﬁig%sﬂ%@f%gkgggeg%%t i rf\?tg%ti on is

particul ally sui fadtetdtfen Adsenghe 6= Luprdiopaiboh RfERedand C13- Cl4

hydrocarbon 25 stfgaiods Jo@@@ihﬁ!nﬁtﬁ@ St slanbgt G}F_iéﬁﬁ,_ Ifmﬂcrtai‘o?rewljati on
e I nvent] on | was ftounga very

t akes pl ace. For thg rpose of the presen
advant ageous to B%® %Tsﬁg}?é‘édmf)ﬁts%é 3(6’56.19%"5' 8T hyaf RET BRI FEatr
conprising at | easd &D%hrocarbon fractions. Each hydrocarbon fraction
of carbon number n (so n being an integer of from 6 to
15 "~ 14) suitably contains 10 to 50% by weight, more 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 fractions 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 {(c). The process of ﬁhe
present invention is particularly suitable when using
Cl11-Cl2 hydrocarbon streams and Cl3-Cl4 hydrocarbon
25 streams as feed in step (c).
In step (c) hydroformylation takes place. For the
purpose of the present invention it was found very
advantageous to use as a feed in step (c):
(1) a hydrocarbon stream comprising at least 30% by
30 weight of Cll and C12 n-alkanes and from 15 to 50% by
weight of linear Cill and Cl1l2 mono-olefins (i.e.
including l-olefins, 2-olefing and internal olefins),

oxr



30 weight of Cl1 and Cl2 n-al kanes and from 15 to 50% by weight of |inear
Cl1 and Cl12 nono-olefins (i.e. including 1-olefins, 2-olefins and internal
ol ef i ns) ,womr/1WB0©2/ 100806 PCT/ EP02/ 06373 - 11 (2) a hyacoaeobei7stream
conprising at |east 30% by weight of C13 and Cl4 n-al kanes and from 10 to
45% by weight of linear C13 and Cl4 nono-olefins. The feed described above
under (1) suitably conprises 5 from 55 t0*75% by wei ght of n-al kanes and
from20 to 45% ght of linear Cl1 and Cl2 nono-olefins, at least 75%
by wei ght and pr Qbraamxﬁrgpawéagtste@/arb;qur@ﬁtmaf at yhea#t cotsibst s of

linear Cl1 and Cl12 npnepa- @rethBSand nc1AddihikaRekoahfer sl kanes 4a8dp,y,
nono-ol efins the feed may 1Q al so contain relatively smal|l anpbunts of ot her

conponents (typi cal"feyl% P4 A1PBRhlCht apshHy Rergnelebteterably |ess
than 10% by wei ght amﬂa Tekd peeteibdd Yad®ses uhldar (Y Hyiwvebightcbmpetiebs as

al cohol s, C10 an al kanes, Cl3+ ol f|n branched_ol ef j ns and_
branched &l kanesg &G égﬁ %@s‘@?%%}étd Pfﬁ&gﬁ ‘E”E(? U 9 3 °c6npri ses
from60 to 80% blyyvm:@ﬁt @ff Aiakkanesl andd fmanmﬂ:ﬁotoldﬂ%s,bwtv\ﬂlegbt of

| i near C13 and %"%}‘% lgki Qﬁdné% )%e%% 1}/1 %gga\i\eég{r}t %2"%51%5‘%]: g%abl y at

| east 80% by wei | chco i near
nmono- ( x- ol efi ns. wlhibkzca:caﬂadlsttlsonftbmm reial kades1andon®no-«llesfings the feed

may al so cont ai n | | anmounts of. ot her onent al | up to a
ot a1 20 150k by Saticn ARERE PRSP st i ebaehBe
preferabli | ess 4hwam cﬁihtb;inmeght;velﬁmlas ambanbel sf GhrmandmBdhents

n- al kanes, C15+ cﬁ‘{ a({gﬁlt};ggleaégngh ((?*It 0l effl) ns . agg Qﬁpe}r%tjé‘%ﬁ%ﬁ The

hydr of or myl ati on in s sour ¢e of cobal t
and one or nore laﬁ:?f@Itha@hé@phbMe‘selm e’:lndnnperﬂ pcafaxably less than 7%

ph?sloho[ us- cont ahPing-ghthi 930dn Mpdi {1 &shagbalt pbaggde cat.al YisksiesSUBhs
cat a SIUS
y olefinsg, branched olefins and branched alkanes.

15 The feed described above under (2) suitably comprises
from 60 to 80% 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 80% by weight of

- which consists of linear C13 and Cl4 mono-a-olefins. In
20 addition to the n-alkanes and mono-olefins the feed may
also contain small amounts of other components. (typically
up to a total of 15% by weight, preferably less than 10%
.by welght and more preferably less than 8% by weight),
such as alcohols, Cl2 and Cl5 n-alkanes, Cl5+ olefins,
25 branched olefins and branched alkanes.

The hydroformylation catalyst used in step (c) is
based on a source of cobalt and one or more alkyl
phosphines, more in particular phosphorus-containing
ligand modified cobalt-based catalysts. Such catalysts

30 are well known in the art and are, for instance described
in U.S. Patents Nos. 3,239,569; 3,239,571; 3,400,163;
3,420,898; 3,440,291 and 3,501,515, which are
incorporated by reference herein. For the purpose of the

present invention it has, however, been found



30 are well known in the art and are, for instance described in U S
Patents Nos. 3,239,569; 3,239,571; 3,400,163; 3,420,898; 3,440,291 and

3, 501, 515wowhkitelso@r e i ncorporated by reference herein. FecTtEPe2/miIrpose of
the present invention it has, however, been found WO 02/ 100806

PCT/ EP02/ 06373 - 12 particularly advantageous to use honogeneous

hydr of ormyl ati on catal ysts conprising cobal'f as the catalytically active
nmetal in conbination with either trialkyl phosphines or optionally
substituted 5 noRaphbSPrREDIYC PElVearRaness 450 tufe Ihcggagseomarticularly the

substituted or UH?&'P@E&EM@EQio@@QEQg?Q@m&MigﬁB@aegﬁaﬁ e Prigfeerred.

Accordingly, the "nost preferred cat sts are thoSe based on a source of
cobalt and a nonBpFOSHHAR dyc PEAERanBeF 3y akt CamfrdPetAcr el B sid$phor us

atomis substituteﬂayﬁ§jlﬂna@p@gggsobrn@@tiégammwl%@b@tmygﬁg@arbyl of 1 to 36

carbon atoms (e.qg. | kyl_ or, aryl)_and this phosphorus atomis _a nenber of
a bridge ﬁinkaggoﬂﬁéﬁﬁﬁhh%ﬁﬁcﬁﬁxﬁgBF?%%%H%%dﬂﬁiiﬁﬁﬁﬁésmh?%%Flcularly
nonophosphabi cyl enal ke itased be 4dfisalsthiutaicons, 7 or 8 15 carbon at ons
of which together w th the.phosphorus_atom bei menbers of..the bicyclic
skel etal structul'@" PPk é%g@ 028%%% %%%Hﬁﬁ?5§§E%§Fﬁ§2e£T?°éﬁﬂgﬁgbn%¥Fse
(i) an al kyl substti terfierofedd chbaBPst sroree priefser dbkydSot ;e Zmurceamiion

atons, or a phen |4 ue e i (hid B85¢C .at

t oget her mﬁtﬁ thé&%ﬁgggﬁ%iEE?%?gé?g¥éﬁéﬁﬁi}%%ﬁ?%ﬁ%%ecF?%zgibﬁ%?%%lgt?ggture.
Particul ally preheypheruys gaedsiar euldsteltvgsd wdth hydrogen or non-

phosphabi cycl of 4a@e&§f@ﬁ@%?d?2@%9?iyl -1 RJ%P?F%%QEBME' £ Sns3- (&l.gonane;

9- phenyl - 9- phosphabicycl o 2 nonane an ,
9- phosphabi cycl of #2L 9thGFare. 2FHetR? S IRRRARICTAS REPP 4% & Hsmeesr @5arat i on
are disclosed inpbrifide Raiert MOthdudOP:iked,a WHikgehbBE attS€ and which

hydrOfornylatiOnméggbtgé% %th%ygggg Eggg ﬂ;gl% %b g%tgggbon atoms, 7 or 8
15 ‘carbon atoms of which together with the phosphorus atom
being members of the bicyclic skeletal structure.

Preferred monophosphabicycloalkane ligands comprise (i)
an alkyl substituent of 4 to 30, more preferably 5 to 25,
carbon atoms, or a phenyl substituent or hydrogen with

20 (ii) 8 carbon atoms together with the phosphorus-atom
forming the bicyclic skeletal structure. Particularly
preferred ligands are 9-eicosyl-9- ‘
phosphabicyclo[4.2.1]nonane; 9-eicosyl-9-
phosphabicyclo(3.3.1]lnonane; 9-phenyl-9-phosphabicyclo

25 [4.2.1]nonane and 9-phosphabicyclo[4.2.1l]lnonane. These
ligands as well as thelr preparation are 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, both incorporated by reference herein.

30 The alkyl phosphine is used in such amount that the
molar ratio of alkyl phosphine to cobalt is in the range
of from 0.5 to 2, preferably 0.6 to 1.8. In addition to.
the cobalt and the alkyl phosphine, the hydroformylation

catalyst may also comprise additional components for



No. 3,420,898, both incorporated by reference herein. 30 The al kyl
phosphine is used in such anmount that the nolar ratio of alkyl phosphine
t o cobal twoe2itmsvhre range of from 0.5 to 2, preferably OPETIEPO2/0B73 | N
addition to. the cobalt and the al kyl phosphene, the hydrofornyl ation
catal yst may al so conprise additional conmponents for WO 02/100806

PCT/ EP02/ 06373 - 13 enhancing the stabi’l#ty of the Co/ phosphine system
and/or for inproving the al cohol selectivity. Suitable additional
conponent s i ncl uerhatimeg thasesabslicty f Kbid CandhaeiHng tysikem bedngr

particularly prefesregroilagSeaddiibonal LAWNeRty i Schiadl |y used in
such anount that _the nolar ratio of this congonen¥ to cobalt is in the
range of from 0 3¢ Hciongd RPWPBLERRY | HTlonier E5EPPONPIFESt S cRpeckAlbe

carried out undesn€amentdienakonyss diorgadiatcnoarl) soaeiticns thaccor dingly,
suitable conditi on%],I inclyde reaction terrp,erégur es Ln the range of from 100
to 300 C ° pref#HbiG £EMP8BEE: Hhd FEEddY eBSFY ot FUY Ulpar,

preferably 20 tocHEB) thar molhe aspidtodftitiat albysbnetie! @d iadala ttBeianount of

olefin to be hydrﬁ)é‘ QL Ieato%dfi gmlé not critical and may vary w dely.
Typi cal nol ar ratios cataFyst to olefinin the reaction m xture at any

given noment duringhehéydeatoionl atehorbedarttihe fangesof(dr em Be1000 to
10:1. A ratio of_hetvmeen 1:10.apnd. 5 1 1S fatleﬂxd;‘[:lé? né};lif@%i@ﬁdr'of ornyl ation
0 r

may involve the use of a 20 solvent that does Interfere substantially
wi th the 10desi r egPndddcnen. Asgendseglrentssiitadll gdeordi tiraised niclyded  organi ¢

solvents |ike al cohalisn @ERBESat@FES O thd Sang8UbE OFa0€ .1 dakaf Bbps-and
many nore. It is, however, referred not to uSe an additional solvent, but

to use 25 the r R é3m FPsett Hs oMl PEGEFE-$R2CIT0A FedEBh  The
rati o of carbon womnoxrdgEet-aphydzogen BPiHaed The Sh&Y Qf MBYavgsy W dely.

It i's, however, %gfgé?b%?%otgﬁg 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 involve the use of a
20° solvent that does not interfere substantially with the
desired reaction. Such solvents include saturated liquid
organic solvents like alcohols, ethers, acetonitrile,
sulfolane, paraffins and many more. It is, however,
preferred not to use an additional solvent, but to use
25 the reactant stream itself as the liquid reaction medium.
The ratio of carbon monoxide to hydrogen applied in
step (c¢) may vary widely. It is, however, preferred that
the hydrogen to carbon monoxide molar ratio in step ()
ig 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 independently from each other to

the hydroformylation reaction medium. Preferably,



t he hydrogen to carbon nonoxide nolar ratio in step (c) 1is in the range of
from1l.0 to 5.0, nore preferably from 30 1.5 to 2.5. Typically synthesis
gas, i.e.waobhewsds of carbon nonoxide and hydrogen, is usedI/HPO2/0643M3
principle both gases nmay al so be fed i ndependently fromeach other to the
hydr of ormyl ati on reacti on nedium Preferably, W 02/100806 PCT/ EP02/ 06373

- 14 however, synthesis gas or syngas is Elas/e'd. Syngas is typically nmade
by partial conbustion of a petroleumfeed and commercial syngas normally
conpri ses hydr oge?"sHe), SyREREEE B R HOEYBI2ECDF PRed- HY"EBsndFar ratio of

from1l 5 to 2.5 cHhohenymahae b?tfﬁ@i.stila{)l tmbs@i6QUbLE Al S0 QAGHN £LBa
syngas, e.g. syn asecprepared by the vvateragﬁls shift, reaction , and such

Y
syngas coul d al stPhe" TS C12Ac EFPERAGIETS Yt §RMBY $§75 ey ERA5E S82) hydr ogen

and ~ carbon monoxi dled A HRLCR: 8R! fkoy atd @ of, /EROM TP £ 310 F0£Qon 3
preferably from1.0 to 5.0. A nolar ratio between 1.5 and 2.5 is nost .
preferred.5 The hydrofor Milcaeironostepr{tclosray he taroi edulolitaliso accur

conti nuous, semn :continyou r _ S f ti s node of
operation, the ||“gu“it§ %%drl%y spgg’é%s e%&ﬁe& g’g ?ly}%i%%efxc a%r ES%'IS{%%'[ he range
of fromO0.1 to 19=adftion Whendoperat $yrpst apuld) aisoabdatsdd process,

reaction tines gE:sitiallysUREN{s el LBnl0iOU Sy o YR gl ONger. By

operating the hydrofornyl ati on step (c) as 20 descri bed herei nbefore
al cohol sel ecti vFTRY FPrgrifgast 2 JoEhacdpenratiatof dazam g2% spe

achi eved, gwhil e .6,“‘?)%5?%%21@\%\2.’7?%%19%.'& ’E%grsi.bY Rl b6 %@%%%&&8 .rt'{Ct
obtained is at Teast Yo by i ght, suitabl'y at |east o by Wel ght, for
the C7-Cl13 nono-alTohsl €-andsancseasteBO%ady 25 wei ght,.suitably at |east
ﬁ?z%bgsmggggt for tW%ec%ﬁagggorﬁiﬁghﬁhﬁstkﬁ Qgﬂi&£§ﬁbe(ﬂéyyi%ngﬂyeiﬁiQnS as
continuous, semi-continuous or batch mode. In case of a
continuous mode of operation, the liquid hourly space
15 velocities typically are in the range 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
90% and even of at least 92% are achieved, while at the
gsame time the linearity of the alcohol product obtained
is at least 70% by weight, suitably at least 75% by
weight, for the C7-Cl13 mono-alcohols and at least 60% by
25 weight, . suitably at least 65% by weight for the (C14-C15
alcohols. In addition, olefin conversions as high as 95%
by weight or more and even 99% 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 product. This can be achieved

by methods known in the art.



by wei ght or nore and even 99% by wei ght or nore are achieved. Step (d) of
the present process involves recovering 30 of the |inear nono-al cohol
product fwormibsohydr of ornyl ati on reacti on product. This ean/Hre2/e&sh eved
by net hods known in the art. WD 02/ 100806 PCT/EP02/06373 - 15 1In a
preferred enbodi nent step (d) conprises the steps of a first distillative
treatnent, saponification, water washing tPeatnent and a second
distillative treatment. Accordi ngly, in this node of operation the 5

hydr of or nyl ati on reakt ipysfeduetd efbedupertc)stiey f(d) scompubjescttdd to a

first d'St'llat'¥€e§£Qﬂ§@FQ&TS@fBEEtT@1§%HvérB}éyﬂﬁgﬂgl Béﬁ@%&%1&&%¥aw n'ng

fraction obtained i's subjected to a saponification treatnent to renove any

aci ds and est er s} MR &rRatBerhedtf My wecercneittiblavivenove t he

sodi um sal ts. Thera@ir@nwvasm@ramgwt i drhen mo@%beCB}.@Qré@lcﬁl s@eond
dlstlllatlvetreatfﬁre?;teoto r eno %/remalnln |rrpur|t| S, or products
The first distil % li“fyéﬁ‘ttﬁt?ﬁt rBRet ErE RIS ot PESP et Jrse itSitng in a

top fraction Con*sla}bj‘édtgadﬂtsi a fE’nrét @1stﬂﬂ|’1&dﬂ‘i@n t5@%:b¥nti\ﬁ‘|@ﬂ’ﬁer phetar abl y
at | east 70% wei

ht , t | east f, the
al cohol product Fofr O&'n& é’rﬁ’gﬁz m T Jtm(.lﬂ? 5f?tc ﬁ%f‘nﬁbg?ﬁe%‘?f?éﬁ conponent s
together with theubpstteat ttoha &prhOflcqﬂImU(ﬂIEfammEBd tdheethotd @myf r acti on

S suitably recygled: A s iksastoparhlymand asatn ablegtad hadle o

distillative treatnent. es of suit stl ative treatnents
i ncl ude fl%shi ngremelvs Hdre S@étlﬁmdl’séﬂlfﬂ éﬁha)rwattehfewaah@@rprcpdm menthbai ng

particularly prefggi&ddond E\esBHBHQS&@Jllﬂa‘%‘iv@ eseRtmd Y &Y QR ovEovever,
other distillative 25 treatnments may al so be used. The (top) fraction

contai ni ng nost ¥Y (FRAGEIEGRFoLTPRF bEiRT VbtAiREGWEEFr t he. distill ative
treatnment is The first distillative treatment preferably is a

treatment resulting in a top fraction containing most

15 (i.e. more than 50% by weight; preferably at least 70%
weight, more preferably at least 80% by weight) of the
alcohol product forﬁed‘and a bottom fraction containing
heavier components together with the rest of the alcohol
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 obtained 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 alcohol-containing fraction with an
agqueous solution of a strong basic hydroxide, typically
sodium hydroxide (NaOH) or sodium boron hydride (NéBHQ,

at elevated temperature and whilst stirring. For example,



subsequent|ly subjected to a saponification treatnent in order to renove
any acids and esters, nostly formate 30 esters, present. Saponification is
t ypi cal | ywoarnomsas out by contacting the al cohol - cont ai ni RgTEPAZ043057 Wit h
an aqueous solution of a strong basic hydroxide, typically sodium

hydr oxi de (NaOH) or sodi um boron hydride (NaBH4), at elevated tenperature
and whilst stirring. For exanple, WO 02/100806 PCT/EP02/06373 - 16

saponification may be carried out by contacti n% the alcohol fraction with
an aqueous 0.5 tFPATHTIGHHLH oy b ~Fopi adaGHTs BY uEPBFE &t iteh thgani ¢/ wat er

phase ratio of d0cdhdi0 fkaktisui rabh YarB ahie@ud: b..5t Be exactsuiakibay51
dependi ng on the_est]jmat e% amiunt of esters and 7ci ds - present. .

Saponi fication cah by carti €4 80t OB TR WEEG-/ WBhET rﬁﬁb‘ib%e] F25iRePEby each
al cohol fractionid sl nory mell,y sudnebly & r e ti:nesthubpestedrdtdo

saponi fication. ical --saponification tenperatures_are in the.range of
from 40 %0 to Q%g% cgilﬂgtéjtr)]l ggéoe%%”@‘%eé aﬂr?é)mfcoo heS 5T T ra}I}qag acégﬁdi tions
an enul sion in noremdty. Sepeedfichusomnaldagwibeg catthéed aponidatcat-vdser eact i ons

to take place. VOGN Shidfdy wigéréﬁfgeﬁafc%o aﬁ@%ﬁ%lsfP%‘%g}%fgo gq]%%ﬁl d the

organi ¢ phase contai ning % by We r nmore of the | product 15
is recovered foroterihdhnecesinent SUmliRctedyas eaphasti¢acirer 8dPficain t he

saponi fication - i St RG8dn! Qefp¥Rl Bl MRS ! KAt ABN Al (BNt BB
sodiumsalts present. Typically such water washing treatnent involves from
one to file wat efo WBH€s. spivalbler 610 tpadh 7S tBys ¢al thecarivwihout by
Phase separ at on T8 GeChr, JThe Sotk i Calt e BT T hanrhe RentalBaa®h The
wat er phase. Theth@tsEPpiddeahhan wapmiwns( &loc5hbe-ebatai Nheg) sphasénar e
then separated. 25 {RhHdsS fhaski bl RELLMREE LhgAHEY:S 808 PRhse known
to those skilled in the art. ]
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 involves from 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
then be contained in the water phase. The water phase and
organic {alcohol-containing) phase are then separated.
25 Details of suitable water wash treatments are well known
to those skilled in the art.
To further increase the purity of the alcohol 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 the desired alcohol
products. Such “topping and talling” treatment can be
carried out using conventional distillation techniques.
For instance, fractional distillation can be used,

thereby collecting those fractions which meet the



To further increase the purity of the al cohol product .obtained the water
washed al cohol product is subjected to a further distillative treatnent to
renove aryooempsnents 30 which are |ighter and/or heavi er PChaP02/73esi r ed
al cohol products. Such "topping and tailing"” treatnment can be carried out
usi ng conventional distillation techniques. For instance, fractional
distillation can be used, thereby coll ecCt Fﬁg those fractions which neet
the WD 02/ 100806 PCT/ EP02/ 06373 - 17 speci fications set and possibly
conbi ni ng t hem i AreF bhcatgiongppet crud PR LR chrhéniemstherhdngougaeal cohol

product obtai nedof8yost id4uae0nt ablol residualhal dehydes and hem - acet al s.
Such conponents 5 coul d be adequately renoved by subjecting_the al cohol

product from the toppthGrane f"éF‘P]PCth REBGTe RPEROREY PRMIr DT SRPRGLD

tr Iegt rrenéI Thi s fésﬁdmdraqb@%ﬂgzﬂé@n%nd Q@&ﬁbﬂ—%@eﬁa&él egu@r:ﬂtch lenfgl at i vegy
m con |t| ons. n be carrjed out conventi opa rqQgenation 1
processes,” such 8" ]b‘ii/cbp?asasdieﬁblattﬁ Y PRt ShsiHPP sehtry r"i’glgoﬁotlh a flow
of hydrogen. overpeodett dfrom shet a@plnjrmrd)geﬁa&ngntﬁ@dtaﬁatﬁ:t toSech

catal ysts are | | . known nd . typically c rise.a metal with
hydr ogenat i on erhLPﬁ% ?tglr?a ht Vi gﬁ%at%satm g&»}’s *5all 3% gr@ S5t i num on 15
a refractory oxid@acstuip;pnrcxarsmeﬁ ast amdnma:elsutlweayonllcsldqr@atabum nat The

hydrogenation te r ydg 99{]1\,@ S hin w de
limts and typi ggfl% r%ﬁ:grgggeggect? angmylég Hga]é%%éﬁétws& tably 100 to
200 C, an® fromBROPIFSES0 FaFhaps. bYsI?,ﬁ%Sé{ﬂgy the cpude phwrBateals. The

hydrofini shed al eohalndy qduet o 8bb @i HedhyfdrPelinevBy dt afd icHhiangul §abhe
final al cohol product In a further aspect the_present invention also

relates to an al COROIITHIGS £REAL EHmpr U§hn§a§§1€’§§s 7% ¢'9dud B Reight
preferably 75 toti85%Hy atRi @hbically comprise a metal with hydrogenation

functionality, such as nickel, palladium or platinum, on
15 a refractory oxide 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 to 250 °C, suitably

100 to 200 °C, and from 10 to 150 bar abs., suitably 20
20 A to 100 bar abs. The hydrofinished alcohol 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 (a)} 70 to 90% by weight, preferably 75 to 85% by weight,
of Cl12 and C13 linear primary mono-alcohols
{(b) 10 to 30% by weight, preferably 15 to 25% by weight,
of Cl2 and C13 iso-alcohols
wherein the weight ratio Cl2 linear primary alcohol to
30 Ci3 linear primary alcohol is in the fange of from 0.5 to
2.0.
The expression “iso-alcchols” as used in this connection
refers to the 2-methyl isomers of the primary mono-

alcohols mentioned under (a).



of Cl12 and Cl13 linear primary nono-al cohols (b) 10 to 30% by wei ght, -
preferably 15 to 25% by weight, of Cl2 and C13 iso-al cohols wherein the
wei ght r awD®2@1Boé | near primary al cohol to 30 C13 |inear pCcrm@yo@rzohol is
in the range of fromO0.5 to 2.0. The expression "iso-al cohols" as used in
this connection refers to the 2-nethyl ispgers of the primry nono-

al cohol s nentioned under (a). WO 02/100806 PCT/ EP02/ 06373 - 18 In a final
aspect the present invention_also relates to an, al cohol caqnposition

conprising (a) 55 tFBEUBYRheRFNTCT Jrivst EFEEEYT 60"V T5% By e GhEESSof C14
and C15 |inear ptd nat alronoelabeahod s for Romd@ik0nd5% by wei ght, preferably

25 to 40% by wei ght, f 4 and Cl15 iso-alcohols ereinthe wei ratio

Cl4 linear pri ma%l} ﬁsc%ﬁo?%fogydi%lq tf'(efrre&efﬁghf %c‘b‘?’lo 5 &Y ﬁ’etlgggrange

of from1l.0 to 3.0.0f1@1%hendbove &lmsholprdorpgsnvhorstcalze obt ai ned by

the process descri bhed hereinbefore.. . The_invention,wl W, be i |. trated
? ﬁbdl % tlg A fh‘géu]tgkft’ %Ijer%e%{a%h? zéMtA % ﬁ% wle!rl.]%filé

by the. ol | ow exanpl es w I‘'mting e’ scope o ention to
these particul ar entsgdidignesd 4% Bempllecholls a Fi scher-Tropsch reaction

stage synthesis gas.cORLA! ik DgnOYAL0Qek1aNd s 6akL Pon, PROGXIAe gy ac gol ar
ratio of about 2:1 was passed over_ a fixed bed of activated

Fi scher- Tropsch @4t aliyspreRE iRl exl bl fredsukbe ofaBp X Barmahdfate

wei ght ed averages; hed tenperature (WABT) of 205 C. The Fi scher-Tropsch
catal yst was a CoMWh/titania catalyst. The G4SV anpbunted _ to 80Q N1/1/h. The
reaction roduct wasi5agE8YUS| It TP SRS 1oBPer At RF APBETH4r PEntr205 C

resulting in a hemoedd qesdribed hereinbefore.

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 hydrogen and carbon monoxide in a molar ratio
of about 2:1 was passed over a fixed bed of activated
Fischer-Tropsch catalyst extrudates at a pressure of 60

20 bar and a weighted average bed temperature (WABT) of 205
°C. The Fischer-Tropsch catalyst'was a CoMn/titania
catalyst. The GHSV amounted to 800 N1/l/h.

The reaction 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 liguefied by cooling it to 15 °C and
the liquid stream obtained was subsequently subjected to
a number of batch fractionation treatments using a 15

30 tray Fischer packed distillation column. Firstly, the Cé6-
Cl0 hydrocarbon fractions were removed and subsequently
the C11/C12 and Cl1l3/Cl4 fractions were recovered. The
compositions of both these fractions are given in Table

1.



25 product and a gaseous product conprising al
boiling point below 205 C. This

to 15 C

reaction products having a
gaseous streamwas |iquefied by cooling it
awo o2t1bms0é | qui d stream obt ai ned was subsequently ®abjEPor/ed’3o a

nunber of batch fractionation treatnents using a 15 30 tray Fi scher packed

distillation colum. Firstly,
renoved and subsequently
conpositions of both these fractions are given in Table
-H&@roﬂbmmxiatlumdfeédsnylatlon feeds Cl11/C12
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the C6- C10 hydrocarbon fractions were
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Total olefin (%w)

31.1

Example 2

The Cl11/Cl2 fraction was subjected to a

hydroformylation treatment as follows.

A 1.5 litre autoclave was charged with 597.1 grams of

hydroformylation fe

internal standard for subsequent GC analysis) and 7.3

ed,

gramg of a 5.81% by weight KOH solution in 2-

ethylhexanol.

with synthesis gas

{(ratio H,/CO =

9.9 grams of n-Cl10 alkane (as

The autoclave was pressurized to 30 bar

2) and heated to 185

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



n-al kane 0.7 36.6 Cl4 (%) 1l-olefin 8 1 2-olefin 2.1 internal olefin 0.7
n-al kane 31.9 C15 (%) 1l-olefin 0.5 n-alkane 0.2 Total olefin (% 31.1
25.7 Exawploe/18dhe Cl1/Cl2 fraction was subjected to a PChyEPovbe@riy| ation
treatnment as follows. A 1.5 litre autoclave was charged with 597.1 grans of
hydrof ornmyl ation feed, 9.9 grans of n-Cl0 al kane (as internal standard for
subsequent GC analysis) and 7.3 grans of 457 81% by wei ght KOH solution in
2 10 ethyl hexanol . The autoclave was pressurized to 30 bar wth synthesis
gas (ratio Hz2/ COFei)cafifd isdaredutbongams @PtriErd3BYeryeaising 2d4cdt al yst
sol ution were ingeghedbr W72/ $P0R06IRCTIIHNAZ 063 3te- s@Dut ildH Srcat al yst

sol uti on was obt alal?rheld%ﬁg prem xi ng 214, 8 grans of a 70% by wei ght cobal t
octoate sol ution® 154091 (24BF B P ivieRts oPheht S0 GHE Psbrafs a

trade nmark) w tha221.wtgr @228 . af gPaws cOB Y -9 psphiosphabi cycl ononane |i gand.

Accordi ngly, the 2 ntb.of 1cobalt s 0.285%0Db v.veight ased on to%al
wei ght of ° react 3% g’hﬁ ent’sS - CPRET gand?€ob CFO%SF&? ¥at tE It and the
K/'Co nolar rati oceleesl t.vs lorzedk abel ye Bfittebasied] eot tonabfwddyhtcattal yst
STt heal's aas” (PofEon Di®ntl, AHOCL AUAIRGHLAET GATEY LA (DT b D

synthesis gas (ratio er our's e conversion of "ol efins
was conpl ete. Dard g fdSe mppahotrsie hes dalt i dnnedhpes it wiser

injection of the catalyst solution the pressure in the
10 autoclave was increased to 70 bar with synthesis gas
(ratio H5/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/Cl13

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/C14 fractiom, 9.1 grams of n-Cl0 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 these two hours the reaction temperature
25 rose to 195 °C., The composition of the crude C14/C15

alcohol product is also indicated in Table 2.



rose to 196 C. The conposition of the crude C12/C13 15 al cohol product is
indicated in Table 2. Exanple 3 Exanple 2 was repeated except that the
Cl13/ Cl4 wWoaetvmsne was now taken as the hydrofornyl ati on f @€d/EPIhes37aOUNt S
of the various conponents used were 546 grans of 20 Cl13/Cl4 fraction, 9.1
granms of n-Cl0 al kane, 6.7 grans of the 5.81% by wei ght KOH solution in
2- et hyl hexanol and 31.0 grans of the-catalyst solution. After two hours

t he conversion of olefins was conplete. During these two hours the
reaction tempefatube 25-fQRe heoh3P Lrodhi&L£onposition of the crude
Cl14/ C15 alcohaol product is also indicated in Table 2. WO 02/ 100806
PCT/ EPO2/ 06373 - 21 Table: 2 Crude aKBéhﬁMBpabdghQE Cl2rel3l al diotrglol

Cl4/C15 al cafrot=—m—atkn pres— W—59——68—t—pat-dehyde Wﬁ@dho| s
(%v)n09d1n2 : 4/ -cP3-b 12.9 )

3.7 lS/O(alldeﬁi{HeéH(%w]-ClSO—llG 97 3.8.8-Cl4-OH|/ T-CldeOH 0.5 7 [0.1

1. OB QL 12 1 nﬁ’lﬁﬂ_ln’l thar /0@;\9 **535
X

8 4 /4 6 n a.j_c i ~J AT Jo J T J. L LILI LY . L UL LA™
8 lineari|t f@&& 7§ B al cohol selectivity (%9 94)94 Conversion (%w)

99 8 99.8 * kaﬁrQH is alinear prinary none-al cohol having mC atons
i-OmOH is 4n is@-alcohol having n1§}atons_2_0

n-Cli-0OH 2.1

n-C1l2-OH / 1-C12-OH" 12.9 / 3.7 1.8 /0.0
n-C13-OH / 1-C13-OH 10.9 / 3.3

n-Cl4-0OH / i-C14-OH 0.5 / 0.1 8.4 /4.6
n-Cl5-OH / i-C15-0H ' 5.9 / 3.1
n-C16-0H ' . , 0.1
other (%w)™ 5.3, 5.8
linearity (%w) 77 65
alcohol selectivity (%) 94 A 94
Conversion (%w) 99.8 99.8

* n-Cm-OH is a linear primary mono-alcohol having m C-
atoms
1-Cm-OH is an iso-alcohol having m C-atoms

5 *k includihg 2-ethylhexanol used as catalyst solvent

Example 4
The crude alcohol products of examples.z and 3 were
worked up by the subsequent steps of wipéd film
10 evaporation, saponification of the top fractions, 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 Cl12/Ci3 alcohol
15 product) or 120 °C (for the C14/Cl5 crude alcohol
product), a 1 mbar abs. vacuum, a cold finger temperature

of 5 °C, a stirrer speed of 375 rpm and a flow rate of 16



5 ** including 2-ethyl hexanol used as catal yst solvent Exanple 4 The crude
al cohol products of exanples 2 and 3 were worked up by the subsequent
steps of wOpedodsié m 10 evaporati on, saponification of thePCoEPIL/eESI3 ONsS,
batch distillation treatnent to renove the top and tail fractions and
hydr of i ni shing. Wped filmevaporation was carried out at a tenperature of
110 C (for the crude Cl12/Cl13 al cohol 15-pk&duct) or 120 C (for the Cl4/Cl5
crude al cohol product), a 1 nbar abs. vacuum a cold finger tenperature of
5 C a stirrer spegoimf 1325 obpaiaad spIiunNuhatep¢bo&BoMKWLMUfHﬂﬂH@Gwere

PCT/ EPO2/ 06373 Jyi n. the e lits | op/ tfomw,.w ratios

were 91/9 for t%%z%ﬁ%dp1&fﬁfaﬁg ?PP} 5gb3% Bna <fgw/q?hg ©&r ude

Cl14/ C15 al cohol yhaxnnnde'tﬁé/ﬂép &t eeholorprofduciie mnped f|In1evaporat|on was

5 saponified by cont i Lytion at
A r o?@ %Qfé%Vﬁﬂ%lﬁ¥%F g§g%27%%?0£%% ﬁbl &

a phase ratio organic: wat pr oduct
and with &n aque®trCbohiadabr sentesbinatita ayh&9e °Favioh crg@uuconst % of 6: 1

for the crude Q&Aéz@ls%lait%hogtpao@% A‘ttl%r oRBas e sepaLaldon .10 shhe
organi ¢ phase was three times washed w wat er “under simlar conditions.

The saponi fied aFRDHETIYST 5&86?%%@1‘%"%%%%9 gndt hlpe Pt GIERYFeSS
the.light by- prqaa@x%ﬂrwlw bedat@ageerm\tqot beghgayi @ity - educksby

distillative treatnent 15 tray Fjscher acke distillation
colum. The resut¥ifg' é%’&g gg%/%ﬁ: REPAPELS %E ﬁﬁﬁb&ﬁ@?§at10n

cont ai nedior espectlne/ejr;ga&é% birawei ghnd tﬂméeB&%nlay wesgdd with alacelkolinddhese

crude al cohol n_.subjected to a 20 hydrofinishing
treat ment by coﬁgqgifﬁbwgﬁglgpgﬁe al cohol (at 0.8.m/mn) with hydrogen

(at 5 1/h) in a tri ddee saponified alcohol products were subsequently
topped to remove the.light by-products and tailed to
remove the heavier by-products by distillative treatment

15 using a 15 tray Fischer packed distillation column. The
resulﬁing crude C12/C13 and C14/Cl5 alcohol products
contained respectively 84% by weight and 89% by weight of
alcohol. A ‘

These crude alcohol productg were then subjected to a

20 hydrofinishing treatment by contacting the crude alcohol
(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 Cl1/Cl2 respectively
C13/C14 feed to the hydroformylation reaction),
composition and linearity of the finished alcohol
products obtained is given in Table 3.

30



fl ow hydrogenati on colum containing 14 grans of a
Crossfield) at 120 C and a const ant

hydr ogenation c

hydr ogen woeg4mses of

3. 30 WD 02/100
C12/ C13 al cohol

atal yst (HTC 400 ex
25 60 bar.

806 PCT/ EP02/ 06373
Cl14/ C15 al cohol

23

ni ckel / al um na

The yield (relative to tReTEPLL/@B23
respectively Cl13/Cl4 feed to the hydrofornylation reaction),
and linearity of the finished al cohol

N-ClOOH 0.2 n-THLeOd 0. 6 Fhn{sdHYodhoClpropudss6 / 5.6 0.4 / 0.0
N-C13-OH / i - Clg=—6H-354——42—4—Br 9 {07 f—nCH-—OH-— i — 1460240, 0
43.6 / 16.6 n-lc15- 0/ i-C15-OH 22, S W0k G Ren8AFPRST (o) 81

66 Yield (%)*
(Exanpl es 2 and
PCT/ EP02/ 06373

al cohol conposi
| east - 60% by W
containing at |
of : (a) reactin

BlaXidesOvewal T al ¢

tih €01 0-@ONPr i Si ng one
i ght. of . which cons
%ggj7%%%rbon at ons,
€Clr @ nfonegildeOmi

@%Gﬁiﬁogg L%%ﬂgl MS 1.

ohol yireld, 1ncl

udi ng hydr . of or nyl at

nple

Process for th
or nore. primary
sts of |inear pr
sai d process- 5

th Hpdeoges.ander

1)—\AD 02/ 100806
2 preparation of an
nono- al cohol s, at
mary nmono- al coholjs
conpri sing the steps

Fi sohar/ 0.0

n-C13-0OH / i-C13-OH 35.1 / 12.1 0.7 / 0.0
n-C14~0OH / i-C14-OH 0.1/ 0.0 43.6 / 16.6
n-C15-0H / i-C15-OH 22.3/15.3
n-C16~0H 0.1
Linearity (%w) 81 66
Yield (%w)~ 57 60

%*

(Examples 2 and 3)

Overall alcohol yield,

and purification steps

including hydroformylation

{(Example 4)

conposition
products obtained is given in Table

“Tabl®e 3 Fini shed al cohol
n-al kanes (ow) 0.2 0.0 alcohols (%)

products

| ONn



Tropsch reaction conditions in the presence of a Fischer-Tropsch catal yst
conprising cobalt; (b) separating fromthe product of step (a) at |east one
10 hydr ocapbonodsn@ct i on conpri si ng between 10 and 50% by Pe@iEpa2/0@f3 ol ef i ns
containing 6 or nore carbon atons; (c) contacting one or nore of the
hydr ocarbon fractions obtained in step (b) with carbon nonoxi de and
hydr ogen under hydrofornylation conditions2¢n-the 15 presence of a
hydr of ormyl ati on catal yst based on a source of cobalt and one or nore
al kyl phosphines; and (d) recovering the al cohol conposition. 2. Process
as claimed in claim1, wherein step (a) 20 conprises reacting carbon
nonoxi de with hydrogen at a tenperatufetim & e Srange of from 125 to 350 C
and a pressure in the range from5 to 150 bar abs. in the presence of a
catal yst conprising gohalds gdracharpi&farfAMRS bsi BY LitSY R cohpoditPhRCESS
as claimed in claiml1l or 2, wherein the separation_in step (b), i nvolves a
di stillation treSPPRmsSing onsy BT &P Yo FOTR ~ZAGORPES of2tc1&R/E 1 to 3,
ggergi n thehf ee]gsw lﬁ}fezgaig@t io$38hh¢|¢1gr@&aﬁm§ f@tfr Q@%aﬁ%%ior%?iign@oﬁb-LeaS]E
% by wei ght o 1 n 12 n a es an rom to 0.by wei ght o
i neal Cit and . EXOHTD SHERLRISVES OB T00d06 "PeTPEREI bR PS Progess
Process as cl ai nedmprisaimyg ahe stepkadfis 1 to 3, wherein the feed to step
(c) is a hydrocar t risi at_ | t. 3% wei ght of Cl13 and
Cia no al Kanes. and (FoRCI0% So000 Bionarias "aeh Phazsow JEly’ ~hely?
mono- ol efins. 6. Prdtegscls rebatired ¢ondirhiomse iof theaprnssandaep o5, a wherein
E)Pef Pg?nr iggni Otg garﬁ%r!&ﬂ%bﬂgcﬁ%é{afﬁe QolBriSifP £SaitS 1N the range

(b) separating from the product of step (a) at least one

10 hydrocarbon fraction comprising between 10 and 50% by
welght of olefins containing 6 or mbre 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
15 presence of a hydroformylation catalyst‘based on a
source of cobalt and one or more alkyl phosphines;
and
(d) recovering the alcohol composition.
2. Process as claimed in claim 1, wherein step (a)

- 20 comprises reacting carbon monoxide with hydrogen at a
temperature in the range of from 125 to 350 °C and a
pressure in the range from 5 to 150 bar abs. in the
presence of a catalyst comprising cobalt on a carrier
comprising titania.

25 3. 'Processg as claimed in claim 1 or 2, wherein the
gseparation in step (b) involves 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 least 30% by weight of Cl1 and Cl2 n-

30 alkanes and from 15 to 50% by weight of linear C11 and

Cl2 mono-olefins.



7. Process as clained in any one of clains 1 to 6, 10 wherein the
hydr of ornmyl ation catal yst used in step (c) is based on a source of cobalt
and a subwDikabesds or unsubstituted nonophosphabi cycl oal k&ca/EPoyedsds 8.
Process as clainmed in any one of clains 1 to 7, wherein step (d) conprises
the steps of a first 15 distillative treatnent, saponification, water
washing treatnent and a second distillati¢é treatnent. 9. Process as
claimed in claim8, wherein step (d) additionally conprises a

hydr of i ni shing tEeatPmrtess H3. cAhtohd! iconposirte of cmapmissi ng 20 (a) 70 to

90% by wei ght of | _i;near . J)ONQ- h s( 10 to 300 by
wei ght of Cl12 angﬁ;g%ﬂ?gcoh%lal%ggﬁolgg Sﬁ%ﬂél’el Jt{gd \%gl%éﬁg Pb ¥ 2 i near
primary al cohol €ewBing mdadepesindfy &y ortichti ofi §18 h@nddl*ﬂgfe mf fromO0.5

to 252.0. 11. Agohol LOMMOSHL keN:SOMPY 5] AL G é%i ok weisght of
Cl4 and C15 linear primary nono-al cohol sb%}b) Zlg%to 45% y weclqght of Cl4

and Cl15 i so- al cofibt "B vH&TdRE -t he wei ght ratio Cl4 linear prinmary al cohol
to C15 linear psinmsodsohal cigikdathe Jangecobsl FoM s O i3, 53. 0.

wherein the hydrogen to carbon monoxide 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,

10 wherein the hydroformylation catalyst used in step (c) is
based on a.source of cobalt and a substituted or
unsubstituted monophosphabicycloalkane ligand.

8. Process as claimed in any one of claims 1 to 7,
wherein steb (d) comprises the steps of a first

15 distillative treatment, saponification, water washing
treatment and a second distillative treatment.

9. Process as claimed in claim 8, wherein step (d)
additionally comprises a hydrofinishing treatment.
10. Alcohol composition comprising
20 (a) 70 to 90% by weight of C12 and C13 linear primary
mono-alcohols
{(b) 10 to 30% by weight of C12 and Cl13 iso-alcohols
wherein the weight ratio Cl2 linear primary alcohol to
C13 linear primary alcohol is in the range of from 0.5 to
25 2.0. ‘
11. Alcohol composition comprising
(a) 55 to 80% by weight of Cl4 and C15 linear primary
mono-alcohols
(b) 20 to 45% by weight of Cl14 and C15 iso-alcohols

30 wherein the weight ratio Cl4 linear primary alcohol to
Cl15 linear primary alcohol is in the range of from 1.0 té
3.0.



