., ;e3e”rzd6TdsQ i T S0 3 5 0 *000002* HYDROFORMYLATI ON PROCESS Backgr ound
*of.the invention The invention relates to a hydrofornyl ation process

wherein ethy“WMﬂMWMWWMM“Eaturated conpounds are contacted with carbon
nonoxi de and in a reaction zone in the presence of a solvent
and a 5 honogeneaussscat al yst based on a.,Goup 8 9 or 10 netal (referring
to the 1 UPAC classification of elenentsin use in 1997]. The

hydr of or myl at i Ienically unsat urated conpounds, to form products
such as aId ﬁ%ﬂm 10 al cohols, is of considerable inddEiLﬂgig
|nportance rent fromthe Ilterature e.g., "New Syntheses with

Car bon Monoxi de*Gogg* J Fal be r|n Ver | .1 SBN 0-387-09674-4) and
"Car bonyl ati on” by H M ColqﬁgaﬁOFB L%ﬁ89338§%§%85w1v. Twi gg (Pl enum 15

Press 1991; | SBN 0- 306 43747-3) a nultitude of catal ysts based on G oup 8,

9 or 10 netal kFe ound OCF tCo 1n37he drin Ni, Pd, and Pt) have beers used in

hydrofornylat ortant industrial hydrofornylation
processes are pré&femtllryveba?sleceh ore e 20t Gaaupy e o et a tGoornpir Rpe s s

Ext ensi ve patgty&afd ééh@ié@l@gfﬁpfnsn%@yyﬁ@éocs%@ﬁwy processes based on
the G oup 10 netals, N, For various reasons, not in the |east

the costs of GUMIEIY Yhsh ERFRPYFONPREIR 20 yRYIFREEN 1825 etByRr ed 25
fromthe hydrﬁé&&ﬂwéﬁtz@ﬂepi@duﬁé pMeséndbsbil hasbovent Lhe a

hydr of. or myl at.i on product, i nacti yate apd hence.destroy the
il et CatRIESTRET  SPER DY h et et Bh Dol FORP A e PHEFoFfr BoEabar at ed,
for instance (byfextimgttonthe IRPAO thheshnélcenabnappl etatmkonsWOn95/ 05354

a process is gééc 85@9 $2ere|n a major portion of the netal conponent of
the catal yst systemisS recovered by causing at the end of the reaction the
crude product to SheohmﬁtméormﬁiQEFQDeofayéhyleahéaééwaﬂaﬁﬁﬁgr?hédlayer

conpri sing th@oﬁﬁgﬁﬁﬁgr”YbaEbQR preduet sf 5aBht B8 hayehyaeBPLINI/BG the
catal yst. Ero duct [ayer, however, will still contain active catalyst.

Thi s W%f er enc% ﬁPB&?nlaeslﬁooﬁeseﬁPﬁaeﬁaﬁthéf‘dgﬁMFélbémPéécS@@F@d AFO From
EP- A- 0, 350, 922saappagess ifsoknewe flotetrbeuseparalyl.on "dae Sge@neisesof an

composi t1 on.  TREPpFackee PRUGAIGE ohied EalPk: ﬁ%h?{‘mrg%%"éf&a@ Rater or
bot h added wat@80andsai &dd84d-08%-/delddr and "Carbonylation" by
H.M. Colghoun, D.J. Thompson and M.V. Twigg (Plenum
15 Press 1991; ISBN 0-306-43747-3) a multitude of
catalysts based on Group 8, 9 or 10 metals (Fe, Ru, Os;
Co, Rh, Ir; Ni, Pd, and Pt) have been used in hydro-
formylation processes. The most important industrial
hydroformylation processes are presently based on the
20 Group 9 metals; Co and Rh. Extensive patent art is also
present on hydroformylation processes based on the
Group 10 metals, Ni, Pd and Pt.
For various reasons, not in the least the costs of
replacing lost catalyst, the catalyst must be recovered
25 from the hydroformylation product. Mere distillation of
the hydroformylation product, however, may inactivate
and hence destroy the catalyst. Catalysts that are
prone to destruction are therefore separated, for

instance, by extraction.



15 hydrocarbon conmpound. Conparative exanple 1 of this reference

il lustrates the inadequacy of recovery by nere phase separation, whilst

i nproved phase separation is shown when water is added. However, it should
be observed that this process is conducted in the presence 20 of a water
sol ubl e hydrofornyl ati on catal yst system _Thus, sonically charged
phosphorus |ligands are used, which will ~-together with the netal conpl ex-
easily separate intgo the aqueous phase during the phase separation step.
For catal yst systBms"h&EBatoRNASN2PELLGRLRM YOCRAY §ad S¥hds FFGSES i gands,
whi ch are thesnmaiecteseanwhyrein gapdsort Riox tdeauEntther edt@as no teaching
either. The i nventor% h vg set %ur:L t dev%l op .a gydroforrayl ation process,
based on non<SBRPCEA! y° h thﬁe&a G |Yi5§ar?<¥§, 7 &SSENET ¥ull catal yst
recovery. Surmamsyngf atthéhieneaunt iodn thec ardictdglop, thehyohhuafecormddtdton:gr ocess
is provided i udli ; ; f: { i I r

et hyI%ni cal | f%%#sgh%?é%ngﬁs%%g%ng‘g r?%’ v%gi%%%;)rag%%q%%n%ﬁegga nd- hydr ogen
gas in a 1compFisdact ithve rmee ofenmyd agrievepredsfcta fsminy difte aly e

honogenous cRlaptSis iR ehel o AP, Shed Mol tTBlA)e AN AL -1 Oni L cal |y
charged ligand, ‘to fqorma crude reaction product; (b) allow ng a mjor

portion of tMeidolSFritl SRR af Tidi®orrafdr it dhithe<E/=aR<] i s

di s;ol ved, t(prs:ezrih et oAk g hdﬂ’v\a\/’ddhaftf @RdJIel q:relct]géctw:sﬁd)r nyl ati 03
product in a phase sepajation.zone,, and (c) renovin rom t separat e
hydrgﬁor nyl at i ons%rogb%?t' %er%?’gslzorfgaezr% &npsﬁ(oé?s(so)lssdﬂ’g}wa{htﬁn% Ihij"eall r emai ni ng
cacal yst di esapsech ttilter eind widdowee morpofagueaisieaxtdagmdudn arorexd racti on
zone, wherei 16 i ; i i e use of a
centrifuge, 211 %ﬁﬂ% c§ai eﬁgcde@olggtéﬁ&gﬁre%)‘%tols aﬁ?xﬁddé%%fé%r%& In step
(c) as extractidritorpr &he aNgcasfe wal WhREre jeParRdl s ¢hHengol vent used

in step (a), dddcehvataaoigh NhaPddddald 1y ofnd eay dfasd NeamBpo Pagef erabl y,
t he ﬂgount ofwgﬁ'tgractant used in step (c) is between 0.9 apnd 1,1 tines the
of sol

amou OGFFEROT LYRIYI Ve TP IRIrDITIMA at i Oh PRbdiuct. In a
(ful'ly integredfshepocielbud ied taks eshe eRyLd€qsd ¢ L as, rédevexyriggt i on step
(c) is preferabl arried out_(in a i-sta an_anpunt of

f ith
ext ract ant tﬁ%ﬁr%ﬁ?ﬂ&se% T He Hhount o&%%?%eﬂgf%g%g?éh%m?%s%??/%ﬂg]?hoflhe
hydr of or nyl atiorsiprwodudiermaatgengl § radded epHéwgver, Not eshdatdabeer the
ti t i on; i i ith
sovent For Giathled EhdV RN A SN P St g oy tn bHEBLAEY
sul f 8Pane- satf o e &g tigee byl €ipveref ¢ raelavien hgata v hysasten. pr oduct

wi Il contain ghes &Qi@ilﬁgélﬁ’é £4 Ao s PIEE £LOT £ RRNE Ar8 @fequlfolane is

extract anz. VHSCBAEF bt BHRSF TR SYOP (EJE datebl GReISFe BROLRE sanp
subst ance, theepatatysintoatied sxticons aphasaydbeihgdthe pheseeacti on zone
of step (a) aggé££aégoﬁh§tggpaﬁg£i8Qt§99§togy§£g S(QQSeghgn non-
25 ionically charged phosphorus ligands, which are the
more common'type ligands, this document provides no
teaching either.
The inventors have set out to develop a hydro-
formylation process, based on non~ionically charged
30 ligands, with essentially full catalyst recovery.
Summary of the invention

Accordingly, a hydroformylation process is provided
including the steps of:
(a) contacting one or more ethylenically unsaturated

35 compound (s) with carbon monoxide and hydrogen gas in a



q inventors found the |latter enbodi ment to be beneficial as thereby
substantial ly higher separation efficiencies could be realised in step (b).
The sol vent-extracted hydrofornylation product 5 energing fromstep (c)
will contain solvent and/or extractant. Typically, the solvent and/or the
extractant al so needs renoval. Distillation is one option, as the extracted
hydr of ormyl ati on product is now freed from val uabl e catal yst. However, this
manner 10 of separation nay be | ess applicable when the solvent, the
extractant and the product have simlar,boiling points. Therefore, renoval
by washing is preferred. Detailed desc??btion of the invention Cbviously,
in case the %olvent and/or_.the_ 15 extragtant gre r enoyed g¥ washi ng, the
pr obl em SABGFAREDE ATy rdSt BFEBF ERe® grésﬁﬁ ¥eBF £R BRAFEREHST or
mashing.chnamyberbmmumSOntheGsohpbsl|Byoaf1bhaeb;MraﬁdrayhaﬂLD@nptadMQt
[ to_the _solvent .and/ or extractant.

into the ged|Uﬁy§hou I%ss t han g qand/
Furt her nBr&=Sffe PeBi BnEHOEI GeBFEFBPaBFYBETA harn ess inpurity
wi t hout lﬁbde@-ﬂﬂ-@dlmgj@- efafj@o;t sowhennbeéonhag spavenof, wheretnyel magoreans.

R T L AR s

as washi hus e process
of the m\;émrm |C§é1§13 rpéﬁwvhgtﬂpanprﬁéuém taceeghase
hydr of or gw @duldﬂwyaﬂa ey ging fromstep (c) substantlally all remaining

sol vent Q /or ext.ractant di,ssol ved thgr % a . washi ng nmedi um that

i s prefer@l SRS | %P%ﬁfhﬁﬁaafaﬁs gﬁgﬁP PFW§ Fﬁé°§oP§QaPc5nd/or

ex': ract ia:emefng:mg h‘a-qmssi”uem (Ii:edlsugbseaaltglangyf rdmh mmamshgngaza?yga?d a5
opti ona r r s .conduct e in a

p M Y egwat I R Fw%giae@%n& igeady

nultl-stage ma npera ures’in e ess re preferably
in excesSXHra;-iomPna, FERESE ftie phesec SepeTesisus ofedtem B yiisg from

1:0.2 toazkgh avMam %%H@V\@ée LHTRETRIMLE e, TROT ﬁr&taztb%dh\ee' 8escer or

enul sificatiqn. 5 the preferred embodi rent, ereln e extractant and
the sol véft SHREOIOFIR-EG PRSI Thce, the isolated extractant is

preferably reusedstosp eki)y agd adltdattant preferably the same substance
ig used as the solvent used in step (a), thereby avoiding
contamination of recycle streams.

Preferably, the amount of extractant used in step (c) im
between 0.9 and 1.1 times the amount of solvent that is
dissolved in the hydroformylation product.

In a (fully integrated) process that uses recycle
streams, the extraction step (c) is preferably carried out (in
a multi-stage mode) with an amount of extractant that matches
the amount of solvent that is dissolved in the
hydroformylation product emerging from step (¢).' Note that
after the separation step (b) the hydroformylation product is
still saturated with solvent. For instance, at a temperature
of 40°C, 100 g of a sulfolane-saturated crude C,,-C,, olefin-
derived hydroformylation product will contain about 8 g of
sulfolane and therefore about 8 g of sulfolane is to be used
for extraction.

Extraction step (¢} affords a catalyst-loaded extractant.

When extractant from step (c) and solvent are of the same
substance, the catalyst-loaded extractant may be led to the
reaction zone of step (a) and/or to the separation zone of
step (b). The



~step (c). Surprisingly, this small anmpunt of extractant is sufficient to

+ effectively renove substantially all 10 the remaining catalyst fromthe
separated hydro fornyl ation product enmerging fromstep (b). The extraction
. may be conducted in a colum equi pped with a rotary-di sk contactor (cf.
Perry's Chem cal Engi neers' Handbook, 6th ed., p. 21-77 and 15 further) or
a packed bed colum. The packed bed coluim™is nore efficient in the present
process, avoi ding undesired enulsification, and is hence preferred. H ghest
extraction efinpepeherésfpupdpeheedbtsed @@PﬁéiaeﬁécRédbﬁege@GﬁG@ﬁam th
structured pagki BHerdByThapseRaEahedysalyaBt QEPEQh@QoH QPS8R des
contai ns vaIuabI§ C taFysﬁ,an IS therefore preferably fed to the reaction
zone of step EAYLi8f PEnESPr6EEEsInNPAEFBr 4By, the phase separation of step
(b) is caused by Enel 'tsagvtehe—ésic;agbeeﬁhaye):ohysdmgﬂalt&?hatpg?mu& Er Oduﬁt to
ate rature withi.n the range_o t9,80 C .more prefera i.thin the
ange i 15 + 5UB60EG BRSPar R, (3 Weth FOTRE PoRen or RO Sk | led i n
the art to eseabkieshann.edypicaddythéhdegréseot eadl/ioxg tived t he opti nal
amount of 50l LRl aLRAUkT 84 5bo M35 EHA SIPARASEAN 168 16CUTs M. speci f1C
pressure requirenents apply. The experinmental results provide erei nafter
are al so indi eatiga f 85 the sFSURCter SokdredopydRdiam prosust dsed. A

further enmbodihbRntrekd Fe R ¥eassmle (ae a1Peen3ndueri i eltaties fanhmhase
separation problens. These

- robl ens _concern the excessively |ong
e Thqut r o OFos SERE AEdpEr 80 Deeilet & REARAR mith Arha e T4 b cool ant
havi ng a tenpehat wxe raeltawt ey e eraidic® ihaveasd ndfl gahasel lsiapar at i on at
anbi ent terrperat.urte. 'E}lllee Sffoornerreoroq’bllem ap e%‘r.s due to the f% mation of a
fine enul si onP e T atter 16 THe TRIAA or?é’hi et e e’ tperrﬁjé;erralf e and the
cat al yst di st Delinatiiled desrcdigith draydr $helNdirerdritdtort he second probl em has
al ready been partl e the 0 fo t i jon as the 10

géﬁyﬁ%ﬁiﬁrgéﬁ%?%%iﬂﬁéf§3¥%éﬁt J%H(%iqgi

cataI{st di ssol ve yer is recovere raction. The
i nventdrs fousktteatante agfe aamaitad fyevashimd + diire b rdalem celowkdan

el ectrostati C (RAIRS RYridht LD MhOfpAdie UOEE W Ihe D @Rk EHE £51I Si ON
in a 15 highly expedi ent manner w thout |oss of valuable material. On the

other hand, tHefEd%f b 5 ol %qliheitl Ridh B8 &h e ¥t eTer, a
par al | el - pl at & @amivlari andsodydl o attes el gyt asteshid e 1ess swgressf ul
(for definitiansg on.,equi pnent,. to eak 20 emul sio f.. "ferry's, Chem ca
Engi neers' Hanldboooknc"rfe ﬁcﬁl‘@e&? aprbc?/ﬁ_egi%razclg%%t annédl‘gtf-‘%%??re’ Ehe

20 washing medium should preferably be a harmless impurity

without undesired side-effects when becoming part of
the recycle streams. Moreover, the medium should be
cheap.
Water was found to be quite effective as washing
25 medium. Thus, a step (d) is preferably added to the
process of the invention that comprises:
(d) removing from the extracted hydroformylation
product emerging from step (c) substantially all
remaining solvent and/or extractant dissolved therein
30 with a washing medium, that is preferably water, in a
washing zone, separating the solvent and/or extractant
from the washing medium emerging from the washing zone
and optionally reusing each.
Preferably the water-washing is conducted (in a
35 multi~-stage mode) at temperatures in excess of 60 °C,



~As in EP-A-0,350,922, it has been found hel pful to add liquid saturated

* hydrocarbons to the crude hydrofornylation product before phase separation.
Pre 25 ferably, these hydrocarbons have boiling points equal to or |ess
than the light ends (i.e., paraffin byproducts produced in the process).

| ndeed, the |light ends thensel ves may bg used. Benefits include accel erated
phase separation, even at higher tenpera 30 tures. This allows for use of

| ess cold and hence | ess expensive cool ants. Further benefits include

i nproved extma&ei excfasabhy dat akgsesi oft yPi éal #9d| eSsasphaBreriafiisat ur at ed
hydr ocar bonsbfae@ums Q"e%u%f mtelaguﬁwa@%% ydroharomgl atd an jprpdyct .

Conveniently these hyd carbons are used in an anount of 10 to 50
percent by V\Efﬂﬁhtl°b’§§eé‘eﬁ‘lﬁ’etrﬁéuﬁleod@ctlm@ﬂréa"#lt t® &¥&id on to the main
process as d@ﬁ@llsb_@ic%lm‘&h |t was found beneficial to recycle a portion of
the 5 hydroforrryl ati to e reaction_zone, i nprove the
issch ut i on o THE i, PaRtERrel SORAIRRRCA MORIBITIS IS PG A . Thi s
is particul atalnyi &dl\earstoé.gyemts acher iorfg tshtearstaﬂwp su@smafmmeentdrya igp a2 per
cent of the r g t The
ethylenically unsat t?rr%'t eé gﬁe oun&?q}jus%e d “as ss,dta%tgﬁtﬁga na er| Ell may be
conpounds hawitggp A i n@@mmn@lb'ondhl'ﬁh@ynarid-y ayean tf (Afc tex0hed c tgps

attached to tl@elsrum@aba@ﬁe Y JHRR A1QR1GARAD A %éﬁhﬁ&%ﬂ}%?ﬁckbone

Preferably, they have from2 to 30 carbon atons per | ecul e.” They may al so
be abplied adh® me@aird g cafed Yatthyiram &g f%ﬁﬁdatré@%ﬁpounds Mor e
preferably, thamRiludieH Gdddudtsxdrg@tmrd Qau;rgb i@)an olefin having from

4 to 24 carbon atoQns 20 .nol ecul , S m xture of such ol efins.
't s believed t RS VARG AASKHIaYa M °6‘rﬂt S AL s o oo

nol ecul e it reyuippeat fWitdula ﬁatmu&h.qjhm'&e;cmzatdcm |Enezs:t3eps(b) to
occur. Mbst [ n fr 6 0 , or

m xtures 25 ﬁg@é@ﬁ% % 'Jin%m uérlg‘s’ aéﬁ{eH co&n'n‘erm gﬁy readgly

avai labl e andfumdiar )pravd i tRagkast é@’ltcwmhblq@‘@@@w}tb%dc@l%ml ci zer
i nternedi at es;.5 Gy RON APNOX fle ﬁﬂ%@%%@%&é@é’s@e SHPPEL R

equi nol ar or non-equi nolar_ratios,, e.g. aratio 30 vmthlnt e range of
5:1 to 1:5. PFETEmY ?‘Nelfla‘?Jé:as‘iﬂrﬁﬂn e?b“q S e REIFR R ®%e range of 2:1

to 1:2.5. Theiiuyrkof oottt adt Qsh C@ﬂfilﬁlétk&i@@hﬁ(a;ﬁ&ﬁélﬁé’apilée@tuﬁpﬂgréte
reaction cond|t|o$%%§nce terrper tures in t (?rﬁa e of 50 to 200 C are
r

recommended, JATFE ‘é‘Wbe"Pa r tsnb%'?‘ffff BP%nhge of 70 to 160 C.

20 The separated solvent emerging from step (b)
contains valuable catalyst and is therefore preferably
fed to the reaction zone of step (a) of the process.

Preferably, the phase separation of step (b) is
caused by cooling the (single-phase) hydroformylation

25 product to a temperature within the range of 0 to
80 °C, more preferably within the range of 15 to 60 °C.
However, it is within the reach of those skilled in the
art to establish in each case the degree of cooling and
the optimal amount of solvent required for phase

30 separation to occur. No specific pressure requirements
apply. The experimental results provided hereinafter
are also indicative for the amount of solvent pre-
ferably to be used.

A further embodiment of the process of the inven-

35 tion relates to phase separation problems. These



- 8 Reaction pressures in the range of 1 to 300 bar absolute are suitable,
but in the range of 5 to 100 bar abs are preferred. Lower or higher
pressures may be sel ected, but are not considered particularly 5

advant ageous. Suitable solvents that are capable of selectively dissolving
substantially all of the catalyst systgn%fgon1the hydr of or myl ati on product,
are usual ly characterized by the presence of an aprotic, polar 10 group in

t he nol ecul e. Sol vents contai njng strong, polar_groups are in partlcular
preferred if Q?&Pbﬁ%ﬁt%?%f%ﬁns?%gt?%aeﬁ%ig?%é|l%%% ng8I5FRVéF§ | §RF

nmol ecul ar wei g , 1eygrs td eébyfeﬂécaléynugsahurahednéedpﬁuada havi ng from

5 to 7 carbon re_used. or th hydr of ornyl at Lon _of ._hi her
SRe fudig OGO L

nol ecul ar wei oy atdad® conp T oV ef PRS PﬁéaFPS 12 to 16

carbon atons ¢me§ueé phabessep@tatlemlaEnambMEht tisupkkgtheesaflhsf act ory.
Sol vent s Conpf6§&89 oﬁEQﬁthgég%%ﬁ? 8”§bs£h§9f8£ ngHl @OQE% 19/e€

preferred. Solvents fThat are arly preferred
dlalkyIsuIphoﬁ@%lsy@h,a§h§|héth?rsnbphbﬁerahdtépéﬁhypsbﬁﬁwéﬁ@ and cyclic

sul phones SUC@eﬁ§e§HEEQEaQﬁd(EﬁéréQMQIQEE'Qﬂgeﬂﬁbatgbﬁ'8¥erboth
2- met hyl sul fol ane and_2-ne eth | Sul f ol an 25 further class of

suitabl e SO|V%ﬁ¥§anCNBB§StP%E Ehgss SPneoﬁﬁBHﬁSQ Ragi AgTeagy cyano
groups, such psrﬁmy0|dﬂméssba bgucnenpnbtebbeofadhpomhwehkepn as the

12 44T cyanspoeiyet BEsSBLkRl S THRTBRRLbEhcTaubrei BRI
sulfolane O aetracktiones of sol vents nay al so be used, for exanple a

m xture of a sul e u r 0 qgroups with
a protic solventpeggcﬁaggég%rg ggﬁﬂﬁ @ﬂ ge%y§r§f8§§§?§?¥%% o%’olgfins,

35 typically ﬁhlaﬁébﬁélcp§l§épéét@é @nu@hep§rpééﬁ$p@apqmlesqer ip  simlar
to the a|COhOEt€?t4bne@f'@hbhgrBE@%%fQEEK|%Eb@& k8RCkhRN s iS4 figl ane is the
prefgﬁ{ed SO'VES hly expedient manner without loss of valuable

material. On the other hand, the use of conventional

equipment such as an open settler, a parallel-plate

settler and a hydrocyclone have proved to be less

successful (for definitions on equipment to break

20 emulsions cf. "Perry's Chemical Engineers' Handbook",
6th ed., pp. 21-64; 21-65 and 21-66).

As in EP-A-0,350,922, it has been found helpful to
add liquid saturated hydrocarbons to the crude hydro-
formylation product before phase separation. Pre-

25 ferably, these hydrocarbons have boiling points equal
to or less than the light ends (i.e., paraffin
byproducts produced in the process). Indeed, the light
ends themselves may be used. Benefits include
accelerated phase separation, even at higher tempera-

30 tures. This allows for use of less cold and hence less
expensive coolants. Further benefits include improved
extraction (as the catalyst is typically less soluble
in saturated hydrocarbons) and washing of the extracted
hydroformylation product. Conveniently these hydro-



_present process. The extractant is characterized by the presence of 5 an

* aprotic, polar group in the nolecule as well. The conpounds nentioned above
(as solvent) are therefore suitable extractants. In line. with the

- preferred enbodi nent, the extractant and solvent are the sane. The anount
of solvent to be used in the process of 40_the invention may vary

consi derably. For instance, the anount of solvent may vary from3 to 50
percent by volunme of the volung of the reaction_m xture conpr|5|ng sol vent
et hyl eni cal | y°¥FRAR&r AF8JURS #pbﬁnﬂ?s?m%ﬂﬂtc%fa}9sfo é PRTFRBEpPEsent
spe0|f|cat|onwéh@hﬁabahydtoﬁayhbepaadu@ﬁbdtieeﬁ Goup 8, 9 or 10 nmet a

car bonyl and G oup, 8,49, 0140 felal g2l bopylobydride, but, mmue prgterabl y

the catalyst is nodi h~0oné or hore” noncar bony |ga anﬁles of
noncar bonyl |igawds fhandabeeaﬂyc,iz@lftcndrematby anpohelmanmfa(chere of

hydr ofeor myl at L pel sphi n id phosphites
and tﬁ% like. hgﬁgggggggigt?ﬁgeﬁg?gﬁggsggagggCUFE?FEBESE?Hé mﬁgn enpl oying a
nmodi fi ed, G obP8OVY ﬁhelélﬁﬁﬁéptbageéfcébal9§bylﬁﬁ%§aﬂhYpart|cular based

25 on Co, Rh,uhlsatﬁéaeédp&om B8nHBVEAt tAB k81Pahtlcuhasl ysuseful when
enpl oying any of the _catalysts described in EP-A-0,220,767, US-A-3,527,818,

EP- A- 0, 495, 549a5ﬁaC@%aééwaﬁﬁyaaﬁéﬁeaw JrRgNInEtREEAPst SO8F WD 95/ 05354,
al | incorporatedibytlegfenpnee. 280pArsuehabbé eatahydirofystmematfian i nst ance,

corrprl es (i) a.gqurce f _aroup et | cations: (ii) a source of anions,
ot her cfhan haPFG8u&Hi 8‘32, sg B'.él g?’ 8% ‘fromacids having a pKa val ue of
| ess than 3 when Wb&satédlbnianléqueoastsmbmeﬁonoapomsd@ ud®damed - 10

(iii) a sourcgtgkttzhgema%% L1 9R3YS paf cmﬁomegvhav&% '31%'3%%4 (1)

wherein Ris Iva glng roup contalnin atons in the
bri dge and R14oRPlerboadd Rbey F‘ﬁ&eb@ﬁéerﬂm?tﬁ-@ﬁlaéséﬁpu@@bﬁtlttatﬂhé‘di or

non-substitut ed &hieRRablaekBoPePSr Wav@' nbfﬂG%ta'i%anatthBZ iand/rri R3 toget her
with R4 represent a bival ent rlng t ons mhereby t he

u
two free val eREFELRFe |Prﬁ—‘%§d?%5°3 t'hé'rhﬁﬁfo P{@r §°5‘t 3m o1 ¢

suitabl e net alatemsr pex aroaemxllleadmw@(yl tn)aya(a&Tsaat @eala(ﬂ)pph&fd as(d | )
acetylacetonate As amfosuc han hallde an Oq%%fonpound
C

generating animoﬁ:sur’fﬂ‘éa “%e used nlc Jnd?sr?ay a(gr?prl soédpa or salts
t hereof; for mlpgembﬂa,oﬁmm@mmmmmmemmmm o)

parti cipate i s he %@éﬁrpfhatﬂ%ggrﬂ‘b% 31 t% Qq :E%%rﬁla%om@g:&m ons are

preferably derived fromstrong acid e., acids having a pKa val ue of
| ess $han 3, PRSIy Qledd thfarR Z‘J-d%tq’@aélﬁr &G AQfdd\fs sHt Uk on 20 at

18 C. The ani wl@féd/etdxa{tr Fndrhese ARG A7 g zdicnat:i Neh Y oeakl y
coordinating wth the | ess the anion

t he met The stronger aci.d,
coor di nat es Wit théSte alerfé{lleorftaﬁ‘}fﬁ ﬂ’éa kﬂ["&%écuilst 5 FFHR2BIFSDf the
hydr of or myl at iseiparapdiient .in step (b) to occur. Most preferred are

olefins having from 6 to 18 carbon atoms, or mixtures
25 thereof. Such olefin mixtures are commercially readily
available and their products represent valuable deter-
gent and plasticizer intermediates.
Carbon monoxide and hydrogen gas may be supplied in
equimolar or non-equimolar ratios, e.g. in a ratio
30 within the range of 5:1 to 1:5. Preferably they are
supplied in a ratio within the range of 2:1 to 1:2.5.
The hydroformylation can be suitably carried out at
moderate reaction conditions. Hence temperatures in the
range of 50 to 200 °C are recommended, preferred

35 temperatures being in the range of 70 to 160 °C,.



25 Typi cal exanples of suitable anions are anions of phosphoric acid,
sul'phuric acid, sulfonic acids and hal ogenat ed carboxylic acids such as
trifluoroacetic acid. Al so, conplex anions are suitable, such as the anions
generated by a conbination of a Lewis acid such 30 as BF3, B(C6F5)3, AlCl3,
SnF2, Sn(CF3S03)2, Snd 2 or Ged 2, withga_erotic acid, such as a sulfonic
acid, e.g. CF3S03H or CH3SO3H or a hydrohal ogenic acid such as HF of HCI,

or a conblnatlon of a Lewis acid with an al co oI I%) of such conpl ex
ani ons are BRGRCTLON PIeSEREES. l“[§ | 330886 1 &ﬁh%g% 2 The preferred
ani on sourceab30ﬂmmhlu@@omahhah&@ulbumldna@wé fﬂmgdndﬁkﬁrmpgroup in the

di phosphi ne, 1ro%prbesentD%d a@é ref%@' |1 %o'wserc% % of caersbSO@ 2l ons.

Preferably 57the Srlaglng gr oup contai'ns' W & tHree cdrbon atons in the
bridge. In tmeyl bgamses esfteidor invita arle) norl comldﬂzamdbmlrmylamhsependent |y
represent variQus {Rec! ic or cyclic groups, optionally substituted wth
substituents 10 such as al koxy oups with 1 to 4 carbon atons, hal ogen
atoms or (Cl to Gxidalle émlﬂ@"gﬁom?@t BramsiaRabdee of Iealepbiislsuch as
ethyl, isoprep¥solsaG: Lﬁtdﬂst%'?ﬁltaﬁrlty l&‘i"ﬂ'oﬂr&@%atfa\’l@é@'é(%ét&ﬁOUps such

as cyclopentyl and c r.oups, ar groups suc phenyl and
tolyl groupsf H‘J\Aé\;\g% Ar}é?%?rérg’l "g‘t dite FrRMT Yer with R2 or R3
toget her W t leh4 acpreisant ya thev 3 madte (e st |drutmbotg:r©umoirdne bi val ent
(substituted) grqQup prefera 0c from6to at o i n_t i ng

25 l%r%u Lt ehe tieycuzl %nor% Hithi ng ?lnmg a? oﬂr%ng S?I%g?l tuent S,

Mor e prefera i's 4 cyclic group cont Fing
if any, are lsysnmm%/ adekyin amps:tiﬂam my €freomeld tiof 4tleemrbose bt oasedAs a

rule, all ring ALomky M SADOMA UMbye 1 bqu:}] 1R Al el féé&lgfows

contai ning one 25 or° two heteroatoms in the ring su as oxygen or
ni trogen at ofMeighE m& - Prech uddd Y BHFR ey d%n%Qﬁ‘%%W%‘i bFoBPeredeyclic

groups are 1rAred oty Enes 1L, e CH'LQﬁﬁé/'@f‘@ uded: cyst opgéyl ene,

o E5e ooct &ﬂreo%%@%%m%fﬁ G RO GFe G bUiRs S PrERERfed

bi val ent cyclamnmmms aer.egsedla@fﬂds franirig 4€cym | DDctyl Ehecarbon

1. 5-cyclooctylenss Al (BL Nyt {8Ldsybplltaipde el ¥at] vesud e egt:
satisfactory.

Solvents comprising or substantially consisting of

20 sulphones are preferred. Solvents that are particularly
preferred comprise dialkylsulphones such as dimethyl-
sulphone and diethylsulphone; and cyclic sulphones such
as sulfolane (tetrahydrothiophene-2,2-dioxide},
2-methylsulfolane and 2-methyl-4-ethylsulfolane. A

25 further class of suitable solvents includes the class
of compounds having 2 or more cyano groups, such as
malononitrile, succinonitrile, adiponitrile, dihydro-
muconitrile, pimelonitrile, suberonitrile, 1,6-di-
cyanocyclohexane, 1,2,4-tricyanobutane, etc., and

30 mixtures thereof either or not with sulfolane.

Other mixtures of solvents may also be used, for
example a mixture of a sulphone and/or a compound
having 2 or more cyano groups with a protic solvent,
such as an alcohol. In the hydroformylation of olefins,

35 typically an alcohol is selected which is identical or



- 12 Mxtures of ligands conprising different bivalent cyclic groups may
be-used as well, e.g. mxtures of ligands with 1, 4-cycl ooctyl ene and
ligands with 1,5-cycl ooctyl ene groups. Preferred bidentate |igands 5 of
formula (1) are therefore 1, 2-bis(1,4-cyclooctyl enephosphi no) et hane,

1, 2-bi s(1, 5-cycl ooctyl enephosphi no) et hane and mi xtures thereof and

1, 3-bi s(1, 4cycl ooct yl enephosphi no) pr opane,

1, 3-bi s(1, 5-cycl,qoctyl enephosphi nqQ) propane and m xtuyres thereof. 10 For the
pr epar at i on &fl“'tlﬁ‘@rbitr?erﬁ‘ft éﬁlqoé’é’ﬁdﬁbttaéf“@rdeﬁé‘e Ghe #‘ayd%quowtlon

t echni ques, frefaciaml eulfelreichdd diheC otk dre CBA-e 2 65 hdhe
quantity in i ch .t C st systemis used, is not critical and may vary
within wide I ﬁ%%§€1%§q?se3§aﬁy'l y amounts in the range of 10-8 to 10-1,
preferably in th&heargd mfctEnt? itso ch@r2atsi zgdmwfthetmte ganceand £ of

ethyl gni cal | y, Jngatyy sl e SUPYULATG USRA moltec AP WY Sy &1 | hehe

participants i1 n the catalyst systemare conveniently sel ected such that per
nol e 20 at omSSIRAMNS MY PTG FLrye phast TABISP T cr e trerefRres of

bi dentate |i gafick a5l usetkadd D). o aibhe witef enteblprdforrddato 8 noles of
ani on source or, a ,coeg:gl ex .ani on source. A Eref erred feature of the process

of the i nvent§RPHE IS FHIHEPHe SV AL ySre pF oMot er,
conprising a sourttee cfmdait def asvlorent G ¥ wWed initdns)prokédstbe provi so
t hat ,t.he nol ar, rat.i f ween_ hali ni on h tal tions_shoul d be
0 %sr, Ynd A IR Ha DAL A O Al e T Bl T 8000 et
rations is atampsit 1@11,S¢bverittnsmaamp‘earfy ofhlr@n OQ:t;Oti)O Ipdrceéstsburce of
hal i de ani Onsv@jé\)efm&%@%@ SENERAt b AG hal | de- @anh Ongi WpdeL E%@E?Q?hbgn

condi ti ons may used. 35 Reconmended are i norgani c conpou suc S
hydr ogen hal i fekvert g. ettedlenmrakhy Hsafer aerdl compound (f3] fAds, e. g.
NaCl, MyBr2, ZadPys¥nl2, KBr, Rod,Csd, Csl, Mgl2 and Cud . Catalyst
prong%ers conprisjnga source of chlorjde anions are

t

in
part ircul ar pr ef er r&Y. S RFSITRe WTF b2 hb ol Mint 267 LYRE BRr¥cREs2Rave
beenshown i n tireod helede@rsapednt § cobl DEkmelt ayr eaashbnhgur a8d1Gradupnd,
3).Inthe Figuge e owng le d,ls,used: 101carbon noxk de_and
hydr ogen gas %sé%g%@)%%?%%le f@%TYgeﬁ %5%%?af%%éc%%%%u%5§g§f3§;¥tt%e
conponent s4sotaeal Baat &s 1156d+ bided abtbhob7e | ght menesBhrasybengtddf i ni shed
al cohol 10hydr pogR, 935 201dRPEe 0" o FOAENGRS0LA LI #1 hEAGL OFALZONE @G DT ©
gas/|iquid separatorsl3a gentrl?uge, coal estes of sett er14sqfven
extr&ion coftMf eBatayysh Ehaovanyizchise ekthydrpéarvglatiopsol vent

re”UV3|)2516M?£Qdﬁéebvﬁﬂbldhétbhb@bh@ﬂe§9|pHBéBhﬂhQFBRQHaE¢ abygent
storagel8cat a Xs% reﬁarghioglﬁtopg'ng distiglation columm (i ght
ends) 20t ai | i g 4FSEi fI'8t F8f cofBm bﬁe85§58ﬂ s}38%%hy8Foftni shing In Figure
1, the ethyl epactlitylanigt usatell sbapoemdlo@ingcarnodifedyi deoapd 8hydr ogen
gas (1) are fgd,inig hAE,1eBGERASLatdT)stNahoE8NA BE)ERLALYShased
25 on Co, Rh, Ni, Pd or Pt. The invention is particularly

useful when employing any of the catalysts described in

EP-A-0,220,767, US-A-3,527,818, EP-A-0,495,547 and

especially when applying the catalysts of WO 95/05354,

all incorporated by reference.

30 A suitable catalyst system, for instance, comprises
(1) a source of group 10 metal cations;
(11i) a source of anions, other than halide anions,

e.g., derived from acids having a pKa value of less
than 3 when measured in an aqueous solution at 18 °C;

35 and



- 14 prepared in unit (18). The product is passed to one or nore
gas/liquid separators (12). Thereafter, the product is send to either of
the centrifuge, filterbed coal escer or electrostatic coal escer (13). The
solvent 5 layer is recycled together with the catalyst to the reactors)
(11). The product layer is passed to the solvent extraction colum (14)-~,
wherein the remaining catalyst is rendvEd. “The | oaded sol vent is passed
t hrough conduits A or Bto (11) and/or (13). The 10 product is passed to
t he water ext(iaddi onacebumme( ©5) bidhetetr fLhgasdsverdft the fomowdd The
aqueous | ayer ISRQﬁS§Q§ ba3diastillation ¢P jurm (16), to recover water (5)
over the top, Is recycled to (15), and to recover solvent (4) at the
bot t om of (16)‘ler\%incﬁ ii$ 85 blyajendd qrédﬂl@@a@éf%@?)conﬁﬁelf@d}&uﬂ@nto

recycle the water 1andtalsvant thavediklgR! $norMater, (@ Al ol vent (4).

The product | ayer is recovered from (15) nmay be passed to any
sui t abl e wor RP G‘ﬁpte&‘é’zeﬁ‘tlfyorrqpﬁﬁ&ﬁ‘&e ”g’litﬁ el & dé?—fd' “ﬁ’ . 20

Figure 2 is alrl@mraaﬁeﬂtgactdm OfOraRﬂ-rEtfo@’erteﬂarelmﬁﬁl rpe%tand/\#w em31 the | oaded
solvent is passe thr ougl %\qndw tr B t 91 aﬁddlt onal I t.hi s figure
depicts the PICESS V\Helr& pgretp oefsetnh 9on pr o]dtij 7% s recycl ed
to (11). 25 REiemald \b rﬁurgyrae:caxssmhxm@ysmrteabivm vsﬁ:zreke wRlemtigs wheeei n t he
product (6) iy t I end distillation colums (9),
wher ei n addmﬁ‘o%ﬁs% ﬁ:gle(r)g)%o%[? V\u/:stea{r I's renmoved, one or nore heavy ends
di st}®l ation col FeRRlES) ofndWitedille) me taldrsTuTReshia%e 30 reactor (11). A
saponi ficati g uidi a1 )S vMYa thef e ;;mcl%ﬁﬁeﬁ)ata&wpw@@éna@e
optional. Besides, the |light ends and/ or heav ends (8), after
separation from tie aRs S(%brtcegh(%r%er FeA b G | QR r 3RY or (11).
This is particoupidnd @lwema?tgﬂ@Sarwhﬂfs anay -bd lusedf usatRdebiygbesasbon is
added to facilitate the phase, se arat elpeo;['he ihvention wll be

further ill uﬂaryatceod“%ﬁll% e ocﬁ 4F?’l’ésexex jrjr%f es"¥he
fol | d% ng 5 abbrhe atdiohs rmretlmm eB@F\Eer which may also

1 2 bi s(cycl %ﬁ/on P sﬁ; 9l el bane é[fsghe éfé%éo roge?parﬂ@sul phoni ¢ acid

- sodiu rence exanpl e or at1on has been
carrl ed in a™IRK - bERCRRART| KR, Prlfh%e%ﬂﬁb)(: %lm@ FPred8trander argon

at mospher e, vaéia@z me Clla&lds indeingl a | pReava Dhef bnS1e0s68nah Bater and
0.755 g n-tridec GClnterna% stan ard Se arately, catalyst was
prepared in &4 ]f?%f’ék W adtf DSB8 oL PR 9uePRFeSC1Y61°F BCPE,

0. 52209 zi nc at chd o°r0 d&rencinli 3 gickiSAd hoer tEregomn st imbs pdee enod® 99. 0 g
anhydrous sulfolane (40 C stirring)., to.give.a Pd ntration of ca. 400
o and ol 1 RATSRyErny o f R LR et e adFifle ot BE) EBF BB 012 8 a2
One sixth of The sstaorfggstthavapidr ythGlessgyha/asnaddedoocduhetbatch

aut ocl ave. SupseRuent!wegh0-20i8h 2ag! bybhexanel wastaddednelhe gutoclave

was cl osed, resid alr was renoved using t ee cycl es of vacuum and
syngas preSSLﬁﬁth% hydroformylation product.

25 Typical examples of suitable anions are anions of
phosphoric acid, sulphuric acid, sulfonic acids and
halogenated carboxylic acids such as trifluoroacetic
acid. Also, complex anions are suitable, such as the
anions generated by a combination of a Lewis acid such

30 as BF3, B{(CgFg)3, AlCl3, SnFp, Sn(CF3S03)2, SnCljy or
GeCly, with-a protic acid, such as a sulfonic acid,
e.g. CF3SO3H or CH3SO3H or a hydrohalogenic acid such
as HF of HCl, or a combination of a Lewis acid with an

alcohol. Examples of such complex anions are BF4~,



25 Stirring rate was 1000 rpm wusing a hollowshaft stirrer. Then the
pressure was set at 56 bar syngas (nolar ratio H2/CO of 2.0) and
tenperature was increased rapidly to 90 C. At the start of the reaction the
. tenperature rose to 105 C and the 30 pressure dropped. The reaction was

mai ntained at this tenperature 'and at a,pressure of 50 bar (using syngas
make-up via a constant pressure valve). %fter 3 h at 105 C, the reactor

contents were cooled to anbient tenperature. GC analysis indicated that
ol efin 35 coérision @2 £H3Ry >F0D B selhrtpigtsesed ;gnionig 5 10

15 20 25 al ccymincet)atrsatfttmrﬂartckdmwr&rﬂﬂﬂmﬁa: HU:{h. 0.5 and 0. 5%
respectively (no d obser ved Ref erence exanple B Part of th

product of referéﬁb ebe’%:’szﬁﬂ t‘?‘é%tecé’ue cgljtf H‘?’eaﬁ%ﬁ%?%n%ﬁel
tenperature foy mhasqn@e]p]w a:ts aronpo sed anfirerarkxbn it ems usPngféearpéyed
cool i pRg wat er. { t | ed upper
al nost white haeyer (#Hf:r}ioig)oq{ o#t%&; adrltgé é&fgdngrtﬂ yercg’ef%%g (t)ﬁ?y

di ssol ved i n isulthe Bmwiqdgel | ow due of presence of Pd catalyst) The Iayers

wer e separated, sgimplgd, lpégrta@gf Ne =it N0t ar;gtt angt yzesl byqegenment al
anal ysis. The data were as | ows:” Layer (g)Pd (ng/kg P (ng/kg)Cl (mg/ kg) F
(my/ kg) al cohdtasealmmmwoe@m ¥t ehe various non-cycl

4.04110328819502883 P dhip ¢ pnSd2HHOL0Ef fd @b e Suted with substituents
10 such as alkoxy groups with 1 to 4 carbon atoms, halogen
atoms or (C; to C4 alkyl)amino groups. Examples are
alkyl groups such as ethyl, isopropyl, sec-butyl and
tert-butyl groups, cycloalkyl groups such as cyclo-
pentyl and cyclohexyl groups, aryl groups such as
15 phenyl and tolyl groups.

However, preferably at least one of Rl together
with R2 or R3 together with R4 represents a bivalent
(substituted) group.

The bivalent (substituted) group preferably

20 contains from 6 to 9 atoms in the ring. More preferably
it is a cyclic group containing 8 ring atoms.
Substituents, if any, are usually alkyl groups having
from 1 to 4 carbon atoms. As a rule, all ring atoms are
carbon atoms, but bivalent cyclic groups containing one

25 or two heteroatoms in the ring, such as oxygen or
nitrogen atoms are not precluded. Examples of suitable
bivalent cyclic groups are 1,4-cyclohexylene,
1,4-cycloheptylene, 1,4-cyclooctylene, 1,5-cyclo-
octylene, 2-methyl-1,5-cyclooctylene, 2,6-dimethyl-

30 1l,4-cyclooctylene and 2, 6-dimethyl-1,5-cyclooctylene
groups.

Preferred bivalent cyclic groups are selected from
l,4-cyclooctylene, 1,5-cyclooctylene, and methyl
(di)substituted derivatives thereof.



Apparently, the Pd catalyst recovery was far from conplete. Al though for Pd
the partitioning coefficient was highest, mass bal ance indicated that only
59% of the Pd was recovered via the sulfolane |ayer. Reference exanple C

. The experinment described under A was repeated using a 40:60 ww C12/C13
detergent al cohol, ("DOBANCL" 23, traQe1 rk, linearity ca. 80%, instead
of 2-ethyl hexanol. The nolar catal yst rafios (Pd/BCPE/ TFSA/C) were as
follows: 1:1.4:2.0:3.2. Aefin conversion after 2 h and 4 h was 94.6 and >
99.9 % respecti VBIXEUERS RF | MiGands Fawrr ghi ner@l Hiesephl brelerd. 4%
paraffin, 0.1%dldehydsugnmmdpeayy eadls detwsied)e. N teixdubeseagtion tine,

t he product wﬁs cooled to 60 C - 17 {still %nf.ghaie) ang split in three
nearly equal FrIRTOMNE Hrhnbst FYSIT TN GRT 2ot P POFPt HeF 2t o 25, 35 and
45 C, resul tihg+oyphaset phoae agToups N Pddféhred chdestaét eigandiki ci ent
equi l kbratio i S as at ed. a _were taken from
bot h Fayers z}?}% %%TJ‘%Q% v?\ﬂ ﬁyﬁéet%ﬁ%&gaﬁ% {a%ieglzgggfgrggésg. The
partitioni ng eoef¥¢nermspliono Peithanep, 1 35—kl ( Y65 wekeoettylsteand 35,

respecti vel y., These; 431 & RiSe CORG1 51 £0Grd% t Pt heo#akAq0L , 8XBHRIE, B Again,

Pd 10 catal yst recovery was far from conplete and although the distribution
i mproved wit FHeE?@ESY FeRerhpErai e Lo reRane ar buddLafbl eATCYEMBETr at ur e

signi ficant aé@wién@ﬁhé’sl?mﬁe)ﬂ:@@isaf«éaawemak@@h@!s phageofThe mass bal ance
at 2300 i ndi cat ed_t hat .ecov 15 via the
|

only 85~ of the_P S, over ed,
sul f 6Pane | ayer. EXanpie HX%%aH%Eb%%t?Etgh¥ﬁ%l%ﬁ95ﬁFﬁggég8FdPhe i nventi on,
an experi nentre#fsrendei isameadat toubnsky deehaigagsp Hopi kabmplanthe

consi sting ofm ﬂ?gddf99§05§drfﬁC&QLAzfnf27296§ first phase separation zone
for first cataryst recyclrng, and an exfracfion®zone for essentially

conpl et e recover yThadareeyeryngnovhidhchhal gatadndtsaybobanés Weedfieed zone

supplied Cl1-Cd2,pptepnalchingay AayobgtyNuwiPHELf kedeOY8Rilsum na to renove
peroxi des), H2 (purified over Cu/alumna“to renmoye OX{BQ ), CO (purified
over Xu/ al uni Hauebly eABOBNERy4BNnERRITARERVAEcdOcCar 66n 100 re®B®E car bonyl s),

BCPE (di ssol vedraBlyohnenry, rangewatero-Beter eostambiupatam iofvertany 30 of
Pd-catal yst (2.7 gd, gol a%@o Eg/BCPE/TFSA/C§.1 . 1.1 . 2.0 . 0.43, at
a concentrat|8ﬁroﬁO 608 pﬁﬁhﬁéﬁ FHasdyr BNSAEUEBRES APRGOSDT Rdfer) was
added to the npadioThzoamoubkst b€ thtapwstisypheamsodny tBEPEats liyade up
during the er?EEgﬁngre cbn%gniently selected such that per mole
20 atom of metal from 0.5 to 10, preferably from 1 to 6
moles of bidentate ligand are used, from 0.5 to 15,
preferably from 1 to 8 moles of anion source or a
complex anion source.
A preferred feature of the process of the invention
25 consists in the presence of a catalyst promoter, com-
prising a source of halide anions (Cl, Br or I anions),
with the proviso that the molar ratio between halide
anions and the metal cations should be at most 5:1.
Preferably, the molar ratio between halide anions and
30 metal cations is at most 1:1, for instance from 0.02:1
to 1:1.
As source of halide anions any compound generating
halide anions under the reaction conditions may be

used.
35 Recommended are inorganic compounds such as

hydrogen halides, e.g. HCl, HBr and HI and metal



The reaction zone consists of two 1.5 litre Inconel-600 Continuous Stirred
Tank Reactors (stirrer rate 800 rpm Iliquid volunme 900 m each). Reaction
conditions were typically 105 C, 70 bar syngas (H2/CO 5 nolar ratio 2.0),
150-300 g/ h olefin feed, 15%v sul fol ane, 1.6 %v water, 300-400 ppnrw Pd in
reactors, olefin conversion in first anglysecond reactor ca. 86-93% and
97.5-99.5% respectively. After the second reactor, the reactor product was
cooled to SShQQiQe%ndel%.dgghqssM@@Q%g Hoch2 B, Phase ration started
directly but was not conplete. Thé fW®6-phasé nixtdre was subsequent|y sent
down-f | ow t hEsGgh &sdnaMalpi langr ba§lcofladsdars  IF AP s campsising of 1 at
stai nl ess-steel.fiJter £ I t ai_.ning fi . A asi ng gradually
in size from%ZSr(r)TErﬁlJtct()e é)f %T%qgggﬁ% ?rng%ﬁ nlaeryte 19‘51 glbjd'[ etd."{%lg product was
fully phase- peedeatredi.and i ntroduced into a settler, fromwhere the

sul f of ane ph (contai ning concentrated Pd catal yst) was recycl ed back to
the 2 react%ﬁgﬁgﬁﬁgthe al cohol phase (still containing significant anounts
of diluted Pd catTaleystardmrass wrcalddme ngal \vehtthevaa daess fatedden a separat e

al cohol buffer vessel. .In . the extraction zon t he al cohol phase was 25
purified in WSt eﬁh-ecdrnrcgﬁi&( qstﬁthe&alﬁlcﬁueqjloe‘%r 95" %ol ums (gl ass, 3
cmdi aneter, Figundweilght2 =idid)l.ess steel internals of size 4x4 nm). In

the sul fol ane extraction col , £l.ean recycle sulfal ane was used to renove
essential |y aft B FHRRR (it CI0 T CHATY pHaseo T | o

al cohol / sul f dl anezxord Mo M.dd eiemtdiay ) das s frdane as conti nuous
phase). In the water extraction colum, c|ean reg&gle wat er was used to

remove essentd al ISF4CTEAF AR ST EHATRY HLWIHNE phase ratio

al cohol /wat er3 ca.cax2l yWW.colpdriiixey ature 70 C, water as continuous phase).
The - 19 catal yst-loaded sulfolane fromthe sul fol ane extraction colum
was recycl ed baclké?’@™He filterbed coal escer. The sul fol ane-1 oaded wat er
was fed to a «listyddation colum producing a clean water top product
(recycled to 5 water extraction) and a sul fol ane bottom product (containing
somelpPesi dual® wat@fude 21ahay | which was recycl ed back via a buffer vessel

to the sul folane exjg@aciipn colum. The crude al cohol com ng fromthe

mni-pilot-plant was virtually Pd-catal yst- and 10 sul f ol ane-free.
heavy ends

9 finished alcohol

10 hydrogen gas
20 11 one or more gas/liquid reactors

12 one or more gas/liquid separators

13 a centrifuge, coalescer or settler

14 solvent extraction column (catalyst removal)

15 water extraction column (solvent removal)
25 le water/solvent distillation column

17 intermediate solvent storage

18 catalyst preparation

19 topping distillation column (light ends)

20 tailing distillation column (heavy ends)
30 21 hydrofinishing

In Figure 1, the ethylenically unsaturated
compound (2), carbon monoxide and hydrogen gas (1) are

fed into the reactor(s) (11l) that contain(s) catalyst



Typi cal Pd concentrations during steady-state were: 400 ppnmw i n~reactors,
2600 ppnmw in sul fol ane recycle, 90 ppnw in crude al cohol product from
filterbed coal escer, 900 ppmw i n sul fol ane bottons product of 15 sulfol ane
extraction, 0.2 ppmw in alcohol top product of sulfolane extraction. The

ot her catal yst conponents roughly behavg ,as the Pd: typical residual levels
of phosphorous, TFSA and chloride in the al cohol top product of ~ulfolane

extraction are: mv 20 and < 10 ppmw, respectively. Typical
sul fol ane cod%%ﬁﬁ?%§#oh% Hﬁ+?ngl%leéﬁ@esﬁﬁ?ﬁuﬁgrés P3S8FA; ROr 8RBt BFs,

8- 10$m/sulfcﬂmwme(@@5ﬂlﬂ@m0@)sepaaéc@hgl DﬁaSEShHEeéfaét othwat er
extraction colunn 40 algop L roduc%tgifﬁaterf % thon
colum. 25 TH%r %as co |nued %or 53% h and “fRas progeh be ? good
cat al yst reteu@abﬂ$cars@reabettemst@hem1caaleacary$13$taﬁhblsylVEmanple 2

Wbde'Sexper'”F§§ér“§éer& dychedLordet e Minechhe-30,¢ EkaS”EKeOf wat er
i F3a-c ey

extraction to recover ane om representative product al cohols. The
starting nlxtﬁ$écﬁﬁé(§bnﬁb§éd Bhe " popAnEL " 12gert L ade2fEPR) tandhsul f ol ane in

ratio 93/7 W ys1¥enthégtphatUsR, cdlulh 3@%&/mahe&anStadd@dmahn&agr
di fferent tengera ur es m xtures were stirred for

- 20 5 10 15°3B &ﬁFl%Brﬁ%TBHeﬁndTEﬁf%PEFEAtSPEHﬁnﬁaéstQEFﬁﬁdfor
subsequent sethtough dbeduéssl Aiog BmoolayeusadeoahQEBDOpshewater

The. fol | owi noP BoRET Lot BRCBBRr For DRt BoKarcoabe ACkeA™ Tomparatdrd Q) 35
35 70 70 80 80hepedn theesclrventi ba adueded$wibr aqueous layer is

passed to distillation column (16), to recover water

(5) over the top, which is recycled to (15), and to

recover solvent (4) at the bottom of (16), which is

15 recycled to storage (17). The conduits to recycle the
water and solvent have inlets for water (5) and solvent
(4) . The product layer (6) that is recovered from (15)
may be passed to any suitable work-up train, for
instance, such as disclosed in Figure 3.

20 Figure 2 1s a representation of a preferred
embodiment, wherein the loaded solvent is passed
through conduit B to (13). Additionally, this figure
depicts the process wherein part of the crude reaction
product is recycled to (1l1).

25 Finally, Figure 3 shows a suitable work-up train,
wherein the product (6) is passed to one or more light
end distillation columns (9), wherein additionally the
residual water is removed, one or more heavy ends
distillation columns {(10) and finally a hydrofinishing

30 reactor (ll). A saponification unit (not shown) before
the distillation columns is optional. Besides, the
light ends (7) and/or heavy ends (8), after separation
from the water (not shown), may be recycled to reactor

(11) . This is particularly advantageous when a



al cohol / sul folane) 10 30 10 30 10 30 10 30 distribution coefficient of
sul-fol ane (bottons/top ww) 8.3 82 7.55.95.55.43.74.81t is clear
that sul folane preferably goes to the water |ayer, but that many stages are
required to reduce the sul folane concentration to the desired | ow | evel s.
Tenperature has a negative influence_pqﬁ§qparation efficiency. Exanple 3
Experinents were carried out to check tHe effect of additives to inprove
the Pd distribution coefficient over sulfolane and_al cohol phases. For this
pur pose, batEhtAbRbRP abedERpRFPARNES ABfedchPr fagidaEatR &hSoBhAiSeat ch
autocl ave, aseglgsstibgdsabpye under Exanples A and C. The autocl ave was
filled with C6- or,Cl1-C12 internal Linear olefins(l or ||l respectively),
wat er and n-trigﬁ%ﬁnén¥5§tﬁﬁpiﬂfging? PﬁﬁgﬁFd}i Eﬁ?gﬁ§§g &Hstgﬁepared
usi ng sodi unfobllodéngnerasples . ChnCBhekef eramphdssatieufiodAloerinde i n case of
- 21. Cl1-C1 L RS, (QLVi .concentration of ca. 400 ppmw and nol ar
cataf@st rat%8?L§g}%gbég%F§g?h§Fggé, of 1:1.4:2.0:0.4 in anhydrous

sul fol ane). BOBEequent ly2abss (pyodoectulentphofphingdgihanas added. The

reaction 5 wa sﬁarrithQEEléBréﬂétﬁéﬁQQu§P2§ﬁEc Attgr 2 h at 105 C and ful

conversion, the_reactor contents were coo to anbient tenperature. Next,
the product WASlm xed #PEAPafhiAgidfiounts of n-heptane (0-50w) and
equi | i br at edrafetBacsekaampdet anperature. Subsequently, 10 both |ayers were

sanmpl es and analyzed 1.0r Pd_concentration usin S, as fall ._.al.cohol
dor Bd from (ol BYRRPEPETYEAEACHOBR SN BhnE S X SiF0385 G080 e Mo PR G
(C) 202020353aBtlocctaye .i Theopulttayéai&32351 4012 €l muniée rc@regon N bott ons
| ayer 3320279 050 P - . . :
distributiongg%%g§§%%§2G%égggg%cgénf@ﬁo?ﬂ@w&ﬂﬁ%fﬂﬁ%M&ﬁ e%%s%:%ﬁﬁnihat
addi ti on of A-k8pmaneattgsr andeRefli5Si gl nefrirdciecemePd asedvdmternal
standard) . Separately, catalyst was prepared in a 100
15 ml flask, by adding 0.525 g Pd acetate, 1.01 g BCPE,
0.522 g zinc dichloride and 0.92 g TFSA, under argon
atmosphere, to 99.0 g anhydrous sulfolane (40 °C,

stirring), to give a Pd concentration of ca. 400 ppmw
and molar catalyst ratios (Pd/BCPE/TFSA/chloride) of

20 1:1.4:2.6:3.2. One sixth of this catalyst inventory
(16.96 g) was added to the batch autoclave. Subse-
quently also 50 ml 2-ethylhexanol was added. The
autoclave was closed, residual air was removed using
three cycles of vacuum and syngas pressurizing.

25 Stirring rate was 1000 rpm, using a hollow-shaft
stirrer. Then the pressure was set at 56 bar syngas
(molar ratio Hp/CO of 2.0) and temperature was
increased rapidly to 90 °C. At the start of the
reaction the temperature rose to 105 °C and the

30 pressure dropped. The reaction was maintained at this
temperature and at a pressure of 50 bar (using syngas
make-up via a constant pressure valve). After 3 h at
105 °C, the reactor contents were cooled to ambient
temperature. GC analysis indicated that olefin

35 conversion after 3 h was >99.9% and selectivities to



Exanple 4 15 In order to obtain efficient and fast phase separation,
inrtially a batch Centrifuge was used, Subsequently, trials were carried
out with a continuous Alfa-Laval LAB 102B-05 centrifuge. This centrifuge

- was equi pped with a so-called purifier-bow, the type of 20 bow needed for
a liquid-liquid separation, with two Lig@id outlets. Experiments were
carried out wth well - 22 mxed feeds of "DOBANCOL" 23 (trademark) and
Pdcat al yst-contai ning sul fol ane (13.3 ~kw sul fol ane, bal ance being the

al cohol ) at #STRRRE ofPATDHEIHRNBNSVY, €A e P ond: 8f 928-888 mi/nin. In
all cases, 5 GeP¥S atéHPedBSvEBPi (hansdl conpdet ebasreed) d be seen fromthe
absence of a aze (residu syl fol ane droplets) as well as the absence of
any (Pd-cat al a colour in the al cohol phase. - 23

CLAIMS 1, A hydrocfartrydfittlon prodess ofictefiengncheesampieoh: wga) contacting
one o more ellyl gai cal by Wnsel WAKAAPUIUL) {dhfef PAGL OFpZONE Wi Lh
carbon nonoxi de an ydrogen gas 1 n the presence of 'a solvent and a
honbgeneous cRlas§ssepasedion tn@oopmBeroiat wbifet upingngempasadoni cal ly
charged phospbgsusndi §andri 0 AOr PhasCEddSe PYEheEOr BYbat i gainr gddsks (b)
allowing a major portion of the solvent, wherein a najor portion of the
catal yst is d?§§%€9€d,a?o“@%%ﬁr%%ﬁoaﬁdwbétﬁﬁ}ﬂﬁ?émﬁffFSHFFhélEPGQQ’
hydroforgyLaé&@? @rmfuét layergbasedse@aaayb?ndzeaelvéd)iheeguﬁbgahkfr1the
separ,at ed hydro tion.product emerging om step ubstantially all
Fenaih ng cat LWHLtOHi 481 B ERAFRFR RF ¢ RIaCRER K d0uS REx i PRt | n an
extracti on zowerewheperatete phmpiéedepdidtited oh stbpt@bpli sndssisted by
the use of a LEHg i e ce r e rostatic
coal escer. 2.gﬁ?%g%%gfgyn%ﬁ%?%gﬁggrggggggggéoﬁggngggg %%g%ng%, wherein the
non- aqueous eX%Ptdevant used in step (c) is the same substance as the

sol vent used in step (a). 3. A hydrofornylation process according to claim

2) wherein the anouni of extraétant useld_in step Qﬁ% is betyween 0.9 and 1.1
times the anourYSF §%) vent (RSt is diskBlives in|the hydrof ¢fnyl ation
product . (mg/kg) (mg/kqg) | (mg/kg) (mg/kg)

alcohol 93.2 122 128 224 306

sulfolane 4.0 | 4110 3288 1950 2883

partition 34 26 ) )

coefficients

Apparently, the Pd catalyst recovery was far from
15 complete. Although for Pd the partitioning coefficient
was highest, mass balance indicated that only 58% of
the Pd was recovered via the sulfolane layer.

Reference example C

The experiment described under A was repeated using

20 a 40:60 w/w C1p/C13 detergent alcohol, (“DOBANOL” 23,
trade mark, linearity ca. 80%), instead of 2-ethyl-
hexanol. The molar catalyst ratios (Pd/BCPE/TFSA/Cl)
were as follows: 1:1.4:2.0:3.2. Olefin conversion after
2 h and 4 h was 94.6 and > 99.9 %, respectively.

25 Selectivities after 4h were 99.5% alcohol, 0.4%
paraffin, 0.1% aldehyde (no heavy ends detected). After
4 h reaction time, the product was cooled to 60 °C



4. A hydrofornyl ati on process according to claim1 or 2, wherein the
followng step is added: (d) renoving fromthe extracted hydrofornylation
product energing fromstep (c) substantially all renaining solvent and/or
extractant dieaolved therein with a washing medium that is preferably
water, in a washing zone, separating the;solvent and/or extractant fromthe
washi ng medi um energi ng fromthe washing zone and optionally reusing each.

5. A hydrof or,nyl.ati on proces accordln t.0 Ia|n11 or 2. wherein the
extraction of(r‘%tlgé COF PhaEE]d GRE chlrJr%a ol d\fdfoeh S913 a rotating
di sk cont act dragtiznsacKégsked ractidhs. wtecdeurm)olﬁad A dntdreaf crany2 3t i on

process accond-aig 4 ekai fkludkidg WHCpRLUT UeBheR (B e nude

hydr of ormyl ati on product "'is cooled™t o a nperature wthin.the range of 0
to 50C. 7. Atiny@eofawsad atAf&erprsexfefwl@mctorecﬁmghtmaﬂmnntllrm, 2thevher ei n

l'iquigl sat ur a8 Aty AACATRUNS AR T8 Qe PRaSR S&Q@ér@tf%}n Zohen of step
(b). 8. A hydrofornylation process accordln%gto claim1l , Wherein a

portion of tH&WRFHr Gt HA A GSsh Wridu Rt hamst %ﬁff%%ﬂﬁ¥ﬁ%ﬂ)f%ﬁ 4. recycl ed
to the reactim ml&onﬁﬁwdma‘mmﬂeawsarfw QB S aBEPOr3I6 ngndo claim 1l or

2 qunereln s ol ygil, g 2suLphons, Sscameutdileviad g Qs eveno

groups, or a mxture conp(|5|ng A€ -anasdr the corpo
or nore cyan@:cg‘ranmrtu)gemtﬁertm tdata priotaxargole/éht ,Agdin et Pyl eni cal | y

unsag gr at ed %rmﬁseecu e vh_:{g Of5 f_rg'cﬁqgcen fe‘pédg]?]@ f@ybng from4 to

24 carbon at ofs e carbon nonoxi‘de an diogen gas are
supplied in éhﬁnqkﬁﬁmxbﬁﬁﬂqn]}mR¥QYQ¢ veiridh vilrg X8 S 1he h@@@@t@tnyeatlon

process is C%Jérﬁchl%ﬁn@tar@ofé‘r[@eié}ﬁﬁﬁﬁaﬂ&é h@lé@i‘ﬁf’cé)rfxt59m59ng90§fand at a
pressure in the range of 1 to 300 bar absol ute.” . ANyL. A@ . Al 9. Aa. AFy

CAYL. Aaf L. ANGY Aoty Lostariggdiqmlcoio sy - the nasd balhhte al
25 °C 1nd1cated that only 85% of the Pd was recovered

15 via the sulfolane layer.
Example 1
To demonstrate the advantages of the invention, an
experiment was run in a continuously operating mini-
pilot-plant consisting of a feed zone, a reactor zone,
20 a first phase separation zone for first catalyst
recycling, and an extraction zone for essentially
complete recovery and recycling of Pd catalyst and
sulfolane.
The feed zone supplied C3;;-Cq2 internal linear
25 olefin (purified over alumina to remcve peroxides), H»
(purified over Cu/alumina to remove oxygen), CO
(purified over Cu/alumina to remove oxygen and
activated carbon to remove carbonyls), BCPE (dissolved
in toluene), and water. Before start-up, an inventory
30 of Pd-catalyst (2.7 g Pd, molar ratio Pd/BCPE/TFSA/Cl
1 : 1.1 : 2.0 : 0.43, at a concentration of 3000 ppmw
Pd in sulfolane containing 3%w water) was added to the
reactor zone. Of the catalyst system only BCPE is made
up during the experiment.
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O-) Vreactors an t%e alcohol phase (Stlll contalnng)

significant amounts of diluted Pd catalyst and
sulfolane solvent) was transported to a separate
alcohol buffer vessel.
In the extraction zone, the alcohol phase was

25 purified in two counter-current liquid/liquid
extraction columns (glass, 3 cm diameter, 3.4 m height,
stainless steel internals of size 4x4 mm). In the
sulfolane extraction column, clean recycle sulfolane
was used to remove essentially all Pd residues from the

30 alcohol (phase ratio alcohol/sulfolane ca. 9:1 w/w,
temperature 40 °C, sulfolane as continuous phase). In
the water extraction column, clean recycle water was
used to remove essentially all sulfolane from the
alcohol (phase ratio alcohol/water ca. 5:2 w/w,

35 temperature 70 °C, water as continuous phase). The
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catalyst-loaded sulfolane from the sulfolane extraction
column was recycled back to the filterbed coalescer.
The sulfolane-loaded water was fed to a distillation
column producing a clean water top product (recycled to

5 water extraction) and a sulfolane bottom product
(containing some residual water, ca. 3 %w), which was
recycled back via a buffer vessel to the sulfolane
extraction column. The crude alcohol coming from the
mini-pilot-plant was virtually Pd-catalyst- and

10 sulfolane-free.

Typical Pd concentrations during steady-state were:

400 ppmw in reactors, 2600 ppmw in sulfolane recycle,
90 ppmw in crude alcohol product from filterbed
coalescer, 900 ppmw in sulfolane bottoms product of

15 sulfolane extraction, 0.2 ppmw in alcohol top product
of sulfolane extraction. The other catalyst components
roughly behave as the Pd: typical residual levels of
phosphorous, TFSA and chloride in the alcohol top
product of sulfolane extraction are: 10 ppmw, < 5 ppmw

20 and < 10 ppmw, respectively. Typical sulfolane
concentrations during steady-state were: 15%w in
reactors, 8~10%w sulfolane (saturation) in alcohol
phases up front of water extraction column, 40 ppmw in
alcohol top product of water extraction column.

25 The run has continued for 732 h and has proven,
besides good catalyst retention, also excellent
chemical catalyst stability.

Example 2
Model experiments were conducted to determine the
30 efficiency of water extraction to recover sulfolane

from representative product alcohols. The starting
mixture was composed of “DOBANOL” 23 (trade mark) and
sulfolane in ratio 93/7 w/w. To this mixture, 10 or
30%w water was added at four different temperatures

35 (35, 70, 80, 90 °C). The mixtures were stirred for
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15

20

tops, water bottoms) were separated and analyzed for
sulfolane in both layers by GC. The following
distribution coefficients were obtained.

Temperature water fraction distribution
(°c) added (%w on coefficient of
alcohol/sulfolane) sulfolane

(bottoms/top w/w)

35 10 8.3
35 30 8.2
70 10 7.5
70 30 5.9
80 10 5.5
80 30 5.4
90 10 3.7
90 30 4.8

It is clear that sulfolane preferably goes to the
water layer, but that many stages are required to
reduce the sulfolane concentration to the desired low
levels. Temperature has a negative influence on
separation efficiency.

Example 3

Experiments were carried out to check the effect of
additives to improve the Pd distribution coefficient
over sulfolane and alcohol phases. For this purpose,
batch autoclave experiments were carried out in a
300 ml batch autoclave, as described above under
Examples A and C. The autoclave was filled with Cg-Cg
or C31-C12 internal linear olefins(I or II res-
pectively), water and n-tridecane (as GC internal
standard). Catalyst was prepared using sodium iodide in

case of Cg-Cg olefins and sodium chloride in case of
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' $10%08 () -- P8 1:$189@p@: Py 4- in anhydrous sulfolane). Subsequently
also product alcohol (ca. 40%w) was added. The reaction
5 was carried out at 105 °C and 50 bar. After 2 h at
105 °C and full conversion, the reactor contents were
cooled to ambient temperature. Next, the product was
mixed with varying amounts of n-heptane (0-50%w) and
equilibrated at the selected temperature. Subsequently,
10 both layers were samples and analyzed for Pd con-
centration using AAS, as follows:

alcohol derived from I I I II IT
(olefin):

n-heptane conc. (%w) 0 33 50 0 50

temperature (°C) 20 20 20 35 35

Pd conc. in top layer
(ppmw)
Pd conc. in bottoms layer
(ppmw)
Pd distribution

113 23 11 40 12

3320 2790} 2710} 3320 3050

29 123 255 80 263
coefficient

(bottoms/top w/w)

It is clear that addition of n-heptane has a

beneficial effect on Pd recovery.
Example 4

15 In order to obtain efficient and fast phase
separation, initially a batch centrifuge was used,
Subsequently, trials were carried out with a continuous
Alfa-Laval LAB 102B-05 centrifuge. This centrifuge was
equipped with a so-called purifier-bowl, the type of

20 bowl needed for a liquid-liquid separation, with two

liquid outlets. Experiments were carried out with well-
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mixed feeds of “DOBANOL” 23 (trademark) and Pd-
catalyst-containing sulfolane (13.3 %w sulfolane,
balance being the alcohol) at a speed of 1500 rpm,
35-50 °C, using flows of 125-850 ml/min. In all cases,
separation was rapid and complete as could be seen from
the absence of any haze (residual sulfolane droplets)
as well as the absence of any (Pd-catalyst-related)
yellow colour in the alcohol phase.
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