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WD 2007/ 036424 -1- PCT/ EP2006/ 066181 METHOD FOR
SEPARATI NG ORGANI C TRANSI TI ON METAL COWPLEX CATALYSTS
The present invention relates to a process for
WO ¥WHE164%4 ng organic transition netal conplex 5  PCT/EP2006/066181
catalysts, in particular rhodiumconpl ex catalysts
METHOR T EQR | SEP%%E%@ iPRGENNIG ¢ RBONSITAPN y@%‘% g COMPLEX
CAPKESRR i n solution. The use of honpbgeneous rhodi um
conpl'ex catal ysts in various processes of industria
organic chem stry has | ong been known. h7 particular,

the use of rhodi um phosphi ne, -phosphite, 10
The I5p68HHORNERN GHlaten fioSpRioRTSS dOT SFRIAREsORMIpiaskgR gnetal complex

f - f af. i f [ ' : :
a3, K GE AL A0S LN, 150t BRILREIG p, whch st
cataMbtd efirerdt inldalsions presumably due to the relatively

expensi ve catal ysts and the difficulties experienced

in separating these very conpletely fromthe reaction

] Ln. h . on. of I - -
he TR, IR BT R L0 L8 LAY SF bR ornic
chengigtiy iha¢l 1ont bedty khber ]l paepalagt thenuspr aicgssasn-bhosphineh -phosphite,

the reaction product is separated fromthe catalyst- ,
-phogriionif wF nphewAticor Rl B IB9ccaseader dtg Byflrofgrmylation of olefins is

i.sad g hi [ r ' t oo T
oo JUERENARN 0RO SPALELL SMLDIRF BR800 DR yidlEraa s i
prestBAer @feUte shanré ROy tdigeies eqnalgstofandt ke difabilties iexgerienced in
synthesi s gas and under such conditions the
sepajsHBg Pieet vy compiidly fgm thg ssaeonusedurespsdian be

destroyed. To overcone these problens, it has been

proposed a nunber of tines that the rhodi um catal yst
The bpaggipabatiedaaflfst fioin By remaos naktutdemnal thpsiagdsseay batarried out

by use of a nenbrane process. 25 WO 94/ 19104 proposes
by thefmalusspargion PrasAiFea e Whish Be feachen Rpdusbiseschwtigfl from the catalyst-

t al yst.s fr. | at | ' res,: .| ' . -
cont%?%g el‘éasc?lg{l I;{fé&?éﬁ%% %&Qé:og%tg%ﬁy% hl?gd\’g}é% ? g?éfas 8%2&&2{05 process is that

the réRAPE hiktuFLBasotb Herexostd tb @eldRG: hidhtiempdre@ydsngitiidue the presence of
reactor, the reaction mxture is depressurized so

the stahdizingrremibasis icas andapusier preasendisont thephpsgerszivatasanp Bgands used
can HY Q&?S%& does not exceed 1 atmin each case. The

‘Atentron of the depressurization is to produce a

situation where 30 the |igands present in the conpl ex

catal yst are essentially the phosphorus-containing
To ovdrepaneltheseaprgbtemssitthes bersumrepashde nmbetohinextheibihe Fiypgiium catalyst

[ t ai by th nb . EP.Q.781 166 d i b
R Lt N
conplex catalyst and free ligand from a nonaqueous

hydrof ornyl ation reaction m xture at a nenbrane, WO
WO 20091 0BedDhses the- ueGT) ERZerip8nO6® depBrating noble metal catalysts from

hydroformylation mixtures. In this process, the complex catalyst is separated off at
temperatures of from 75 to 100°C. After leaving the reactor, the reaction mixture is
depressurized so that the partial vapor pressure of hydrogen and carbon monoxide does not
exceed 1 atm in each case. The intention of the depressurization is to produce a situation where
the ligands present in the complex catalyst are essentially the phosphorus-containing ligands

and thus to ensure that the complex catalyst is retained by the membrane.

EP 0 781 166 describes the separation of a dissolved rhodium-organophosphite complex

catalyst and free ligand from a nonaqueous hydroformylation reaction mixture at a membrane,
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with at |east 90% by mass of the catal yst and the free
I i gand bei ng separated off at the nenbrane. Such a
hi gh degree of separation is achieved by use of a
WO 2H9ABI04He which is selected SO as to be matched PCT/EP2006/066181
preC|seIg to the products to be separated from one

withapioteRer 90%GUshmass BF e s3talyals abhéhcdfieadieand 2Gwe sraprafrdett at the
h ich i
men??ﬁp—:r HIER o ﬁ% gg%?ois gépggattlt%fg Xé\’gx@%g}\/e? by hanges, hlrémaapa%e which is

ositio achi eve

sele&te@kb gelgreenathadeireditdlpto th peodornceds s@:&fﬁtd&hfromame |ae@ther Such a
out at a tenperature of |ess than 150C a pressur

procgss Hap g Gedlvantpemathpsneau mcprFgncs §aver brwale%tf@ ovlﬁ%ff‘)er cijanees in the
f h
com?gsnn%ﬁ oe&itbolds %noé }?18 Gf{f g%%\?esthg H angl%ﬁ REESSHG. ?lg %I;B‘é‘ess can be

I'on mXxture I'S I nNnCrease

camlédi 06t tZ@pératiravbt lesgthtufi QHEIT antheprssassoft f@orﬁ I?“o411 BekPa (3.445 bar) to
ermeate side of the nenbrane corresponds t

10 Wmﬁé)ﬁ hepi & gepdssigee frompthepxpmples S thrGSStuﬁ%OE%cré%%lon mixture
f
fed tﬁit%eﬁi%e%x a% 1311%? eassedaﬁg/gﬁés% r1?a@1%{1 l&ﬁﬁldm{r?%ent. I?“ﬁe g%?&\é%!m gl permeate

8r's Trom t recyc stre
side Pf ¢ @dmiah@cdorigp@ids tdwﬁnfmmlarmesbmet he high boilers
to be separated off, a diluent is added before the
recycle streamis supplied to the nenbrane to ensure
a a h | l.ers i r :
1o £p 3529 U7 GRRERREEL! £8 ooy L L i Rk g T S El Ty of i
boiléreifi@ht the Tdaealadl dbdyictnstedandi TRy entshlackih s aﬂvl&ninaglerane by the high
_because the anmpunt of material passed over the
boilggp b barseparated méh eadident Thiaédﬁrjir esthe gRosee elagam dysyptied to the

memé{‘an@ t(a)E%EP eﬁl%{)ttﬂﬁ/gogge Et? %19 béﬁ)e?s ﬂ'{]‘lﬁe 4 PIE PUb %hé);nembrane 18

ocess, reaction

less fHafdicdquaftot 318, ydweahior mhb aﬂdmnnics“ diluesitisya ficeldntage, because the
the gaseous reactants by depressurization and of the
amots o€ agiiappasaete et e meahwnefs Boiepwmbiis SEEI N8 carried out at a

tempBra?t*rg 3¢ ﬁbo QBe[O 5%%%‘1‘%‘1 ?‘esgﬂglof i} di? am %'lf R/Hfa rl?'ﬂ'ﬁﬁ grocess, the

renbrane ocess sadvant age o

reactﬂﬁlo‘pﬁﬁﬁleﬁ oK nme/n hf/dr@fﬂrﬁiﬁ}ﬁttlpﬁl ar fiwtly iised hef decreaeses imactants by
activity of the catalyst which fre%uentl occurs, so
depraspigtzagion] et ehe Partion @redictsit Jesr § f@eth@zal@aépg,}ga{rat}cgl process before

the fﬁsfdzlﬁ{ %tﬁgmr\gli %T?anfig ;?E&r %é) tgﬁle&%a%te@?&eg% : E: rZEOdI um

clustering of the rhodiumto formfinely divided
particles, in particular, the rhodiumcan be
A dissdpantageeef Gf foresasses tiylomncfr@mu the raitor @t isChaBleerpase if ackgity of the
i nct i

coa BE SRR by DR e e SRR g e By s cbsered
despi¥® Eﬂfedctiveeée}faﬁhé/ﬂ dedns |rH§d1§1|heff'6m fetabdtich fmnadicUMs ASedult of the
result, the rhodi um conpl ex catal yst retentions

clust@ugg@%tﬁledllahmn toofosh deredsh ﬂyflcb*étnaemclcm am pedisukict thalrhgdium can be

separgtgg]g%ge;v%% Yi %@gﬂtﬁq{&aﬂgtg f‘[htgg{%@ rs:%egrolf ie prlo-lghrt no %1st1nct10n
is ma!éig b%g cﬁ"{sb% gfl%cggzg H§§§ |ctg%}r}_§f e)?ﬁé’ﬁsﬁ{sl% Vér}pﬁnéfpdmded clustered,
metaltiat ﬂioylsﬁn.l Agandresdnptiex rlamiiura  ginvgox seesdlesn yeteitions suggested are
considerably better than can actually be achieved by the processes of the prior art. This
clustering is demonstrated indirectly in the interpretation of the results of Example 2 of WO
01/37993. In the case of a completely soluble catalyst-ligand complex and a given system yield
@ of 0.923 (concentration factor = 13; specific gravity of permeate = specific gravity of

concentrate) and a rhodium retention R of 0.924 (R = 1-[Rh] in permeate/[Rh] in concentrate),

the total concentration of rhodium in the concentrate would have to be, according to Rio= 1-(1-
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ci of 0.923 (concentration factor = 13; specific

gravity of perneate = specific gravity of

concentrate) and a rhodiumretention R of 0.924 (
WO F007/R#14 n perneate/[Rh] in coficentrate), the tota

oncent.r rhodiumin the concen ate woul d hav
(1- CI}C) zq{)é co@gﬁlnaé the ipe cq_ncelptrat\% gﬁerﬂ {§6 EDFN apgrommately by 13 x
0.81BCTY Eﬁﬁg%tgﬁ%lap%l THe! acb) 6204 s By (s p%?n@ 18% MviduB&o presume that
gl ven concentration factor of 13 gi ven approxi mately
clus’m:ymg 3nd pre©1p8tﬂtt1(m v ﬂhepzpaﬁs:of 118@dxpppmenfﬁh1elaatas tiad causd ofethe low value
only 1255 pp is obvious . to ne t
foury H%P‘é”tctlff'g B de%}tetemstaat ORI hanst dptdved catalyst-ligand
Symgﬁperlnental plant is the cause of the |ow val ue
ound. In practice, this result nmeans an unacceptabl e
| oss of active, dissolved catalyst-] i gaud 5 systen1

Starting oyt fromthis prior art, it was an. object
Stareo (BB A PRUGHE O 8 BHEN AEPTBFBOBLETIR 1 RHe a process in
whid¥neWr n%% e afe &Qﬁvglt%%g\ﬁ?c@l% ddRataned ﬁ@ce@?ﬁy means of which

occur. process by neans o ch the transition
the tmmﬁtllor[: auphlexorapital gasdlyse atan bige Selpmattad edf okfy wempletely without the

npletely without the 10 oggurrence of cIuaterln
OCCWB?e ? ‘éuiﬁ’i’fﬂtﬁ)@%rsthéﬁ’utﬂ‘i’éesp? B RECSERVBYRILIOH, Clufieréteetsthy formation
LRt faaue tivit

of ctgrlg}t)(gl{h g F%E/rigt? e{tq st % C@&gg?ﬂ;ﬁ%h&ﬁ? Vﬂecr eaégﬁﬁ%ﬂ dettease in activity
shmﬁmpmﬂrﬂﬂybspmmkﬁdpreferably be provided. It has

surprisingly been found that a transition netal

conpl ex catalyst can be separated very 15

i td N1 Bet 4 rated

e B AR R g reced very
substaetialbyr fromar Mrgfoﬁaylmmm reactionhix ttdeeant] tansdttvityrofriee hnsition metal

cat al is separated off_at a nenbrane und

cate g g CF oS Hres R P Bo e dBRs X PHE S cgiyys is separated off at o
r
men S8 QRSO S RSRREI R AERATY g syt i

stoichipnichec hyidiio- baﬁ@hnty Itlm tanystdgahd eompiext The istdchleved by the hydro-
having, if desired _after partial depressurjzation and

formplatien Macsen HEYHES Py haging ot ST oHE | RIEIG 5P R Eaiien and partial
dega%gan§ !:aqgg'ﬁ n?o%gxilﬁga%e& %)r g{nze’ ?p Eu?f gEta?é(y kPa IYEaDar ]pg?fcrably 1 MPa

e and perneate
(10 bhhecrniﬁﬁfblg @Rethe T«Etenttatfeazﬁﬁiﬁpdi‘bllcatﬁ esldeprSﬁuﬁanbfanat Theaatsmembrane
| MPa glo bg@% or nore required for the nenbrane
prcsspfe@feagg casis] YEta (B9 baw on snorpfequired ﬁgrth%g{egtbgan@éaroccss is set by means
of th& é)g}t'r%es I ogldF ragrsn%lél{o% I?rfess%pee tL h%qlqgnd TII:HISS fi Bh{ltgt %a{‘@c%y surprising

surp Pecaus
beca&é/ml&a,@&atteaaﬁ \4U, @4f1@@d4 e ﬁmb@mnp@d@wﬂat@@@t &8 be separated off
garated off 25 only with difficulty when synthesis
only yis diféicplewbert synthesis gas sedesent inlilee fvedrisr thaaenithane.
present invention accordingly provides a process for
separating a dissolved conplex catalyst of a netal of
The ?x"c?éﬁ? 1ﬂvcr§10n6acc<?r’d1r%ly 9:&hdek0a Prodebie fhie Eép‘ﬁgdtﬁlﬁ-r@%s%oﬁlfcd complex
El ement s has an or ganophosphorus [i gand
catalyfst ofre aneted nﬁ@m&mu% 5(1)6(1 7080t oyl 4iof the Regiadici Tablepk thgridements which

whi ch
has an organophosphorus ligand from a nonaqueous hydroformylation reaction mixture which

T/EP2006/O66 181

contains a hydroformylation product and an organic solvent, the process having at least one
membrane separation step in which at least one membrane which is more permeable to the
hydroformylation product than to the organophosphorus ligand is used, wherein the hydro-
formylation reaction mixture is supplied to a membrane in the membrane separation step, the

membrane separation step being carried out at a carbon monoxide partial vapor pressure of at
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30 contains a hydrofornylation product and an organic
sol vent, the process having at |east one menbrane
se ?aratlon step in which at | east one nenbrane which
WO 308785¢ % per meabl e to the hydtof ornyl ation producptCT/EPm%/O“]81
than to the_organopho phorus ligand is used, wher
least 300 Ihpdp dre oy DS ErBT TS 6 A0, fg% e m@n@aﬁf‘p?ﬁﬁla thgpermeate.
a menbrane in the nenbrane separation step, the
menbrane separation step being carried out at a carbon
For thenoxpckes pétld plesandpiorenporssungueofis actacm ﬁ@ﬁwe@%ﬁ@flﬁﬂxtures which
-4- PCT/ EP2006/ 066181 | east 200 kP %ﬂt]e flowt n
COntpiRNONEHBH %rn@ntanﬁ oplyesuh B wmeH GRAERO oA gapgous phase
is fo%éﬁ%&er is lp QLs L Snlglé{lﬁpi?ﬁn&fmtolﬁ @vaférr S3&Rca \A}aﬁ}’sg&tvé B8mogeneously
nonagueous reactron’m xtures are m xtures
in thE:OdSﬁgamn phasenat@eseat. Koo nhaparpordsyoistlie ipresestmaly éntaonm thet partial vapor
of water that no separate_aqueous phase i s fornmed

presyure \iat BF Pastipy BESHES a5nfsfingdc M%@o&ﬁ@is? GReare — Version 2.0,
d ly in the organic phase
Sun%@ﬁﬁggggﬁ$ bé&%ymﬁggggggg ggxif the present invention
the partial vapor pressure |s t he partlal pressure as

defined in Ronmpp Lexi kon Che - Versio
The grogessgirthy REAPVET s (s éﬁl‘@nﬁaﬁP o tlve%qﬂagy 968 caiglysypich hs been

o BLIEGPR, oy i AU g e AT LBl cpnenc

Wheh Shodtny doatip@d gatdlpdrain ededmids ¢ ptstn%ty chg tofcomd‘j‘éorrsholdchlm terms of
is very largely counteracted en odlun]cong
the swbaﬂwgftsgvrgiséreb@@%r sigpfigently &eﬂxygimé%uﬂ%loe difipphigsulting in
the fg\ﬁjla&fa |2 11t1 %{ﬂﬁ fcﬂfsterg ﬁﬁlcﬁ)égit Hf ﬁJn e3Py SRPY otddeflfrgﬁoht back into
i cant rom-t ro | ation conditions

solut[dhs mhd laditglatdal by hecaho bt slmpleoéharngedn uhe (cbmdsihcarss AMioggh these Rh
are no_l onger soluble and cannot, be brouggt back i nt

clustgrs cap|lieVish Paratemet iy 4he BoByrarsan Protesses Si M RIE HEh gehich is why
the c%ﬁ&&#c%n%%@ &b QBB g \/'\BI \98? E&okﬂlﬁ%{% tﬁg pr1811 e LR catdFAe V\?hlch has been

retalne €'l n processes

separial®d off haBra sadrdificankly @boﬂeﬁadmfyty ot he acitiplayall. can be
separated off very well according to the prior art,

the catal yst which has been separated off has a

A fu hg‘né.(;) é|0¥ tgé) %g CrCSSa%t l\c{{ 1'}/6 c%mtﬂgatﬂ)(f %(L%a&t CF]I%' hrst membrane

er a age o € process 1s

separ@ QoD lst@?tvhﬂﬂ atofledt oh@agtmen@phdatist swpniplaifalesis@par &astoone further
step wth at |east one thermal separation step and

| f
membias seration sterawakesHepessiih &y achiwvivtr aieTSEfAFAR b 98% based on
the c%glygt l ﬁ 6%&8189 oﬁglysxﬁ guc%lgat ac]% %ﬁayteolng% ﬁ utaﬁ%‘ﬁa%tu?ﬁ%] %]covery of the

catal¥s0 vEHCHANAIERERE PASdueNrdcsvaty lahd @hihimGat bt akian@unt of high boilers
recovery of the catalyst wth sinultaneous product

possiblec dhertheramtl seriandtivnzatovwsnthofcatalyst smbesepasitedioghwithout damage, in

ilers 25 sj.bl e. The r ion a
partic g yat <CoRPE UapaPUTOb BT SO0 Cgeet R hlabic, ow
conce?ﬁraﬁbﬁsu !ir?”cheaﬁhérﬂ@{ Qﬁgé: %B%ﬁ{e'doﬂ'ﬁh a%‘(@ﬁla%ohf@ Uﬁ1gh catalyst complex
stabi[izing synthesis gas. These favorabl e,
concenantient inahé mastot aretfbeﬂterfefstrmhe stadg ecwnbcahledamlblh by the upstream

advant ageousl y hi gh catal yst conpl ex
membrane system.

Small residual amounts of catalyst and high boilers may still be present in the bottom from the
above-described thermal separation step. To remove the high boiler, a downstream nano-
filtration in which less than 10% of the amount of feed is separated off as permeate can be

inserted at this point. It can ensure that a hydroformylation mixture (permeate) having a catalyst
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concentrations in the reactor are for the first tine
nade econom cally possible by the upstream nenbrane

stem 30 Snmall residual annunts of catal yst and h%%QMMM6&81
WO% (P& may still be present”in the bottom from tiHe

above-descri bed therma aratio renove the
conqﬁngﬁﬂ%wﬁlé@ e DB LT %gﬁfﬁfmg Caﬁ’q%et‘f‘%fﬁ?réﬁ i'n which
| ess than 10% of the anpbunt of feed is separated off

as perneate can be inserted at this point. It can
In t}e:rlﬁtwefss phdte iavdnyidn dbrovepykang odissoixedicenplor carlystedf a metal of group

aving a catalyst WD 2007/ 036424
4, SPRTERDe0) DOE TP ARER Y o Elgecks Waish g n organophosphorus
qﬂﬁﬁd t &%ﬂ, d I hvdro-
hgm&focess o(hL%K%Hglgﬂ?ﬁon %?msg%gggégﬁgmggdW§§§ %ggmm o e
fom@dlam’mlrleprodacttahrﬁtan ofrganioedodtenqf thgr piopess dhaving Gt léast 8ne Anembrane
or 10 of the Perlodlc Tabl e of the Elenﬁnts whi ch has
SePaEAtiogr §BRoPho¥Pikbr tis 1east | IFamerRTaRg aVRHGh atiudis permeable to the
R 1
hydlﬁ%gﬁlgfa?B%@ucpghﬁﬁ g?g%éug r%ltogﬁnl%(g\\’r{%a éiqg él}é%ie 21?6 ﬁydroformy ation
reacioroaesiBrenBwupglidat tol £akmboae ineth®d mmﬁaralﬁemaatlbm |s’ce§,t élp membrane
in which at |east one nmenbrane which is qE erneab |
sepafagiopnger RGAEoTeET Sy PRY AoA fﬁfb?@uaonwgﬁ pPeg! H’ép préssare Of at least
r I L r r | d
200 glﬁe%aﬁéé nf)f}?ullrégstl !é(ﬁ%s ut%bl ‘Peg} lﬂrfkg r%éﬁgng()fhn m@]% QD0 kPa an
partioeeddy areéerstdp dioat §@ntostoep ,kPh hHe thimﬂrdw anthe Iferslepay, at therflow from the
step bein carrled out, at a carbon npnoxi de artlﬁ
merr\péaé)@rang dia &he peameate. Jf 19 igpertantihgy tkc‘pgarb@} g}p@p)ggf 9&11‘8? vapor pressure
¥ r b
s g KEPu B S B X ELECAPL U S AGD g oo
and kPag pérmettee fl ow to the nmenbrane, in the flow fromt he
menbrane and in the perneate. It is inportant that the
carbon nonoxi de partial vapor pressure is at |east

. ¢ .

i 0BT Sl R bt s0f 8hs0l hroly «

appréwi e ef oedquphalat anxtusey id sils ugaisas (oae rtaxting @aefialh e s:;gﬁlnbsm gas is
and carbon nonoxi de, preferably an  approximtely

usuaiyy uﬁwna%xcmwmﬁ@)ﬂ F%mal@tfaqlqppesalsrg&tla% Db ezt R P geaction product

m1xtﬂ%t %ro t% }ﬁrﬁro%g&{ahﬁfo rgagtc'or' &ere?&léag%%réiEﬁQOthms enough carbon

epressuri zati on

mon&@@@&ﬁ leﬁl@,re tﬂtberdqaﬁ@d cabop masheaide2fhriialXvapoe prdsoure tihghe membrane
hydr of ornyl ati on reactor therefore generall¥ caont ai_ns
separéh@mgmc Bever, pimbkiildes percetsnrie iy h‘éSS)rbé@Eﬂ csd 18 Aflggignal carbon

mondxguL 86 alil? s%g:l%é carbci\f}grgono)fJ éeeéa?] v&pgr prgs%upe FF% 6on moPOdee partial

separ wever € necessary

vapot PrePaSS ta Be H@cexfnﬁﬁgd I fBr achghpilé nyaéascaﬁﬁf%@l@ anﬂﬁﬁ@xmréﬁ}leﬁtoof the total
i ncrease the carbon nonoxi de partial vapor pressure.

pressTigepfdly gromphassnoxi de partial vapor pressure can be
deternmi ned, for exanple, by gas anal ysis and
measur enent of the total

In addition to the carbon monoxide, hydrogen (from the synthesis gas) can also be present in
the reaction mixture and its partial vapor pressure is in the same order of magnitude as that of

the carbon monoxide. The hydrogen partial vapor pressure is particularly preferably greater

than 200 kPa (2 bar).

The process of the invention can be carried out using one, two or more membranes or using
one, two or more membrane separation steps. Depending on the separation performance of the

membrane and the desired retention, the desired retention can be achieved by arranging a
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25 pressure of the gas phase. In addition to the
carbon nonoxi de, hydrogen (fromthe synthesis gas) can
al so be present in the reaction mxture and its
WO 97936474 vapor pressure is in the same order of  PCT/EP2006/066181
magni tude as that of the carbon nonoxide. The

plurhlyfélr elgEIPTARRG ASPHARIEr SERe s FEcs: dnpttiswi divoyor more membrane
sepape{tﬁ)fneﬁ Lc%n?%e:cadh?é’d 01{')( iQn tﬁlkbg’grﬁg%sg olf (fljlgeain(v(%nt%r. )T'Ile H@nbrane separation

proces I nventi o € carried out using one,

stept ¢ 169 caffdRoureirdiradi 8Sccessiats iHugvevan e cah W adrantmesus for, for example,
menbr ane separation steps. Depending on the separation
therpak feppigtipie slenf tot precarpghPH DEBVeSA dIPE ARePRIBEHON Steps and only part of

o SR A0 ER e 0 SRR B, SETREASE Pl s

meniPrateakdphyatioh @ITOTIRNEoBRPEIALH OftiSt @PShd RosSREUred solthat either the
particular, two or nore nenbrane separation steps can .
reteriele @& fci Reamenie. nreferahly the perEeico! & Hist MEeFNC GRDAratAE step is passed

IS se rr ‘ -
o RS, SERBES. SRR SEP-SD U5, L BTN sblion sos e
mayf llowf e faxafmRh®ranct epsiatdn SRpaicadidty ot gpsSintenta can likewise be
carried out between nmenbrane separation steps and only
carrigéh ot ¢ndg eqnslitieng cimder iR Soat &0 Gt ArshednP ANGTRIAR gF gaplurality of
membraes %%ﬁ W %;(? Ry %_?cﬁggbrgged séé)%rattigﬁ .s?elﬂb%’?eq&%%e is n%{/]ghr R"&sing two or
separati on step. € connection in‘seriées can be

mor€@BmbguESTh SMeinbahe eéfahgiontste. retentate or the
perneate, preferably the perneate, of a first nenbrane

separation step is passed as feed streamto a further
ran o) . .
i TR BEBRER S b TP TET A RSB dpaion s
detersligdd BE aRrtHbigytof tiBeinbrasd 10 agarthd JtkeMiyse thecatflyst system. The

carried out under conditions simlar to those in the .
sepafatips f thonatvefbtidhe msmbang| b PeTFrelly sRITIedett PhA dgREHUTe Which is
the s%%eug'se?r hOw& Hﬁgbt'hgtnﬁl ﬁq%pﬁ%cggfoﬁg}lﬁ{lglp Inp{h%f ﬁt{gﬁ%ﬁg Sf the invention,

given to'using two or “nore ne anes in a rane

prefes@Rakadiventosdagfingl Jut b Aenihraeassardfiort fiep, iimyamitilenthe tfitg membrane
upper tenperature limt in the nenbrane separation
separgtiempstep sat alEnperagierion Qb0 tchESSEapitipglyrly prafejably at a temperature

of fr@?@&%ﬁ%ﬁé%ﬁ@ é/g%?pg%thce }]asf%/?pt}i?%éa%?tgar %eg%eaat%r?:?\é%}om 50 to 125°C. If
hydréfeiRyiamne tchhehtarkobeaidd Bohe tydatforthylfimpesfat Yreefins are used
which is the same as or lower than that in the

for shyatatdfo offy battlygnfromnhydiefopnyeeers resctioh enixfiventn ¢hg process of the
. reference i s given to. carryi out., a nmenbr.ane .
inverfigia s et en P PR R U S R pRPS T RnBrdpgbly camied outat
a tenSRPALRLSOR0SE B tA12RCt STRENBIWN§1a8bn FERMbE ikRirdOMeained in the
particularly preferably at” a tenperature 20 of from 30

hydrdformid@@nantl Geerlyfipanti wad dot peppraigr affl satadyst afrom hydroformylation
tenperature of from50 to 125C. |f hydrofornyl ation
reactipBARIERS # JHUPIOSSS Y Al & SPROR: HE_@ RGP Hgb A BiCgHar the first
mem 136 Qt%@finﬁfefé’l.raﬁl%%ﬁ%d JuPht £ RRMAkIBDr Holn SRIATYEL dak9Mg out the
ydr ofor ation reaction mxtures in the process of
separhtivé according to the invention at the preferred temperatures can, firstly, result in a higher
flux through the membrane. Secondly, adhering to the abovementioned preferred temperature
ranges slows or avoids decomposition of the catalyst which can otherwise lead to losses of
active catalyst and to deposition of decomposition products of the catalyst on the membrane.

Deposits can reduce the mass flow through the membrane, and in extreme cases the mass flow

can be completely stopped due to blockage.
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i nvention, the nmenbrane step, in particular the first
menbrane step, is preferably carried out at a

tenperature of from 100 to 125C. |f hydrofornyl ation
WO?"@%&@‘%‘n ni xtures obtained i the 25 hydrof or nyl atG'42006/066181

of C5-olefins are used for separating off catalyst
The g BRBT BRAIB(TGR TG Salbe T B4 BFEEeh FFITived Side and permeate

sidePROGARE QL sép%ﬁat#oﬂvfcg&ld%ég %ot he ARIRLANE B GRmbrdhe step is preferably
particul ar the tirst rane step, 1s preferably
carriedbut i@ @rederhblgtat RatteinioiPaaprafeeabdy frbmono30 NBa @@ particularly preferably
Ca%é¥i%g out the separation according to the
from fipehMf8n at the preferred tenperatures can, firstly,
result in a higher flux through the nenbrane.
Secondly, adhering to the abovenentioned preferred
The t@ppeesuty & Which ahg e asdtionsn ahe aeaibesetepant@s step,an mafticular the
the catal yst which can otherwise |ead to | osses of . .
first grepibyeane PR StehdnerBLaRH PR IO SEP be@éf‘o%ﬁyoti?wg feparation step 1s
. c I n j ;
carriBf REHCLR B8 phafr Bkt QiR lroRS TR B R AR itraformyation
reac®Kt TIen@reGases profrdbis &esf low inahe hbéroGomylagbe Iryacsiroppe gressure at
~due to_ bl ockage. WD 2007/036424 - 7 -
whichHy ErboterpeB JeactipremiFIeS frbtfbiodhe msresdgmgeferably corresponds to

from%g{ t%sl%ldg/oeoxaﬁcg{élgb% ét?@\;@ﬁ/?r glﬂﬁe?rﬁ WG @004 (Frt lgﬁttﬁﬁﬂeél@% de tl?er]ﬂ'essure in the

meate si e separation according to

hydrbfoemilas@ntdaotor,i with ke previes dne tist eptidlsvaporepressald gf carbon monoxide

. carried out is preferably at |east 1 MPa, pref er,a% y

is atf eavh 200y kPa 62 Nia)- dhdygrtermistation] ipagioss BOEBIey obgiesq 2 the hydro-
. . s e .

oo Qi AP 0TI ok 28 07 SB415, O U0 SRR ARG cion

mixtiides $i tHeErbcaner sieparabticn st gpssireaby ek tisepairabimopation reaction
. step before any thermal separation step is «carried _
mixtgigt 35, Techrio bidegreabEinet Hamrciaghll 1asp §rn | 45e thale pressure in the
e i e [hy, ' | TW&ained in the hydro-
hydrcgfgogégigtﬁogm irga%;r}é f%r@{)d?éfg@é&ﬁq gﬁacpér??l‘lfl%&ﬁres OBained in the ydro

formiiy 610 b0 MRl eftns Gife LeRICTo sepaFittgps e estdlyet Abmllydndfoahylbtien reaction
hydr of ornmyl ati on reaction mxture is fed to the

mixtyeit BNeTprcss of disl fivemione Ssanas it Whishniigohydsofernwliden reaction
mixt@rrﬁ 9N feGdO to! e grgg{%gr{aﬁg Esoﬁ?e%gal%ﬁg fr%QrF/ %? o ll@@‘% 41g0 p?'e%%r fin the hydro-
e hydrofornylation reactor, wt

€ pressure in
formylB€oPfe@Mtbs0 that the partial vapor pressure of carbon
nonoxide is at |east 200 kPa (2 bar). If

hydr of ormyl ati on reaction m xtures obtained in the

hydr o-. for ation.of .Cl2-ol.efins are.used for ot -
The URGR e G DB RTAL A7 Bih hydPofes i SETBRTE SsRERigy sip: n
partickPar MihX L6 € Sachibrie sdPaGies Sst€)f, it hQriiddlv8iMt hOthe e pressure and, if
pressure at which the hydrofonnylation reaction

appraprigteuthe sirse famgbarguterns imgelydrdonngylproafrescitsl y | ess t han
40% of the pressure in the hydrofonnylation reactor.
I f hydrofonnylation reaction m xtures obtained in the

In thdW8EQs of MUl @ioanit 8 %cg;%ﬂ)@ fsB neitratt2 §hiéiP lowing to their chemical
separating off catalyst from hydrofornylation reaction

or physical properties, are suitable for retaining organophosphorus metal complex catalyst

and/or free organophosphorus ligand to an extent of preferably at least 50%. A further

prerequisite for the usability of the membrane is that the membrane has to be stable towards all

compounds present in the hydroformylation reaction mixture, in particular towards the

solvents. Preference is given to membranes which comprise a separation-active layer composed

of a material selected from among cellulose acetate, cellulose triacetate, cellulose nitrate,

regenerated cellulose, polyimides, polyamides, polyether ether ketones, aromatic polyamides,
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m xtures in the process of the invention, the pressure
at which the hydrofonnylation reaction 20 m xture is
fed to the nenbrane is preferably from60 to 100% of
WO e 0H¥essure in the hydro- fotmyl ation reactor. THe/EP2006/066181
process is particularly preferably carried out so_ that
polyepmédiadasr aplebaepaidazelen rebdsnzimidazplanes alyaeryigqerits, petyary! ether
r p ' te ' [ t ; - .
solt g 3R E e R RO B 8 B LRI, By bS8 Fhoride. poly

prop3&enke t pelybinebtigfigiokyhat | QPDNMSACE Opolydthert hectperocekgond  (PEEK),
the invention, it i ossi bl e to use nenbranes which,

It Is
acTyE tFige/ gl(gciﬁﬂgp@th@qq)glmedEANWA@W@n@gydrgpwquégg;,rangp aiembranes as

sui t abl r t.al_nin anophosphor - al
ces TR RO 16h oy O P AR R GRS P BT Bters s are

desceik¢®Tbr Sfani€figERb) Ysati 6b @agtin SOmblarkyr bjn€rCadsso, Encyclopedia of
prerequisite for the usability of the nmenbrane is that

Polynise Sesnbr anteTerksology:blehs (eibteandofensddew ¥ orke biplowhggnsist of these
B PR R S L AP SRPL BP TSy fion s
layet, 0 a MRHIBHAA € Saydhi €M RREPT bfS Gy ERpaLRld:aRe aCRDMS),| Peyimide (PI),

conposed of a material selected from anong cellul ose
polyamitimids, (D] atwkaitriid dydéylamesthagwldtal B4RV dapelyamide (PA) or
regengrated c .. pal yvi m de ol yam des, . . . .
pois b BP0 BRE e f Bl afisa® b L g BT g mieroporosicy
(PINBOS 110 30dAA e @paral6d-LERZ0RGE:066bi1t8upl over a hydrophobicized ceramic
pol yam di m des, pol ybcnzi m dazol es,
mempsingh dery piudaziet predeengsolsyarany iconsing imeabriiss yegpiposed of PDMS or
et her .. sul fones ol yesters car-bonat es, -
poly bt ot BFDaeRin ERE 8y B RFF GETATHPR, AL, Rucintelden (OF)
or SBREY.- APSI@Gth eNe). Rehy didiBtthy hbdleareanenddPiMe)ials, the membranes can

pol yether ether ketone (PEEK), acrylonitrile/glycidyl ,
compriseharthsr materigdl RANGORjculasi thamecrplyranesplas Biaks Serporleqraufiiger materials

ranes as.5 described in.DE 1 08 111 ol I
onto G B e P A CTRE LEh b bBUEY 10T 0 SePhrtPBLE pragnbranes, o
suppBf $Edte o prfeﬁ%:‘ht XA toithe &fud) nfcBdbrdd AaqitkctiBn of support materials
"Menbranes” by |. Cabasso, Encyclopedia of Polyner
is deseriiteadcim BRAD T8EHIHO) odych BotwplivitiveincarmdraBahsy riswgnver Rurthermore,
. 1987, or .consi.st of these. materials. Particular .
reinfye IR ERE S RGBT B R ARy R cei Ccisg o-e: coramic or
glassSer& WV 3ERAF R Re 8GBili¥Eor theY@inbraePOh YaRIulaA¥ S ressure fluctuations
conposed of pol ydi net hyl sil oxane (PDVB), polvyini de
or higRlpressi® gidfeycanesdican de revin) ,in dloy yeorirgmre foebgluyed dgdording to the
. __nethacryl ate (PANGW), polyam de (PA) or polyether
InVeRltoRer ket one (PEEK), this is made up of pol ymers
having intrinsic mcroporosity (PIM or in which the
separation-active layer is built up over a
In théyexephdicinzedioagprafdraence negibeatveusindgenympantd whichmre permeable to
reference is given to using menbranes conp

p . g osed of
molepPRANBANG HBICYE AP HP &é.l0Wﬂlomﬁﬁﬁr@hbstoélaﬂe%ﬁesg}aa&&ae@daf mass
. e . i nf.el . |
o PO SR Ty, L 1000 S 1
500 giaberSuah snenfbigheBardsianasble &dm, for example, Solsep or MET under the trade

names Solsep 010606 or Starmem 240.

Membranes in the case of which the solubility parameters of the hydroformylation product, in
particular the aldehyde, differs by at least £50 r{kJ/m”), preferably by at least +50 JkI/m?), but
preferably by not more than +500 \/(kJ/m3), preferably by not more than £400 \(kJ/n13 ), from

the solubility parameter of the membrane used are particularly preferably used in the process of
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conprise further materials. In particular, the
menbr anes can have support or carrier materials onto
whi ch the separation-active |layer is applied. In the
WO @363+ such conposite nenbrahes, a support naté%ﬂgﬂQ“MM6“81
is present in addition to the actual menbrane. A
the ig¥¢ R on of support materials is described in EP 0O
781 166, which is explicitly incorporated by
reference. Furthernore, 20 reinforcing materials such
The a&lmutdr ivoluase @fio iofi d’regﬁgziumpba(sipdems digandsdfrgani ouhnid e ke, complex) to
ceramc or glass fibers, which inc ea

s
the fswd&tfpmlﬁftlcwrprpﬁ@twhﬁ@@ﬁ@ér theﬁl%év@qsc%hoa g fﬂ%&%%aﬁel‘ than or
[, uGt S j f
equafl tgge%tqﬁérg %fgﬁﬁgﬁ%?gtﬁg 'ﬁfa% (g'eeequ udi { gg%@rﬁ g:%ﬁtbcﬁ?aglyb;ﬁgferably greater
mmWWMm3%Mmmmmmwmﬁmmmmmwmmemmmmgm
preference |s given to usi menbr anes which are

Sepapeélloaré%ugém% gnd W@emﬁégtl%wﬁ@ct&t Hs1 e s 18 s hieyed: gdig solubility
para?] {ég 611(??11%]‘1?%{1 %lMesr&h%uhg?mn?yd Mg&c elbcf‘fn PP 78 MR66 BI, in

d ver articularly prefera
partlmﬂbﬁmuheparhmpquGS ﬂtﬂn&l’ardEBSﬁd inphd @ferbii@s gllteniIhere&J ch

menbranes are obtainable from for exanple, Solsep or
VET under the trade nanes Sol sep 010606 or Star neni

In th%;bgooe§$ oL ic] 19%@ hgﬁtrrg(fgrgﬁﬁﬁ%a%% %ﬁﬁgb@t@d %Qkﬁébfolrﬂltéf membrane

nny

mod@l@f tincibar mbieeq ltioke Medhrardis faf@ﬁﬁal’@std ab thzeahé rdaﬁﬂon mixture can be
(kdJ/'m, preferably by at |east +50'k.T/n8

passgsh @verr yet@ytaﬁoﬁldﬁo@fe then FNEOENS( KD 1K) 2 Wf %%tsbiz ogyjcentration

polarné)attlo %?ﬂ%%égtg sﬁ%&égtjeﬁr%}f Ié‘g{e%mal)ﬁspﬁ%ﬁl‘al ?’ptlaxlln tYcounteracted and,

arane ane us are I cu
in adﬁftﬁﬁqef}ﬂbieyeslsjﬁ@drllvmgtfbﬂ:er(pﬂ;@ﬁﬁs) ah bV‘QJﬂlﬂi@lY?f Hé%ﬁélt%ategs combmed in
PCT/ EP2006/.066181 the invention. The nnlecular vol u
the pegnease apllecken é?aéﬁﬁaﬁh%é’%’éﬁa&sﬂi? ghtaanyrbrage grd gistiraged from the

L

membﬂiﬁl cQthior® cﬁqtlahbﬂaﬁe @o&.etm &emrecfeei abihy 1@Veaabﬁ rthé heembranes are
or equal to 3.0 and particularly greferabl y greater

prefopid tetd tythel fore o mempgang pedylps hefing Racn-ghagacips| cyphion module
i r r 0 0

syste%/n% i Wgnc% t&éﬁx 131b%ne§ %%l tg%r?l%én@ ﬁ&%% d:% ?gdl%e%ﬁggﬁﬁﬁ ngr aoniform membrane

pock&§ h)k @Mﬂfﬂonsﬂ?%p%@cﬁ&iinleleﬁ)(wuﬂlﬂﬁpﬁﬁ@§ edldansiunal i@cuthiall the membranes
vol unes can be determ ned as described in EP 0 781 166

are agesively berdediuvdred i fhim @amégernamgke[t@osg]enﬁﬁm @ighions and are

in.the references cited therein.
rolle 15 B bRaNE 1. TErGS ALY dnBETar s S5 crsPaby DIEBRFRRy modles
which R8vd 85 HanRBED AR s BSwhikh tﬁéqﬁéﬁlbfﬁgéi h@Stheiinf¥@ly welded or
menbranes are arranged so that the reaction m xture
adhestealy bended to form membrane pockets or membrane cushions are available, for
example, from Solsep, Apeldoorn (NL) and MET, London (UK) under the name SR-5 or
Starmem 240. Such membranes can be produced, for example, from the polyimide having the

trade name P84 from Degussa AG, Diisseldorf.

To avoid deposits on the membrane, the process is preferably carried out so that the flow
velocity over the membrane in the membrane separation step, in particular the first membrane
separation step, is from 0.1 to 15 m/sec, preferably from 0.2 to 4 m/sec, more preferably from

0.3 to 1 m/sec.
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passed over the retentate side of the nenbrane in such
a way that the concentration polarization of the

conponents separated off, here catalyst-ligand syste
WO RQ70H Rt eract ed and, 15 in adfition, the necessar{T/EP2006/066181

driving_ force (pressure) can be appljed. The perneate,.
Theipgocesn e énviention ﬁ@rﬁféﬁ)%va%r%cﬂ W@gpth%hydéﬁg&%ﬁéﬁﬁoq fraction mixture
ronp STRERS, S ioashy I ROFRANE A0 At Al Bl OB Recam i

partlyhrecifail stz o themambrmcdisksthe soyizaanehiclushtanslaoed to the membrane
menpbr ane pockets. In the process of the_inventiagn,

. t he
is comprarne®relirad pile e dEap GoaY henroprer-f inpBt Chlifpiciate stream
whidP ?su hgtsralaﬂ&&ﬁgd QB e[ﬁé %%glllee?s 81‘&‘?&!?' L%Ed @df‘é%c? st%%m for one or more
systens 1n Ich the menbranes are thermally wel ded or
subsadias saatyiob engdethbrictseliorarirowlaiat an the rpatiket s or
cushi ons or open-channel ed (w de-spacer) rolled
nodul es i n which the nenbranes are adhesively bonded
The 961 ﬁj&g re&% %f%%%%ﬁg{?g%ﬁﬁtg%g& &h‘:amofroﬂqﬁ?#egggr %\}/Jithout recirculated

cusni ons an together wt acers

reter@ifito) ixchrafep®iymRahel : £ 6 [ 20 more prgheablvitwhr &rfe tooldLd. 2and particularly
whi ch have open-channel ed inflow systens in which the

he
preferabiyriatied ‘hrcel f hep Arpimeniel disavJrmdslogurési Wethynggaderindividual

- r P : : i :
s oAU IP R ARRIRIE L 8l RO ADSIBYSIA8, 008 gy v ro o
perngatt Wihime owdorolutde)of dedestrebie name SR-5 or St annern
240. Such nenbranes can be produced, for exanple, from
the polyimde having the trade nane P84 from Degussa
e ek th
o NSTRLCEYfr (Rl EOM RS B s PEFREBD g o

the wodlmoe by ey pérhirateBba@NEntda hizd fhenbelatey sepatcantmhrane can be
, inh particular the first nmenbrane separation

.step, 1IN g [ .
achiggiedgn this Pk Gayt ks 1Bune Sy e anitipaly G e. the membrane, in

sy AR AL B3B8 e s

incluldhegy detivemdtedretdrsatPr efperadlty seger at gdfewibin10-he 000:1, more preferably
5Osaé]qlrofornylation reaction mxture fromthe reactor

hgnd gpicubalyagcieeddy 309-88091 o Thive amistbivalvelarggdvalwae stream 1s
reten tre ej .y reci e I
perd BUENLALRCFLEST, RSB 0L Lt e L8108, 0ok wiich
reciréQattf & e MQIcARCor fed 16 0 Fikie deRedtnal aivdn Wi tite difference between feed
streamfromthe reactor. The part of the retentate
streagt (MetanGreiduddicd wiamgateraadipesndait ebate t he nmenbrane is
ei ther used as feed streamfor one or nore subsequent
separation stages or else is recirculated to the
The p@RChieUbtairkddent R MERbEeWréRtabS 0fs PEMIRAItRNSH AR the proportion
eed streamfromthe reactor (W thout recircul ated
of metet esrtpler eatalyspamet/er fibd yrepnephospl®resoligardos agbyast 50%, preferably at

referably from1:7.5 to 1;12.5 and particul arl t Qo
east 58 Gl TgReTod foled 16 SR st REIGHY PRk Qe smalle
than Tl QW dt&dth@ by changi ng the individua

The permeate which is obtained from the membrane separation step in the process of the
present invention can be worked up in a conventional way. Particular preference is given to
carrying out a thermal separation step to separate off the hydroformylation product subsequent
to a membrane separation step. Such a thermal separation step can, for example, be realized by
means of one or more thermal separation apparatuses such as thin film evaporators, falling film

evaporators, flash evaporators or distillation columns. The overhead product obtained usually
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systemyields can be carried out by adaptation of the
differential pressure and the ratio of perneate

vol ume flow to vol une of feed stream It can be
WO VAt ageous for the vol ume flow over the menbrangC}g2006/066181

be significantly greater than 15 the volu fl ow of
COIT‘PH%PSp%Fan%fOﬁIFY 188%H P&ydice % h@léﬂlmrso% 6 g7k dbpny unreacted
hydltogfrbm gﬁ&%ﬁé?gr ng%h ?ﬁ% 'a1§<ty ? }/JT@ 'h§v1ﬁ% E‘Woﬁgl X érﬁ-em €he region of

that iofl thepigfrdrd forth @t droprotiects br Betlowamhblamelseﬁ it the Hyidregfdrmylation and can
menbr ane separation step (inflow fromthe reactor

be prted (iR A s kP al bbotire ﬁf%iﬂléi) Okttenﬁ% ifelie thpahggparation stcp

is a 'gfzbéﬁ%e:{: | Cu{ rtﬂy pr%lgg (rg%% ys% rptg%e ﬁ%%mryangégﬁég%vhg a boiling

poink &gttt theh Yhdt ar g h&@kdfﬁi&nﬁ&t[cﬁ@ffbﬁ@ct 20d prsethethathlilers formed during the
circul ated over the nenbrane. The size of the part of

hydrofpamytatient at e stream which is recirculated to the
reaction or fed to a further separation is given by
the difference between feed stream (w thout
Thist ®gHoh€ Prouedcane basiérable )afi@n dispiefrpe af Pars lof €ldaThi nghﬁnlers which can be

pernmeat e obtained at the nenbrane preferably
camé@ ppb Sharmey jon hhineanstdea ﬁﬂeﬁbrrap?)of%ltrazenobe Fﬁéﬂravlated to the hydro-
fom&gaqgkex)éaécg&{ a%%%ott%ﬁldélg?% trfﬁ?m 0[[19 %%g@??%%%ﬁﬁlgﬁ sltépg e comprises

highfp@iltis Gl @ﬁﬂaWspéc%ﬁ;ﬂé)@bi p’re&&aﬁl}i‘ﬁiﬁo&ﬁ%tﬁﬂdn&dﬁbryme step in which part of
particularly preferably 90% smaller than in
the hielt bojteat &, sepatep @f%@péh%mtaqm Py a5 nSEHCH? élf*ﬁ ffﬁecatalyst complex

remal Hg n?rt],l?e ?e%gnq%tgtlé ggg:%;tga%rﬂvﬁﬁgggulg%gﬁﬁ She QJac{oP € R ieparatlon the

I nven convent1 ona

samél\la@(ndn?@{st inctéspdct Preéepenae: bsd ghitan vior @adstikisng @uitoramonoxide
thermal separation stgg to separate off the
and/@rthdé@gﬂnn@q mihérﬁrptr@s fang @égeam@h@an Po sel- Fenfiapupose, it can be

nece?sgg/a{ |lrpclt asé %gorr X élﬁl@eﬁ“ﬂglme%%%%# agéﬁ)g&f[l%}l %Qn %@Honaﬂy also be

carriéd@lithm@ilth € ﬁlﬁfo@httﬁﬁl c&@@@ I ARS8t S0 6hmplsx thtulyst elddmr free ligand being
evaporators, falling film evaporators, flash
sepa@véip@ﬁf andr gow&eddfaghlpn limtei Bist Exsmibiens, Seph@tlen/ SfeReand in a subsequent

r O%E‘%tﬁﬂ%g;s% al | \S/‘lé)SZO Ta/’tfhods g fng etel}/] from the hydro-

fonnplraﬁgﬁl edactin qut@ledzﬁﬁ%ﬂ@ n@eﬂ@y it &f €ehobe r@ﬂ@uﬁfb)ﬂ in the active form to
unrcaeted hydrocarbons, e.g. olefins or aliphatics,

the pmc@samygoaqtentcahmt fagmad BofHei thernsd sererdtiontas heei@scaﬁrged together

w1th%i;ﬁ %ﬁﬂ t ﬂgf@eaamg%ﬁh%%g%%& l{grtrl o ffr Q%ol% tﬁ;sg tggHO(%Bgl metal. The total
retenﬂ@ﬁ sedotpled cfa%!ﬂ%s'ﬂ ‘éﬁd/@@ﬁlée UPandTREHP LR B @dUftention comprising at
obtained fromthe thermal Separation step 5is a

least mle(lﬁmt encohhigd sepAGtibh etep,catdaskoncathainys tsepanaticor stér ensl, if desired, at
| vent having a boili 0|nt£§ her
least Pﬂ%ﬂ“‘ Fu‘él’cenb%‘e]ﬁ*%@“ﬁﬁwﬁé’ﬁf%@tl? BWf%”F@g $38 4’50 hi gh
boilers fornmed during the hydrofornylation. This
bott om product can, preferably after discharge of part
It caiobe taiearha gbudb Girl partsofhe chngawmenseof the permeate to be removed therefrom

before it is fed to the thermal separation stage. In particular, it can be advantageous to separate
constituents which are gaseous under the pressure conditions under which the thermal
separation stage is operated from the permeate. Such constituents can be, in particular,
hydrogen and carbon monoxide and possibly hydrocarbons. To separate off these constituents,
the permeate is preferably introduced into a degassing stage in which the permeate is

depressurized to a lower pressure, preferably a pressure which is equal to or not more than 10%
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to carried out thermally or by neans of a (nenbrane)
filtration, be recirculated to the hydro- fonnyl ation
reactor. The bott om product fromthe thernal

WO 20781434 on step, which comprildes high boilers angfT/EP2006/06618]

cat al yst conplex is preferably fed to a furth
highGE B AePSERES FniiGHREHAbARETSPT Sfage: HigHIOBBNF e hiply are in gaseous

fornpP &rcﬁ%neegs&fzfatléﬁ 9 &Bﬁa{%ﬁt&fpﬁﬁ&db‘&%ﬁéﬂ@r&%é s@d‘gf or else be
the catalyst co remaining in the retentate is at
recicelagt dhacdy o the @d:arctlbhh altedeinainiye stilddiquidrcondtitudnitd of the permeate are
separation, the 1s sanme conditions in respect of
thengf P@ﬁ@ﬁ@mdﬁﬁmﬁ%@%ﬂé$3vapor pressures of carbon
nonoxi de and/or hydrogen as in the first nenbrane
separation can be set. For this purpose, it can be
The hedre&saKAtibO rédtfies inigtugassedlin theg@scdtk xf thednvehien can originate from

menbr ane separation can optionally also be . carried
a vagely o feut hydieiosaretien ﬁrqsf:sS@%sTheA&vdaofP%xlwonomcﬁon mixtures can
r
oGP pRE LY B FER4 Ry 7S, 8898 g rom 2

to 2Secptﬂfoaﬁ ht@ﬁlsﬁtp@mcamdlyi prerabifpSeguento 26 dadiemmatoms, very particularly
paration step, the catal yst can be se&arate

prefiriipy 9 t@é?rma@oma;omsf o BT GY 5F Sinl @t §2ofprbon atoms, fo the
corrersgcgl?&rulgj Pléi?‘l gfeyr gg%ré ?rngﬁ# gll‘ri rrn%%ggn %%Xfu‘ie 932 ﬁ?tlcularly preferably
has dnnaddhiyiesatatial fsh shohgrtichitdds hevihpéomab te Epearbdr a:mms,emeferably 9
be di scharged together wth the high boilers and
or 13 @ebrrei@ns. By partishlapsanpnagal ane M@IWC%I@ @ Bkscifaf?f”fﬁﬁlta‘a?n product.
The total retention of conplex catal yst and/or free
ligand in the process of the invention conprising at

The 26mplershtabRe irid/st freeoitssphosdpasaidaads sieegt iatthd épdbformylation
one thermal separation_step and, |f desired, at. | east

react@ﬁéﬂ@%@ &#fuBh thentamBIoane @@ﬁ%ﬂ%ﬁ]‘i”@ﬁ gpwp fiow e drior A6 yhe complex
catal ons f tft;' Q’reggl{%aphé ?é%'é‘ra?lﬁe eﬁ‘{l‘é %ﬁ&é s&g&%&) dm Qagnotn%ephosphmes,

uent renove ere

phospigfe@rhobhitigesf Iﬁﬂmphbnit&e Thh ngm:ﬂs cS1e P@readne @ n&traghbsphMO phosphito,
particular, it can be advantageous to separate

phosplismigp jor PEAtPSIIe TRURE & 1§dkewiss Parde f@m@e pieaads fp élaVe two or more
dlffer%gt Oroéps &Q]fséctecrll %%#eamng%ng%lo&?nﬁo gfl nt<§ 2)?18{ %Bfn?cpa ﬁ%%}ﬂlrﬁto groups.

rom-t Plents ¢
In paﬁféul@t@rthé GeHndk can BYsiE hifeR Cb1§1ﬁfobl§lﬂnéﬁpﬁﬁﬁhdi9h@ﬁtés bisphosphinites,
possi bly %ydrocarbon o separate off these
phosplgnsphaspbitess, nlweplpeér n@@pbom@s,pr epb@@bw nhesploeitised phosphite-

I.nt g a.

phos%hé)bl}tg% gapﬁp% 5111}1%%&: pgc?sg Qy ee;ghhogplg FL ?16 hggnds of the complex

catal &k §§<§er%ééhig%ﬁdé Sanetlidbntlc@l 8 diffefentiOIR drﬁ'a?fd H&%M@s ligands of the
2007/ 036424 - 12 - PCT/ EP2006/06 6 1 81 hi gher t han

comgletxecqmlms amcbtherﬁeteﬁganﬁseamajreﬁg@p@r identonal. sﬁxag@lesﬂf@omplex catalysts
. ich are.in gase form

or Gy WEEhem B Mo, SE B pan o aPr ey BURCBEmWBRR e be found

in, fdt%%é%gﬁ' %@0(9’%@3%390@6@ 8¢ e, EPCU 'iwlséé egp @ TEICT 6o/ RO 1209164,

action. Thé temaining, still Tiquid constituénts
EP 121)‘160516)1@&@1@2&6@ BEe 0180683, D@dl(ﬂéO@Sﬁe DB epEP 18 or WO 2003/078444,
separation, stage. The hydrofornylatlon reaction
whichirg expreshs BYOTTALHEDHFATBS- of the i nvention can
originate from
Examples of preferred ligands are:
phosphines: triphenylphosphine, tris(p-tolyl)phosphine, tris(m-tolyl)phosphine, tris(o-tolyl)-
phosphine, tris(p-methoxyphenyl)phosphine, tris(p-dimethylaminophenyl)phosphine, tricyclo-

hexylphosphine,  tricyclopentylphosphine, triethylphosphine,  tri-(1-naphthyl)phosphine,
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a variety of known hydrofonnyl ation processes. The
hydr of ornyl ati on reaction m xtures can originate from
rocesses for the hydrofornylation of olefins,
WO HPEfHbl y ol efins having fréom2 to 25 carbon at/¢rgiP2006/066181
_particularly preferably from4 to 16 carbon atons,
tribapgylphesahipe (P yiylphosihins 551Uty iPBAPE 0 12 car bon
atons and in particular 8, 9, 10, 11 or 12 carbon
atons, to the correspondi ng al dehydes. The
Phodphiteaf afmpthalt i phosgieact riethyli pagpleitey e tryrnfpasiyil c phesphiye,  tri-i-propyl
referably has an al dehyde sel ected from

Pr ¢ . 1 L C anong ,
phosphiie Hyi deRitHarioshifes Biri-Buiybphoepliss: terabeisphospifce frighd -gthylhexyl)

or Ll b venl ot i.SQN and: . st .
i
4-mE&BEPIpBENLRbRIsYBitS tas@Lteft-tutytel-aegaipbphos phaphise, | trig@ndssyl) phos-

_present in the hydroformnylation reaction m xture can
phithe t he conpounds and conpl exes known fromthe prior
art. The conplex <catalysts or the free |igands
preferably conprise |ligands sel ected from anong
PhodphesipRi Nesthyl @bespibHoeshing hosliphl Wirhefoxphogphani tigsnyldiphenoxy-
The |igands can have one or npre phosphino,,phosphi%o,
phosphiss phrohenosyoH-givermpe it £ipxgplrsplorin and deryakiggy egreot n which the
ossihle for t i r :
BT B rE o bl LR ForllRed Snmkgh sl g radicals or halogen
atonfdhosphi t o, phosphonito and phosphinito groups. In
particul ar, the |ligands can be bi sphosphites,
bi sphosphi nes, bi sphosphonites, bisphosphinites,

0 ine-ph t Lne- ite o . ¢

e BhoBNLAGFENSERNE! 5, SREBRRASRVRSHORN ohy gervaives troror
diph@m@mildx@gmqum Aid &@pheawl(ghesphianphiae phosphi ni t es.

The Iigands of the conplex catalyst and the free

| i gands can be identical or different. The

or.ganophosphor us_1 j [ ~
e ARSI S 0I5 £ IR, SRR G SRy prooly
haveEXRRBYEshoRphifO P hewrdaylapy®bBbite OF d ligatidgawihg e @ah obeheteroacyl

used and their preparation and use in hydrofornylation
phosphije geun aupigandphosiherusdieanthl Acy! ERosphpasorg gpndypivingacy! phosphite

622, .EP 0 155 508, .EP 0 781 16 ER 120916 : :
arouits el SrPREURR ST DE SORHGOREY BT Ot JOBE e example in
DE 150330928 Rich YO0 3 BBk ferenthiied tBe 8isesiressihg present invention.

I ncorporated by reference. 30 Exanples of preferred ,
Hetetdagdndwsprites aph digphdsnesing hétpieessy inbhephptki gieups, their preparation and
their 15 lfnglgd%og&yp;xft{‘o‘é%g Bc%slgﬁ}%etd: 01y 1) BEIBRIbEG1 3 514.

hi s( p- met hox} phenyl ) phosphi ne,

tris(p-di methyl am nophenyl ) phosphine, tricyclo- .
Amohgxyd giybplpisphiess desérdyed|iopEni §0 ph @gphthn @,cyllphosphltes shown below, in
paﬂié@%%a%l@ggfﬁfﬁ@ggﬁef%ﬁ; é@gg@%&g&g ql%gggsl r\]ﬁﬁchwgan be present as

. i i Ll -0 2 B s RlnN@acti ixture used accordin
conu?%#@?@%%égﬁ?éf%%ggblzﬁg}ﬂgﬁggph@?gé: g%i%%??hHHXlueus s
to thphosptont e, tricthyl phosphite, tri-n-propyl phosphite,

tri-i-propyl



phosphite, tri-n-butyl phosphite, t i-i-butyl
phosphite, tri-tort-butyl phosphite, tris (2 -ethyl

5 phosphite, trlphenyl phosphite,
‘VO¥%WX%%Zﬂ di - tert - but yl phenyl-)'4 phosphi t e, PCT/EP2006/066181
tris(2-torf-buty - met hoxyphenyl) phosphite,
tris(2-tery- 24 .- met hyl phenyl ) phosphi t'g Bu
tris(p-cresy phgs- phite. Phosphonites:
nmet hyl di ¢ -phlne, phenyl di met hoxyj

phenylmjp'f
2- phenoxy- g

H di kenz| 1, 2]oxaphosphor|q3and o
derj vatyVgEs therwo@ ch the hydr at ons Pziroe_Q
@ el yoor paftly rep/aced by 4 or aryl

ad hal ogen atons. Usef\ @o n|te I\ gands
1 q (ph) phosphi ne and § vatj ves @
thereof, 15 di phenyl (nmet hoxy) phosphi ne and

d|phenyl(etqoxy)phosphlne Hydr of or myl ati on rgactlon
m xt ures used according to the invention partlcularly
preferabu %ﬁ an acyl phosphite or heferoac

ite'6r ayl'fgand having an acyl i

'‘mhosphi ne, ‘B

phosphi 0 as organophosphorus lig

phosphi jands havi ng acyl phosp

t heig ,-pref on~apd their use in q%é'

are desctui bed, !f or exanple in DE1

i's |ncon80rate8 by refer@nce into the du@closupe of 'Bu

theo?egmﬂ i nvénti ot
‘ Ravi ng het er oA
on ando_t hei

Het er oacyl osfihites affd©

= d in DE 10053
4@@1 bel ow, in partlculg ,
particul arly preferred organophosphorus |igands whlchBU
can be present as conplexed |igand and/ or 2 fi-ee
| i gand in a“Mydrofornylation reaction m xtufé used
accord|no tc)Jhe invention. WO 2007/036424 - 14-_




OOtBu0OOBu OPL POOPi -O0 OOw 0 'Bu 'BU
ABU OVe 'Bu 2-a 2-b C]\/EC]\/EC]\/EO\/E‘Bu4tBu‘Bu
Bu 0OOBUOO O0-PP-OOPP-00OO 0 OW® :
WO 200004843 a 3-b WD 2007/ 036424 15- - PCT/ EP2006/ O%T15P§006/066181
Bu
b

0
15
1 (]VE(]VE(]VEtBu#(IButBu O tBu’\? 0-P
4 [

P- O 0- B'eop ONeOC]\/Et Bu O\e

t
-a 4-




O5-a Ove O tBu tBu tBu/ tBut BuBu OO0 tBu 0O
tBu OP\ POO-P POO 0 OVMB 0 Bu Bu Bu Ow tBu 6a
6-b WO 2007/036424 - 16 - PCT/ EP2006/ 066181 Owe
WO 2(8/03@¢ tBu / "Bu O O tBu O¢f*Bu OP O OP PO E?WO%/O“W
Ove “Bu Bu Qve Owve 606d(]Vb(]Vb(]VbeBu Bu
. H°o ove O

In a further preferred embodiment of the process of the invention, use is made of
hydroformylation reaction mixtures which comprise the heteroacyl phosphites of the general

formula (1) described in DE 10 2004 013 514,
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Ovwe O 'Bu ~44 "'Bu OO OPP-OOO dOob O6-g In a
further preferred enbodi ment of the process of the
i nvention, use is made of hydrofornylation reaction

WO R0LO3¥ES whi ch conpri se t he Hét er oacyl phosphi t es"gfEr2006/066181
t he general formula (1) described in DE 10 2004 013
514R"s WD 2007/ 036424 -17- PCT/ SP2006/ 066181 R1L T R2

Y R4 (1) where R, R2, R, R4 and q are

gr different and are each a substituted or

gtitutled aliphatic, alicyclic, aromatic,

N.c-dm xed aliphatic-alicyclic, mxed

al i phatic- aromatic, heterocyclic, m xed

al i phati c- heter ocycl i ¢ hydrocar bon rad| cal having from

1 to 70 5 carbon atons, H, F G(} 1, CFS

-CH2(CF2)i CF3 where j =0 - C)R - CO2RS5,

whereQOR IX?Q2 RSIRR53d oy ﬁR‘1denﬁSﬂ)23Rﬁ;ffer5(ﬂ§5d areSﬁ%RE subsﬁm&d or unsubstituted
- SO2NR5R6, - NR5R6, -N=CR5R6, with R5 %

aliphadgn alieylicoratamEtG - BHETOARIPAsAC AIHEY ﬁ@oha%a%%ydﬂ%e ixed aliphatic-

n R
aron?ﬁ%@ h«f’r?x% ggl c??nl%@?lgﬂ}?ﬁ%—g&gggyﬂ@n@a{m aldicAMhavin r% from 1 to 70

or ha an a I on, an anmmo
carbbwatowts, &, fpr@s;monu @mumﬂz(@*gz)m m}amjﬁ@aw e@Rﬁ COR5 -CO.R?,
i.nde epdentgy of .one apot her, Wt h
-COMyi B somR of SPHE > n%%?wné@%fa %O3Mn 5&92@1‘3&5&@ Tl\IOCR R®, with
R’ aﬁg@\ %'e{ﬂg%émc s or el alﬁsea@ﬁ] a\Rﬁ by Ef B e émngf of R and M being
abovenent i oned neani ngs for carbon radic

an dibedi meedd] ciahngs faumeallyniaib sini hlﬂstﬁlad: amih hastel ionomnlammoﬁﬁx,m jon or a

in particular from1 to 25, carbon ato .
phosphorgum ion, X, y, z and T are each, independently of one another, O, NR”, S, with R’

having one of the meanings of g.

In preferred embodiments, q, R!, R% R® and R have the abovementioned meanings for
hydrocarbon radicals, but the radicals are unsubstituted and have from 1 to 50, in particular

from 1 to 25, carbon atoms.

Furthermore, R®, R® and R’ are preferably H or an unsubstituted aliphatic or aromatic

hydrocarbon radical having from 1 to 25 carbon atoms.

It is possible for two adjacent radicals R' to R* (R! and R?, R* and R3, R® and R*) together to
form a fused, substituted or unsubstituted aromatic, heteroaromatic, aliphatic, mixed aromatic-

aliphatic or mixed heteroaromatic-aliphatic ring system.

In a preferred heteroacyl phosphite of the formula (1), the radical g is selected from among
aromatics or heteroaromatics which are unsubstituted or substituted by at least one radical
selected from among aliphatic, alicyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic,
mixed aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 25 carbon atoms, F, Cl, Br, I, -CF3, -CH(CF,);CF; where j = 0 — 9, -OR>,
-COR?, -CO,R®, -CO,M, -SiR%;,-SR’, -SO,R?, -SOR®, -SO3R’, -SO;M, -SO,NR’R®, -NR'R°
and -N=CR’ R6, with R® , Réand M being as defined above.
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15 Furthernore, R5, R6 and R are preferably H or an
unsubstituted aliphatic or aromatic hydrocarbon
radi cal having froml| to 25 carbon atons. It is
WO H9383%1% for two adjacent radfcals R to R4 (R affd/EP2006/066181
R2, R2 and R2, R3 and R4) together to 20 forma
fused, substituted or unsubstituted aromatic,
P i
In ahf%}tﬁgr xﬂég :\/étﬁ%natl,?%sﬁa ??’%ﬁ(%l ?frghﬁ?t?rg%rﬂ :?%)éﬁ}uteadf tﬁ%]%rhﬁtla (1) whose

radl@ﬂ qfoampedeshedheau@ avyR, Nhr@ﬁeph’ iit & dphalenheutisarumad (ﬁ u@ﬂJ)hstltutEei aliphatic,
radical qis selected fromanong aromatics
alicyrdie erad shphatieg liRrlenheiPiecyals UBSer plipeb core ety s paagic, hetero-

arorrpe?ﬁcp{;l‘r )%e%aﬁt‘i)h aroﬁgjag %gdrogzéltvgne J‘a%ﬁctafgaxfngé? ﬁ]tnp 950 carbcan atoms and

the @biicAhRtié €-@RT Cm5Ré,,pHaSIsp<rﬁté phdsﬁh@hte@pMs@Hﬁlﬁtb,Cphosphme or heteroacyl
het er ocycli c, grxed ali phatic eterocycllc hydrocarbon
phosphie.caitis R pad RA @em,gdﬁeqtlcp]oorggf eigpioaN eRchkaving ongp! thgameanings of

R! bu%%%éfe%gﬁeqé) raé%%n gg'%f aps Engthe 8:%?% %uBs‘@éd aliphatic or

aromadcBirocSORNRIRAI hayNRPREm 1afdd 5-dNFHoRREms Wi t h RS, R6
and M being as defined above. WD 2007/ 036424 -18-

PCT/ EP2006/ 066181 1In a further process variant use

Ina \k%etl@gf hgc og%ﬁl p%%%phlt%cét'l h 7 It} g]ﬁ h%tvwg%f re\{ldw(i: 15 1‘)\7 R, Wisa

rises r

rmhauuﬁ&emhnﬁmb§®ltuted or unsubstltuted allphatlc

alicyclic, mxed aliphatic-alicyclic, heterocyclic,

m xed aliphatic-heterocyclic, aromatic, hetero 5
ki phati c-aromatic hydrocarbon radi cal
50 carbon atons and the radical Ris
ospHite, phosphonite, phosphinite,
pacyl phosphite, with R5 and R6
di fferent and each having one of
\ R1 But each preferably being,
i ndepenglent | y? ofy one another, H or an ungubstituted

aliphatic or aromatic hydrocarbon radi cal” having from
wheﬂetR? RE RIArOR 4t RS R “Lhd B arqpidedtint eddififeteat axai:gdch have one of the

A L TEN BN ETETEN T R —
or urtlsabﬁutgﬁ Blﬁrlaﬁc, ﬁt%y{:h&ﬁ)rﬁ’atf&, Qetél%zlromatlc, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radical having from
1 to 50 carbon atoms H, F, Cl, Br, I, -CFs, -CH,(CF,);CF3 where j= 0 — 9, -OR®, -COR’,
-CO,R%, -COM, -SiR%s-SR®, -SO,R%, -SOR®, -SO;R’, -SO:;M, -SO,NR'R®, -NRR®,

-N=CR°R®, with R® and R® being selected independently from among H and monovalent

substituted or unsubstituted aliphatic and aromatic hydrocarbon radicals having from 1 to 25
carbon atoms and M being an alkali metal ion, formally half an alkaline earth metal ion, an

ammonium ion or a phosphonium ion.

tis a CR'R', SiR'R', NR'S, O or S radical. R'® and R'7 are defined like R® or R®, nis 0 or 1

and the positions a and b serve as linkage points.

It is possible for two adjacent radicals R® to R' together to form a fused substituted or

unsubstituted aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed
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15 where R8, R RIO R1 R12 R13 R4 and R5 are
identical or different and each have one of the
neani ngs of q and are preferably each, independent]
WO%(PWB}%?“anot her, a nonoval ent”'8ubstituted or PCT/EP2006/066151
unsubstituted aliphatic, alicyclic, aromatic,
heteppat EpYr PARICIINGFRE al i phati c-al i cyclic, m xed
al i phatic-aromatic, heterocyclic, m xed
al i phati c-heterocyclic hydrocarbon radical having from
In a furtier b&emac P @hogihita®f the Brmih (1)Brhich can-¥8RBed in the process, W has the
-CH2(CF2),CF3 where j = 0 - 9, -ORS, -COR5, 20 -CO2R5,
formugge@N] - Si R53, - SR5, - SO2R5, - SORB, - SO3R5, - SOBM
-SO2NR R6, -NR5R6, -N=CR5R6, with R5 and R6 being
sel ected i ndependently from anong H and nonoval ent
substit wfed or ug3dlubstituted aliphatic and aromatic

hydgocar/bon radi cal snggvi ng froml to 25 carbon atons
a v pg”anAatkatis netal ion, formally half an
al kal i arth al ion, an amoniumion or a

jom 28s a CRI6Rt', Si R1I6R17, NR16, O

R16 and R17 are defined like R5 or R6, n
is 0 oral and the positions a and b ser¥® as |inkage
points. It is possible for two adjacent radicals R38 to
R15 together to forma fused substituted or 30

whedNR BbS'? t R0 e g 2areal,jiCR *hat GHARANBE hiferdti A0adack have one of the
m xed aronmatic-aliphatic or m xed WD 2007/ 036424 - 19

meanin@CT] ERRDO6 /0618l eahketindaandamtlyiof ond hpphibdri ¢ manayelent substituted
system In a further heteroacyl phosphite of .the. .. . .
or uipoitingd ey i el amtCa A Beskelfigsaliovelic, mixed
alipliaﬂ@—ardcn%tﬁy11&61()@%01@, B@%dpﬁ%aﬁlﬁetéro%ic lg?éﬁ)c/arbton RéBcA MAving from
(3) where R18, 9, R20, 1, R22 and 3 are s s
1 tois@ererbaabtonrs Idj Ff €t landFeaCHo@FeClanehofe ithé — 9, -OR”, -COR’,

ani of g sand. sar gf e ky 5 en Y6 \pRSRo

-CO%y o'rd&%ot‘ﬁ’gﬁ' 3%3{ m%&gg eﬁ%gg‘u’bg?@f Peé&}%’ O'S%%k R, -NRRS

N=CHFUDSHiH 1t eghqak? RRRLI Glectld G¥E)dn@entBl QOB hfong H and monovalent
heteroaromatic, m xed aliphatic-alicyclic, mxed

substatutephat unsulastiouted kbphatietaad aoyohtichydrposggbn radicals having from 1 to 25

carbq%l %tgprggngﬁgéﬁ%ggg% %b{laﬁl Ilhlég{ %%?%%&gll{/ %gf_ %%galpaeﬁlnlene%rtg Rkl ion, an

o 7GR MwheLeid, = 0 - 9, -OR5, -COR5, - CO2R5,
RS oY i -éigg%%,-SRs,l-lsost, - SORB, -S03R5, - S03M

- SO2NR5R6, - NR' RG,
The positions a and b in the formulae 2 and 3 serve as linkage points to the radical R and to z in

the formula (1). tis a CR'RY, SiR'®R'7, NR'®, O or S radical, with R'® and R' being defined
like R® or R®,

It is possible for two adjacent radicals R'® to R* together to form a fused substituted or
unsubstituted aromatic, heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system.

Some heteroacyl phosphite ligands which can particularly preferably be present as
organophosphorus ligands in the hydroformylation reaction mixture used in the process of the
invention are shown by way of example below, Me being a methyl group, ‘Bu being a tert-butyl

group and Ph a phenyl group.



-N=CR5R6, wth R5 and R6 being sel ected i ndependently
fromanong H and nonoval ent 15 substituted or
unsubstituted aliphatic and aronatic hydrocarbon

WO 29%034P4s having from 1 to 2520carbon atons and M Hei/Rlg006/066181
an alkali nmetal ion, formally half an alkaline earth

metal ion, an annoniun1ion or a phosphoniumion. The

positiops.a and b in the fornmulae 2 and 3 serve as

nts to the radical Rand to z in 20 the

. t is a CRI6R17, SIiR16R77, NR 6, 0 or S

with R 6 and R17 being defined Iike R5 or

forma fused substituted or
gromatic, heteroaromatic, aliphatic,
' y -aliphatic or mxed 25
hetdroaronatl -aliphatic ring system Sone heteropacyl
phosphi te |Ié§hds whi ch can particularly prefeﬁé bly be
present as organophosphorus ligands in the
hydr of ornyl ati on reaction m xture used in the process
of the invention are shown by way of exanpl e bel ow,
plei ng a net hylg,group, "Bu being a tert-butyl 30

{ phenyl group. WD 2007/036424 -20- PCl
EP2005/ 068 tBUNBu (A) OtBu OPI 04), tBu (B)
NG OPN\ N Ov (O

By (B)

O
(]
N/P\O l
| O\F!,/N
N
O
(®)
OMe OMe
tBu I I Bu

MeO (D)



Ove OMe 1BU 4--( 'Bu tBUOOI\ OP~ OP\ 1- -0 tBu
MeO 0 MeO (D) WO 2007/ 036424 -21 PCT/ EP2006/ 066181
Ove OMe 'Bu 'Bu tBu O OP\ PP-OOHN O tBu MO
WOopeEy/3@ke OMe tBu tBu tBu %V!-\ OP~-P-005 0O ?%EP2006/066181
MO MeO (F) 5 tBu tBu tBu "Bu tBu 0 O\ OP\ P-O O
SO

(E)

(F)

(G)



tBu tBu tBu (G WD 2007/036424 -22- PCT/ EP2006/ 066181
tBu tBu tBu tBu tBu pp\ OPP-Op PhN O tBu - tBu
tBu (H tButBut ButBu tBu Op\ P-O /-OP\ HN
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/IOOP-\/ Ni, MNOS5\ / (W fleteroacyl
phosphites of tg- formula (1) can be prepared by a
sequence o e L oNSx0f phosphorus halides with
al cohol s, s, carboxylic acids,
earboxanio\ i ear boxylic acids,

a-,hydr oxyar Icarboxyllc aci ds,

a- R droxyayylcarboxéhldes a- hydroxyaryl

'Bu (R)

y

(S)

(T)
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1 o thiocarboxylic acids, a-anvnoaryl carboxylic acids,
a- am noar yl car boxam des, a-am noaryl- thiocarboxylic
aci ds, a-nctrcaptoaryl carboxylic acids,
WO 2007 8H¢ &bt oar yl car boxani des anrélf or a- PCT/EP2006/066181
nercapgoarylthioearboxylic acids in which hal ogen
at ons gRut he pBosphorus are replaced by WO 2007/ 036424
-27- PAQT/ EP2006/066 1 8 1 oxygen, nitrogen and/or

sul f he basic procedure is illustrated by
way ) means of a group of conpounds of

COOhe ) c’ﬁU(BD@Mb: In a first step, a conpound
of the (la) is reacted with a phosphorus

3, 5 eg PA3, PBr3 and P13,

eRabl y phosphidRus trichloride PO 3, without base

in®he pré&bddince Oa base which is used in

i ytic anounts to formthe conpound
& formula/ (1 %). RR OR O RR R2 1 xH P(Hal)3

45" R3 A\y

_ yHal R4 (l1la) R a (1b) gg)lna
second reaction step, the conpound (I b) is reacte

d
with an alcohol HO-q or with an am ne HN(R7)-q or
with a thiol HS; g wi t hout base or in the presence of a
base whi¢giv is ugsed in equivalent or catalytic amunts
to give the deslred heteroacyl phosphite of the
forml g . R R2 HOOq HSHS,. (1) P3 P,-_Ha
HN(R7)# q R4_(l 15 The radicals RL to R4, R7 and X,
angd ar e as ~fef roedMbove. Since the al cohol s,
arnines, thiol sior carboxylic acid derivatives used
C *ﬁﬁ? downstxeam products are frequently solid,

e reactions arepﬁ' erally carried out in solvents.
F used PhN O

(V)
By By
COOMe I l COOMe
< 3,0
’P——N
MeN 0
(W)

Heteroacyl phosphites of the formula (1) can be prepared by a sequence of reactions of

phosphorus halides with alcohols, amines, thiols, carboxylic acids, carboxamides, thio-
carboxylic acids, a-hydroxyarylcarboxylic acids, o-hydroxyarylcarboxamides, o-hydroxyaryl-
thiocarboxylic acids, ¢-aminoarylcarboxylic acids, o-aminoarylcarboxamides, o-aminoaryl-
thiocarboxylic acids, ci-mercaptoarylcarboxylic acids, c-mercaptoarylcarboxamides and/or o

mercaptoarylthiocarboxylic acids in which halogen atoms on the phosphorus are replaced by
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are aprotic solvents which react neither with the
al cohols, amnes, thiols or carboxylic acid 20
derivatives nor with the phosphorus conpounds.

WO )7 P¥hBt%e sol vents are, for e%gnple, t et r ahydr of uf

et hers such_as djiethyl ether or MIBE (nethyl ]
OXy$@r PLIGGER, AnKRTBHIr 8F0uRs-Jihgthagic PRFEFWE & Biypigated by, wak of example by

o R s R S T e

%HEP2006/066 181

or carboxyl’ic acid
derivatives 25 fornms hydrogen halide which is given

off as a result_of heating or is bound by peans of _ .
In a JasieerWD OBOPRIAERE ODBULA RO OHEA BHOPARa driakide P(HaDs
[ r : : es,: ar.
e PO, LGP 1 SEOLBLN AT Ry FHOTELER, 0y 505, R s
of a bagwatiyh RYSEDIH epmelent br tBalsadEhommstoaiosn this@impouhd of the formula
convert the alcohols into netal allcoxides, for
(Ib)exanpl e by reaction with sodi um hydride or
butyllithium prior to the reaction. 5 The solvents
used have to be very largely free of water and oxygen,
and preferengg isgiven to using solvemrfs having a
wat er content| of firom 0 to 500 ppm jy
parti cuRarl yareferably fromo toR

XSS

The wat er t cafi! fBHakxanpl e, b er m rjed by
the Karl- KE BR[  Net hod—I0 Phe so| u& £/ Jdri ed
by di stRiTi t “oMer a suitable d&siccgnt ob by Hal

passi ng the dgl vent through a cartridggsor colum
filled, for examale, with 4 A nol ecul ar si ég¢s. The
steps of the synthesis preferably occur at
tenperatures of from-80C to 150C, in nost 15 cases,
i e A 5 R SRl By o withan i
HN(RHES oF abihya fieMH}C tA1BAChasENG EhalprésendeNer € ®aR @kich is used in
catal yst present in the hydrofornylation reaction
equivalent or eatalsieelamaunts talgifg thealesinsl ictaresnyl plrpsphite ¢lethg formula (1).
metal of group 4, 5, 6, 7, 8, 9 or 10 of the Periodic
Table of 20 the enejrs. Exanpl es of particularly
suitable nmetats arke rhadi um cobaldty, iridium nickel,
pal | adi um pl aftgiuni>TTony rut hemigwm osni u
chrom um nol ybdenum and zungsrenf‘jhé”‘netd} conpl ex
cat al yst par g3 cUragty~prefepgbl yNf&s-ar hodi um as netal .
The catal yst netals can be 1 ntroduced into the
hydr of ornyl ation riffaction in the formof salts or 25
conpl exes; in the cagse of rhodium suitable conpounds
are, for exanple, rhodium carbonyls, rhodiumnitrate,
The micalis kmte Rk | atel x, Re(d0)arg acdedined alews. =

acetyl acetonate), rhodium acet at e,

Since the alcohols, amines, thiols or carboxylic acid derivatives used and their downstream
products are frequently solid, the reactions are generally carried out in solvents. Solvents used
are aprotic solvents which react neither with the alcohols, amines, thiols or carboxylic acid
derivatives nor with the phosphorus compounds. Suitable solvents are, for example,
tetrahydrofuran, ethers such as diethyl ether or MTBE (methyl tert-butyl ether) or aromatic

hydrocarbons such as toluene.

The reaction of phosphorus halides with alcohols, amines, thiols or carboxylic acid derivatives

forms hydrogen halide which is given off as a result of heating or is bound by means of bases
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rhodi um oct anoat e and r hodi um nonanoate. The active
catal yst species is forned fromthe organophosphorus
| i gands and the catal yst netal 30 under the reaction
WO 2¥rBi%?ns of the hydroformyl?8tion. In the PCT/EP2006/066181
hydr of or myl ati on, a carbonyl - hydri do- or ganophaosphor us
addffqy JRSAUNEER] O 6HBIVESR 3TROUST FEgIERescphbatE df (igjtiary amines such as
: Si s..gas. . The phor.u I a [
e P 88 o N e DR AR R E RO RO b comvert the
alcoheigehtoenctaMilkbxitite foatainydé byretaltiofn asitls addiurarhydadpbeiptyllithium,
~to the reaction mxture in order to produce the
priogiorthe Ecaeti@al yst species in situ. Furthernore, it is
al so possible to use an organophosphorus WO
2007/ 036424 -29- PC77EP2006/ 066181 |i gand- netal

The GOINPhtE XisatihawB (€ BatahysrdeRefrabaesenindongden, and preference is given to
or ganophosphorus ligands and the catalyst netal as

using selvants devipse vaer sertenil ofcsemilyiol 39 PR Rytnass Rtk preferably

T r I l - Karl-
fonf 138 2 RuPRSTREEE 6 P BRROE P B U B e by e Kar
Fiscidrawbodd to 10 in the formof a chem cal conpound

wi th the organophosphorus |igand. The organo 5

phosphorus |igands are preferably used in excess, so

t 0 oph £US: 1] ree.: lvent
The ;R G BR" ) it AR aroiale FRGHan: OF £l giung o sobven
throigh 4 herppeeecsurah fillbe, fonyemiplenvith I Aemblgclilaf Geveyl at i on

reaction m xture preferably originates froma

hydr of ornyl ation process in which fi-oml| to 500 nol,

I r 0 - ' | Yo o :
e 560 BF BB 0T QR OREIPy RAMSRRH SR G s 1507 i
cased, ligAmdBeear foumts ed bpapprwpliatefto nmedralat @mpggraups of ftan 1006f to 110°C,
the Periodic Table. Fresh organophosphorus Iigands
partiggprl pprefegeidy fee QKetomPdEof or myl ati on reaction at any
point in time in order to keep the concentration of
free heteroacyl phosphite, i.e. heteroacyl phosphite

The Wt hini the N@im @O cafaRat %ﬂsséﬂ inhehenBfdbioraglagsmnéactidd mixture used
The concentration of the netal in the hydrofornglat[on
accoyddigetol thpinvEni i eanibs pneRbehBPYP find.tthé, 8r%ergld) ¢frtaedariodic Table of

mto 1000 re, preferably i.n the r e fir D1 :
e B8RS SERMRRTY pERIHB ShEREC Y Pl R odp R, nicke,
pallab@!, of o, kb NrutRARAM, OfkniTlukt WheHmilhe ri%l?'lﬁdenﬁ@t i@l @fngsten. The
hydr of ormyl ati on product, in particul ar al dehyde
metapeagjpiet catalgstipagisularkyamefeiahly 120 rh¢tbuhasthesdlr eam t o t he
menbrane, in particular in the feed streamto the
first nenbrane separation step, is preferably nore

The &afst Biaks cathge vdafcarinmglal h‘j’d}ofo%%ﬁaiti@ﬂ $eae 861 {refle @tin of salts or

usi ng the organophosphorus |igands or the _
compdoyes esptbn dasegp fimbbdiunyg onjdbéx esmpamdb erg dor ¢xahpdetrhpdium carbonyls,

known net hods, described, faor 25 exanple, i o
thodigiRy Bates KRS FiRsLEs R A tssp S ionaxe g oclbagig) ﬁ*goéﬂ.lum acetate,
hodi¥BT d@hoaBShl iibaiiRindehRerg. New York, page 95 f,
ro}%iQé%?paThe 0 e%@ﬁrkonpoﬁhd(s) is(are) reacted in the
The active catalyst species is formed from the organophosphorus ligands and the catalyst metal
under the reaction conditions of the hydroformylation. In the hydroformylation, a carbonyl-
hydrido-organophosphorus ligand-metal complex is formed on contact with synthesis gas. The
organophosphorus ligands and, if desired, further ligands can be added in free form together
with the catalyst metal (as salt or complex) to the reaction mixture in order to produce the

active catalyst species in situ. Furthermore, it is also possible to use an organophosphorus
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presence of the catalyst with a m xture of CO and H2

(synthesis gas) to formthe al dehydes having one nore

carbon atom 30 The reaction tenperatures are
WO p0@PErabl y from 40C to 180C,-2kore preferably frondGBEE2006/066181
~to 140C In the hydrofornylation, the synthesis gas
ligapg-mstlicerplereviiel apgains tle 3o vRmgntigned fasgangpospheigmligands and the

0, 6.4, MPa. The .nolar rati f drogen to c
cstay Qe Frph T o B Ml R L Ehaggpophosphons
ligakd-8ital QbdpleQesldrd eLdmyr Ra QRS BE apbryplidto dntdlydt fetalbll groups 4 to
1gaV\D 26107/10864624 r- %B@PCTWEP%O(;‘%/ OGG?%rlp lThe Cayt al yst or

10 inhibe| foganef i shpmiskkcappyutiomigetheourginppiipgberuseldgand. The organo-

the hydrofornyl atign reaction mxture conprising
Pho g B Ry S AP P A et e WG Gl B gnds are present
as 1B BEHEL $n the AL @RMFAR fatio h&RNOh MixthicdRedai thehockerdTeEk inkention.
the process). In addition, a solvent can additionally

be present and can al so be sel ected from anong the

tarting. materials (.olefin r products 5 (al.deh
The & ol RilRr Pttt ORaT EHEY PRoseTIBelaS dird PR Rlon proces
in wERAIRIMNASo Whi £31, §ReBRbly fréthartene nidl ahflarticularly preferably from 2 to
hydr of onnyl ati on 'reaction and are preferably easy t

0
50 mxgpaf atgnafhosgiyainligedg. arbysedipst ol af inetalopf groups 4 to 10 of the

.ext tion.. Such solyents. can be, far e : :
PeriGilt Gtk DO EHON SRR B =gt b TUC hirsfaryplpsion rescton
at ahPholdan udE of it Rt k&P SRNcddCeifaBbh T Bée Reidae@Spiadsphite, i.e.

ol efins having 10 from2 to 25 carbon atons and a

hetetoeeytiphadphie wiherhas nefl cocedinatedityl the bistad. coPstetter r ed
starting naterials are a-olefins in general, e.g.
propene, 1-butene, 2-butene, 1-hexene, 1-octene, and

The @bSQnEhtBN &f ABAndthll HEMS 1QbrIPsHhBMRIoh! SR Wik e Pleferably in the
in particular dibutene and tributene. It can be

rangafvant pere 6us0Foppne.onpreumefsrahbniin tiee wogbfrpinZ prgn to 300 ppm, based on
roperii i n rti.cul ar conmpounds 15 having
the 1§ R FErLTREe BRERERY BT iref BBy (he st abllity of

the ligands or of the conplex catalyst, to be present
in the hydrofornylation reaction mxture. Such ' _
The gotpoutus! Wnirefrogatie pusled:, asparsitabi dlidelside qapdusé, toffese ligand in

X | e, sterically hindered am nes as .describe or
the BT RBPED 5 S 0SS 0RO oL i h 4% 1l ST Bt igairy membrane
sepmﬁﬁBﬁ%ﬁﬁqS%ﬁ%ﬁﬁﬁ?h&n@ﬁhHQ%ﬂas descri bed, for exanple,
in DE 10 2005 042 464. 20 The hydrofornyl ati on can be
carried out continuously or batchw se. Exanpl es of

industrial. enbodiments are stirred vessels, bubbl
The JGRMENTYion OIS FUREE Ors. Ut bhalt SXErGROCSPIoggends or the

' t3 B WG M £ AN RE GRSGRURGWANHEBRS, as. described, for
Coneﬂggg%gégkﬁffﬁﬁFhﬁgrngﬁs. ?%g reacﬂﬁgn can be carried
exam@ld, ihnJ. GG RE, ‘Nuve Syhdgelssyith Zarbon Monoxide”, Springer Verlag, Berlin,
Heidelberg, New York, page 95 ff., (1980). The olefin compound(s) is(are) reacted in the
presence of the catalyst with a mixture of CO and H, (synthesis gas) to form the aldehydes

having one more carbon atom.

The reaction temperatures are preferably from 40°C to 180°C, more preferably from 75°C to
140°C. In the hydroformylation, the synthesis gas pressures are from 0.1 to 30 MPa, preferably
from 1 to 6.4 MPa. The molar ratio of hydrogen to carbon monoxide (H,/CO) in the synthesis
gas is preferably from 10/1 to 1/10 and more preferably from 1/1 to 2/1.
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The present invention is illustrated by way of exanple
wth the aid of the figures Fig. 1, Fig.2 and Fig. 3,
wi t hout the invention being restricted to these
WO WiBbdients. Fig. | schemati-éatly shows one enbo&ﬂﬁﬁﬁPMMM6“8l
of the process of the invention. In this
The eoatpduedt reerthe lighed rie actfeanbly horasagﬁnaowsew@ﬁ@vsi iedi Bydipformylation
esch ok e RS S B T B R AL ) e procucs
(alddtydéLdicdhdI8 Aigy bdiRrd femedithe pRgtedd) oh atibi@onBI il amecan additionally
separation step. The retentate stream 3 obt ai ned at
be prsent srehianasleo b srsleeﬁed cfmrataewngdh@ ﬁ@mream@ieeﬁls (plgéins) or products
ai ned, at

(aldq%';{{i%? a ehétf%ag 01% e%o {ngﬁsﬂgﬁ psg Vg{xﬁ Sarb or%amc com&;cﬁlndg%hwh do not
1nter§cére 'i'ﬂ %é Fab@hylatlon eldion dnl@rdplcrRaile eé/é@ t8 Qe A3 6424 ain, e.g. by
- / EP2006/ 066181 streamis separated into
dlstlhgtmmfr@mhwtmi Buchpobitutstcanhd, fangxanmedytwdarbpes jugh as toluene.
whi ch | eave the thernmal separation apparatus as
stream 5 and a stream 6 whi ch contains high boilers
The 3R¢inCRARKEX BAHR! MatoRRE!aiof E8E bt lodAMd Hr WhikERes of olefins having
has/ have not been separated off in the nmenbrane
froms2 parQét ¢agboraptdmissandet tarminadtasdntemnal kG dadtlobor]. Byeferred starting

one enhodi nent of t s of, .t he
matefil ot B R o CRIBRT HORTOPE B o D Rg o IeaEy gptene, and
also H \MSW%W?D drflofhf@enckisohddr Afghtds D pﬁ'tlglﬁglacﬁ&ht@& éid%ﬁ@ut%ne
the perneate stream4’is freed, usually by
depressurlzatlon of gaseous constituents 8, e.qg.

co5aam 68 and Biogen, Meh Sanbe’ p3e880,0 o

havil¥ §860king y‘?pegt%s e {’@ &‘t 69 tﬂe‘ sSHwicty B@fﬂe 1fzafls & the com)]slex catalyst,
per neat e amlst as uSual into the therm

to besgpamati tha hy&pﬁmmytawsn rFacgon HistuosasSuah Fompdrends which can be used as

mbodi f th h
sabi§fy T gerd PRI SECONBT PAIBEL G T i dee R for cxample, in

WO §%(55t/ '6% ?ﬁm%ule@F’t@r1§eﬁfﬂ1¥§ére@9éc%da arhBe@hEdds8MbdNES example,
t ydrofonnylation reactor R
mj)mdeO®bﬁmy#@mlon product m xture 3" is separated in
the vessel 4' to give a gas phase 6' and a liquid
phase 5. The liquid phase, in which a. certain anount
The H{/dr ﬁﬂoﬂr‘% )B'edc%rﬂe% GiS ke B8 oA bAHRELL, oﬁxzﬁ’ﬁpl&!‘ 8f industrial
80 nOXI e vapor pressure in ﬁe gas phase ,
embd(ﬁmeﬁm\am/ Etdrd:domtd’lgrbwbbtehccﬂﬁmearjfetlrtﬂozme REEOS, Cdbe&reactors and loop
, Which al so generates the transnenbrane

unp
reactir ks 6 WA FErSEARBYARPIVMES TRe et B ropetion can be

t I tion 20 vessel 11 in which a gas
Camp ﬁ%éﬁ% FSIP‘E%%% ‘g@ id off if desired. A part 14 of the

retentate i s reC|rcuIated to the nenbrane unit ML to

adj ust the flow velocity and/or the feed concentration
The R)”ﬁsqnh enveamcen ysﬂustrahe@ Wt fey opedmpds withdhe aiderithe Hgures Flg 1, Fig.2

and P(1 g Wl 1§)Et hETNE gl 'clons’bern“(;‘:c;;Jl @strlc’?’e’d to fthecsjee gmggcgm%];{ser

Fig. 1 schematically shows one embodiment of the process of the invention. In this
embodiment, the reactants 1 and a recycle stream 6 are fed into the reactor R in which the
hydroformylation takes place. The hydroformylation reaction mixture 2 is fed directly to the
membrane M of the membrane separation step. The retentate stream 3 obtained at the
membrane is recirculated to the reaction. The permeate stream 4 obtained at the membrane M

is fed into a thermal separation apparatus D, e.g. a thin film evaporator. In this, the permeate
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di scharge of a partial anmount 15 and suppl enentation
wth fresh catalyst 17, fed as stream 18 into the
hydr of ormyl ati on reactor. Wen the plant is operated
WO y¥7hyp42¢ second menbrane unit-3125 stream 18 PCT/EP2006/066181
addi tionally contains stream 27. The perneate 8' in
streqrhiés salarased ingn hydrsfemyBtiommroduct agtesiy @@reaqs@i glefay a/{ﬂé?é leave the

nd a ui d has r

theripdl S5 BRARGch Aol hSuBIRSG i LR R botiers ana
comPleXCatulysPWhdIO! 8¢ 1i841de NI dlhasyaive Mof Bén@paBiel fo@f Yin @e membrane

partly introduced into the reactor Rvia a |line which
separationgind shiewinguletpdl teethf regaiod Rohase 21. The liquid phase

21 is fed to a thin filmevaporator D. It is separated

there into a distillate 22, which 30 contains
Fig. Wé’h%%tc%@ SERYth &g ﬁ@ﬁ@ﬁﬂo&ss%@hé R cHes]. resk rBshigkst:, corresponds

a bottom product 23 containing high boilers and

essep@@lsw tol that alnca’hys"t Fegnd. it sddivnse rdeamlpg othgetls in Vﬁlech the permeate

streaini]1 43? grre%msvaétyj/pbé/n %F%?}%z\%ﬁg}bk}f lgggq%gffz % gl {sr%,1 € 8ar¥)on monoxide

and AR whidhl @Rbe pidstd U whikeuHePs S Sikdul A& 10QRe HAattor Erpresent The
stream 19 instead of stream?2l is fed to the thin fil

remaamag diqaidoparDy/ ofthegamm@Be sigcape pathan &l zst ustbleintrethd rﬂaﬁﬁ@al separation
N% nto a perneate stream 24, which is WO 2007/ 036424

apparal8y _ pCT/ EP2006/ 066181 virtual ly free of rhodi um
and is discharged, and a rhodi um containing perneate
streamwhich is, if desired after discharge of a

Fig. ﬁaﬁhomal a &mthenempedinient of)duczgdcqsmcxﬁ thhgveaticy. yidie starting material 1°

(olefr c% St " e%hn@),égg&%e@wé rc]rgs( cgﬁaﬁh)yap esrolu\é]mg%hggtarg fed into the

hydrgfo%%pﬁﬁgﬁ geactomt irge ﬁ%}deronﬁyﬁﬁBﬁ Bﬁidué‘ﬁﬁiﬂ&ra t3hey ®PAraedhin the vessel
be recirculated to the reactor via a. line which is

4’ torgive B gahphase 6Thied ofifigid pheser Eadbe @quldmaamln whichangertain amount of
o OBE AEFERRLEL 1, LSOt B AT COMMLERSL A BB i e
phast 8Gk QBn&%y@ﬁ 'td}%ﬁlef] QlithSAeW) 14 By Gheafk §ihé)}5’§m§1 @ﬁf&ﬁr@gol §enerates the

process flow di agram correspording to exa
transprembew prc:tsmm i@ theanenelrend omit Ml r E}aﬂ:te@ﬂnta?e anaoea 1nt0 the collection

tion For, the fir € e
vessdhl it which 2 G Bt BBt ST &L‘ES fpe Retentate i
remr@[ﬁgteli 'tcgﬁﬁqnedﬂ%aﬁé RGefn 8 dhRt HRaRW K/elgm@}n%d'/@ratﬁ& @d concentration

e reaction product 2a is transferred to
of theasuodlydtt Tht iotdrer Martl of thheretvatuod |(¢altzﬂmt|recycle ‘sﬂn@npelsnefad@lred after

3a which caonsists_predom nantly  of ction pro t.is
ischg e OB TRE] PRI RBRANGPP PTHI Gt Wit et 4875 o s sream 18

into fhﬁ Iwﬁ)f%%t dnt fedeb© \{’ﬂ;l:lxg :brl o0t g}:)é??tea l&%ng at sl%géﬁﬁf m@Rfbrane unit,

m xe esh
streafiil X§ u&cﬁtl&@llly&oﬁadlsm&nl It T Heheermese t8olin Bie ddledtien vessel 9 can, if
experinmental plant used in exanples 1 and 2 is

desirgrh fye SeRAAtEH ity g gasspham &0 ange diduishithase - Stré%mﬂ%%@e separated
in a %e&aress&llzfatﬁn :} syn es:calsll&xzr Q&E%%E@Namy;ﬁ V\%{é [ z;éziélnl?eoe%thrgly or partly
introd @88 1@b the WatwehRi Ha @quiepamﬁdh W fidt sBowh) drfded liqhitl phles 21. The liquid

outlet of the reactor, a
phase 21 is fed to a thin film evaporator D. It is separated there into a distillate 22, which
contains unreacted starting material and the desired products, and a bottom product 23
containing high boilers and possibly catalyst and its downstream products. The further work-up
of the distillate 22 is carried out in a distillation plant which is not shown. In the case of a plant

without the depressurization unit En, stream 19 instead of stream 21 is fed to the thin film

evaporator D. Stream 23 is separated at the membrane M2 into a permeate stream 24, which is
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sanpl e PI ZM can be taken for analysis of the reaction

m xt ure obtained. The reaction mxture is 20 fed by

nmeans of a high-pressure punp HP to a circuit which
WO p@30%42% the nanofiltration-R2-The recircul ati onPQuURE006/066181
~ RP ensures the necessary flow over the nenbrane. On .
virtwafig frrerofehediuei and, is dissharped ppdreheliim-qoakedting pernfaatsnstream which

. .the.nanpfiltratio A lin acility.for .takij

i LR TR s O BB 830 el T el et soam

16. hith@cdselor bRBtsReifHIRRE 8eddnd htnafgtet R, Mb NBe Bigh GBAEIB is discharged.
line is provided with a connection via which synthesis

Optigaglly, @pariz) amanntiberfeeficanrbegecisiugdtrhiogbel rstop R tike line which 1s not

ernpeat.e side, enabli t he essure. on the perneate .
sho Gl e s s i 2t TaPSERurd 71 e P Rk pression, be
recifcBlhRALATR I AR Bﬁpﬁang ihk badtor @1hBER& shéwR. sanpl i ng

devi ce by neans’ of ich a sanple of the retentate PR

can be taken for analytical purposes. Before the inlet
. int the nanofiltratign ninlet via ich
Fig. ¢4 pIoWdt SHE" i P ool Qe Furespl e & gumglad - The process
comPi&8SHE&cbn 3RTe£AR Read®qi HeUfi R8N MU XBEr Wet Arst reaction, the feed
retentate to the reactor Ris provided in the 30

mixigfer buivthichThentéios lobafinn ghashicamebmpoind arst Hgand, ishelaced in the reactor R
and llaag%/tgate %nrsilv)gt{oﬁ?glﬂéqh{ﬁf% {sg%?&lsr{éﬁgcli gozg% (I’%I% %@1@%&&{}8 Isn the nanofiltration,
the 2R44t03H ﬁf%gch'coﬁéi'st_s %@Hoﬁﬁg&g%@ 6618dn plavasmi Bbtdined at the membrane.

according to the invention drofornyl ation reactions .
The oftentate-4a- Gutiend imitenagyfitthagen, swljals cotafngrthe catalyst and the ligand, is

. isotridecanal e .carrjed_.out in an experigental
mixqd St T GIEGE Ot LR PR GS § 1oriagk dup g SRSt Band
systemwas 5 subsequently separated off by nmeans of

nanofiltration for reuse in the next hydrofornnylation
The exmecinicotn] plme usadoinpaxewpks 1sindPsiswepstasanriied. b experimental plant

com bastgg g\ggaséf rgglaﬁ# %31%138.Ig%iqnglitﬁgrhegﬁg%gl\é\?mgerieﬁ %jgnrgagyinﬁlesis gas CO/H,

can BY Hofofmaykakd0RSyRiRE i¢ @ﬁlﬁ@pé@a@i}ﬁﬁial ] AR theSH@RS MMBRE reactor, a
carried out alternately in a process sequence. 10 For

samtlhBRM camt bertelaot foo analydieofthardactien mitterei cikaifdda Yhieoarthen mixture is
t he foll.owng conposition: 996.g aof. tri-n-buten .

fed By CeR00Ch SHNBRETT P BT (o8 S5 iy G s BuBF R pion N. The

Ty R S e oRen b Ry s s

the pasndatgRndtak&n eft froakbs narOfidétnitioal AGanpling Faciwasoptakioed sample of
in the_reactor with exclusion of oxygen.

the peigagals BR 1¥ BresentAb dhsdiathatssoeeying de %Fr@&?ﬂfﬁgéf ad¢jgign. the discharge
line i% ggge{f!?egn\gﬁgi?% gé@%écﬁnor)f( tvﬂarviﬂl\%lg § 212(%{8?59{(%0%%%092%3 48 or discharged
on titegassatt tide léndbdingaie pressure on the permeate side to be adjusted. In the
discharge line for the retentate from the nanofiltration there is a sampling device by means of
which a sample of the retentate PR can be taken for analytical purposes. Before the inlet into
the nanofiltration, an inlet via which tri-n-butene can be added with the aid of argon gas

pressure Ar and can be recirculated mixed with retentate to the reactor R is provided in the

circuit.

The following examples illustrate the invention without restricting its scope which is defined

by the claims and the description.
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transferred together with the dissol ved catal yst

systemto the nanofrltration plant (N). This was 20 a

unit which is fed by means of a high-pressure pu nd
Wo%ﬂf?wp%fé “Up the required transhenbrane pressure |g}quﬁFé)2006/O66181

system Fromthere, the nediumto be filtered goes via

a recirculation punp into the nenbrane nodul e

. Er %{(% aving an area of 80 cnm. This
EX&%%E&J\%%B% oVl ht\?\vlm?h a Starnmem 240 nenbrane from
Hydfafameylddan sactiasest tmdmlmheﬁeheatﬁe@mﬂmm ogdsetof fdrmersethdecanal were

flowed at 1.3 nis nder a éqpan rane ressure . of
carrigg Ut 35 Ao HBIeR i) & %rﬁeas s in figi 5. ghhe lalyRpiisased %{Stem was
subs%%tﬂe%xh?% V%r&?r% Iontct% ne oV t Ilg)ﬁ%tga%ﬁxé af%ref]%llseg[erpﬁl%l'ﬂeﬁhﬁ%i:rofomlylat1on
reac@idn. Al lier &S MEREbEsaREepP wess heicdf oud atvhmviseain proessione Fof. 4 shows a

42 bar was established on the retentate side. gugji{eng .
scheprgiic papqesoflp it HagRBh Aﬁ@ﬁh@%f@f(@%ﬁomﬂl@wn&&ﬁ tgfeg ganofiltration

stepfﬁ@x%%g}rﬁﬁ%'ilt)a}{lte:?z{;]aetélﬁe%n% Ilpp&e&rs%ﬁﬁ%tce 30 was taken from

e system ane. e catalyst and the

Al kanox li gand were very largely retained by the
menbrane in this feed-batch gr ocess and accunul ated in
For thp diryt seasHomtles starpag @iatogal ef) pymgthefadowipgcpppasttion:
r t nofiltration
gl z?% %Ofgﬁ -%—kﬁx?&%éé){})@%i{%g%% llelgl(lf (E%bgﬁvol umetric

£OnrRCENhE af RAMNasf B6&@Mm Afnadfe hodiunt ﬂﬁoﬁ@@@ﬁ{ﬂnﬁmm
obt ai ned WO 2007/ 036424 -34- PCT/ EP2006/ 066181

nhi28R neoeit Alkaveak 2HE(tuHE dtdigertbugyiphdndp nmsmtfr)@mgﬁm%@reat Lakes
|nd]h %gt%m was mxed with fresh starting materi al
(T Peve) and this mixture (5) was returned to

was 1E@edf1ﬁ@1€éﬂe%oz\/\@§§@kelus1&{ besxyg@dction for another 4
ours at 150C under a synt heS|s gas (COH2, nmass ratio

= 1:1) pressure of 260 bar, the reacti on product

Aﬁer;%ﬁ%t??égfpég bg@flg%}; zg(gge\gnd%? a%?n ggse az&& Eln?]aéf‘ ra‘ﬂot hl I%gressure of

260 BHrS8Q! YRGALRINSE miXEEEM i BRREETE ebot0 antih@gassed to 17 bar and
nanofiltration plant (N). A total of four batch

transfegmdtiogetisr anith thidiseolned oitalbfﬁtr&astﬁmno ctlw:maes)ﬁ\lrmtl@n plant (N). This was

arr 0 this wa re 5 shows t
au Txﬁ‘@lrl%né%? ftgii ]%yetm!i?ﬁls § éa r5111 u}érggu{,’qq guﬂlpwélgg e%*dﬁ atR 0the required
transf?%m%?ﬁl@spr@gsuféeﬁxs WL R apdna -y ting %e&iéltnatoogé FIRRA goes via a

gas- ‘10 chromat ographi ¢ anal ysis, HPLC anal ysi s,
rec1r<aﬂalmncpla]b1$ artptthe mapeane mmiuiw“ldnnhodﬁt froad Osmogishmng an area of

50 o GEieiRoTHE Uo6 LR b YA Al TUBS Bt U Ehgison ovr
Wthﬁ Vﬁ‘l@&"lhﬁntoq;e ﬁl'ﬁérecp ﬂggﬁe@ gl @r}g/ tulﬂgeryd E.I:H% ntﬁl% %ressure of 25 bar.

ectivity to isotridecanal nano trati

To stebqam fhed:atalyst‘ Bg@ﬁcdonqﬂemarsryeaahﬁs fghSJQCCa’/IEﬂ matsemtio enl :0f pressure of
rhodi um and | i %and Table | shows the results of the
17 bag wyse rnaiaiamed iop tas BpRgrcaterside 50 s a aftrangaenbfane gressure of 25 bar, a

press&%%mb%arlwas established on the retentate side.

During the nanofiltration, permeate (3a), which consisted predominantly of reaction product,
was taken from the system by the membrane. The catalyst and the Alkanox ligand were very
largely retained by the membrane in this feed-batch process and accumulated in the retentate
space. After all of the reaction product had been transferred to the nanofiltration plant and had

been concentrated by a volumetric concentration factor of about 5, the concentrate obtained
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Process step Stream Mass used, Total sanple nmass [(g]
Proportion by mass of Conversion (C) main corrponents w

- Select|V|ty(S) Rh [ng] Retention (R) ligan
WO% ﬂ03 , st art St arting nat’drial Mass used: 996P%T/5P2006/066181
| e mass ? (wi t hout synthesis gas) 1.
<4a>t PG R @r: qm skrliggnd @P@Plﬁﬁ rerpal 2i 18 3he .st%%n‘é{ﬁs mixed with

fres%ﬁg%glﬁsﬁ%{egge(ﬁ?ggk te&&)o%do dﬁif_)& W&?ge&l%a(ti f {E!i_ g@ag:tlon vessel.

Afterassctiol GO9S akdtiger Satiqal-e at b S C ﬂnﬂeﬁa@ynthésifs gmmom‘z, Messlatio = 1:1)
(to NF_ 1) 0.12 tri-n-butene of which Rh: rﬁr@%o 0.78
prespus ¢ ehlballcCeaTig: PIgS BIUYTG é?dtWSdé%i%ﬁo ¢repgassed to 2

syntgéé%o %52%8%}1%6%?51&9 gﬁ@ Zgg_%g %89 élgsgglgd'dzé ta ygt gstam'\iﬁansferred to

the danBéltratiah @laUtNUA lotdPef If(ﬁﬁtbatcl’(&s&noﬂﬁ&ld&h@e r@.nd.ﬁltraﬁon cycles were
tri-n-butene 0.74 isotridecanal 0,09 isotridecanol

carrigd 9ot Bt this v ayubghgrc e ws (hsaprgmentaRiet-3P0 ny of |i gand
NF | Retentate | Retentate mass: 155.5 g R Rh: 0.94
7.65 ng of Rh* R, ligand: 0.96 282 ng of |igand

The process chain was evaluated by means of measurement and analytical data obtained by gas-

chromatographic analysis, HPLC analysis, atomic absorption spectroscopy and optical emission
spectrometry with inductively coupled high-frequency plasma. The reactions were examined in
respect of the conversion of tri-n-butene and the yield of and selectivity to isotridecanal. The
nanofiltration was examined in respect of permeate flux and retention of rhodium and ligand.

Table 1 shows the results of the experiments in example 1.

Table 1: Results of example 1

Process step Stream Mass used, Total sample mass [g]
Proportion by mass of Conversion (C)
main components w -], Selectivity (S)
Rh [mg] Retention (R)
ligand [mg]
HF I, start Starting material Mass used: 996.0 g Sample mass: 49.8 g,
(without synthesis gas) {1.00 tri-n-butene of which Rh: 0.4 mg

0.00 isotridecanal
0.00 isotridecanol

0.00 other substances

8.72 mg of Rh
297 mg of ligand
HF I, end Liquid HF output I Total mass: 1095.0 g Sample mass: 17.3 g,
(=start of NFI) |(to NFI) 0.12 tri-n-butene of which Rh: 0.14 mg
0.78 isotridecanal C, TnB: 0.85
0.09 isotridecanol S, ITDA: 0.90

0.00 other substances




HF 11 Starting mat

erial Il Total mass: 925.5 g Sanpl e

mass: 46.8 g, 0.84 tri-n-butene of which Rh: 0.39 ny

0.13 isotri decanal

0.02 isotri decanol 0. 00 ot her

WO 0H8 4% ces 7. 65 my of Rh* Zgé'ﬁg of |igand HF ||PCT/EP2006/O6618]

0.12 ng 0.77 isot
i sotridecanol S, |

Liguid HFE-output—11 Total mass—992. 7 g Sanple—ass:

TR O~ T

16.6 g, (to NE 11) 0.10 tPi2f®eitdke of which Rh:

ridecanaggg%ggg%g% 85 0. 05

TDA: 0.9 er substances

11 Perneate nasSs:
2007/ 036424 - 36 -
Il Retentate nmss:

mat eri al Il Total
0.90 tri-n-butene

subst ances

i sotridecanal 0.05 isotril@déansrbuteneol ot her
substances 0.66 ng of Rh g é? f Higand WO
38 1R

of whi ch 0. ng 0.09
i sotridecanal 0.01 isotric%?gﬁ§05¥ﬁ00 ot her

NFI7. 26 ng ofpdRatate 3dthuhp of |Pemaact Mss1d39Pef meatje out put

19.3 g| 0.21 tri-n-butene Q.73

PCT/ EPZ NF IT Retentate
156. 8 goBy ifAidLarDdl 6. 49 ng of Rh*

R, ligand] 0.98 268 ng off ligand HF 111 Startfing

mass: 9840 pthyr sdhsishecsmass: |51. 2 g,

3.0 mg of ligand

NF1 Retentate I

Retentate mass: 155.5 g R, Rh: 0.94
7.65 mg of Rh* R, ligand: 0.96
282 mg of ligand

HF 11 Starting material 11 Total mass: 925.5 g Sample mass: 46.8 g,

0.84 tri-n-butene of which Rh: 0.39 mg
0.13 isotridecanal
0.02 isotridecanol
0.00 other substances
7.65 mg of Rh*

282 mg of ligand

(to NF I)

HF I Liquid HF output II Total mass: 992.7 g Sample mass: 16.6 g,

0.10 tri-n-butene of which Rh: 0.12 mg
0.77 isotridecanal C, TnB: 0.85

0.05 isotridecanol S, ITDA: 0.96

0.00 other substances
7.26 mg of Rh*

271 mg of ligand

NF II Permeate output I1 Permeate mass: 819.3 g

0.21 tri-n-butene
0.73 isotridecanal
0.05 isotridecanol
0.01 other substances

0.66 mg of Rh

3.27 mg of ligand




6.49 ing of Rh* 268 ng of ligand HF 11l Liquid HF
output I'll Total mass: 979.4 g Sanple mass: 17.3 g,
(to NF Il1l) 0.27 tri-n-butene of which Rh: 0.11 nP
WO 00703443t r i decanal C, TnB: 0.367 0.02 i sotri decanof C&gEP2006/066181
| TDA: Q.97 0.00 other substances 6.18 ng of Rh* 258
NFHy of |igaheleMeelll | Per meaRetestitopuesst 1 96-Par neaReRRadE!
751.3 g 0.27 tri-n-butene 69 | Lidecanal |0;: :
i sotridecanol 0.01 other g%’!%sn?%ﬂ@gé 0.50 ngy gfhg@d' 0.98
1.5 mg of |ligand NF Il Rebenhatslighhd Ret ent atle mass:
210.8 g R Rh.' Q Q1. 5 57 ng of Rh* R_|ligand:l 0,99
HF B56 ny of |$tagjagdnadrial Ul St afpiahgasaddéii@l | vV Tobanple mass: 51.2 g,
mass: 932,3 g Sanpl e nass: A 0.87 tri-n-pute ,
of which Rh: 0.30 mg O. TPl stthet o o o1 [oPYhERRn: 031 mg
i sotridecanol 0.00 other |5ubsiaREREnalS- 57 ng |of Rh*
WO 2007/ 036424 - 37 - PCT/|[EP2006/ 066181 256 ng of
li gand HF|IV Liquid HF out|p@t isoftidesead! mass: 969.3 ¢
C, TnB: 0/62 (end pr oduct608. %9 trg - but ene |S, | TDA:
0.98 0.68 isotridecanal |- Otersubstances
6.49 mg of Rh*
268 mg of ligand
HF III Liquid HF output Il  |Total mass: 979.4 g Sample mass: 17.3 g,
(to NF III) 0.27 tri-n-butene of which Rh: 0.11 mg
0.70 isotridecanal C, TnB: 0.67
0.02 isotridecanol S, ITDA: 0.97
0.00 other substances
6.18 mg of Rh*
258 mg of ligand
NF III Permeate output 11 Permeate mass: 751.3 g
0.27 tri-n-butene
0.69 isotridecanal
0.03 isotridecanol
0.01 other substances
0.50 mg of Rh
1.5 mg of ligand
NF III Retentate III Retentate mass: 210.8 g R, Rh: 0.91
5.57 mg of Rh* R, Ligand: 0.99
256 mg of ligand
HF IV Starting material [V Total mass: 9323 g Sample mass: 49.7 g,

0.87 tri-n-butene
0.12 isotridecanal
0.01 isotridecanol

0.00 other substances

of which Rh: 0.30 mg

5.57 mg of Rh*
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0.02 isotridecanol 0.00 other substances 5.14 ng of

Rh (5.27 ng of Rh*, calculated) 247 ng of li.-and
Not es: The val ues denot ed by * are calculated fromthe
WO Ai3834t ance. TnB is tri-n-bufene, ITDA is PCT/EP2006/066181

isotridecanal HE is hydrofonnylation and NE Is

nanofil tration. The nanoflﬁﬁﬁaﬁﬂﬁﬁﬁﬁnéplays at

spectHit ReEr11E: X i e—tat from4—t B
HFF%g/nzh],fg‘ @ﬁﬁgﬁHW3ﬁ§?reE8ﬁiﬁﬁﬁsPﬁgﬁé%pect O?ngB.O62
rhodi um of h§ RAGeH L 0 80% jalkotihe bagidini ng of | 1TDA: 0.98
concentratlon and from 95 to 98%at the end df’
concentration. The reactloﬁ§8u$nn@KBMﬁ recircyl at ed
catal yst |after the respecé e f||trat|on progesses
di spl ayed|an activity corr Qé ¥ the rhddium
concentration. 10 The nassoggbaﬁggmgmg&eghe t at al
process chain showed that |[19.2% of the originally used
rhodi um mass of 8.72 ng me6é4mmg@@Rhmm fronlthe system

via the pernmeate. |In additji al . of .13% of
rhodi um was | ost via sanplli %é;rnﬂﬁf%he ﬂﬂ%? tihe
process chain, 60.5% of th§q7 ?nglg%prlglnally used,
corresponding to 5.27 nu, present in the

Notdsedtit onales clendicd dhyt  aret bEécum:sd; flomh almc enasd halacteudhB is tri-n-butene,
fact, 5. 14 were found., Accordingly, about 1.5% of
ITD{’*H%1SPH@&F%%%1SJ§/€WW%@€&W&ﬁ 185@9@??%- cat al yst
due to clustering of the system The exanple shows
that under the conditions selected the catalyst can be
The mencaﬂltreﬁioﬂ rlisplaya'; Ve spéc@ﬁﬂphynaa&aﬂsxasfina:hmamgéi frdm &t foof [kg/m*h], a
0 Exanple 2 ( ive exanple) A further
Mem ST ira N Wa@szaf‘a of rgadlamo bR HdP r%8 b 1A rgpdng of concentration

and BRI Fci 439, R1nd Qx’?d Bf Ecﬁﬁzer%tfa%%ﬁt Tf?@réa@ﬁ&rﬁ'Iﬁlr%xt‘ﬁgpé&pculated catalyst

the tollowng start was initial char ged:
afterll(ﬂé&e@)egtmé fitedtion- Ibroteesm diSpl@ednen attiRty éwﬂmdmndmg to the rhodium
nonanate) WO 2007/036424 - 38 - PCIT/PP2 0 06/0661 81
concogialigy of Al kanox 240 (tris(2,4-di-tert-butyl phenyl)
phosphite) After renewed reaction for 4 hours at 150C
under a synthesis gas (CO H2, mass ratio = 1:1)
The piaes Satadcofov@bbhdantal prioeesk ahgini Si’fbvmdoﬂllat:twm’/é(totﬁrtbe waiginally used

cool ed to 60C, degassed to renove
thodR RS oR Tl PEgERBH DG fFare the Seemea ﬂ&ﬁeéfp‘fﬁé? In addition, a total

of 26¥81 SmhoﬂlM%raQGlB&f%!i tsgr%lln%q /ﬂl ABtend T the process chain, 60.5% of the

rhodium originally used, corresponding to 5.27 mg, has to be present in the reactor according to
the mass balance. In actual fact, 5.14 mg were found. Accordingly, about 1.5% of the rhodium

used had been lost as active catalyst due to clustering of the system.

The example shows that under the conditions selected the catalyst can be retained in active

form by means of a nanofiltration.

Example 2 (comparative example)
A further experiment was carried out by a method analogous to example 1. For the first
reaction in this example, the following starting material was initially charged:

o 1023.6 g of tri-n-butene

e 8.75 mg of Rh (rhodium nonanate)
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a synthesis gas
17 bar was

stabilize the catal yst-ligand conpl ex,
(COH2, mass ratio = 1:1) pressure of

mai nt ai ned on the perneate side, so that, at a
WO 200gA¥br ane pressure of 253ar, a pressure of PE/EP2006/066181
bar was established on the retent ate side. The

peridangotdliador 2H0 Gfis(Qvi-diHettbutyiphsnye ahpwesaur e. 10
After all of the reaction product had been transferred
to the nanofiltration plant and been concentrated by

Afted iRk aBEchi6n TONE BBk Ak 1180°(F asd@ra Ghttesistdhe (CO/H,, mass ratio = 1:1)
concentrate obtai ned was returned together with fresh

pressuraof izﬁ(@bmﬁ@rrp@qtlo(ltmq)dq@t mtgﬁewasn)ooﬂqﬁ o Hd° ¢ edpepsses to remove CO

and E%ﬁéfe rr%‘d N ﬁﬁé;‘ﬁ% ev\ﬁ’g ?1@56? ey A { grslygt{:ho%'(l) qaa)ugiéﬂrgtlon plant. To

stabiHzE IR Eﬁal%t 1@113@18@% at MtHe@@@a‘s QUOPHAAHSESs i EUr:e) pressure of
was cool ed to 60C, conpl etely degassed and once again

17 ber was meintaited ogdtchermante videheo at at yéltan@y@n@ﬁne Pr essure of 25 bar, a

pres?tg% 3? 2§$§r4tw25 rﬁ:gtwgl %%thgﬁthg Zgglgti!i lsasi éj%rmea"te could run off without
appl[}ﬁrﬂﬁ)éslsul%r ation cycles were carried out in this way.
Thé process chain was eval uated by neans of

measur enent and anal yti cal data obtai ned by gas- 20

Aftegg@ nt‘ghﬁegx{qaa %éggr?)gg%g%?sg Hptlgag}s naI ytz)lnﬁlg I}aatng{n tration plant and been

cono%ﬁ’t%%&[ Qyﬁt\onuﬁﬂ\éthB chRcbaehii Mt of O E' e dnedfateoPISNEY was returned
plasma.” The reactions were examned in respect of the

togetb@nvethsfr@ﬂh ghrtingi matetalt Grie-butene F i Bedeaftioanipssel. After renewed

esc L b o Jsp SRRl e e o (TP AT B P Bppossre o
260 Bzﬁoﬂﬂe%ﬁcﬁeﬁi p}dcﬁ@ﬂ%xtur-g@bzls%ogleam@%"@ rt@nfp@&élkﬁége@ﬁedtdmﬂ once again
experiments. 25 Table 2: Results of exanpl e 2 Process

transtrengl Bgetbemvivhsbe weialyst Toteh disspiyeé thusis Pdghe nanofiltration plant. A

totalF{f?eglggieg&a&éir?a?ﬁi?)g Imd%g Vnr%r& tra%gp&x%le% e%ﬁ;%?rl ong ﬂr%t%is%ay.
[my] HF I, start Starting material Mass used: 1023.6 ¢
Sanpl e mass: 65.6 g, (w thout synthesis gas) 1.00

The processchait evee coflusthi bj nRans ¢ MeasmpmAOK @I@bmal)@l@ﬂlmta- @gained by gas-
PC. T/ EP2006/ 06

chroxlfng@tgi:aip 1S ARRAIPLS: 61{11']?& ane?lyglg altdcigltcr Ibsdc?r;%? 10n specfroscopy and optical emission
spectrometry with inductively coupled high-frequency plasma. The reactions were examined in
respect of the conversion of tri-n-butene and the yield of and selectivity to isotridecanal. The

nanofiltration was examined in respect of permeate flux and retention of rhodium and ligand.

Table 2 shows the results of the experiments.

Table 2: Results of example 2

Process step

Stream

Mass used,

Proportion by mass of
main components w [-],
Rh [mg]

ligand [mg]

Total sample mass [g]
Conversion (C)
Selectivity (S)
Retention (R)

HF 1, start

Starting material

(without synthesis gas)

Mass used: 1023.6 g
1.00 tri-n-butene

Sample mass: 65.6 g,
of which Rh: 0.40 mg




0. 00 ot her substances

8.75 nmg of Rh 291 ny of

HF I, end Liquid HF output |I Total mass: 1124.
le mass: 19. 2 g, (= start of NFI) (to NF I)

‘VO?WﬁPﬁM%htene of which Rh: 0.2

C—TnB—0.83- 006 jsotridecanol S| TBbA- 093

l'i gand
8 g

4 ng 0.79 |sotr|dec}§ﬁé‘?}’2006/%6181

ﬂﬂ(\

0.77 isotridecanal

0.05 isotridecanol

other substances 8.35 ng qf-ORR®ITIderanaky of 1idand NF |
Fereale QULPL | Per ety Bt BT, 0,01 1T, g
0. 00 ot hef substances 0. 16.00wtief sl®tadcé ng of| |igand
NF | Retentate | Retentate nmass: 152.0 g R, Rn: 0.98
8.05 ny of Rh* R, ligand: B79:g AN ng of |igand HF |
S peierial |1 Totelbmig RS § S s
HFE L e ri dec(m@hldmwautpﬁm ri des@nghss: 91003 gt her Sample mass: 19.2 g,
subst ances 8. 05 ngy Rh* 276 of |igand HF
(= staitpfiNF HF|(6UNBdx 11 Tot al |Prds&i- rrrlgbpwez g Sanpl @f w?axgth 0.14 mg
15,00 (1o N 1) 018 Wy Lengiol W N0
0.06 isotridecanol S, ITDA: 0.93
0.00 other substances
8.35 mg of Rh*
279 mg of ligand
NF I Permeate output I Permeate mass: 953.6 g
0.16 tri-n-butene
0.74 isotridecanal
0.09 isotridecanol
0.00 other substances
0.16 mg of Rh
3.0 mg of ligand
NF1I Retentate 1 Retentate mass: 152.0 g R, Rh: 0.98
8.05 mg of Rh* R, ligand: 0.99
276 mg of ligand
HF II Starting material 11 Total mass: 1035.8 g Sample mass: 63.0 g,
0.86 tri-n-butene of which Rh: 0.44 mg
0.13 isotridecanal
0.01 isotridecanol
0.00 other substances
8.05 mg of Rh*
276 mg of ligand
HF II Liquid HF output II Total mass: 1110.2 g Sample mass: 18.0 g,
(to NF II) 0.18 tri-n-butene of which Rh: 0.10 mg

C, TnB: 0.76
S, ITDA: 0.94




0.05 isotridecanol S, |ITDA: 0.94 WO 2007/036424 -40-
PCT/ EP2 006/06 61 8 1 0.00 other substances 7.61 ng
of Rh* 260 ng of ligand NF 11 Perneate output I
WO B f¥4te mass: 875.6 g 0.20%ri-n-butene 0.74  PCI/EP2006/066181

—+sotri-decanal—0-05isotridecanol 0. 01 -ether
substances 0. 19 ng of Rn0H0pthepgubstanrésgand NE I |
Retentate|11l Retentate nass: EGRIQ* R, Rh: 0.99 7.32
mg of Rh*|R Iigand: 0.98 §féi&£orrg of ligand |HF 111

Starting material |11 Totabcoagsfligddb. 2 g Sanpl e
mass.—60. 5 g, 0.87 tri-n-butene of which Rh: (0. 42 aas!

NFB. 11 i sot rfegaesipantrot B1 i sBemegedassl 87560 ®0 ot|her
substances 7.32 ng of Rh*o%ég{.n%i of ligand HF 111
Liquid HFfoutput 111 Total|™ - .1 g Sampl e nass:
19.6 g, to NF TIT) 0.22 vy isoriddiene of whijch Rh:
0.09 ng 0.74 isotridecangl C, TnB: 0.72 0.04
i sotridecanol S, |TDA: 0.98.05@sc00desevér subst gnces 6.9
ng of Rh*} 244 ng of [|igan F.lll Permeate oytput |11
Perneat e frass: 853.4 g H.Oll\lothersubs’%nces

0.19 mg of Rh
5.10 mg of ligand
NF I Retentate II Retentate mass: 216.6 g R, Rh: 0.99
7.32 mg of Rh* R, ligand: 0.98
254.9 mg of ligand
HF 111 Starting material IIT Total mass: 1045.2 g Sample mass: 60.5 g,
0.87 tri-n-butene of which Rh: 0.42 mg

0.11 isotridecanal
0.01 isotridecanol

0.00 other substances

7.32 mg of Rh*
254.9 mg of ligand
HEF I Liquid HF output Il |Total mass: 1106.1 g Sample mass: 19.6 g,
(to NF III) 0.22 tri-n-butene of which Rh: 0.09 mg
0.74 isotridecanal C, TnB: 0.72
0.04 isotridecanol S, ITDA: 0.96

0.00 other substances
6.9 mg of Rh*
244 mg of ligand

NF III Permeate output I1I Permeate mass: 853.4 g
0.23 tri-n-butene

0.73 isotridecanal

0.04 isotridecanol

0.01 other substances

0.32 mg of Rh
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0.23 tri-n-butene 0.73 isotridecanal 0.04
i sotridecanol 0.01 other substances 0.32 ng of Rh WD
2007/ 036424 -41 - PCl1'/ EP2006/ 066 181 4.5 ng of
WO PGOFEHA2NF 111 Retentate |11 "Rétentate nass: 233. 1P(/§R2006/066181
Rh: 0.95 6 53 Y- of Rh* | Ilnand 0. 98 239§ g of

Iigand HE| TV Starting mat ef’fPaIlgPVlHaélflal mass: |1049. 9 g

NF ]gfl;gl Eg”u}%?ﬁ&?tgglllrl deganaﬁeﬁnﬁﬁe masc?t r d %a\rgwd: iS(’”IEJI.WC‘)OO%

ot her substances 6.53 ng |gk3RofRB9. 5 ng of |RiGamel: 0.98
HF IV Liquid HF output IV |Total mass: 1104.1 g C, TnB:
0.60 (end product) 0.32 t2$9ﬁnmférg@ncs | TDA] 0.97

66—1sot canat S decan 0—00—otrhet
HF ¥ hst ance Sta‘ﬁnéglaﬁ%jabWRh r%ta %‘a?fgllg%g 4 cal %atﬂlpa{ii 84ys: 043¢,
247 mg of | ligand Notes: ThegyaluesdRnot ed by |5f vAlii€h Rh: 0.28 mg
calcul ated fromthe mass bal ance. TnB is tri-n-butene,
| TDA is isotridecanal, HF|0$]pthidstamhyl ation|and NF
is nanofil|tration. The narﬁ%kltra i on displayed, at
specific permeate fluxes i ROUNIEEER f rom 4 fo 6
[kg/ n2h], |a. 5 nenbrane reyheBtH-PLHRBL I N respect of
the ligand All canox and in respect of rhodi umiof from
80 to 95k at the begi nni ngSdmgpdideéntrati on and > 99%

at the end of concentraticgﬁ)gggcg%%%m

HF IV Liquid HF output IV~ |Total mass: 1104.1 g C, TnB: 0.60
(end product) 0.32 tri-n-butene S, ITDA: 0.97
0.66 isotridecanal

0.02 isotridecanol

0.00 other substances

4.29 mg of Rh

(6.25 mg of Rh*, calculated)
247 mg of ligand

Notes: The values denoted by * are calculated from the mass balance. TnB is tri-n-butene,

ITDA is isotridecanal, HF is hydroformylation and NF is nanofiltration.

The nanofiltration displayed, at specific permeate fluxes in the range from 4 to 6 [kg/m’h], a
membrane retention both in respect of the ligand Alkanox and in respect of rhodium of from 80
to 95% at the beginning of concentration and > 99% at the end of concentration. The mass
balance over the total process chain showed that 7.1% of the originally used rhodium mass of

8.3 mg were withdrawn from the system via the permeate. In addition, a total of 21.5% of

rhodium was lost via sampling.

At the end of the process chain, 71.4% of the rhodium originally used, corresponding to
6.25 mg, has to be present in the reactor according to the mass balance. In actual fact, 4.29 mg
were found. Accordingly, about 22.4% of the rhodium used had been lost as active catalyst due

to clustering. The reaction IV accordingly no longer displayed an activity corresponding to the
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bal ance over the total process chain showed that 7.1%
of the originally used rhodiumnmass of 8.3 ng were
wi t hdrawn fromthe systemvia the perneate. hi
WO dH@03G4&h, a total of 21.5% of42-rhodi um was | ost VP@/EP2006/066181
sanpling. 10 At the end of the process chain, 71.4% of
amoppe OF Heswliimn Vet ¢y i Bepiptical brgstilc Bies@s po it Agiey Hgweorr, the reduced

8, S BB S LG B5L CBECLLRE § WP cnd o v

expdaeaftdi ngly, about 22.4% of the rhodi um used had been
| ost as active catalyst due to clustering. The
reaction IV accordingly no | onger displayed an

confkb LY SRS IN e ghs P FRRTACRRRH A o e momorane
stagé NRAE @3 Lieatktiyg 6F thel RIPHERMNoniplext Bns ¥alsedby Heviesess the ligand CO.
the reduced activity can be explained by the Rh

Thise dgibn takies dke sradivan ioptalshsuriadioatepatits efidHemetdiethis advantage is

e SR P SRR 2Pl SBLSIPUER P 8R4 e s vy

clustdeideiane stage leads to clustering of the Rh-1igand
conpl ex being caused by the lack of the Iigand CO
This, firstly, makes the rhodium catal yst easier to
separate off. However, this advantage is ineffective
since active catalyst is in actual fact w thdrawn from
the systemas irreversibly clustered Rh. 10 WO
2007/ 036424 - 43 - PCT/ EP2006/ 066181 Cdains: 1. A
process for separating a dissolved conplex catalyst of
a metal of group 4, 5, 6, 7, 8 9 or 10 of the
Periodi c Table of the El enents which has an
or ganophosphorus ligand froma 5 nonaqueous
hydr of onnyl ati on reaction m xture which contains a
hydr of or myl ati on product and an organi c sol vent, the
process having at | east one nenbrane separation step
in which at |east one nenbrane which is nore
perneabl e to the hydrofornylation product than to the
or ganophosphorus ligand is used, characterized in that
the hydrofornylation reaction mxture is supplied to
a nmenbrane in the nenbrane separation step, the
menbrane 10 separation step being carried out at a
carbon nonoxi de partial vapor pressure of at | east
200 kPa in the flowto the nenbrane, in the flow from
the nenbrane and in the perneate 2. A process as
claimed in claim1, characterized in that two or nore
menbr ane separation
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WO ROHPTEY in at | east one of clainms | to 3,

steps are used. 15 3. A process as clained in claiml

or 2, characterized in that two or nore nenbranes are

used in a nenbrane separation step. 4. A process as
PCT/EP2006/066181

characterized in that the 20 hydrofonnylation

Claimsaction mixture is supplied to the nenbrane at a

1.

~

pressure which corresponds to from90 to 100% of the
pressure in the hydroformnylation reactor. 5. A process
APprédedd fRdepatatiiy d @aslvedrdn@lexCdatdl v of atngetd,of group 4, 5, 6, 7, 8, 9 or
characterized in that the hydrofonnylation reaction

I «f theePripdicyBtls @ff tho Elamentrebichries 2p gepopieghyus ligand from a
which 2 r n t r 0 %, of. .t -

BadlopE R STRES RN TrbPop AR b 2Pt b g Bfroformytation produc

g &l @b sélNerd] the @asdesOne iy atQbat bBe thet®rade separation step in which
characterized in that the hydrofonnylation reaction

atiloastugne Membappvhisd 18 BofhrermEMe hde aydreigsmykéign groduct than to the
which, corresponds.to firo - % e re :
SRR FRRRSF R it Pt PRSP BB EBRMRon reacion

dlﬁ@lretibesu@Eﬁ&DFﬂo MDA EgeP A thaamenadpOie péragsiohestés tht membrane
| east 200 kPa. 7. A process as clained in at |east one
separatier Aisp lbeing Ruriechatatitaerdrbem monox g attife vapor pressure of at least
of.0 atjon_reaction. m x e | |
DR, R DR R T MW TE AP REbG by g permeate
pressure in the hydrofornylation reactor, with the
}groviso that the carbon WD 2007/ 036424 -44- .
CYERRTOGLDBE 11 deim |nghweeicgigci i thahtwe Qp&Horp mssryjing separation
#é %%”%% st 200 kPa. 8. A process as clained in at
€38t '01e of clains 1 to 7, characterized in that the
separation in the nenbrane separation step is carried
out at a tenperature of from30 to 150C. 5 9. A
Aopissesss shippdimaan hon?. dhesterigedinghatdivgjgrgnore fgmggranes are used
icha&gq%g&héeqfhgl&gat the separation in the nmenbrane
%%5%?5 on g%%p i $%arried out at a transmenbrane
pressure of at least 1 MPa. 10. A process as cl ained
in claim9, characterized in that the separation js_ .
Acarpeasel asutlatpeda in 149 tepstnene ridr elanprleds U echyraciarigpd | that the

et ey e ST S R T A R bR BB e
52t HOheof fF HRHARD NG R eaNESuWHA et 16ARFbinSRati ASreactor.
separation-active layer, a polynmer |ayer conposed of

pol ydi met hyl si | oxane (PDMVMS), polyimde (PT),

pol yam di mde (PAl), 15 acrylaonitrile/glycidyl . .
lhéllﬁcﬁéiﬂ Yak afléme@ANG\ﬂ&) féai}op rﬂ(%d%la](nﬁA)ﬁ gC} 3p o(gééatche&zed in that the
h8EReS K BL®ACreaction mixture is supplied to the membrane at a pressure which

corresponds to from 60 to 90% of the pressure in the hydroformylation reactor.

A process as claimed in at least one of claims 1 to 3, characterized in that the
hydroformylation reaction mixture is supplied to the membrane at a pressure which
corresponds to from 40 to 60% of the pressure in the hydroformylation reactor, with the

proviso that the carbon monoxide partial vapor pressure is at least 200 kPa.

A process as claimed in at least one of claims 1 to 3, characterized in that the
hydroformylation reaction mixture is supplied to the membrane at a pressure which is less

than 40% of the pressure in the hydroformylation reactor, with the proviso that the carbon
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(PEEK), or the separation-active layer is nmade up of
pol yners having intrinsic mcroporosity (PIM or in
whi ch the separation-active |ayer is built up over

a
WO BRIAPHPHobI ci zed cerani c menbrane. 20 12. A proces8ClasP2006/066181

10.

11.

12.

13.

14.

clained in at least one of clains 1 to 11,

EMACEICE PRTAEYANOA PESREY® 2 HdiiBt EPanhi ch in the sol vent
systemis pernmeable to nol ecul es having a nol ar mass

of up to 1000 g/nol is used. 13. A process as clained
Aprédesd odhineden af leadtaing®f tlatros 120 7cdtaracteed zethai the separation in
that the nenbranes 25 are used in the form of .

the MsMAE TS EUR G HeR/iSkaTEgen! aifaispersdie asHrer isdal ¢
systens in which the nenbranes are thermally welded to

form menbr ane pockets or open- channel ed (w de-spacer)
APkdRek M0EhRY 1h At WaitWie b elamBODr@BEchadiceriaed @sihuethy separation in
bonded to form nenbrane pockets and are rolled up

the genthemefepdati@etiesis gewied oaf PumniersmsBbFRRgpaessure of at least 1 MPa.
col l ection tube. 30 14. A process as clained in at

| east one of clainms 1 to 13, characterized in that the
NeFbéanas ckeRad &l tlin S, @Palastefadd irethadte dphngon is throad out at a
velocity over the nmenbrane of fromO0.1 to 15 m sec.
DSREUPrays Gagure of §om IpOTI0EBHP2006/06 6 1 8 1 15. A

process as clained in at |east one of clains | to 14,
characterized in that the volune flow ratio of the

BprRam dsethiined iha 184st stie SRIMIARNE0AD, tieachdrizetl inbabthanembrane is
separation step (inflow fromthe reactor including

skeied dmappang srabraee vhich comprisn ge seperasigmapiaverlaverg polymer layer

cgoogfog'e'd 5ofél' gbliléi’npert}?ﬁgl%ps(%&s @bg}[%d?(ﬂg’{ﬂ?%le&ﬁgf gg{}/?rél?(ﬁmide (PAD),

s 1 cnaracterize

A8l oHTRI1E/alycRlyDethaerybitd AMORGOSAN @olsamidgend éropolyether ether ketone
hﬁdrofornylation product is greater than or equal to . = |
(REBK)12r Reprerseaipnaastive alaperd 15 nmage |wastf gakymsFs having infrinsic

clainms 1t , characterized in that 1 . - ,
5 BeSRestn, Fat ot BLATHER it Rigve g, s boit w over @
@Hﬁ?ﬁ&ﬁ@iz@&b&@ﬁx%&h@ﬁh@mng al dehydes having from5

o 17 carbon atonms as hydrofornylation product is

used. 18. A process as clained in at |east one of

claims | to 17,. characterized. in,th . :

A gBBT U  GHRE PONCTT LY b AT PR fa hat o membrane
vRhas itk s@FeliedBlePALY berRRASIBNL BoRSulesl Daving a molar mass of up to
or ganophosphorus ligand is used. 19. A process as

10D@gmeal 1§ nsedt | east one of clains 1 to 18,
characterized in that a

A process as claimed in at least one of claims 1 to 12, characterized in that the membranes
are used in the form of membrane modules having open-channeled cushion module
systems in which the membranes are thermally welded to form membrane pockets or open-
channeled (wide-spacer) rolled modules in which the membranes are adhesively bonded to
form membrane pockets and are rolled up together with feed spacers around a permeate

collection tube.

A process as claimed in at least one of claims 1 to 13, characterized in that the membrane
separation step is carried out using a flow velocity over the membrane of from 0.1 to

15 m/sec.
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hydr of ornmyl ati on reaction m xture in which an
or ganophosphorus ligand is present as free ligand is
used. 20 20. A process as clainmed in claim19,
WO g19aP¥dt%eri zed in that the nol4r ratio of al dehydePCI/EP2006/066181

product to free ligand in the feed streamto the
15. pinresesnesndizizned is eplarsirnonf driap | © Ifpelaradieiized da that the volume flow
ne of cl

BB 2R S R TR B S o El BBk s v
gahahyehctbpmchiaath e @$atdictintated 20 F&rr%&%ﬁ‘é&n% 10-10 000:1.
clained in at | east one of clains to 21, '

characterized in that a thermal separation step for

eparating of f. t he hydrof ornfyl ati on. product .i s carri
16. %dﬁo%sst s gglmqgexﬁbaﬁ A?fyég g%ep%’ﬁr,g%( ; nl g)t ]eg_cg%ractﬁgged'&nac{lat tgg molecular
RIIQGE $Fi0AsT the BIgABShHoBp ok @ 1Badd to BtREREh Flatidefrodicttibgteater than or
the bottom product fromthe thernal separation step
agilcth Iconpri ses high boilers and catal yst conplex, is
fed to a further nenbrane separation step in which
part of the high boilers is separated off fromthe

17. ROpA088s PEOGUGIeASinPEf NBAL &N thiemeat aby $6, cRAMMteNzed in that a
remaining in the retentate is at | east WO 2007/ 036424

hydexfoRGT#tEP2Re6I@6e1adre Wach hys sredldeltide atleeted dromhemong aldehydes
reactor. .24._A process a | ai med.in at. | east one of
o B £ 60 B8 GRS o B ulS o it B S
retention of conplex catalyst in the process
conprising at |east one first nenbrane 5 separation
18. AStmpeesatad ebgmednia vhdeashlonsephrckimon! spep’.ankpragi¢rized in that a

hgfﬁlgogcr)lggylﬁfﬁllerlegﬁgh Iggcg)alr%l{v Slcethaesne}n acy S}?Jg%ﬁi?e greﬁ)e%r%gclsy rf)hosphite as

organophosphorus ligand is used.

19. A process as claimed in at least one of claims 1 to 18, characterized in that a
hydroformylation reaction mixture in which an organophosphorus ligand is present as free

ligand is used.

20. A process as claimed in claim 19, characterized in that the molar ratio of aldehyde product

to free ligand in the feed stream to the first membrane separation step is more than 10:1.

21. A process as claimed in at least one of claims 1 to 20, characterized in that the metal

complex catalyst has rhodium as metal.

22. A process as claimed in at least one of claims 1 to 21, characterized in that a thermal
separation step for separating off the hydroformylation product is carried out after a

membrane separation step.

23. A process as claimed in claim 22, characterized in that the bottom product from the thermal
separation step, which comprises high boilers and catalyst complex, is fed to a further
membrane separation step in which part of the high boilers is separated off from the

bottom product as permeate and the catalyst complex remaining in the retentate is at least



WO 2007/036424 -46 - PCT/EP2006/066181

partly recirculated to the reactor.

24. A process as claimed in at least one of claims 21 and 22, characterized in that the total
retention of complex catalyst in the process comprising at least one first membrane
separation step, at least one thermal separation step and, if desired, at least one subsequent

membrane separation step is more than 98%.



