METHOD FOR SEPARATI ON AND PARTI AL RETURN OF RHODI UM AND CATALYTI CALLY
EFFECTI VE COVPLEX COVPOUNDS THEREOF FROM PROCESS STREAMS 5 The present
invention relates to the separation or concentration of transition netals
or catal ytiggl29109ebhygs conpl exes thereof from pr ocgéflﬁzrog_gygsgygdreans of
a conbination of a nenbrane separation step and an adsorption step. 10
Particularly in rhodiumcatal yzed hydrofornyl ati on, the recovery of the
val uabl e rhodi um from the product streans and di scharge streams is an

i nport ant pMETEOD ?PBpSW‘?Pg‘HTIIQB’deéﬁTF%Tm nRERPIVY| A&Dadded.
15 Many docCUmerASyEr CALION GeFFEcr Wit Neomeck X neaessmahy - THECEGH QBR@Ees ar e
based on extraction (EP0147824, g%%%%%G%Fz ion exchange (DE 195 43 15,
US 5, 208, 194, WD 02/ 096848, WO & morptl on (US 3,539, 634) 20 or
filtration (FR 1588014). The formin which the rhodiumis present

i nfl uenges Ig nthea rhen The tenperature and the
concent %tl%%éoﬁé)%%ﬂgsﬁsn%eé% it Egﬂ%% % ICO |\/lr1§%5 Ef%q't atHi ytic
Car bonyl at | oPnReRCYR2 RS ¢ 1Exﬂm31trpﬂ}gmﬁuﬁﬁﬂeﬂdﬁ(:dauaﬁyﬁﬂqallLB,
(2006)). DE;95i38 O8m ﬁgéﬁégb%e%%fmﬁ% | b0 oL L8bangl ¥od Ldadl um by
depressurization and heating of the pro uc stream and also the

adsor ption Y Ae&PEgRaGlO LHep HHEIEEENRUIRPTR BT ReEP e?8l @tegr ees
of precipitadserpoensn| &aghng capacities are not nentioned. Heating can

| ead t(1 undesi rabl e al dol condensation of the product. 35 In GB 801 734
and FR'? 588 014, precipitation of the rhodiumas netal is achieved by
heating w trematenladhe fhodhodipmecephligted aydrsdbseguentloy,r aymyed from
t he

recovery of the wvaluable rhodium £from the product
streams and discharge streams is an important process
step which leads to an improvement in the value added.
15
Many documents are concerned with rhodium recovery. The
processes are based on extraction (EP0147824,
W001056932), ion exchange (DE 195 43 15, US 5,208,194,
WO 02/096848, WO 02/020451), adsorption (US 3,539,634)
20 or filtration (FR 1588014).

The form in which the rhodium is present influences its
adsorbability on the adsorbent. The temperature and the
concentration of synthesis gas influence this (M.

25 Beller, “Catalytic Carbonylation Reactions” in: Topics
in Organometallic Chemistry, 18, (2006)).

DE 95 36 05 describes the precipitation of dissolved
rhodium by depressurization and heating of the product
30 stream and also the adsorption by means of silica gel
or activated carbon. Achievable degrees of
precipitation and loading capacities are not mentioned.
Heating can lead to undesirable aldol condensation of
the product.
35
In GB 801 734 and FR 1 588 014, precipitation of the
rhodium as metal is achieved by heating with water. The
rhodium precipitates are subsequently removed from the



¥

-2 - product by neans of decanters,filtration or. centrifuges. The .
i ntroduction of water |eads not only to the necessity for a further
t heLmal product work-up step but also to the catalyst no | onger being able

to 5 be recigcyhps psb7a@gt he reaction since even traggs, zﬂr(%;o 52884

destroy the active catalyst species. If the adsorption o fumis
carried out under a hydrogen atnospheré& +he adsorbed rhodi umcan, 10
according to DE 22 62 852, be converted into sol ubl e rhodi um carbonyl
conpl exes. REOSHSEHr bePys, meatison P§ nmdecBypt@ay.of Exahphelen acervat ed

carbon, siliGstg8lrug@lsum i oxideauktesal Bhryandr magaesi WROX6Hey I n the
exanpl es, the influénce of the hydrogen_at nosphere 15 during the

adsor ption it® rfdte ReERSTHaY e80T A LU, LG e REPHHF NWPREBRanpl es

is in an agueews st elxyhiceh anneitde apphbedonber &edmy eabld to

| i gandnodi f i ed h%/dr of O# nt}ll tion reacti onz.. 20 DE 23 11 38§tﬁdescri b%s t he
sel ective a@SorpisorCBrarRdditom 6T t THRGSPRMNES TRl §EFE T B6%e8tand

car bonat es ek tilre celnemimsztts of U Rariowpsadalast Isdedfest.he Periodi ¢ Tabl e
and also silicates and al kaline earth netals. The process is very
conplicated since the 25 catalyst has to be rinsed fromthe absorbent by
means of spédi atheolPyerr®tamd sobsaeshiuny has aeghed epat attedldy op t hi s

sol vent. Thﬁ%xﬁg@htioa%o%?%ieqan dagngeabhsreabal yshodhimaddibihon, the
| oadi ng]nqcapam ties of the adsorbent are ver which all 30_leads to an

| ow, ch
uneconoh? caPCFPEERES. tB PE3g32 249 %%%cri%gc?ﬂ‘\éve&ﬁliaéﬂt&n 3P 1rRb&i um by

means of a ebacentr ad@tb@fEeousmpleresa S8 UubiebrvehiisSubsemtiert is
adsorption on_.calciumsulfate. The Cg{ocess 35 s ve}g cong%i-cat ed.and the
I’l1 nS

degrees of S8H&r & Yard VBT Rw &t 3¢ ohF1SF o©F595 H72i 8L not hi ng

i s sai d aboaflutmheulmoadiinte capbes¢yodir t hrdadegniesitum oxidle. The tbe of
tivated f t d i { |

for prepar | A5 Iored ., Hel AN beteenTPE SEha) hgtpafh hbhoqReREOCESS

t enper akur e SUSELNYY Gife OB AP R0 A § el sdemergtiated. In addition,

the reaction in the examples is in an agueous system
which cannot be applied, for example, to ligand-

modified hydroformylatioh reactions.

20 DE 23 11 388 describes the selective adsorption of
rhodium-tert-phosphine catalysts on oxides and
carbonates of the elements of main groups II and III of
the Periodic Table and also silicates and alkaline
earth metals. The process is very complicated since the

25 catalyst has to be rinsed from the absorbent by means
of special solvents and subsequently has to be
separated from this solvent. These additional steps can
damage the catalyst. In addition, the loading
capacities of the adsorbent are wvery low, which all

30 leads to an uneconomical process.

US 4,388,279 describes the extraction of rhodium by
means of a concentrated aqueous ammonia sclution with
subsequent adsorption on calcium sulfate. The process

35 is very complicated and the degrees of separation are
very low at from 71 to 75%. In addition, nothing is
said about the loading capacity of the adsorbent.



5 US 3,978, 148. The degrees of separation achieved here are rather
unsatisfactory. In the best exanple, the rhodiumconcentration in the
di scharged solution is still 27 ppm In addition, in the case of the

activated cggpbgp, ﬁg?(: g43ed, immediate breakt hr ough el 9_526{5);35%»?30 Wi t,h

an extrenely rapi rease in the rhodi umconcentration in the uat e
takes place, which can in turn be attridbuted to a very | ow | oadi ng
capacity of the activated carbon. There is no possibility of direct
recycling t @hehe wsact Pbn. BN G 726F0bdes cEobes @%r oedserpboive

recovering %@r‘é’@ﬁo&lO'Bﬂ"}{cq{&il%Wﬁﬁﬁrﬁ o PFOUUE Srodhg é’fﬁ?ﬁé hSa-

characterized in that the hydrofornylation products are eated af
t enper at ur efeFEdEHS 50 ﬁJ%PIQOOCth f8e20 presence HPWABISRE adsBEbent .

The | oadi ng t@awatt)ar@fs the &alnyvategecarbon et i $snati JEBdanednas a
critical t or c} ﬁﬁg ecgnom.cs of the_process, .The pr.ocess |hk€WI se has
va a&e Bat “&i-r

the di sa%i e SEPrEGPat on 6P RELPRo AU MR T h2RES been
separ at ed 251::@ffrabhéhe umttis)facrisomt possthee.bdst 1 668032, dekeri bes a

process for rhta)e&l%glso BﬁcgﬂtQ tggplal essr'hf a%%%a%fgé%ﬁ 1tul of gobalt

on acti vat e carbon rs very OW at ocurrent S
descri be t hetriddovar prof. rﬂmdaiﬁnwrpremptl‘a@tqtme ocnftbheuacnwateéul fur

(DE 32 23 5QL, 1 22akl k23, mﬁé&ﬂ@%@éa&ﬁ&l&@r@helqéeghaa@uﬁostly

and difficult to inplenment in practice. The 35 precipitated rhodium al so
has to b@ wHiEEd B i Bt ETRPLY caf BB1HanASCTEEF6r e it CHltF beTPAEELBRuUced as

gcti \ée ciat filcmbenr&&aé:tlb@ rmct;hteneh;atf&a ta;.ﬁk@ ldpiafdéan?ﬁg%rpfc@ pmcess
ased sol e on an ads ion_step, in partjcular for e recover
Phoat ol P b 3 SRR bRt (' Wl VISK 2babShe, G abe bed
metal. A COI’ﬂ:]leel cattddraard cestbon 5 Thetd Iw ohe aboswi ki Upty sofiedéssary for
renewed use %%a)@iq%l%f Qrmyl %t '1:%%1&3} ?1 yst. In addition, there is an

e-

i ncreased ti capita Sadvant age of a menbr ane separation
based sbbely 10 on nanofiltration is the fact that the separation can.in

principl e ngio B COMIL! Gas b 5bE Sa dg&%@e Rt 398 | SeLOMBE 8180 A ayas Of

nul ti stage processes, the capital an rating costs increase greatly
with the nufBem of hé’@éﬁ@é@%&attﬁé’fﬂef oP§°§H€t§ﬁDun?‘h8f r RBAFEFTr et &°ned. 15

The techni C@ha%lc%@tscl@fedt Re idnent s lllj,‘idi@f@h@yléi@l@n PHOEESELEOBre
concent rat| 48, tanel {1 ongeial: based homacpeony calelypia g wieh the
20 actiityprésenpgrocdssa ofolhéd ad\ssemblemu diThel dysadhidy gtapegi ee of
retention f%'het h%c%?:%lt%%t VR aqgsé&iea_{é Y not mentioned as a
critical factor for the econcmics of the process. The
process likewise has the disadvantage that direct
recirculation of the rhodium which has been separated

25 off to the reactlon is not possible.

EP 1 669 337 describes a process for the adsorption of
cobalt. The degree of deposition of cobalt on activated
carbon is very low at less than 9%.
30
Further documents describe the recovery of rhodium by
precipitation on tellurium or sulfur (DE 32 23 501,
DE 29 11 1923}. These processegs are complicated and
costly and difficult to implement in practice. The
35 precipitated rhodium also has to be worked up in a
complicated manner before it can be introduced as

active catalyst into the reaction.



' avoi ds deconposition thereof. This technical object is achieved by a
process for 25 separating off and partly recirculating transition netals
and/or catalytically active conpl exes thereof froma reaction m xture by a

conbi nat i onygf 284 Afg7lag@sSt si ngl e-stage nenbrane sepapapkpHihoydg2880
adsorption, wherein a catal yst-containing stream containing a 30

transition netal is separated by neans of- at | east one single-stage

menbrane separation step, in particular a nanofiltration,_ into a retentate
stream enri A SeANABEEE6n REt aP, WRPERSFs PREGRNe8Ct8lYheRea?ti on
m xture, anddaopgtieat essépeaniflepbetetbiTnt r g tiche 3betBi/akyandst he

pernmeate stream.depleted.in transitian net i.s fed to an adsorptjon step.
P roribr SO0 ar 6 SR S b A DO AR | T T AT DI WS Bh Y

adsor pti on stfep tiis: acvidsvidgedusmeTag. nanof idamcdtiicatddeepsnd nepetlpart of
the rhodium_in_t I C g_qg_ | sehar r@&rns i CERS:

Adsor pt ?%nn})nr?@z%ag%l égggs&? entlgéi ggpél%t%lecéaa Ilyfgﬁi %ggﬁ‘%&ﬁor _recgseri ng

t he remai ni hydreddiromletoont heapatwest e Eor i Iem t h&heagof LBt r @i on.

Transi tion nglalsccdn cRRULLECW AL hediium in the 10 perneate streamfroma
nanofiltration can: (i) be bound to ligands, (ii) be partly bound to
| i gands, or (iii) be present in free formin the organic phase. 15 As a

rﬁsul t of t h?eprdl%‘iiﬁza_ﬂﬂa@;d)f%mat Srefibir-aam fsfad%mr&t_ﬁaﬂprtbd%é@t E6Dely
characterized in that it is free solids. y . di ssol ved transition
rora T pSrt B T HRHARR  Shd SRS (RATT CEITAE & SAPar R T aPoPe

t heref ore phiesetiriciglee petnbat eectglesm . 20f Ashd spetisgridwkitdes ia t he
art will kn r:at| a rptd e I i es.Aat
- relatively \élvl\lln%g%gra}yﬁrlgé? %?_sﬁ%*gg%%g%%nﬁgéeggggﬁf gs%%s?a %E%Foi ted
in the processd ebera¢ingyewisten imcnasas ayeat25 with ntlee meanber ofep

bet wveen nanghiblttatinan ARt -3dsQ RO RmIMGE Jdrh ¢ IS AP tIRR 1¥fed M ansi tion
nmetals, in particular rhodium occurs after the thernmal treatnent. 30 In a

parti cu]r%r_ enbodi ment of the process for separating off and partly
recircul ati nget rangidicl object of the invention is to provide a

process for cdncentrating transition metal-based
homogeneous catalysts, in which the catalyst system can

be concentrated or separated off with retention of its

20 activity. The process of the invention displays a high
' degree of retention for the catalyst system and ideally

* avoids decomposition thereof.

This technical object is achiéved. by a process for
25 separating off and partly recirculating transition
metals and/or catalytically active complexes thereof
"from a reaction mixture by a combination of an at least
single~stage membrane separation and an adsorption,
wherein a catalyst-containing stream containing a
30 transition metal is geparated by means of at least one
single-stage membrane separation step, in particular a
nanofiltration, inte a retentate stream enriched in
transition metal, which is returned to the reaction
mixture, and a permeate stream depleted in transition
35 metal and the permeate stream depleted in transitiom

metal is fed to an adsorption step.

The combination according to the ' invention of a



metals or catalytically active conplexes thereof, the netal conponent is
retained to an extent of at |east 60% by mass in the retentate streamfrom
a reaction 35 mixture conprising high boilers and a catal yst system by

means of a %ggéf&@ﬁgiggr ation step which contains gp@lgéz@g%s?ﬁlggr anes

and is nmade U nore stages. The perneate ream

menbrane - 6 - separation step is worked up in the subsequent adsorption
step where at |east 60% by nass of the nmetal conponent fed in is retained
by the adsomkebt-anEorséherpuiposestad tthe meassti of, ihghf bbitatsoare

materials 5uhipch have ?85%&?8%@ Nt scBbohet st halal hopsqobul e PEALErY
hydr of or nyl ati'on products (ardehydes and/ or al cohals having one nore
carbon at onnehafitheasien kagpedp aWd draranh gherthe| BrodHER ek afl@ear e

formed duri pgokhechydsafolnyl 8thfRge Thage - ddied udaral dehkzatphpHcdfs product s
and acetalization products, ethers and al sg esters forned é on of

by reacti
al cohol s> an@dE6FBE 1 ORi t PR he BSPEEHE s ARTCERFRES beiFy FBF %Jyariy
di sproporti gnati®neofrad dedysess it ghhboirkens npnes emodimnmpreesstker eans

from hydrof ornyl ati on _general |y have_ 15 hoiling.poi nts above 55C at 0.1
MPa. The seB&%ﬁF‘%ﬁ EhERe ?&r?%} 5%3 TEpSFALiTER a8 is carried out with a
separation limt of from200 to 2000 g/nol in the tenperature range from

40 1o 150C 20804182 LANHPIDr e BRESSULELLANGRISOM 0. 540 {nd Wa.

The perneat € 'stream nenbrane separation step is fed to an

adsor pt1®n sezpeane shecadsdmen ¢nlpsodddirédiom cafa tenperature of from .
30 to 140C arg spacgeVelReid ik@s 1afgahiaq@m-0. 01 to 5 1/h. 25 The adsorbent is
preferably used as a fixed_bed. As adsqrbent, it is possible to use, in
particul ar, (&4d?i vat 8§ PRFhIY, DRUgH: $& fd€8TSSea %ol ysilicic acids such as
silica gel s (fsili cap¢eepegela), i felae diotinddeéh the organic phase.

15 As a result of the process, the permeate stream from a
nanofiltration is characterized in that it is £free of
solids. Only dissolved transition metal, in particular
rhodium, and no particulate trangition metal is

_ therefore present in the permeate stream.

20
As a person skilled in the art will know, the ratio of
adsorption to desorption improves at relatively low
temperatures. This effect can be advantageously
exploited in the process of the invention by heating in

25 an intermediate step between nanofiltration and
adsorption since the adsorption of transition metals,
in particular rhodium, occurs after the thermal

treatment.

30 In a particular embodiment of the process for
separating off and partly recirculating transition
metals or catalytically active complexes thereof, the
metal component is retained to an extent of at least
60% by mass in the retentate stream from a reaction

35 mixture comprising high boilers and a catalyst system
by means of a membrane separation step which contains
one or more membranes and is made up of one or more

stages. The permeate stream from this membrane



30 silica, high-surface-area aluni num oxi des and al um num oxi de hydrates
and al so used or. fresh (hydrogenation) catalysts. Particularly
advant ageous adsorbents have been found to 35 be chem cally nodified

silica mat% dOSl Bﬁ‘ﬂfs di scl osed in WO 2006013060 ﬂ?/%@go?%gg@nts can
er t SI

be obtai ned un e product nane nercaptoal kyl - nodi Ica, type Rh
H3, batch no. 09-326-001 from - 7 - -PlosphonicS Ltd, 114 MIton Park,
Abi ngdon, OXON, 0X14 4SA, United Kingdom The nmenbrane separation step can
be carri ed sepausthgna Steenbrime, wonbedr mir e Fenbthges sorbagiurptone, two

or more m@&é&f‘péﬁ?&%@%éﬂ”wﬁ%ﬁ@( ok 1%%5%“%0@ %ﬁ%%s%f diheddeitdon, it

is possible, inparticular, for two nore nmenbrane separation steps to
be carried SUFPOTHRAL mERr dfe JsEep%?tafﬁIb?fi sPépEheapdperbsrti-edButtis direct

10 successigirpdbes abrangesenhvieAt$6h, eicaN BeiTarE i adeOutatdrieitder the
retentate stre ﬁﬂf}the per.neat e stream géefergtgl%gthg erneat e .stream
g

fromthe fiVete bOdJarst i BRIEFEp BHEFRTE f estPRahitDd a
further nenbramergephydtbiprsyépriAny peodinate 15 aSefdnaldson atdfse

fol |l owi ng th fh(r)fé ?{ %[le p?nr %’[I ?azsﬁ&? g_%%%rd& to gheole[%/erptl on
canllkevmse e'carrie er simflar conditions otﬁ1
menbr ane orusae@) urad t yheofe némgfmsn@é@rbemaséa& nead membe arfeogeqshr at i on

step. Pref e&@f‘fﬁ‘g' §h8' ﬁ?ﬁrb‘%o%%y‘i%‘t@%nt Va5 JSTORR: INRIEDT ARSI il Jh 85 S br ane
separ ati on step. case of I'tistage menbrane separation step, it

can be %vﬂ@@@%ﬁ% taél%sécﬁ‘ﬁﬁﬁﬁéﬁé%oﬁavﬁ’ﬁ%d%t%q f PEHETE s8Par A4%h linits
and/ or pei n@@békstlfaimea e pregbtase EPABRIIIMLStERg. akAadshe x@rmess of

t he inventi on, ible to_use mer rane whi ch,

cheni cal anEI}F%r BOa Gr“@% i%l prp@rti e¥Ct tHi e fo]érlm?g‘?‘il ni rret al
conpl ex catalystspandionatien m@aaibdlahyrlbsr USHnlg}gahd;.lpref eaadgnt 0 an
"extent of at | east % S t y of
the menbrane™ |gr?ﬁe?g %‘IQ¥€ réﬁr@ gi%%owmgﬁ%%l ﬂ(ﬂe/\eéIe? %L%%’a(%én%%unds

15 Dboiling points above 55°C at 0.1 MPa.

The separation in the membrane separation step 1is
carried out with a separation limit of £from 200 to
2000 g/mol in the temperature range from 40 to 150°C
20 and in a transmembrane pressure range from 0.5 to
7.0 MPa. The permeate stream from the membrane
.separation step is fed to an adsorption step and the
adsorption is carried out at a temperature of from 30
to 140°C and space velocities of from 0.01 to 5 1/h.
25 The adsorbent is preferably used as a fixed bed.

As adsorbent, i1t is possible to use, in particular,
activated carbon, high-surface-area polysilicic acids
such as silica gels (silica =xerogels), finely divided
30 silica, high-surface—area aluminum oxides and aluminum
oxide hydrates and also used or fresh (hydrogenation)

catalysts.

Particularly advantageous adsorbents have been found to

35 be chemically modified silica materials as are
disclosed in WO 2006013060 Al. Such adsorbents can be
obtained under the product name mercaptoalkyl-modified

- gilica, tvpe Rh H3, batch no. 09-526-001 from



35 present in the hydrofornylation reaction mixture, in particular to the
sol vents. WD 2010/ 097428PCT/ EP2010/ 052390 - 8 - separation-active |ayer
of a material selected fromanong cellul ose acetate, cellulose triacetate,

.cellulose nﬁﬁr%{om@gggger ated cellul ose, polyim degerpEd A, 488390
pol yet her ether ketones, aromatic 5 pol yam des, pol yam dei m des,

pol ybenzi mi dazol es, pol ybenzi m dazol enés,- pol yacrylonitrile, polyaryl
et her sulf ones, polyesters, polycarbonates, polytetrafluoroethyl ene,

pol yvi nyl i dBhesphasice Ltgol yipropyi bhen Boriidi ASLgden o) aied ( BB |

pol yether ephgr kgtepe #9nGEERK) . acrylonitrile-glycidyl nethacrylate
(PANGW) , sil ane-hydrophobized ceram ¢ nenbranes as are described in DE

103 08 111, polynmers having intrinsic mcroporosity (PIN) and others as

are descri bede hembexaspkepar@tEBnl sted oh  ddairrietvanassiky 4. 15
Cabasso, Enc%%ijo%edi a of Polymer Science and Technal oc_?yb John Wl ey and
Sons, New YSPRCTEB87. P t PEUMRT SporbP R eHes i §5qiVeMd o®si nd™Fen®t anes

whi ch have, masesapabatnensapairat ibay eterd spol yimertHaaymroads 2L the

pol ydi net hyl si (R P i de I Ral . dei pide ( PAI
acrylonitri }L%JV% é%?ﬁw l%%%crpyﬂga% étm(%A!\&AﬁaI%%cgg%%rge ) tgr% p%]fyet her
et her ket onBofPEREbmadicar echkRt L@R of LEBPyY sy PP a¢pRgipAt Guisi cThe

m cropor osi L¥mbPhAE Qepaiathicsh dtig s epak abboBaaet ke 2 |1ayeditscHrde up
of a hydrophobi zed ceram c nmenbrané. Very, particul ar %ef erence |s_given
to usi ng nefiBFEREELEBPITRE n§LEPPIEBRES ot pSPYARSeT ™R d& KRR Hetbr anes

ar ﬁbcomerbatl yb@vgaiiltﬂidoxe. thear et entate athoyane o onlhd n@éﬁﬁé&ﬂ:é, t he
menbr anes cap_conpri se rther materials. |n particular, the. menbranes
can have SUBEB?mePgﬁf%@E#H %%W?%eééﬁa?gFﬁgﬂ-’a iVe q}éei/efljﬁigbbeen
appl i ed. | nméhbrease sebasathi ccormieg tleeimybfadess desdppdmteamattarial is
present in LiLon t t ual, . ecti of

material s Sg.ggghggscrﬁ%}é%g?ﬁgEP %e%{l@figgﬁ vﬁf'?z is exp iciItﬁ y i

i ncor pdrfat edepgragienencetersr t hdioddowingi nfdrei ngtedler | anemkiRRE as

particles ofe}hAPEIABHC s%gd%%&rrdi& GNithd | RBFenSUGD @ CBle8iEs8r gl ass
fibers which WD 2010/ 097428PCT/ EP201,0/ 052390_9 i ncrease th&;t ability

of the menbPE&n&aTTH 5hrefeulBAeE o SHrEdAT CPPUtEERRT oS dehi Hhrst-
di fferenti abnpr assvirase oan b lpresdnty idf theemyanes usedigegoidi ng to
the invention._5 . o .
a meémbrane separation step. Preference 1is given to
20 using two or more membranes in a membrane separation

step.

‘In the case of a multistage membrane separation step,
it c¢can be advantageous to use membranesgs having
25 different separation limits and/or permeabilities 1in

the membrane separation steps.

In the process of the invention, it is possible to use
membranes which, owing to their chemical and/or
30 physilcal properties, aré suitable for retaining metal
complex catalysts and/or free organophosphorus ligand,
preferably to an extent of at least 60% by mass. A
further prerequisite for usability of the membrane is
that the membrane has to be stable toward all compounds
35 present in the hydroformylation reaction mixture, in

particular to the solvents.

Preference is given to using membranes which have a



The adsorption step can be carried out in one or nore batch vessels or
preferably in one or nore fixed beds. When using a plurality of batch
vessel s and/ or fixed beds, a parallel or series arrangenent is possible.
10 The sepahgtbggoﬂﬂwqrsof the adsorption step can RewlBesP428Y0
recircul ati on of the eﬁuate to upstream of the adsorption step. 15 It is
advant ageous to use activated carbon -a$8 adsorbent. Firstly, activated
carbon is inexpensive and available in |arge quantities. Secondly,
recovery of semeradsonbedtinteal lagarbec’f faciwdary-adshsrdestetthefrerded

activated caphen, Exapleso®é achiuaked,car hons 20 mhi cheaigcusgdeand are

comercially avail able are shown in table 1: Supplier Trade pape | asses
No. [ng] | ofiedd NGSen RiCTRGPg] TREPTHIT T NGt UERE 1 2480 W 195828100
Norit Gran polyamides, polyether ether - ketones, aromatic

5 polyamides, polyamideimides, polybenzimidazoles,

polybenzimidazolones, polyacrylonitrile, polyaryl ether
sulfones, polyesters, polycarbonates, polytetrafluoro-
ethylene, polyvinylidene fluoride, polypropylene,
polydimethylsiloxane (PDMS), polyether ether ketone
10 (PEEK), acrylonitrile-glyvcidyl methacrylate (PANGMA),
silane-hydrophobized ceramic membranes as are described
in DE 103 08 111, polymers having intrinsic
microporosity (PIM) and others as are described, for
example, in EP 0 781 166 and in “Membranes” by TI.
15 Cabasso, Encyclopedia of Polymer Science and
Technology, John Wiley and Sonsg, New York, 1587.

Particular preference 1s given to using membranes which
have, as separation-active layer, a polymer layer of
20 polydimethylsiloxane (PDMS), polyimide (PI), polyamide-
imide: (PAT), acrylonitrile-glycidyl methacrylate
{(PANGMA), polvyamide (PA) or polvether ether ketone
(PEEK) and are made up of polymers having intrinsic
microporosity (PIM) or in which the separation-active
25 layer is made up of a hydrophobized ceramic membrane.
Very particular preference is given to using membranes
comprising silicones or polyamideimide. Such membranes
are commercially available. - Apart from the
abovementioned materials, the membranes can comprise
30 further materials. 1In .particular, the membranes can
have support materials to which the separation-active
layer has been applied. In the case of such composite
membranes, a support material is present in addition to
the actual membrane. A selection of gsupport materials
35 is described in EP 0 781 166, which is explicitly
incorporated by reference. Furthermore, reinforcing
materials such as particles of incrganic oxides or

inorganic fibers such as ceramic or glass fibers which



150 1400 Chenviron CPC(r) LF 210 950 950 Chenviron AquaCarb- 1100 1100
Chenviron CAL(r) | 250 1050 1050 Fl uka

WO 2010/097428 PCT/EP2010/052390

-9 -

increase the stability of the membraﬁe, in particular
high
the

"to  pressure fluctuations  or differential

pressures, can be present in membranes used

according to the invention..

5
The adsorption step can be carried out in one or more
batch vessels or preferably in one or more fixed beds.
When using a plurality of batch vessels and/or fixed
‘beds, a parallel or series arrangement is possible.

10

The separation power of the adsorption step can be
increased by recirculation of the eluate to upstream of
the adsorption step.

rcarbon.- as

15 It is activated

adsorbent. Firstly, activated carbon is inexpensive and

advantageous to use

available in large quantities. Secondly, recovery of
the adsorbed metal can be effected by ashing of the
loaded activated carbon. Examples of activated carbons

20 which are used and are commercially available are shown

25

in table 1:

Supplier Trade name Molasses No. | Iodine BET
' [mg] No., min. | [m%/g]

[mg/g]

Norit GAC 1240 W 950 . 1100

Norit Gran 150 ) 1400

Chemviron |CPG® LF 210 950 950

Chemviron | AgquaCarb 1100 1100

Chemviron |CAL® I 250 1050 1050

Fluka 18002 1040

Table 1

The molasses number and the iodine number are generally
the

Further

accepted

adsorption
details may be found,

analytical

behavior

parameters
ot
for example,

for

activated

describing

carbomn.

in EP 1 280 593 Bl




18002 1040 Table 1'25 The nol.asses nunber and the iodine nunber are
generally accepted anal ytical paraneters for describing the adsorption
behavi or of activated carbon. Further details may be found, for exanple,

in EP 1 280,59 .DE 34 18 150 Al. As apg_.al t
chem cally ﬁgd? %lca material which can be‘obpg?ﬁégﬁﬁ% 8¥§§%§
product nane 5 nercaptoalkyl nodi fied 30l +ca, type Rh H3; batch No.

09- S26- 001 from Phosphoni cS Ltd, 114 MIton Park, Abingdon, OXON, 0X14
4SA, UnitedoKLE@d64118am55eAﬂsed as adsorbent. This material is described
in nore detail in WO 2006013060 'Al. The rel evant disclosure content of 10
this document is incorporated by reference. Depending on the catalytically
active conpBéx, 41 cAahtBENABYEAt agdouschenigalsyt hewsifdgm depleied in

transition ﬂﬁ%@kl&ﬂoﬂﬁﬁhﬁlWﬁﬂﬁrﬁaedﬁﬂéﬂﬁgd(Hhééﬁpth@ %écﬁﬁ&kﬂ%néﬂéan
i ntermedj ate vessel in ipW@r to onvert the transition metal

or
cat al yt ital P§TEEPFORLES §é§1? er®bfL1Fat o @sdi By dbfsor Babre §$%C|es
The furt heroadet[zmoolof frogandhormhoalis® hawel,an ladyvantiageaus eiflect on

the adsor baRjol ingdon, OXON, O0OXl14 4SA, United Kingdom, can be used
as adsorbent. This material is described in more detail
in WO 2006013060 a1. The relevant disclosure content of

10 this document 1s incorporated by reference.

Depending on the catalytically active complex, it can
be advaritageous to leave the stream depleted in
transition metal from the membrane separation step to
15 reside in an intermediate vessel in order to convert
the transition metal or catalytically active complexes
thereof into readily adsorbable species. The further
addition of ligands may also have an advantageous
effect on the adsorbability.
20
In figure 1, the . starting materials for the
hydroformylation, wviz. olefins and synthesis gas, (1)
are fed to the reactor (R). Hydroformylation of the
olefins to form aldehydes takes place in the presence
25 of the catalytically active complexes initially placed
in the reactor. Aldehydes and also by-products and
subsequent products, including high bollers such as
aldol condensation products, unreacted starting
materials and the catalytically active complexes are
30 discharged (2) as reaction mixture from the reactor and
fed to a membrane separation step (M) . Here,
concentration of the transition metal or catalytically
active complexes takes place on the retentate side (5}
‘and depletion of the transition metal or the
35 catalytically active complexes takes place on the
permeate side (3). The stream {3) depleted in
transition metal or catalytically active complexes is

fed to the adsorption step (A) from which the stream



20 In figure i,the starting materials for the hydroforrrylﬁat'ion, vViz.
olefins and synthesis gas, (1) are fed to the reactor (R). -
Hydr of ormmyl ati on of the olefins to form al dehydes takes place in th

presence 25ugf b deAlakytical ly active conpl exes iBhigblohoodssdoi N the
-reactor. Al dehydes and al so by-products and subsequent products, I ncluding

hi gh boil ers such as al dol condensatiohlproducts, unreacted starting -
materials and the catalytically active conpl exes are 30 discharged (2) as
reaction m Xéir @hficdmbeise basactiorr R (AP nehblraaes Sl dieeal st ep
(M. Here, %9“%%@%'1%'31@81@% ble iLeansnbl eRaeiralbwar ogdtal ytically active:
conpl exes takes place on the retentate side (5) and depletion of the
transition netal or the 35 catalytically active conpl exes takes place on
t he perneat ghsiude (B)recthessparani¢B) odepltat edigh bbangirsi drowet eheor
catal ytical active conplexes is fed t he adsorption step (A from
Whi o1 1. sPYERRE Y AR e Hrecistore S e BB T YT o et
or catal yti @aldhowect averedeirexepféowss oarraSenkdtdi rdw sepatangon of
the high bo ‘Ere§‘ifaF2L(§m Ehe Sdwyd 2&96g¥£ﬁ%hgﬂi8£9d%z al %ﬁ@fﬁﬁsbeand .
necessary, firgure 2 shows a preferred process arrangenent. The starting
mat eri al s f e¥ntheshpdroror mAldt i ke vied d&icef Fhe drrPESAT hd&ils giBe (1)

are fed to §f rb%%%l;ma@%bn e dnediafearimd atd ofbal d 1@l @dd nsakasform
al dehydes takes 10.place in the presence of the catal tl@fﬁslyly active

conpl exkd i RLECE | $0pl 5B8d PREPRBCRealt or TRAI deAyACET AR - prOLH¥Es and
subsequent poaguekesi nChigi HYINi gheid efa stied asaakdel. candengagson

products, unreacted starting terjal and, the transitio tal or 15
Catalyt | cal FYOadt B R it s REPESAarS dretiarged 10 Bt dhkefion
m xture frobotiherseastar amdalddlt coadehsarmlons gpardtdton stepeddred|n t he

t her mal Sepgqlg&’itgﬂgﬁeﬁatﬁggaﬁ'eacétujf&n-rg ure )

7 kS Sepapated inLp a
stream (3) which 1S enric inrelatively high- &tlilong Zoa%(g)\lnpon%nts such

as t he Hboveagadrtibadlhy-3roiNet SOBP1ENES: cleeTent add s ndis@RBTYEEN net al

and/ or cataligli gal IneR0tiae woMplexesribRr eab a6k QHCtrsd reank(6)
containing | ower-boiling conponents, éﬁ{ edom nﬁntl al dehydes. The hi

gh
boi | er stre&RPEIfl Sepg b SR Fvé a r3EPBRREteR (M.
Here, conceptesti obhef dde-ti@nsmiixamreet 4R)oricatsdpdratald yiacbi ve
conpl exes thereof takes.place on the.retentate side (7)., and deplefion of
the transi tﬁgﬁeﬁ%‘t afl%lgof"’h&gﬁljallﬁ i%%ﬂ%/hea%ﬁl%/er%)%}‘éﬁie% }tlﬁnfr?e% Pi%ﬁt%%s pl ace
on 30 tHe permpanensisdesydt) . aFhethst r ghave4fledeplibedd Hyvromoghritts oafnet al

or catalytieglly @% ic%\%ﬁglonplaqf@s ii%fe%%&gf@i soLption stgpsfd) from

whi ch the stream ich has been further depleted 1n transition netal
or catal yti €atpyvieceleéYcorpFexes JIBALRR . thsTPRE mtess BFOEKHEE

invention fggrsgparatigy ofdorihmialrd |y 166eF cobatimg, | BoRgshéRubar,
rhodi um andpredominantly aldehydes. The high boiler stream (3) is
25 fed to a selective membrane separation step (M). Here,
concentration of the transition metal or catalytically
active complexes therecof takes place 6n-the retentate
side (7} and depletion of the transition metal or
catalytically active complexes thereof takes place on
30 the permeate side (4). The stream (4) depleted in
transition metal or catalytically active complexes 1is
fed to the adsorption step (A} from which the stream
{(5) which has been further depleted in transition metal
or catalytically active complexes flows out.
35
The process of the invention for separating off and
partly recirculating, in particular, rhodium and

catalytically active complexes thereof from reaction



cetalytically active conpl exes thereof fromreaction - 12 - nmixtures from
- hydrofornyl ation processes by neans of a conbination of a nenbrane
_separation step and an adsorption step will be illustrated by way of

exanpl e bel q 3910 8§ gbB0di um conpl ex-catal yzed 5 hygipgosdi,a652890 Of
Cl2-containing olefin mxtures. This subject matter of the invention is

the use of the process of the inventirohZ2in the preparation of nixtures
containing tridecanals and tridecanols, as presented, 10 for exanple, in
EP 1 515 93Bigturgfedaion thedrahmiveylafflaheP¥ Pl IRs cBift iedmsg Cat al yst

conpl ex conppinbesiat18nf OblOWaNg nil@RSine sdbardt@ioml Senar ainen gh the
pr oduct nlx%H%e 15¢containi ng t %dgcan |.s and trjdecanols fromthe_ reaction
m xture froRPEREPRY PGSR %t onPeh) HUS e gl Wadt AR Lie
separati on wailehl i s ca&pki ed outheover athddiasi one omhpl @anecsoalPrbdt at

| east 6Q0% by ss of the.rhodium used .remains i.n t.he retentate stream
c) intrggec¥¥ ﬁogPrpﬁgagéPﬁegéeHgiF%%ﬁ%%ﬁﬁ%ﬁquﬁ}eéln SR into a
subsequent adsorption step so that at 25l east 60% by nmass of the rhodi um
present in EhesPelpiate sidaam ice rehai sadondl oheekr ellAlian &f the
retentate streamw th the concentratedr hodi um contai ni ngcat al yst 30conpl ex
fromstep bPrP§eEﬁe0ﬁy@b@f@ﬂﬁﬂQQQQQ1%Qxﬁh@(ﬂﬁeﬂquQ%Qﬂhﬁﬁuﬁﬁﬁﬁﬂée$or t he
menbrane separabiAngt 8fyidecanals and tridecanols, as presented,

10 for example, in EP 1 515 934 Bl, wherein the removal of

the rhodium-containing catalyst complex comprises the

following steps:

a) thermal separation of the preoduct mixture
15 - containing tridecanals and tridecanols from the
reaction mixture from the hydroformylation;

b) at least single-stage membrane separation'which
_ is carried out over at least one membrane so
20 that at least 60% by mass of the rhodium used

remains in the retentate stream;

¢) introduction of the permeate stream obtained
“into a Subsequent adsorption step so that at
25 least 60% by mass of the rhodium present in the

permeate stream is retained;

d) recirculation of the retentate stream with the

concentrated rhodium-containing catalyst
30 complex from step b) to the hydroformylation:
reaction.

It is adventageous for the membrane separation step of
the process of the invention to be carried out at a
35 transmembrane differential pressure of more than
1.5 MPa. A high transmembrane differential pressure
leads, firstly, to increased retention of the

transmission metal or catalytically active complexes



the process of the invention to be carried out at a 35 transmenbrane
differential pressure of nore than 1.5 MPa. A high transnenbrane
differential pressure leads, firstly, to increased retention of the

transm ssi oo B A, gaasgt al ytically active conpl exescrjdieiod@l 088890
secondly, to an i1ncreased perneate flow per unit area of nenbrane used.

Even without further details, it is as$8ned that a 5 person skilled in the
art can utilize the above description in its w dest scope. The preferred
enbodi ment sthegdeefamsides areorddvef dre €8 bEIGTRETE ePEITREFE| L HEW

descri ptivepdi-sghesurecwhhehndassanat yeeastitute any limtation. The
present invention is 10 illustrated below with the aid of exanples.

Al ternative enbodi nents of the present invention can be obtained in an
-anal ogous V\EiﬁeIklEX@ﬂ‘@Hl@St 1% gy edNeailsgccoeding tested nykati oa  The
separation task as r.tiqure 2 s. sel ected _as exanple. .The r tion is a
r hodi um%ho?ﬁﬁ?f)@- cgf%éﬂéifgd ﬁ?dr\(%?léer myTat i o%mof A %fzz-%on-li%ff niaﬁkgg%?efi n

m xture as 2@sdedptibed, for dxanpleideatEP skcdgks 937hB| . ghefetodfum
precursor u i yl aggionat.odj onylLrhodi gd.1he ligand,used is
tris(2,4-di %ﬁgrofi-ig%@?}%pheﬁg ) p%oghﬁ?tég. T_hegr h_ogllr%ﬁngc%ncen.t rati gkr)léwas 10
ng/ kg basedioterpsetedcmeseli Rsurdes CIHO Y ivartti 3@ aH8®H WhiEH i 025 was

20: 1. The ahdehyde X ¢ee 20 tihdecanas. anth Present invention is
10 illustrated below with the aid of examples. Alternative
embodiments of the present invention can be obtained in

an analogous way.

Exanples
15
Example No. 1 according to the invention

The separation task as per figure 2 was selected as
example. The reaction is a rhodium-phosphite-catalyzed
hydroformylation of a Cix-containing olefin mixture as
20 described, for example, in EP 1 515 934 Bl. The rhodium
precursor used is acetylacetonatodicarbonylrhodium and
the ligand used is tris(2,4-di-tert-butylphenyl)
phosphite. The rhodium concentration was 10 mg/kg based
on the reaction mixture. The ligand to rhodium ratio
25 was 20:1. The aldehyde mixture of tridecanals and by-
products and subsequent products including high boilers
such as aldol condensation products, unreacted starting
material and rhodium or the catalytically active
complexes are fed to a thermal separation step. The
30 bottoms enriched in high boilers and rhodium or the
catalytically active complexes (about 100 ppm) is fed
to the combined membrane separation and adsorption
step. The proportion of high boilers is above 50% by
mass. The molar mass difference between the active
35 catalyst species "and the high boilers is legsg than
500 g/mol. It was able to be shown by way of example -
that more than 60% by mass of the catalyst in the high

boiler stream is retained by means of a single-stage



product s and subsequent products including high boilers such as al dol
condensati on products, unreacted starting material and rhodiumor the

catalytically active conplexes are fed to a thermal separation step.

30 bottons

active COITD exes

r i gh boilers and rhodi um or | y
8i 'b(%gog%é]loo ppm is fed to the conb%‘?\g/ nig)rigﬁggéé

The

separati on and adsoi ption step. The prbportion of high boilers is above

50% by mass.

The nol ar nass difference between the active 35 catal yst

speci es andmembrhigh depdrertsids Eesp tUsMEG08 gratblatianvehemistally be
shown by way. gt rexamelie ibhak qﬂﬁﬁbéﬁﬁ%%&Q@eﬁﬁWﬁﬂ@s%sﬁﬁplﬁ@dciha“M@? in the

hi gh boiler streamis retali ned by neans of a single-stage _- renbr ane
separation 5Yep G8FARY-afadiatAeRcEHRRT calPy ﬁﬁé%“?ﬂ@d it} |Q:%rf’e9§:o%05| te
menbr ane (Syg@l CQd bzitGl\H t&ﬂQeQ?:lE@ire agfi S8@‘HSCL1|)éDed:rériﬁm@Wﬁﬁ1@,f

, ure o transnenbrane 5 pressure_of 2.0
MPa and A fPBﬁFﬁb‘E? t‘#gpﬁeﬁbmgﬁe %‘? {?91% W (PVGhr eﬂfﬁ rane

cat al yst - cont ai a¥Bg{ lﬁegﬁreaﬁe.stream vvas passed at a space velocity of
about 0.1 nB/(nmB8h) through a 1 m high

195 07 584 C2

10

The catalyst-containing permeate stream was passed at a
space velocity of about 0.1 m’/(m’h) through a 1 m high
activated carbon bed composed of 614 g of granulated
activated carbon (supplied by Fluka, activated carbon
granulated, purum, catalogue 18002, Dbatch 52980),

. resulting in a further 85 to 99% by mass of the

i5

20

25

30

35

catalyst being retained. In the experiments, loadings
of the activated carbon with rhodium of more than
1.5 mg/kg were achieved (see figure 4).

If the rhodium-depleted eluate obtained in this way is
passed at a space velocity of about 0.1 m’/ (m®h) through
a 1 m high activated carbon bed composed of a further

614 g of granulated activated carbon (same type), the

rhodium content is reduced by a further 50-80% (see

figure 5).

Example No. 2 according to the invention

In this example, some further, commercially available
activated carbon - grades (see table 1) were supplied
from a batch vessel (V) as per figure 7 with a permeate
stream 1 obtained in a manner analogous rto the
preceding example. 60 g of activated carbon were used
in each case at a space velocity of 1 m?*/(m*h). The
eluate obtained, stream 2, was recirculated a number of
times through the activated carbon bed A, resulting in
the rhodium concentration 1in the eluate decreasing
significantly with dincreasing number of circulations

{figure 6).

in DE



10. act i vated carbon bed cbnposed of 614 g of granul ated activated carbon
(supplied by Fluka, activated carbon granul ated, purum catal ogue 18002,
batch 52980), resulting in a further 85 to 99% by nass of the catal yst
bei ng retai xperiments, |oadings 15 of ? rbon
W't h rhodluﬁ§g#°¢g%i§g? gn 1.5 ng/ kg were achi eved (%gg, 55&255 3§€f t he
rhodi um depl eted eluate obtained in t+his way is passed at a space velocity
of about 0.1 nB/ (nBh) through 20 a 1 m high activated carbon bed conposed
of a furtheFoB814 @ ofiigeanulatisidraivtd varadboar bdred,sanmeowypeyhodhemr hodi um
content is ESAUERA-DY18nlul bheh ORI 2ok e D1y Lo BAMLEHO. 2
according to the invention hi s exanpl e, "'sonme further, comrercially
avai | abl e aéPFvétéﬂv€ar§§ﬁdgﬁ&ﬁ%@W§E@I¥ﬁﬁﬁéQ@ hﬁ§4?ﬂﬂﬁﬁﬂQRﬁFQ¢%M$a bat ch
vessel (V) astperebiguhCarivht Bracper aeaheestream 1 obtained in a manner
anal ogous to the 30 precedi ng exanple. 60 g of activated carbon were used
in each tase at a space velocity of 1 nB/(nBh) . The el uate obtained,
stream 2, wBfampler Nul agedcaopdirher tof thengavehtbdugh the activated carbon
bed A resuliln the hodlun1 centration in t eI reasi ng 35
significantly he qf crgé ﬁg nu e%goé c%}culgklo (?Hg&gggﬁ% QS 15 -
For a glveneaampWat@d cérbwmlﬂﬁ§8$@MAnh@dmﬁﬂkc@meemﬁpﬁnaﬂkpnrﬁtﬁ@ el uate
can preferafly ev e rgam hy gpans of chw se
gLy Re.adyeevad Il dud 420 f 82dssh enptt 2oad

operation with recircul ation . '3 ac ing to
t he i nviht i nMFhe b%t?d%?%kréﬁﬁﬁbbﬁalﬁé@lﬁﬁlannﬁhﬁ@%cé%éYod@ﬂ%l@%ﬁ@xanple

No. 1 was p§§§$€oh@ acﬂﬁﬁ@é@ﬁé Sﬁ@ﬁb@hh@n $§@Qpﬁieaardpuay@fans FRpEr ane
pressures (1 Ngﬂ MPa, qﬂ;ﬁ; Ngﬁ% over ation chenlcally
odi 11 ed si PEGhe CBffios Fo-SRHCHIE YL USRS by RRsm; R RS Hor o,
significantkyrbetébtaiﬁmmluﬂareﬁgﬂkﬁonxrwasmembtanaedpaésngbsr as

t ransmenbr ap [essuces, as shown in figure 8. 15 Exanple No. 4 according

to the inveRtron “i'n agPurt ér exanpl e according to the invention, the
per neatlé st ream produced as described in exanple 1 was passed:

Example No. 4 according to the invention

In a further example according to the invention, the
permeate stream produced as described in example 1 was
passed: '

20 in case A directly and
in case B with pri_or heating at 90°C for 24 hours in a
. single pass through a 60 g activated kcarbon bed at a
space velocity of 1 m’/ (m*h) and a bed temperature of
100°cC. '

25 The permeate stream containing 40 mg/kg of rhodium was
in case A depleted to 14 mg/kg and in case B depleted
to 6 mg/kg.

Example No. 5 according to the invention

3¢ A bottom p'roduct‘enriched in high boilers and rhodium
complex catalyst obtained as described in example 1 was
fed to a two-stage membrane filtration ocperated in a
manner analogous to example 1. A rhodium retention of
about 90% was achieved here. The now depleted permeate
35 stream was fed at a temperature of 70°C at a space
velocity of 0.5 m®/(m*h) to a bed of a chemically
modified gilica material (mercaptoalkyl-modified
silica, type Rh H3, batch ©No. 09-S26-001 from



20 in case Adirectly and in case Bwith prior heating at 90C for 24 hours
in a single pass through a 60 g activated carbon bed at a space velocity
of 1 nB/ (nBh) and a bed tenperature of 1000.- 25 The pei neate stream
containing 4g ggigﬁbgygz?hodiun1mas in case A depl et egplpddh gr/segdeand in
case B depleted to 6 ng/kg. Exanple No. 5 according to the invention 30 A
bott om product enriched in high boil erdéand rhodi um conpl ex catal yst

obtai ned as described in exanple 1 was fed to a two-stage _nenbrane

filtration dpospbenicsla fimerhafadyoteneNesaimte in Ahhodlumte

retention of,aboubs20%N@as ach expd hewes Therpe¥peedsetad pergsake 35
streamwas fed gt a tenperature of 70C_ at space velocity of 0.5 nB/

(n8Bh) to a BEPHIITH TEYEHtRN Y nd@bs d8 1% nateri a
(mercaptoal kyl -nodified silica, type Rh H3, batch No. 09-326-001 from WO
2010/ 097428PCT/ EP2010/ 052390 - 16 - PhosphonicS). The rhodi um
concentration in the eluate was less than 0.5 ppm This corresponds to a
total rhodiumretention of nore than 99% w2010/ 097428PCT/ EP2010/ 052390
- 17 - d ai ns: 1. A process for separating off and partly recirculating
transition netals and/or catalytically 5 active conpl exes thereof froma
reaction m xture by a conbination of an at |east single-stage nenbrane
separation and an adsorption, wherein a catal yst-containing stream
containing a transition netal is separated by neans of at |east one

si ngl e-stage 10 nmenbrane separation step into a retentate stream enriched
intransition netal, which is returned to the reaction m xture, and a
perneate stream depleted in transition nmetal and the perneate stream
depleted in transition nmetal is fed to an adsotption step. 15



2. The process as clained in claim1, characterized in that the transition
metal is rhodium 3. The process as clainmed in either of the preceding 20
clainms, characterized in that at |east 60% by mass of rhodiumrenains in

the retentale S§{F£A¥740gt he nenbrane separation stepem gbs0189085966SS as
claimed in any of 'the preceding 25 clains, characterized 1n that at |east

60% by mass of rhodiumin the perneateldtream after the nmenbrane
separation step is separated off by neans of adsorption. 30 5. The process
as clai med £haamg:of the preceding clains, characterized in that the
menbrane separation step is carried out with a separation limt in the
range from 200 to 2000 g/nmol. 35 6. The process as clained_in any of the
precedi ng clai ns2 chBFEEEERi ze8OFn t FEP2TABIRENDrahke seif at iRAF St ¥p is

carried out rkpiacheApenat Uceahangeohr oMed8150 45dGr WRtalytically
2010/ 097428PCT/ EP2010/ Q52390 7. Thf grocess as cl ai ned.
h

or ecedi my CPAFHES TR NEF ST resty S SOAATAEPoRSet B i s
carried out combantrananmemdr aren prassuleasangeindlreomt@ds t ondnldfRane 8. The
Phe adsor pt FSA-BREH0Rs A4 1 8 orionurtindh Sl o/fl PP C A AEHAD the!
“process as cbatapding astreast oesteinthegi ms 1trangitipmr aeekdd zedSin that
a chem cal | y.ppditibgd 3 i GRedmtersal Le usedrs adrorbeMlgle-stage
10 membrane separation step into a retentate stream
enriched in transition metal, which is returned to the
reaction mixture, and a permeate stream depleted in
transition metal and the permeate stream depleted in
transition metal is fed to an adsorption step.
15 _
2. The process as claimed in claim 1, characterized

in that the transition metal is rhodium.

3. The process as claimed in either of the preceding
20 claims, characterized in that at least 60% by mass of
rhodium remains in the retentate stream in the membrane

separation step.

4. The process as c¢laimed in any of the preceding
25 ¢laims, characterized in- that at least 60% by mass of
rhodium in the permeate stream after the membrane
separation step is separated off by means -of

adsorption.

30 5. The process as claimed in any of the preceding
claims, characterized in that the membrane separation
step is carried out with a separation limit in the

range from 200 to 2000 g/mol.

35 6. The process as claimed in any of the preceding
claims, characterized in that the membrane separation
step is carried out in a temperatur‘e'range from 40 to
150°cC.



15 10. The process as claimed in claim8 or 9, characterized in that the
liquid flows over the adsorbent as a bed.- 11. The process as clained in-
claim 10, characterized 20 in.-that the eluate fromthe adsorption step is

reC|rculategotgoiaﬁﬁﬁq§grbent 12. The process agcelgpifd 08238y of the

preceding clains aracterized in that the adsorption step is 25 carried

out in a tenperature range from 30 te 130€ 13. The process as clained in
any of the preceding clains, characterized in that the adsorption step is

carried out at a space velocity in the range from0.01 30 to 5 1/h. 14.

The -process7as cChlegrbfesdy &f &DgiREECEH NEng! %mth@h?ﬁéé@diiﬁﬁd in
that the adsorption step is carried out in a fixed bed. 3

process as ElLaimsd i FharRCiRriFR plicddidly EP%lHﬁmﬁﬁpﬂﬁ?e%%P?ﬁﬁtﬁPQtures
cont ai ni ng bltle@Beclama(bérﬁi@dt biu@ecanod s crahemembrohe ma@ERelrof rdhge

rhodlun} : nt ai catal yst conpl ex conprises the follow ng
st eps: afrpﬁbpng ga&%Flon of the product m xture Scontaining

tri decanal s and trldecanols fromthe reaction mxture fromthe

hydr of or nyl at i on; ast 3 - g anee s r his
carried out over 5@9 @%s%gonea%%n%#%ﬁ%égo%fgeﬁng Qﬁzlgggt%%ggﬁ%&@%%ss of
t he rhod|unﬂ&géﬁﬁnen®¢¢@ﬁ¢mﬁ¥h%e¢eﬂéhtﬁh@tsﬁi@hn@d%qf@%%Q@d@ﬁ#ﬂbnlﬁf t he

Per meat e st@g@gﬁg@t@h@egvbgtgc%l%ggggqggg%oéd50|ptlon step so that at
15| east 60@6by mass of the r hodi um present in the perneate streamis

retain ,
9. The process as claimed in at least one of claims 1

to 7, characterized in that a chemically modified

silica material is used as adsorbent.

15 10. The process as claimed in c¢laim 8 or 9,
characterized in that the 1liquid flows over the

adsorbent as a bed.

11. The process as claimed in claim 10, characterized
20 in that the eluate from the adsorption step is
recirculated to the adsorbent. ' '

12. The process as claimed in any of the preceding
claims, characterized in that the adsorption step is

25 carried out in a temperature range from 30 to 140°C.

13. The process as claimed in any of the preceding

-¢laims, -cha'racterized in that the adsorption step is

carried out ét a space velocity in the range from 0.01
30 to 5 1/h. |

14. The process as claimed in any of  the preceding
clairhs, characterized in that the adsorption step is
carried out in a fixed bed.

35 .
15. The process as claimed in any of the preceding
claims for preparing mixtures containing tridecanals
and tridecanols, wherein the removal of the rhodium-



‘d) recircul’'ation of the retentate streamw th the .
concentr at edr hodi um cont ai ni ngcat al yst 20conpl ex fron1step b) to the
hydrof ornyl ati on reacti on.
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containing catalyst complex comprises the following

steps:

a) thermal separation of the product mixture
5 containing tridecanals and .tridecanols from the
reaction mixture from the hydroformylation;

b) at least single-stage membrane separation which
is carried out over at least one membrane  so
10 that at least 60% by mass of the rhodium used

remains in the retentate stream:

c) introduction of the permeate stream obtained
into a subsequent adsorption step so that at
15 least 60% by mass of the rhodium present in the

permeate stream ig retained;

d) recirculation of the retentate stream with the
concentrated rhodium-containing catalyst
20 complex from step b) to the hydroformylation

reaction.



