Met hod for enriching a honbgeneous catal yst froma process flow The
present invention relates to a nethod of 5 concentrating a honbgeneous
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process step becausge of the catalyst costs. Industrial
processes which are carried out using transition metal
complexes in a homogeneoug phase are, for example,
telomerizations, metatheses, hydrogenations or
25  hydroformylations. Reactions using zrhodium complexes
are widespread industrially and associated with

relatively high catalyst costs.

Rhodium complexes are used as catalyst in, for example,
30 the industrial hydroformylation of olefins to form the
aldehydes and/or alcoheols having one more carbon atom.
In particular, rhodium complexes having phosphine,
phospite, phosphonite or phosphinite ligands are used
as catalyst here.
35
The way in which the catalyst is separated off can have
a significant influence on the economics of the overall
process. The separation of the catalyst £from the

reaction mixture can in the simplest way be carried out



15 strongly than phosphines as catalysts. In the distillation, these
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occur during the distillation.

A potential way of separating off homogeneous catalyst
25 gystems under mild conditions is concentration of
process streams containing homogeneous catalyst by
means of membranes in a single-stage or multistage

arrangement.

30 EP 0 781 166 describes the separation of dissolved
rhodium-organophosphite complex catalyst and free
ligand from a mnonagueous hydroformylation reaction
mixture over a membrane to an extent of at least 90% by
mass of the catalyst and the free ligand. Membrane

35 polymers mentioned are Teflon, polydimethylsiloxane
(PDMS}, polyethylene, polyisocbutadiene, polystyrene,
polymethyl wmethacrylate, polyvinyl chloride, cellulose
diacetate, polyvinylidene chloride and



reaction output is, in a first step, separated into a retentate containing
the major part of the catal yst system and a perneate conprising starting
materials, primary products, high boilers and catal yst system The 35
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' boilers constant. In EP 1 232 008, the high boilers are

gseparated off from the bottom product with addition of

a diluent. The diluent is added in such an amcunt that

the proportion of high boilers in the solution which is

20 fed to the membrane is less than 50% by masgs. The high

boilexrs are separated off in the temperature range from

10 to 50°C and in the pressure range from 0.1 to

10 MPa. The addition of diluents is disadvantageous

because the amount of material passed over the membrane

25 is increased. Furthermore, part of the added diluent is

gseparated off with the high boilers, thus incurring

costs for the diluent or for the recovery therefrom.

DE 10 2005 046250 describes a method of separating off
30 a metal-organic catalyst system. Here, the organic
reaction output is, in a first step, separated into a-
retentate containing the major part of the catalyst
system and a permeate comprising starting materials,
primary products, high boilers and catalyst system. The
35 retentate 1gs recirculated directly to the reactor. The
permeate is separated by distillation into an overhead
product which contains mainly starting materials and

primary reaction products and a bottom product
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20 boiling bottom stream containing the catalyst. The
bottom stream is separated by means of membrane in a
permeate stream and a catalyst-enriched retentate
stream which is entirely or partly recirculated to the
reaction. Only ceramic membranes having a separation
25 limit (MWCO) of over 500 dalton and polymer membranes
having separation 1limits over 10 000 dalton are
indicated. Nothing 1is said about the activity as an
important measure for the quality of the retained
catalyst system. '
30 _
The catalyst mentioned by way of example has a
~molecular weight of about 12 000 dalton and 1is
therefore more than an order of magnitude larger than
the conventional catalysts wused in industry. The
35 disclosure of DE 10 2005 060784 Al cannot be applied to
industrially relevant catalyst systems having a smaller
molecular weight.
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streans and a separation ecular wei ght conponents and
oligonmers from35 fluids and especially fromsolvents. WD 2010/097376- 7
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20 polydimethylsiloxane (PDMS) , polyether ketone,
polyamide and polyimide are mentioned as possible

membrane materials.

US 2006/0246273 Al discloses a novel polymer having
25 intrinsic microporosity (PIM}. Owing to the rigid spiro
bond, this polymer or polymer mixtures based thereon
have a large free volume within the polymer matrix. The
polymer can potentially be used for the geparation or
enrichment of gas, vapor or liquid mixtures. Owing to
30 the high free wvolume, the polymer can be particularly
advantageously used as membrane material for gas
separation. Fritsch et al. (J.Mem.Sci. 251, 263-269

(2005)) achieve comparatively high permeabilities.

35 Apart from gas eeparation, PIM-based membraneg can
potentially also be used for the separation of chiral
molecules such ag amino acids, for the separation of

organics, e.g. alcohol, from aquecus systems, for



Since no satisfactory solution is known for the 15 concentration of a
catal yst systemunder mld conditions fromprocess streans fromthe
hydr of ormyl ati on of hi gher olefins (C4 and higher), where the catal yst
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20
WO 2005/113121 Al describes the production of composite
membranes having a thin layer of a microporous material
having a high intringic microporosity. Apart from
production of the membrane, possible uses of the
25 membrane, e.g. fluid separation and the separation of
low molecular weight solids from fluids, are mentioned.
Mention is also made of the separation of hydrogen and
hydrocarbonsg, N or CO, the separation of CO;, H;O0 and
H,S from natural gas, the sgeparation of nitrogen and
30 oxygen, the sgeparation of VOCs (volatile organic
compoundsg) and other lower hydrocarbons from air and
other gases, the separation of traces of organic
components from agueous streams and also the separation
of low molecular weight components and oligomers £from

35 fluids and especially from solvents.

A disadvantage of the methods known from the prior art

is that the methods either cannot separate off the



25 for the metal conponent per nmenbrane being greater than 70% and t hat
for the free ligands being greater than 60% when the separation is
carried out over nenbranes containing polynmers having intrinsic

m cropor osi tiy 1M/ 09987Ehe nethod is _preferably caetigsa@ub/ 52842
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product 30 andTs et foFREd BV FELET on'df alfohdls afdtRETHE'*Wth t he
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boi | ers whi g)t}o%{?esspresent in the process streans fromthe hydrofornylation
general ly have boil'i ng points above 20 55C at 0.1 MPa. In a preferred
~enbodi nent, the polyners have spirobisindane bonds which function as
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conditions from process streams from the
hydroformylation of higher olefins (C4 and higher),
where the catalyst system comprises the metal complex
catalyst and clusters thereof and also the free ligand,
20 it is an object of the invention to develop a method
which separates the process stream containing the
catalyst gystem (e.g. reactor output or bottom product)
into a stream enriched in the catalyst system and a
gtream depleted in the catalyst system and has a high
25 degree of retention for the catalyst system, in

particular for the metal component.

The technical object of the invention is therefore to
provide a method of concentrating a homogeneous
30 catalyst, in which the <catalyst system can Dbe
concentrated or separated off while retaining its
activity, with the method having to have a high degree
of retention for the catalyst system, requiring no
diluents for the recovery and also displaying no
35 c¢lustering of the metal component of the catalyst or

decompogition of the catalyst complex.



Spi robi si ndane bonds are, for the purposes of the invention,
1,1 -spirobis[indane], 1,2'-spirobis[indane] and 2, 2'-spirobis[indane];
the structures thereof can be depicted as follows: WD 2010/097376- 10

- PCT/ EP201048534844 /099376 The spirobisgndane bondedf/#®ior awenl bond
in the narrow sense but rather a substructure arranged between 5 the

SubSt T uct ur 89855, Bechnicaty abBERgt. 114 - SpRHOBFA[ | Mdart] PeSd  OF
separ at i on- aeht¥atraghhanea Nti@idgeneqad t iceitadiysy efevance igrgiesn to
For i o, WEGFER VEPBb2670893 760 11e - AT BTN bs2 At hill et 680t he

nunber of unbhstahndens, pméfeerdm \clien pheceangetfeom 18 @ sEEO GHGT

5 at least one membrane and the membrane consists

entirely or partially of a polymer comprising planar

polymer unitg which are connected to one another via a

rigid linker, with the 1linker being intrinsically

twisted so that at least one planar monomer unit is

10 joined via the linker in a noncoplanar arrangement to

at least one second planar polymer unit.

These polymers will hereinafter be referred to as
polymers having intrinsic microporosity (PIM).

15
It has surprisingly been found that both in the case of
an organic reaction output from a metal-catalyzed
reaction and also in the case of distillation bottoms
which have been produced from the reaction output and

20 are enriched with high boilers and contain high
boilers, metal complexes, clusters thereof and also
free ligands, it is possible to separate high boilers,
product and starting materials from the catalyst system
by means of one or more membrane(s), with the retention

25 for the metal component per membrane being greater than
70% and that for the free ligands being greater than
60%, when the separation is carried out over membranes
containing polymers having intrinsic microporosity
(PIM) . '

30 The method is preferably carried out at a separation
limit of from 400 to 2000 g/mol in the temperature
range £from 40 to 150°C and 1in a range of the
transmembrane pressure (differential pressure across
the membrane) of from 5 to 60 bar.

35
Even at concentrations of high boilers of over 50% by
mass, no addition of a diluent is necessary since even

at high concentrations of high boilers, the permeate



5 The above polynmers will hereinafter be referred to as PIMs (polyners
having intrinsic mcroporosity). For the purposes of the invention,
concentration 10 enconpasses not only concentration of the honbgeneous

cat al yst buhoalz%g%ggglfg};e separation _of, the homgggggt@%m@% giromthe

process stream 097376- 12 - PCT/ EP2010/ 05 vant ageous
that Pl M based nenbranes have, conpared to nenbranes used hitherto, a
particul arl ¥1lRWgh =4 entthen ofekeftHsiklchods hompgesepasasaral ysis and

their |igandsrdiissehvad iHLgH dee Cinghy¥ert a1andpatemaniie isame id nes di spl ay

a high perneate flyx. Furthernore, a particul ar m | d separation can be
achi eved foFfYtR&E1EATH y%l?a%yg?éﬁi%ﬁ@n L e yéFC’%?sF@ﬁﬂairs,m@%}%%?I Y,

wor ked up i arthefprésertmeoforRheat Mhgrminoddaanthdydrapethsimight he
clustering process can additignally. be_avoid in this.way. Bl anketing

W th carbonBROReRrde Eha sl & Wb virthy B BEEh s hei SIGH JrlTSrey T

t he case of usembr meebgepasabrerd ©8 PAM.anount of synthesis gas bl anketing
the solution during the separation should be at |east the stoichionetric

amount required for formation of the active catalyst species so as to be
abl e to avoF@rf diit PewPreEsienaeti vdreor 1eVeRtirhrevdtigibl Poplesbpiaged 20

catal yst spget@%ials which have a boiling point higher than those
10 of the primary hydroformylation products (aldehydes
and/or alcohols having one carbon atom more than the
olefin used) and have higher molar masses and are
formed during the hydroformylation. These include
aldolization products and acetalation products and
15 esters formed by reaction of alcohols and acids, with
the alcohols and acids being formed by
diéproportionation of aldehydes. High boilers which are
present in the process streams from = the
hydroformylation generally have boiling points above

20 55°C at 0.1 MPa.

In a preferred embodiment, the polymers have
spirobisindaﬁe bonds which function as linkers within

the polymer structures.

25
In a preferred  embodiment, the polymers have
substituted or unsubstituted spirobis[indane]
substructures which function as linkers within the.ls
polymer structures.

30

Spircbisindane bonds are, £for the purposes of the
invention, 1,1’-spirobis[indane], 1,2’-spirobis[indane]
and 2,2’'-spirobisg[indanel; the structures thereof can
be depicted as follows:

35



Menbr ane arrangenent The nethod of the invention can be carried out using
25 one, two or nore nenbrane(s) or using one, two or nore nenbrane
separation steps. Depending on the separating power of the nmenbrane and
the desiredyLt9Rbhi/garaige desired retepfion can bﬁc@yﬁpgyfﬁ/@yzgggnectlng
a plurality of nenérane separation steps in series. In 30 the nethod of
the invention, it is possible to carry out, in particular, two or nore
nmenbrane separation steps. 2¥415 separatlon steps can be carried

out directly in succession| nnecthon in series can be achi eved by
either the retentate or thfg 35)preferably the perneate, froma
~first nenbrane separation [ ilng usgd as feed streamin a further
menbrane separation step. Any pe S steps follow ng the

The spirobisindane bond is not a chemical bond in the
narrow sense but rather a substructure arranged between

5 the polymers.

A very particularly preferred spirobisindane bond 1is
the substructure 3,3,3’,3' -tetramethyl-1,1'-spiro-

)
C

As separation-active membrane material, particular

bisg [indane] :

10

preference is given to polymers which have repeating
units of one or more of the following formulae, where n



WO 2010/ 097376- 13 -PCT/ EP2010/ 052242 to the invention can |i kew se be

carried out under simlar conditions as the first.

One nenbrane or a

plurality of nmembranes can be used in a nenbrane separation step.
Preference i @igi@obg34si Ng two or 5_npge_nenbrang@Tyﬁpgof@ﬁ@gg@@z

Separation step.

In a nultistage nenbrane separation process,
advant ageous tQ use different nenbéanes int

Thus, a nor éP5eFREES &hfe FHIRRF | <

it can be
e .nmenbr ane separation steps.

18°pF &1 8PEbAY RIS S50 Ynebr BRE

separ ati on stepgepieoadiingcanablbenogenbr ane separati on step. The

classification occurring as a result
next menbrane separation step. 15 In the nethod of the invention,
_in the nenbrane separation steps is determ ned by

upper tenperature limt
the stability of the ne
system The |ower te

solution to be 20 separ

the catal yst systemtheps
separation step, in paft

preferably carried out
particularly preferably

D

m Xtures obtained in the

met hod of the invention

the first nmenbrane step,
from60 to 90C
Cs-olefins are used in
catal ysts from hydr offbd
in particular the firsi
tenperature of from 40
the preferred t enper g4
t he menbrane. Secondly
t emper ature ranges avo
otherwi se lead to | oss
deconposition products
can reduce the flowth

of the catal yst on
~ough t he menbrane.
cease entirely due to bl ockage.

| eads to a better perneability in the
t he

ur e- dependent sol ubility of
he ipgveention, a menbrane

iC 2-Separation step, is
ht a tenperature X 0 to} 150C, 25
at a tenperature o 90C. If reaction

hydr of ormyl ati o

for the separation of catal y5t's from
hydr of or myl ati on reacti on m xtures,

the nenbrane step, 30 in particular
is preferably carried out at a tenperature of

|f reaction mixtures obtained in the hydrofornyl ati on of

ef erably carfied out at a
e met hodgof the invention at

vgntion for the separation of
¥m xtures, the nenbrane step,
a-Nipher flux through

, referred
ds deconposition o , | whi ch can
ps of active 5 catal sition of

uch deposition
In an extreme—ctase, the flow can
10 The transnenbrane pressure (pressure

across the menbrane between retentate. side and perneate side) at which the

met hod of the inventi
60 bar, particularly

SN

O/‘

on icNpreferably carried out is preferably from5 to
prefferably fr
0

om 10 t\Q

CN

The above polymers will hereinafter be referred to as

PIMs {polymers having intrinsic microporogity).

For the
10

catalyst

purposes

of the invention, concentration

encompasses not only concentration of the homogeneous
but

also complete separation of the

homogeneous catalyst from the process stream.



The method of the invention can be carried out usi ng PI N nmenbranes whi ch,
ow ng to their chem cal or physical properties, are suitable for retaining
nmetal conplex catalysts, in particular phosphorus-organic 20 netal conplex

catalysts, b 304807035 39% at | east 60%;bn. particubdhEpse:pas $0% and

have a separation I'imt of from400 to 2000 g/nmol. A furt prerequisite
for usability of the nenbrane is that the nenbrane has to be stable to all
compounds pridserts i RAHTAERIDON Bt xR I Paged pdrenxAres t oha¥e:

sol vents. Pld¥npeireldnetpur pegesanés t Nesdd esdithertvgnt hoNpathechBs A1 $0

m Cr opor ous .enco sses. nat eri al ich ould be referred to
Nnanopor ous. hﬁgzlr glp i h% tﬁoiéﬁh Iaé"sstb%“‘?ﬁerferﬂ”’rsr n%‘?”_cgf}'?ts
m cr opor ous anmit el:rhead:s lygi;and:zediss‘etvadd1amn:glanus: actliweatted «xat batt. OM ng

to the lack g Imlébltllmteydl%ﬁjoragagl i e\ét%%&lgatgt iﬁxmt 35 possible to

produce |Ims Cand thus &l $o 0SSI uce menbranes fromthese
materials. The situation is dlfferent in the case of polyners. WO

2010/ 097376?111;%11@%@20&0/ Bé%%é%u&ghg/hemwap0§§1§a9£twﬁ p&&ﬁe%e
invention, a PIN ( %rrer having intrinSic mcrop orosH%13 (S a nmer of
y €h %

a recently &é’\lﬂélea’ﬁéd PEssthe p’%ﬂ%%\‘%tvwﬁycﬁ’?ei“b wherer § ri zed
by a rigid spistehi &lsr)ddlﬁathr}d oMK S f:.&i:ttfahé Whisd & g d i éhﬂﬂ@npm ymer

struct The random bution_of th t%ond prevent s
e Ry L R 2
chai ns) at thddisponebilyi nodaneviodded eanls thdsa dagh Brla;mdnetumg ofithee
|nter comnectedpll RLHARSae Thend! CLORO! QR LoatBben! odal s, i Ll NSl C

since it occurs indep eggentl er nal e proceéssing
of the pon@éKtlAﬁlé%éNpﬂ@ @%eacﬁﬁﬁyﬁérmﬁabrﬁgelﬁﬁpﬁﬁgteonlcropor05|ty i's
PIN-I. PIM1 is one of the first polymers 15 synthesized in this class of
polynmers. The CA index nane is 1, 4-benzenedicarbonitrile,

2,3, 5, 617 et FREI LIRSUDGI yAfer fivRhDesiss gas hlankpkiss, §he 1gelution
tetranet hyldahrihgspi tledi s[sdpdnaeang] - 5shonddd’ -B&€t r alt havkagtt herneinber CA
i s obtained §:ro t he aeactlon of . -
cilchiometric amount required for formation of the
active catalyst species so as to be able to avoid
formation of inactive or even irreversibly precipitated

20 catalyst species.
Membrane arrangement

The method of the invention can be carried out using
25 one, two or more membrane(s) or using one, two or more
membrane separation steps. Depending on the separating
power of the membrane and the degsired retention, the
desired retention can be achieved by connecting a
plurality of membrane separation' steps in geries. In
30 the method of the invention, it is possible to carry
out, in particular, two or more membrane separation
steps. The membrane separation steps can be carried out
directly in succession. The connection in series can be
achieved by either the retentate or the permeate,
35 preferably the permeate, from a first membrane
separation step being used as feed stream in a further
membrane separation step. Any membrane separation steps

following the first membrane separation step according



20676450-48-9. PIM 15,5' 6, 6' -tetrahydroxy-3,3,3",3' -

tetramet hyl-1, 1-spirobi sindanwith2, 3,5, 6- tetrafluorophthalonitrile:

API M1 Further exanples of polyners having intrinsic mcroporosity

given in Usg,g,o%%%g;g% and in W2005{413121. V&@pﬁ@é@f&;&@zz‘;@
- PCT/ EP201Q/ 052242 Conmononer 3 F F Conobnoner 5

10

15

20

25

30

35.

to the invention can likewise be carried out under
similar conditions as the first. One membrane or a
plurality of membranes can be used in a membrane
separation step. Preference is given to using two or

more membranes in a membrane separation step.

In a multistage membrane separation process, it can be
advantageous to use different membranes in the membrane
geparation steps. Thus, a wmore permeable membrane is

preferably used in a membrane separation step preceding

- another membrane separation step. The c¢lassification

occurring as a result leads to a better permeability in

the next membrane separation step.

In the method of the invention, the upper temperature
limit in the membrane separation steps is determined by
the stability of the membranes used and the stability
of the catalyst system. The lower temperature limit is
dependent on the viscosity of the solution to be
separated and the temperature-dependent solubility of
the catalyst system therein. In the method of the
invention, a membrane separation step, in particular
the first membrane separation step, 1is preferably
carried out at a temperature of £from 40 to 150°C,
particularly preferably at a temperature of from 60 to
ao°cC. If reaction mixtures obtained in the
hydroformylation of Ciz-olefins are used in the method
of the invention for the separation of catalysts from
hydroformylation reaction mixtures, the membrane step,
in particular the first membrane step, 1is preferably
carried out at a temperature of from 60 to 90°C. If
reaction mixtures obtained in the hydrofbrmylation of
Cp-olefins are used in the method of the invention for
the separation of catalysts from hydroformylation
reaction mixtures, the membrane step, in particular the
first membrane step, 1ig preferably carried out at a
temperature of from 40 to 80°C. Carrying out the method

of the invention at the preferred temperatures can,

ar e

25



Comononer 3i s produced by brom nationof spirobisindane. 5 Fur t her exanpl es
of starting substances are 9,9'-
spi robi fl uorene, nodi fi edas2, 2' -di carboxy-9, 9" -

spi rof | uor epRO2314 /odi7amisno- 9, 9 - spirobifl uorene, phrghpdHEopeks3kbe for
producing intrinsically 10 m croporous polyam des and pol yi m des. Apart

fromthe abovenenti oned pol yners having intrinsic m_croporosity, the
menbr anes c&d TS SEFHL Mt AafdPPgrs TIUF JEriquah drlle t RehERBfanes can

conpri se 15 ssppdlt ,Mbdheakscent @owhiah t ARoPEhehtiopplii egrasearehi n,
separation-%ptive E%%er. I n_such conggéite ﬁenbranes . a supgfrt terial
is present T RIAAIDHR t o ERECEC udl CnEibr aRECORPERFEEPTon suppor t
materi al s i satedysithedhirlER 4h 781hdf6isehilehdi $ceXpreass! yoR20a¢ntoepor at ed
by refer§nc%at%ﬁ§%Qe@%a%%o'é%ﬂg§¥éﬁéﬁ)of decomposition products of

the catalyst on the membrane. Such deposition can

reduce the flow through the membrane. In an extreme

case, the flow can cease entirely due to blockage.

10 The transmembrane pressure (pressure acrossg the
membrane between retentate side and permeate side) at
which the method of the invention is preferably carried
out is preferably from 5 to 60 bar, particularly

- preferably from 10 to 30 bar.

15
The method of the invention can be carried out using.
PIM membranes which, owing f£o their c¢hemical or
physical properties, are suitable for retaining metal
complex catalysts, in particular phosphorus-organic

20 metal complex catalysts, to a degree of at least 60%,
in particular more than 80%, and have a separation
limit of from 400 to 2000 g/mol. A further prerequisite
for usability of the membrane is that the membrane has
to be sgtable to all compounds pregent in the reaction

25 mixture, in particular to the solvents.
PIM

For the purposes of the present invention, the term
30 microporous encompagsses materials which could be
referred to as nanoporous. There have hitherto been two
classes of intrinsically microporous materialg, viz.
zeolites and amorphous activated carbon. Owing to the
lack of golubility in organic solvents, it 1s not
35 possible to produce films and thus also not possible to
produce membranes from these materials. The situation

is different in the case of polymers.



WO 2010/ 097376- 17 -PCT/ EP2010/ 052242 materials, e.g. particles of
i norgani ¢ oxides or inorganic fibers such as ceramic or glass fibers which
increase the stability of the nmenbrane, in particular to pressure

fluctuati ongoobohbghopaegsure differencas,_ 5 can beepr@ssiiods3i3e2
menbr anes whi ch can be used according to the invention. The thickness of

the separation |ayer of the nenbrane for the nmethod of te invention is
preferably ¥0%- Eé@o RHFPpEeei cof ar Fyepreferadty ¥oEntien nm MM

| ndustrial npaulmsrl madhiedrei hodiagithenidngiiricesi cytyhei greabrgiegmadr e
preferably used_in_the f.orm.of egﬁnbrane nodul e€]p|IO 15 theSﬁ(j:Jc dul es, the

nmenbr anes af a?'r%eé:éad-‘tslé’tﬁlgﬁr gegolﬁ}?%ﬁ & ovér ¥ et:'e%t,ate
si de of thepmefibrahéyi chawekhteriagd: bat a helgich caitreitisomdzolearbaadi on

act s, coupt et Bl Nor LATONEYLSaRAr 91l 0f fon d1epB1 AL Yot el dagng system

and in addition the 20 necessary drivin orce ([ ure) can be applied.
The perneat €bps tapdPhedlistiHaipomesife &9 cBPLER shake ATFIRNPRrneat e

side of thegapabrang-and disschaeggd iy t henhaodu £iq Cugtarany NeSPrane
nodul es have. t he .nenbrane. in the_ for ghgf rane 'dlog\l;% nenbrane 25

me "
cushi ons or PHEnB@ H RREYEST | FEERBShetHod BF BRELNEHTIGRS 1
menbr anes aleageefesabhy higd |prépert bomn obf mefibsanel st @emdayeag

open-c nel cushi.on dul.e__systens .in which.the nbranes. are. thermal |y

hap T ¢ £ T A

wel ded 51 aBREERGEr y THen A T TH5t T Henby ahs. BHEREL S or S0-RICHI R or

open- channebifwede-ts pacendy s wimdg peodigngd ¥ nodhittlerimad npndireatgneane

adhesi vel y ngadgﬂe%J g?égggn ooffogﬂéngg@gﬁgg pockets or nenbrane cushions
R-Fee S% un .

and are wound up W acers around a perneate collection tube. 35
Fl ow over the meaBPdfe OfsepaPal vBaTshay ingp PG s meLeygorosity

- PCT/ EP20104 9522471-10 avprd-depqy t soRa t ke mepis angipart igilAfedds ow
condi tions have, to.be ad,hereg,to jthin the mfnbrane separation steps. It
has beér f oBKATRRAAEZERe 11 skDEF gt & nPal¥Peram i edes%nd’erﬁ?ez’an its

turbul ence asde5 thus, anbehseReyiobhdbontintéle, ThS3, 5 16 Nast taf heoeasur ed,
Reynolds nURBLYTEE i n the T ahge f 1o 55 1o 13 SO0 SBFEREr kol y° T16m 100 1o
3500 and vetgtpametbulatl ¥’ pspieobbby1Hronde7e] tH, 95006, Fhetetrol
having the number CA ig obtained from the reaction of
20 676450-48-9. PIM-1 5,5'6,6'-tetrahydroxy-3,3,3’,3"'-
tetramethyl-1,1-spirobisindan with 2,3,5,6-
tetrafluorophthalonitrile:

X
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mr" - Y OH F T " i E § N "
DD DU B T L
o A . ‘ i E
oH F S P e
: ¢ 53

ox
A B PRI

25
Further examples of polymers having intrinsic
microporosity are given in US2006/0246273A1 and in
W02005/113121.

30 Additional examples of copolymers which are suitable

for medifying PIM-1 are:



10 kinematic viscosity should be | ess than 10 nPas and preferably be 1
nmPas. Under these flow conditions, deposits are avoi ded. Wen usi ng wound
menbranes having a tube length of 1 m15 and a pressure drop of 1.5 bar
and a ki nemgig o gagy@@3atas of the nmediumef_1 rrPas,P&ngzﬁﬁ_@ﬁbgggqgti ons
are inplemented by preferably carrying out the nethod in such a way that
he nmenbrane is fromO0.1 to 15 nisec, preferably
nor e prferablyfromcp.Sto m sec, in the
it ti cul ar the Tinstxwenrane separation

the flow vel ocity over
from20 0.2 to 4 m sec,
menbr ane separat i~y Z
step, in order to
invention is pme : ewHout by feedin 9 7,18
separated as feed streamto the nenbrane and reciirc @
retentate stream Q. hsaebrane. Here, the substrealn
recirculated to the nmenbrane is conbi ned beforehand ‘30 with the sol ution
to be separated. The part of the retenate stfeapRromeréh i s not recircul ated
to the nmenbrane is eirher used as feed streamto one or nore subsequent
8/recirculated to the reaci on. 35 If a stream
havi ng a | ow propor} higgh boil ers and a hi gh_prgportion of primary
products, as is theAcase @act or out put W h previ ous
concentration of "*OWO2014 6- 19 - PCT/ EP2010K 0 42 high boilers, is
‘ tep, the volun® flfw Fati o of perneate
streamto feed stream frgR r&ictor (without recirculated retentate) is
froml: 1.1to 1 : 5 prefer@bly from1 : 1Camenemerd3 5 -and particul arly
preferably from lcombnémdr® 1 : 2. If, conversely, a stream which has been
significantly enriched in high boilers conpared\ ¢ the reactor output,
e.g. by neans of at I 3 @ er Brhe reactor is fed to

be

separation st'ep
t he nmenbrane separatio ep, the volune fl pernmeate streamto
feed stream fromt hE Br (without reg 2e) is preferably
.5 and particularly

from1l: 5to 1: 20, Jlprégferably from1 :

preferablyfromlSlFF o'R :11. OH
F© °F
Comonomer 5 Comonomer 6
Comonomer 3 is produced by bromination of
spirobisindane.
5

Further examples of starting substances are 9,9'-
spircobifluorene, modified as 2,2’ -dicarboxy-9,9' -
spirofluorene or 2,2 -diamino-9, 9’ -spirobifluorene,

which are guitable for producing intrinsically

10 microporous polyamides and polyimides.

Apart from the abovementioned polymers having intrinsic
microporosity, the membranes can comprise further
materials. In particular, the membranes can comprise
15 support materials ontco which the PIM is applied as a
thin, geparation-active layer. In such composite
membranes, a support material is present in addition to
the actual membrane. A selection of support materials
is described in EP 0 781 166, which is expressly

20 incorporated by reference. Furthermore, reinforcing



It can be advantageous for the volune flow over the nenbrane to be
significantly greater than the volune of flow of the perneate stream
since a high flow velocity 20 over the nenbrane can be set in this sinple

way. The VOWéIT%OfﬂO?WgF;gtﬂsO of the streafysupplied p@r )R FETPESSLs21 N

particular to the first menbrane or the first menbrane separation step

(inflow fromthe reactor including recirculated retentate), to perneate
flowis 25 PREFELapry 1¢-9-10 popticles nppé phereEapily 5X1BH0 ©r1 and
partiful ar')inla:rrglfaﬁfi@b|ﬂ|&b%Q%h -52000as &Framef:eb&nﬁ;a_ais% mtaﬁ&]gé V‘ﬁl@iéﬁ |
circulating.a relativy Lgh.yolune w over.the nenbrane. The nmagnitude
ot ' the par s L0F ERGe) ity SFEDLL Pbkmaini CHF | BSBERRCa) dob PSBE AL
reaction or tbedptesfaurfhectsepivasi on hdigh rerednutdedilf féeswnese, bet ween
feed stream(w thout irculated,ret ?EBE ngd -pe te sire In

t he casegof c%\él: a?el?veq]%%r%tﬁ plgEr rrgaei |II%_ |esf§1)l‘|e%l g"élgl%ge%aglo %é Z‘g‘%/%%t ageous
to connect Bkeoxgidbganés i rkhe " finvanteen st (g urdiic@e 01009786 20

- PCT/ EP2010,Qp2242 A8 f1e8L SELARKEO dlhidriRRDIANe ERPARALHEA, dd £8
possi ble to use the reaction output _froma reaction catalyzed by organic
netal conpl éR¥ENTAPPherii r BEREGTBPLYN thfe weh? 08 B conmk@ht F @t 2Pt Bduced

therefrom phersrapagt 100 outypot smcontain starting materials, primry
produc;f by- products such as high boilers, the catalyst systemand, if
used, Qolvent. Wen this nixture i s worked up according to the

i nvention, fThdusarahysmodydem in particular the netal conplex, 10
remains predomnantly in the retentate. Starting materials, products and
hi gh boilers are separated off together in the perneate which is worked up
in a furthefnsepheathephaedaget |the hiigveaddon, hetber meambranesaneie

substanti al Lyelrargglyt haded ha d et At HHml Sost MRABMHL bRk . 1In
recircul ated to the nmenbrane, This_requires a | arge nenbrane surface and

nonopt i‘mum FBEERt MO0 hetlRat BEFPE2EFSt &he THerFRFe Far tthet tHee

starting nageluaksnandapr oguets 30er ethher eépeecpref esabby separméed of f
bef or ehand b¥ggeans of. a ther g;al separation step..Such a ther
r at
d, ‘?‘é

separation % 28R beteal'zed, For “&Xanp by tﬁ@ansc%?c%?\tég%l’i%r e

t her mal sepppabirbdnabppar aaisescsunheas tichi hhéi lcompvaportat cecspafatddng film

evaporatorsofELaigre catalyst-ligand system, and in addition the

20 necessary driving force (pressure) can be applied. The
permeate is combined in the permeate collection space
on the permeate side of the membrane and discharged
from the module. Customary membrane modules have the
membrane 1in the form of membrane disks, membrane

25 cushions or membrane pockets. In the methed of the
invention, the membranes are preferably used in the
form of membrane modules having open-channel cushion
module systems in which the membranes are thermally
welded oxr adhesively bonded to form membrane pockets or

30 cushions or open-channel (wide-spacer) wound modules in
which the membranes are adhesively bonded or welded to
form membrane pockets or membrane cushions and are
wound up with feed spacers around a permeate collection
tube.

35

Flow over the membrane, separation step



25 evaporators for distillation colums. Essentially starting materials
and primary products are here separated off as overhead product. A m xture
of high boilers and the catal yst systemis obtained as bottom product. If

the reacti ogomizetid/@sia78 hydrof ornylatign. 30 m xt pee/ebhe1oyes head
product usually contains the hydrofornylation product, e.g. al dehyde

and/ or al cohol and, possibly,unreacted hydrocarbons such.as_ol efins or
al i phatics dfd &i§* o|‘§%ﬁﬁ?-‘¥ﬁ§%d h t hWF@‘F&Pﬁw aPRERTGHLBR hﬁgo‘é{
boi I'i ng poi rionidi ttibesr @givan ob tiat adhetrhd 3 hytitbi ar mHeat hembpanduct s or
bel ow and C%%Pg%a %%%Edﬁttegpsa. FUEther wWaLky up, Jie Hotd Oghgror%“sﬁé g?t ai ned
fromthe thér Sseparation stép is a mxture containing tThe conpléex
cat al yst andieposfitee in gamds;eant s elependinemn WE 204000b7376- aad
 PCT EP2D 1019262482410 AcDALIURY. RAkBE,! OBRLs! ham. ! hahs Of cbhepe
hydr of or myl at1 on product ang,also hi gh boilers tornmed during the
hydr of or ny| shiseywed, taking into account the construction of the
membrane module, that the Reynolds number is in the
range from 55 to 13 500, preferably from 100 to 3500
and very particularly preferably from 170 to 900. The
10 kinematic viscosity should be less than 10 mPas and
preferably be 1 mPas. Under these flow conditions,

deposits are avoided.

When using wound membranes having a tube length of 1 m
15 and a pressure drop of 1.5 bar and a kinematic
viscosity of the medium of 1 mPas, these flow
conditions are implemented by preferably carrying out
the method in such a way that the flow wvelocity over
the membrane is from 0.1 to 15 m/sec, preferably from
20 0.2 to 4 m/sec, more preferably from 0.3 to 1 m/sec, in
the membrane separation step, in particular the first
membrane separation step, in order to avoid deposits on

the membrane.

25 The method of the invention is preferably carried out
by feeding the solution to be separated as feed stream
to the membrane and recirculating part of the retentate
stream to the membrane. Here, the substream which is
recirculated to the membrane is combined beforehand

30 with the solution to be separated. The part of the
retenate stream which is not recirculated to the
membrane is either used as feed stream to one or more
subseqguent separation stages or else recirculated to
the reaction.

35
If a stream having a low proportion of high boilers and
a high proportion of primary products, as is the case

for a reactor output without previous concentration of



5 The proportion of high boilers in the bottom product is, depending on
the reaction conditions and starting material, in the range from50 to 98%
by mass, in particular from®60 to 90% by nmass. These solutions can be fed

wi thout addiwo om1@f/oa7diluent to the mepdrane 10 seppypbr o/ ESE948 the
thermal separation step, the reaction m xture can optionally be separated

by nmeans of _a rane intp a_stream havin hi gher catal yst 15
concentrat i Bﬁggﬁgg)%ﬁa]ﬁ?%an?ﬁa\ﬁaﬁg P I{}V\%r m%&%aﬁvgt SERAERATERT oFECFhe
stream havi nget Rolhimghdlctat@tist chneemidaid Ot isan et rEeddt eth-&amt he
reactor. The_stream having the, | ower catalyst centration_is.fed to the
hor el sepaFall olbst asokter hEatBPofni S iDL Gekeriasd) roF
exanpl e, i nfpEml@ 20051046250.:2.5 Mpatafresxlflor rfecbr rl reakt4 oro ubki ng3

homgenegus etk sselued 03t alxeabalyals rean e S9nar aked by pmeans of the

present 1nventi 25 es o ch reactions, nention may be nade
of hydrogenations, hydrofornylat ions, netatheses, hydrocyanations and

hydr ocar boxyal, kydtense16f, oheldthsanP @i £E8NE8si He@iny €8i §191 1DE4h ATy Up
hydr of or myl ati gn 38 m, Xt ur es cogt:ggil ni ng rhodi um conpl ex_catal ysts. The
hydr of or myl §BFSFFEactfon Bk u cOTRFTST privtessRe fEFather

hydr of or nyl auicentof ®l@fi hs, peeher adl yahavhewgndT osepatratibncasben, at ons,

35 partjcul arly preferably.from4 t 6, carbon ato ver articularly
pref er ajb y rfgéer 1%e%e 1fe@§r 56n %lf’orr%d;n i n-Far |(r:"gsfr3%qe&g Al 'J,:l‘ﬁ or 12
carbon at onstepoe frdwemuciamsorfkspondihg afd@leyoesteTsd teedr dfor fyedt i on

WO 2010/ 0973{8zam? £rBiT A2 QY NR4248:1 thout recirclated retentate

reacti onm xtureveryparticul arl'ypreferably conprises, as hydrofor rryr ation
product, anifl dekgererably from 1 : 5 to 1 : 20, preferably £from

1 : 7.5 to 1 : 12.5 and particularly preferably from
15 1 : % to 1 : 11.

It can be advantageous for the volume flow over the
membrane to be significantly greater than the volume of
flow of the permeate stream, since a high flow velocity
20 over the membrane can be set in thig gimple way. The
volume flow ratio of the stream supplied to the
membrane, in particular to the first membrane or the
first membrane separation step (inflow from the reactor
including recirculated retentate), to permeate flow is
25 preferably 10 - 10 000 : 1, more preferably 50 -
.5000 : 1 and particularly preferably 200 - 2000 : 1.
Preference is thus given to circulating a relatively
high volume flow over the wmembrane. The magnitude of
the part of the retentate stream which 1s recirculated
30 to the reaction or fed to a further separation is given
by the difference between feed stream (without

recirculated retentate) and permeate stxream.

In the case of relatively high permeabilities, it can
35 alsc be advantageous to connect the mewmbranes in a “fir

tree” structure.
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| ) phosphi ne, trls n}tolyl)phosphlne tris(o- toI ) phosphi
EeR )Tﬁ%%’fﬁ‘h’e n{ SESE-di Dt ffiidm Fgs,  the ~pebmeate

stream 1ig substantially larger than the retentate
stream which is not recirculated to the membrane. This
requires a large membrane surface and nonoptimum

retention of the catalyst system.

The majof part of the starting materials and products
are therefore preferably separated off beforehand by
means of a thermal separation step. Such a thermal
separation step can be realized, for example, by means
of one or more thermal separation apparatuses such as
thin film evaporators, falling film evaporators, flash
evaporators for distillation columns. Essentially
starting materials and primary products are here
separated off as overhead product. A mixture of high
boilers and the catalyst system is cbtained as bottom
product. If the reaction mixture is a hydroformylation
mixture, the overhead product usually contains the
hydrofbrmylation product, e.g{ aldehyde and/or alcohol
and possibly unreacted hydrocarbons such ag olefins or
aliphatics and any solvent used in the hydroformylation
which has a boiling point in the region of that of the
hydroformylation products or below and can be passed to
a further work-up. The bottom product obtained from the
thermal separation step is a mixture containing the

complex catalyst and/or free ligands, if used a solvent

I ne,
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phenyl ) phosphi ne, tri cycl ohexyl phosphi ne,

tricycl opentyl phosphi ne, triethyl phosphine,tri(1-
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be fed without addltlon of a diluent to the membrane

10 separation.

Before the thermal separation step, the reaction
mixture can optionally be separated by means of a
membrane into a stream having a higher catalyst
15 concentration and a stream having a lower catalyst
concentration. The stream having the higher catalyst
concentration 1is recirculated to the reactor. The
stream having the lower catalyst concentration is fed
to the thermal separation step. A method of this type
20 is described, for example, in DE 10 2005 046250.2.

Mixtures formed in reaction wusing homogeneously
dissolved metal catalysts can be separated by means of
the present invention.
25

As examples of such reactions, mention may be made of
hydrogenations, hydroformylations, metatheses,
hydrocyanations and hydrocarboxyalkylations of oclefins.
Prefefence is given to working wup hydroformylation

30 mixtures containing rhodium complex catalysts.

The hydroformylation reaction mixtures can come from
processes for the hydroformylation of olefins,
preferably having from 2 to 25 carbon atoms,
35 particularly preferably from 4 to 16 carbon atoms, wvery
particularly preferably from 6 to 12 carbon atoms and
in particular 8, 9, 10, 11 or 12 carbon atoms, to form

the corresponding aldehydes. The hydroformylation



25 Furthernore, the hydrofornylation m xtures can conprise an acyl or
het eroacyl phospshite or a |igand having an acyl phosphite or heteroacyl
phosphite group as organophosphorus |igand. Acyl phosphites or |igands 30

havi ng acyl wehosnli/o®7gr6ups, their preparation ansct€bziousLosn242
hydrof ornyl ati on are described, for exanple, in DE 100 53 272. Ligands

~havi ng het eroacyl, phosphites and het eroacyl phosphite groups, their
preparationI§ﬁ§¥ﬁﬁ%ir u@éXFHrﬁydr6ﬁﬂﬁﬁyla£F5ElSPga§gydesc?§%£§f£#i¥
exanpl e, i ncbrpiQs2604 %3 hidrofWbmz02046873B6edRdt ; PCIh ER2UIEMPE224 2
whose scope rot-ectki i in B, a he.descri ption,

bei ng restrﬁ%@g%tEEErgkgﬁ T%%gﬁ%th%%dggy%%g ﬁ%ﬁéﬁ%io%q‘g} gep%?at?ig off 5
rel atively lsiaghoboi REagsconpovaéarabiyon? hbgdeogerbanal §sonser in

honogenepus ,Gatal-y 3k SYSLEMRRY 1SRl akbeRis-Ag TENDr anes based on a
pol ymer having intrinsic mcroporosity (PIM wll hereinafter be described

by way of exanple for the rhodi um conplex- 10 catal yzed hydrofornylation
of C4- Cl16- olreki Nsompl eshowntidl fdtgs land fer St®rdd NgorRéebpiabsSpdyugor the

hydr of | at.i on,, viz. ol efj d t hesi , f.ed to th t

(R, The hydrrbifyl TOTERE tRE 15°0F ef DY ALBURFI B ouTeR T i the

presence of milkeucat alagstbsyshemaonpgaaldsy phdcedmphetthe rkeastrorfr&eact ed

starting, mag e agrﬁg%h g5l d%ﬂédecﬁﬁglggp@g#&iis pd spbsggyent, product s
R boi | do ondensatiroh p

including hi'g eérs such as a _ roduct s and unr éact ed
20 startinglrgeedial paafennbdyt heavat al yEaAndy sedegteddi Schmr gridoRgom t he

reactor as LeaehhiRed XAk and fifdhiio & 8] ey B ane pgparation
step (M. The catalyst or the catalyst systemis concentrated on the
retentate sitdg2pdf aRaRdeprEt e (He PEFReaPBOSPRENO5( 4RO LO! shows
an ext ensi ophekphbaifet heg shmspHinito groups. It 1is likewise

15 posgsible for the ligands to have two or more different
groups selected from among phosphine, phosphito,
phosphonito and phogphinito groups. In particular, the
ligands can be bigphosgsphites, bigsphosphines,
bisphosphonites, bisphosphinites, phosphine-phosphites,

20 phosphine-phosphonites, phosphine-phosphinites,
phosphite-phosphonites, phosphite-phosphinites or
phosphonite-phosphinites. The ligands of the complex
catalyst and the free ligands can be identical or
different. The organophogphorus ligands of the complex

25 catalyst and the free ligands are preferably identical.

Examples of cdmplex catalysts and ligands which can be
used and the preparation and use thereof in
hydroformylation may be found, for example, in
30 EP 0 213 639, EP 0 214 622, EP 0 155 508, EP 0 781 166,
EP 1209164, EP 1201675, DE 10114868, DE 10140083, DE
10140086, DE 10210218 or WO 2003/078444, which are

expressly incoxrporated by reference.

35 Examples of preferred ligands are:
phosphines: triphenylphosphine, tris(p-tolyl)phosphine,
trig (m-tolyl)phosphine, tris(o-tolyl)phosphine, tris(p-
methoxyphenyl)phospine, tris (p-diemthylamino-



fig. 1, in which the perneate (4) fromthe nenbrane separation step is fed
to a thermal separation step 30 (D). In the thermal separation step, the
perneate stream (4) is separated into a stream (6) enriched in relatively

hi gh-boi | i ngrec@mpoey@rtyz7such as by-produgts from theryepsii®nosesaipon and
al so catal yst conponents which have not been retained in the nmenbrane

separation 35 st nd a .product stream (5) containi I r-hoiling
conponent s, H @Hﬁﬁ?ﬁﬁﬁ?&ﬁ ‘dehyde. To avoidtﬁ&ﬁﬁﬁg?ggﬁﬁfggo?ﬁ?h??vely
hi gh- boi | i ngriyvedegaeats lphosphipeqcess trietagiiphbyphina, substredam-(8) of
stream WO / - .- PCT/ EP2010/ can be discharged from
t he process%g%%tgg&ﬁg ﬁgégﬁggéssary %%lggééﬁépaégﬁﬁgﬁghtire S ?gé%{(G), it
can be advakuiydohosphingsi tedl-gt-dutlyd phewmhingg stream (7) to the
reactiong particularly when stream (7) still 5 contains part of the
catal yst system _Dependi ng on the val ues_content of the stream(6) in
terms of cafRPyPRi&EsponéatactiylcapPpEPRATSNt afESEERY S sRpRFREEEStr eam
\(Nﬁ_) Ey_ neans:_r@ﬁngp&@@grld ;lﬁm@minﬁe ;Otgepar@&b@mstgg@dﬁ%ﬂe@ St’éfﬁ_aﬂl(g_)
Ich'1s entl In catal yst conpar to stream and_a, correspondi ng
ot alyst - doBPEVId SOBHAIES: f g i cHirgs oPHTR Bt || Fo CoToReht s (See
fig. 3). Deptndgphdten therast(Rvetirydhetdyd)cat phpsphivacenttaipidenplst ream
(7), it;A5 .advant ageql o,faed, thi i ther _di or
indirec%#y gggﬁﬁgl?%éction$9¥%é5éﬁr§%ggnghﬁyg§£§ﬁg%z in f?%é%gﬁ%%%'be
advant ageousrawda -mi-bhsuil -thackbepyahenydpar aphorapbi-ep, af te¥igd2dtschar ge

fromthe regetof - 4Shehh3dpRhdngement disshomne I n fi gerfls (Jherdpyention
further providées_a process fof preparing tridecanal, which conprises the
fol | owi ng sPBpsphite.

157 Phosphonites: _ methyldiethoxyphosphine,
phenyldimethoxyphosphine, phenyldiphenoxyphosphine, 2-
phenoxy-2H-dibenz[c, e] [1, 2] oxaphogphorin and
derivatives thereof in which the hydrogen atoms are
completely or partly replaced by alkyl and/or aryl

20 radicals or halogen atoms.

Customary phosphinite ligands are diphenyl
(phenoxy)phosphine and derivatives thereof, diphenyl
{(methoxy)phosphine and diphenyl (ethoxy)phosphine.

25
Furthermore, the hydroformylation mixtures can comprise
an acyl or hetercacyl phospshite or a ligand having an
acyl phosphite or heteroacyl phosphite group as
organophosphorus ligand. Acyl phosphites or ligands

30 having acyl phosphite groups, theilr preparation and
their wuse in hydroformylation are described, for
example, in DE 100 53 272. Ligands having heteroacyl
phosphites and heterocacyl phosphite groups, their
preparation and their wuse in hydroformylation are

35 described, for example, in DE 10 2004 013 514.

In the following, the method of the invention is

described by way of example without the invention,



25 a. hydrofornylation of tributene to tridecanal using a honpbgeneous
catal yst system conpri sing rhodi umand an organophosphorus conpound, 30 b.
separation of the reaction output by distillation into a distillate

contai ni ng wey eaqiood9gkeki ns and al dehygles. and a bpit pab 606 pgE2 808t ai ni ng
hi gh boilers and the catal yst system 35 c. carrying out the inventive

nmet hod of co centratlng honpgeneous cat ere_the high boilers as

permeat e andPOFE SHORY GE KK E&P?ef@n?ﬁ%énﬁp Ve At SR FPHnRBe
anot her, WOh2088/@31376on26bePad/ ER2EIACBBA24Redetbeci rcul ati on of the
retentate with the concentrated catal yst systemto the hydrofornyl ation
reactor. 5 In a preferred enbodi nent, tridecanal is prepared using a
tributene wﬁb@himgqh@bareﬂ byrhel i gomeenzben onfot HSﬁmﬁrdnmEme306ﬁer

ni ckel - cont @‘ie'iia'ﬂg.v%qgl %la'%itl% 5‘ napardd et | iEG] ery “t the
10 organophosphorusc npou strls 4-di -tert-_ butyl phenyl) P osp

Even Wi t houCatalyREE dePHi | ShOMPIFREQRS umeth tiatSta péﬁ§§ﬁm§kllleden t he

art can utikizarkhecabayeiddp ﬁ@&@m@@sorm@edt%nw esde blyaeRe. hdWeng
preferred enbodi.nents and exa Ies are %hﬁ efor e |na§%preted nerely
as descrlptFFEr&P§&Fos&P§Rﬂﬂ Hdes nbt! n1Vl e i St aR

The present deavenibiedn by whiusiff atrdmpekovior t hhé he-haidd vaf a&npmmal es
Ao VU0, TR agbeL R BREIERS mHentLoBggpfe obt o ned 11 an

Ag shown in fig. 1, the starting materials (1) for the

hydroformylation, viz. olefin and synthesis gas, are

fed to the reactor (R). The hydroformylation of the

15 olefin to aldehyde occurs in the presence of the

~ catalyst system dinitially placed in the reactor.

Reacted starting material such as aldehyde and by-

products and subsequent products including high boilers

such as aldol condensation products and unreacted

20 starting material and also the catalyst gsystem are

digcharged from the reactor asgs reaction mixture (2) and

fed to a selective membrane separation step (M). The

catalyst or the catalyst system is concentrated on the

retentate side (3) and depleted on the permeate =ide

25  (4).

Fig. 2 shows an extension of the wethod shown in
fig. 1, in which the permeate (4) from the membrane
separatibn step igs fed to a thermal separation. step
30 (D). In the thermal separation step, the permeate
stream (4) is separated into a stream (6) enriched in
relatively high-boiling components such as by-products
from the reaction section and also catalyst components
which have not been retained in the membrane separation
35 step and a product stream (5) containing lower-boiling
components, predominantly aldehyde. To avoid
accunulaton of relatively high-boiling by-products in

the process, stream (6) or a substream (8) of stream



The separation task as per fig. 4 which is the nost demandi ng anong the
above arrangenents for the nenbrane separation step because of the high
proportion of high 30 boilers was sel ected as exanple. The reaction is a

r hodi um phosghizoa-o/atealaysed hydrof ornyl asi on of a dodgsepeloyasppes
(tri-n-butene). The rhodi um precursor used is acetyl acet onat odi car bonyl

r hodi um and e lign is afris(2,4-di-tert-butylphenyl

phosphi t e. 14162 r‘ﬁ%Ig %ﬁ] g@ﬁc&ﬂﬁgﬁ# t é\‘/ﬁ B ®pAssS S’]‘heﬁ)h(‘)L |u%ﬁt:8°f:| gand
rati o was 2MedReaennd tst aiitd aitpumt e:rh@lerstwmfe asttdwan al €lehyde can be
(isotrideca r S d gh

boil ers %?O‘)ad%%g)fg%‘% %%u%%(%%%%%%ﬁ% SS%#J%JE[# I((:ggdg%satl on
product s andhenr eeraddian.ar t PAYChEVERTAY alBedl setmsancat 6] st ss§ddem are
fed to ast heidfilaisRP ¥t OF HHRP .cAtha et tom® eanri ched in high boilers and
in catalyst fromwhich is fed to the menbrane separation step. The
proportion of high boilers is above 50% The nolar mass difference between
a(g]ti ve cgt aID,e@eh r&tbieg 5 andet hfallmegiﬂhbehteﬁs iﬁﬁdh&h@WsEQaag/ ). 1ﬁ I':]_ Wﬁ.s
able to be shown Xa et t rhodiumretention in e hig
boi | er st rezcm \Wﬁen&/fum ngqé’% fTCP ats e%tbo Ve B%0s Ya%ta%?ousrhé

menbr ane f| |stepetriadie watsrebp Wéﬁ)ofbxaxam@ahm cHr r ikedseobndt membaassenbr ane
pressur £o0f 2p=Nal 30d A S PE(at Ul 8c0bS @9C,ninG foedest flondg Ounover
the ne rane the pressure rop over t ube was Tess than 1
bar, the Reyﬁ&adéfﬁtunﬁ@mpwagdamt strgem Thés Hgh retearresrgadiagle to

be observed¢ le%texsﬁgnler&@at aktiblR Ofspbotdy 2Qy Yhrg Eheoﬁerfmghe fluxes
achi eved argﬁslrilthe 20 ran fromO0.63 to 1.431) kgl The rhodj um

concentrat i iRG hEPBERTIY St hd SREnbLdHe sdpar aP Bﬁngﬁﬁg aPB i hPene
range from 2@tierit3y3 ofg/he: Goglbrsd senexatgatee®?5n stream (7), it
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or indirectly to the reaction.

The arrangement as shown in fig. 3 can be advantageous
even without the membrane separation step after
20 discharge from the reactor. Such an arrangement is

shown in fig. 4.

The invention further provides a process for preparing
tridecanal, which comprises the following steps:

25
a. hydroformylation of tributene to tridecanal using a
homogeneous catalyst system comprising rhodium and an

organophosphorus compound,

30 b. separation of the reaction output by distillation
intoe a distillate containing unreacted olefins and
aldehydes and a bottom product containing high boilers

and the catalyst system,

35 ¢. carrying out the inventive method of concentrating a
homogenecus catalyst, where the high boilers as
permeate and the catalyst system as zretentate are

separated from one another,



reason is the insufficient sharpness of separation 30 achi eved by the
menbranes and nenbrane materials nentioned therein. Tab. 1 shows the
corresponding results for a selection of nmenbrane types nentioned in DE 10

2005 060784wal 2030 /0be3frged to the nenlg@ne separ ap¢pyEsStEpPo /522821 n the
exanpl e according to the nethod, a reactor output streamfromthe

r hodi um phosphi t e-cat al yzed hydrof ornyl ati on of dodecene whi ch has been
enriched in WD 2010/ 097376- 28 -PCT/ EP2010/ 052242 hi gh boil ers by neans
of a thermbk.sepaiatudativep ofAdcter digigintattehivsi 91 ridaan compenisestedact ed

starting m%é‘céﬁ&sﬁ“% s@%anit 8 %@eﬂ%g%o%%{?l ihgﬁﬁﬂ”%)a ggg.bypmd““s and

subsequent pro ts 1ncluding high ilers such as a condensati on
products and unreacted starting materials and al so the catal yst system

The cer afm ¢ 1REELLARES XD WUnlddd idch Vel el Rna 101 SP| Sedh QP PR GRAL €
flux but are far frombeing able to retain_the catal yst systemto a
satisfactor§ ex¥Hittene HoiShers10PTehdfSheLhafdigRmPrEFRESEE retenti on

for the cataliwshrcbupaned beetrheiekearcenmanhliagesobut thtalyetention is
still unsatisfactory. In addition, the polyimde nenbrane Starnmem 240(r)
hasanunsui t abl yl ow perneability. 15 Manufacturer/ Menbrane Material Rh
feed Rh per pat e Ret epbirgAacularly preferred embodiment, the

10 organophosphorus compound is - tris(2,4-di-tert-

butylphenyl) phosphite.

Even without further details, it is assumed that a
person skilled in the art c¢an utilize the above
15 description in 1ts widest  scope. The preferred
embodiments and examples are therefore to be
interpreted merely as descriptive disclosure which does
not limit the invention in any way. The present
invention is illustrated below with the aid of
20 examples. Alternative embodiments of the present

invention can be obtained in an analogous way.
Examples

25 Example according to the invention

The separation task as per fig. 4 which ig the most
demanding among the above arrangements for the membrane
separation step because of the high proportion of high
30 boilers was selected as example. The reaction 1is a
rhodium-phosphite-catalyzed hydroformylation of a
dodecene mixture (tri-n-butene). The rhodium precursor
used 1is acetylacetonatodicarbonyl rhodium and the
lignad used is a tris(2,4-di-tert-butylphenyl)
35 phosphite. The rhodium concentration was 10 mg/kg. The
rhodium to ligand ratio was 20. Reacted . starting
material such as the aldehyde (isotridecanal) and by-

preducts and subsequent products including high boilers



Flux T™M? ) [mg/ kg] [mg/kg]l [AQ [kg/(h*nmR)] [bar] PC] |nopornano 0.9 nm
TiO2 20 11 45.0

WO 2010/097376 - 27 - PCT/EP2010/052242

such as aldol condensation products and unreactéd.
starting material and also the catalyst system are fed

to a thermal separation step, the bottoms enriched in

high boilers and in catalyst from which is fed to the

5 membrane separation step. The proportion of high

boilers is above 50%. The molar mass difference between

active catalyst species and the high boilers is below

500 g/mol.

10 It wag able to be shown by way of example that the
rhodium retention in the high boiler stream when using’
a PIM membrane 1is above 95% (fig. 5). The membrane
filtration was, by way of example, carried out at a
transmembrane pressure of 25 bar and a temperature of

15 60°C. The feed-side flow over the membrane was 1.7 m/s,
the pressure drop over the tube was less than 1 bar,
the Reyndlds number was about 1200. This high retention
was able to be observed for an experimental time of
about 20 days. The permeate fluxes achieved are in the

20 range from 0.63 to 1.41 kg/(m?h). The rhodium
concentrations in the feed to the membrane separation

step are in the range from 50 to 133 mg/kg.

Comparative example

25
Experiments have shown that the method of
DE 10 2005 060784 Al cannot be employed @ for the
separation task according to the method. The main
reason ig the insufficient sharpness of separation
30 achieved by the membranes and membrane materials

mentioned therein.

Tab. 1 shows the corresponding results for a selection
of membrane types mentioned in DE 10 2005 060784 Al.
35 The feed to the membrahe separation step is, as in the
example according to the method, a reactor output
stream from the rhodium-phosphite-catalyzed

hydroformylation of dodecene which has been enriched in
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high boilers by meang of a thermal separation step.

Accordingly, this stream comprises reacted starting

material such as the aldehyde (isotridecanal} and by-
products and subsequent products including high boilers
aldol

starting materials and also the catalyst system. The

such as condensation products and unreacted
ceramic membranes Inopor® and Velterop® display a good
permeate flux but are far from being able to retain the
catalyst system to a satisfactory extent. The polymer
membranes have an increaged retention for the catalyst

compared to the ceramic membranes but this retention is

still unsatisfactory. In addition, the polyimide
membrane Starmem 240% has an unsuitably low
permeability.
Manufacturer/ | Material | Rh Rh Retention Flux T™P Temp
Membrane feed | permeate
[mg/ | [mg/kg] [%] [kg/ (h*m?*)] | [bar]l | [°C]
kgl
Inopor nano | TiO; 20 11 45.0 3.08 20 121
0.9 nm
Velterop Al,0O, 77 62 19.5 11.42 15 150
0.1 nm
MET  Starmem | P1 120 | 62.58 47.9 0.29 30 90
240
GMT oNF2 PDMS 120 | 27.5 77.1 1.74 25 60
Tab. 1 TMP = transmembrane pressure
The _examples show that considerably better

concentration of the catalyst system compared to the
methods of the prior art is possible by means of the
method of the Thus, the method

carried out considerably more economically because of

invention. can be
the higher degree of retention for the catalyst system.
This
containing valuable metals such as rhodium.

applies particularly to catalyst systems




0.29 30 90 GV oNF2 PDMB 120 27.5 77.1 1.74 25 60 Tab. 1TMP =

t ransnenbr ane pressure Theexanpl esshow hat consi der abl ybetter 20
concentration of the catal yst system conpared to the nmethods of the prior
art is possiwn ednoozre7eof the method 98 the inveptirgrp2dhogosbhaanet hod
can be carried out considerably nore econom cally because of the higher
degree of reéler!itrjlson for the catalyst system 25 This appliesparticularly
to catal ystsysaf ens contai ning val uable netals such as rhodi um

1. A method of concentrating a homogeneoug catalyst

' from a process stream containing this homogeneous

5 catalyst as constituent, wherein the process
stream 1is passed over at least one membrane and

the membrane consists entirely or partially of a

polymer comprising planar polymer units which are
connected to one another via a rigid linker, with

10 the linker being intrinsically twisted so that at
least one planar monomer unit is Jjoined via the

linker in a noncoplanar arrangement to at least

one second planar polymer unit.

15 2. The method as claimed in claim 1, characterized in
that the polymer has spirobisindane bonds which

function as linkers within the polymer structure.

3. The method as claimed in claim 1 or 2,

20 characterized in that the polymer comprises
repeating units having one or more of the
following formulae, where n is the number of units

and is preferably in the range from 10 to 100 000.

| )
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25



WD 2010/ 097376- 29 -PCT/ EP2010/ 052242 Clains 1. A nethod of concentrating
a honobgeneous catal yst froma process stream contai ning this honbgeneous S
catal yst as constituent, wherein the process streamis passed over at

| east one n@Thraxi® /aed 3t7ee nmenbr ane consposts entirpty/er2pnofostiy20f a
pol ynmer conprising planar polyner units which are connected to one anot her
via arigidlinker, with 10 the linker being intrinsically tw sted so
that at | east one planar-nononmer unit is joiped via thgq linker in a
noncopl anar arrangenenty xgnd planar polymer unit. 15

2. The nethod as cl ai ned rized in that the polyner has
spi robi si ndane bonds whi i t hi n, tthe pol yner
structure. WO 201%L

.O =3
C&q -
/

[0
L 1
4. The method as c¢laimed in one or more of the
preceding c¢laims, characterized in that the
5 homogeneous catalyst containg one or more metal
complexes.
5. The method as c¢laimed 1in one or more of the

preceding claims, characterized in that the
10 process stream contains high boilers and
homogeneous catalysts from a homogeneously
catalyzed organic reaction output of a reacton
catalyzed by organic metal complexes and the high
boilers are separated off with the permeate and

i5 the catalyst system remaing in the retentate.

6. The method as claimed in one or more of the
preceding claims, characterized in that the method
is carried out over membranes having a separation

20 limit of from 200 to 2000 g/mol.

7. The method as claimed in one or more of the

preceding claims, characterized in that the method



The nethod as clainmed in one or nore of the preceding clains,
characterized in that the honbgeneous catal yst contains one or nore netal
conpl exes. The nmethod as clainmed in one or nore of the preceding clains,
characteri zex 2010ifa78H6 process stream contai ns POCQIEDDI1 &/ G5 2042
honbgeneous catal ysts from a honbgeneously catal yzed organic reaction

out put of a reactgn e y gani t Qnpl exes- and e high
boilers are sepa%%te%g%figéjSﬂpihgkpégngﬁggm%%'%ﬁﬁb %gtalﬁg? %95t€%1
remains in the réb@&itate. The nethod as clainmed in one or nore of the
precedi ng clains, characterized in that the method is carried out over
menbranes having a separation limt of from200 to 2000 g/ nol. The net hod

as clainmed n ondher WBEBCGf 2he PRI ngle| &NFs, &halm@Eter PEedtha t hat

the nmethod WO 2918669184613k ms,CUHRZ QY0922 s 1ead ri1esd eekhal a
tenperature of from40 to 150C. 8. The nethod as clained in one_or nore of
the 5 precedi ng ¢FafRETIERRCt &5 ALTHS TR RAHTRTS LarfFed out at
a transnenbrane pr.essoré HMPafl.rom 0.5 to 6 MPa. 9. The nethod as clainmed in
one or nore of the 10preceding clainms, wherein the nmethod is carried out
in the presence of carbon nonoxi de and/or hydrogen. 10. The nethod as
clainmed in 8ne ofhgoreebhodheag5prbeenddg o aione, okarmoreri eéd thet hat

the nmethod is cag%@@a@ﬂ% USi Romd ! Ok Al 3 PRADANG®a 11 The ABLHOd as
clainmed in one or nore of the preceding clains, characterized in that the

met hod 20is carrPEE ol (sifg BFRFANCE 0 OF nSABPaRe monoxide and/or
hydrogen.

10. The method as claimed in one or more of the
15 preceding claims, characterized in that the method

is carried cut using from 1 to 3 membranes.

11. The method as claimed in one or more of the
preceding c¢laims, characterized in that the method
20 is carried out using from 1 to 3 membrane

separation steps.

12. The method as c¢laimed in one or more of the
preceding c¢laims, characterized in that the
25 proportion of high boilers in the process stream

ig from 50 to 98% by mass.

13. The method as claimed in one or more of the
preceding claims, characterized in that the method

30 ig carried out without addition of a diluent.

14. The method as claimed in one or more of the
preceding claims, characterized in that
_ homogeneous catalysts composed of metal complexes
35 comprising at least one metal of group 4,-5, 6, 7,
8, 9 or 10 of the Periodic Table of the Elements
and at least one organic ligand are separated from

the high boilers.



separation steps. 12. The nethod as clainmed in one or nore of the
precedi ng clainms, characterized in that the 25proportion of high boilers
in the process streamis from50 to 98% by mass. 13. The nmethod as cl ai ned
in one or ni¥e 2X1L0/MWS737&cedi ng cl ai s, 32har act eri peti/Ep20bayosbe4net hod
30is carried out without addition of a diluent. 14. The nethod as cl ai ned
in one or nore of the precedi ngclai ns, characteri zedi nt hat honobgeneous
catal ysts conposed of netal conplexes 35 conprising at |east one netal of
group 4, 5, 15 7The meghodoast elapinmd| 48 clri dbf cher&teevhzedand at

| east one organi gl i gaRdtar enSELRRAT at&_qngﬁr&mt%t@ag@tem | 868 aidbhg

2010/ 097376- 32 -PCT/EE@%10/052242 15. The method as clained in clg|n114,
characteri zed i n FHAPORELIPIOIHS SORAEIYSt T BoRERPARRG] off from

or ganoph®sphor us thenmpiuhddodlersepar ated off from 5the high boilers. 16.
The method as clainmed in claim15, characterized in that netal conplex
catal ysts contai ni ng rhodi um and or ganophosphorus conpounds are
separ at ed oftfe .10{Themndicdhdrl ghsboilaimssd 1in Tieimetitod esachataeized cl aim

16, characterized, ppthabddia Nalphal | ehe, Ar s Sepatel a0l - hEqM,
process stream of a hydrofornylation m xtur
and organophosphorus compounds are separated off

10 from the high boilers.

17. The method as c¢laimed in claim 16, characterized

in that the high boilers are separated off from a

_ process stream of a hydroformylation mixture,
15 where the hydroformylation mixture comprises high
boilers, at least one complex catalyst containing

rhodium and an organophosphorus compound and

organophosphorus compounds.

20 18. The method as claimed in one or more of the
preceding claims, characterized 1in that the
separation layer thickness of the membrane is from
10 to 1000 nm.

25 19. A process for preparing tridecanol, which

comprises the following steps:

a. hydroformylation of tributene to tridecancl

using a homogeneous catalyst system comprising

30 rhodium and an organophosphorus compound,
b. separation of the reaction output by
distillation into a distillate containing

unreacted olefins and aldehydes and a bottom
35 product containing high boilers and the catalyst

system,



15 where the hydrofornylation m xture conprises high boilers, at |east one
conpl ex catal yst containing rhodi um and an or ganophosphorus conpound and
or ganophosphorus conpounds. 20 18. The nethod as clainmed in one or nore of
" the precedi P ABIWNITAVH acteri zed i AR BRat the separdepPenlbdgse2uizi ckness
of the menbrane is from10 to 1000 nm 25 19. A process for preparing
. tridecanol, whi ch omise%d hguf Ol NG 5EEPSs c1aimda BYArQformy ation
of tributene to tridecanol “usi ng ahhonogeneoys catal ysi system-conpri si ng
30r hodi um and an Frf@fophd<pht usvherpobhd, high boplers as permeate
separati onof t her eatd itofe adguit e dipdtdhabbopbpinedist hl-Lakgpaphakpi ng
unreacted ol efins. and al dehydes and a bottom 35product containing high
boilers and the cdtAl y&F sas‘/'é(tgrﬁr WD 2010/ 097376- 33 - PCT/ EP2010/ 052242
c. carrydng out the nethod as clained in any of clains 1 to 22, where the
hi gh boilers as r . t, cat al yst, system as_retenta are
separ at ed fron1o%§ gﬁ%@%&%@%§fg§ ré?irc% Gt on or ﬁﬁ?re?@%ﬁatetaﬁth t he
concent r at edcat alopsicepstrapest he hydteflysiy| at i egskeact or . t&0 20. thhke
process as clai i fﬂﬁf char ized in that
tris(2,4-di-terPﬁﬁkﬁﬁﬁf%LenyF%gﬁﬁBg%ﬁgﬁéﬁ{é used as or ganophosphorus
conpound.

10 20. The process as c¢laimed in claim 19, characterized
in that tris(2,4-di-tert-butylphenyl) phosphite is
used as organophosphorus compound.



