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A process for separating organometallic compounds

and/or metal carbonyls from their solutions in

organic media, characterised in that the solutions

are brought into ooni’act with a semi-permeable 

membrane made of an aromatic polyamide (polyara-

mi de). I
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Process for separating organometallic compounds and/or

metal carbonyls from their solutions in organic media

The i nvention'rel ates to a process for separating by

membrane filtration organometallic compounds and/or

metal carbonyls dissolved in organic media, both clas­

ses of compounds being shortened to metal compounds in

the following.
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Organic compounds and carbonyl compounds of the transi­

tion metals, in particular compounds containing a metal

of the platinum group as the central atom, are being 

increasingly used as catalysts in industrial chemical 

processes. The recovery of the catalyst has a consider­

able influence on the economy of these processes. It

should be recovered as completely and as simply as

possible.

Therefore there have been many attempts to develop

techniques which Sutisfy these requirements. Two main 

routes have been pursued. The first restricts itself to 

recovering the catalyst metal and accepts the degrad­

ation of the catalytically active compound. Thermal 

cleavage, reduction, oxidation and precipitation steps 

dominate these processes. The aim of the other route is 

not to allow the catalytically active metal compound to 

be destroyed but to recover it undamaged so that it can

I
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be recycled to the process without any further work-up. 

The foliowing deals in greater detail with this second 

variant for the recovery of organometallic compounds or

metal carbonyls.

One possible route for separating organometallic coor­

dination complexes from organic liquids consists in the 

use of selective separating membranes. Thus the DE-OS

19 12 380 describes a process in which the mixture of

the complex with one or more organic components is 

brought into conta't under pressure with one side of a

cellulose membrane. The ratios of the molecular size

and shape of the complex to molecular size and shape of

the organic components are such that the material

diffusing through the membrane has a reduced complex

content.
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The DE-OS 19 53 641 describes a process for separating 

organometallic compounds from a solution of the com­

pounds in an organic solvent by means of a membrane. 

This procedure is characterised in that a silicons

rubber membrane is used.

Furthermore, according to a process described in the 

GB-PS 12 66 180 organometallic compounds are removed 

from their solutions in organic solvents by means of a 

polyamide membrane.
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Finally the DE-OS 24 14 306 describes the separation of 

organometallic compounds from organic solutions with a

polyacrylonitrile membrane.
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However, the afore-mentioned separating processes have

the disadvantage that the membranes are not stable in

the organic solvents, some of which are aggressive, in

particular they swell when subjected to pressure and

temperature loading and thus lose their beneficial

properties. For this reason no membrane process for

such separating tasks has been able to establish itself

in industrial practice.

Therefore the task consisted in developing a process

which permits the separation of organometallic com­

pounds and/or metal carbonyls from organic media using

membranes which not only exhibit the required separat­

ing properties under the selected operating conditions

but also are highly stable and thus permit simple and 

effective separation of the organometallic compounds or

the metal carbonyls from organic media.

The invention consists in a process for separating 

organometallic compounds and/or metal carbonyls from

their solutions in organic media. It is characterised 

in that the solutions are brought into contact with a
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semi-permeable membrane made of an aromatic polyamide

( polyaramide). The motive force behind the separating

process can be either a difference in pressure (pres­

sure filtration) or a difference in concentration

( di alysis) .

Surprisingly with the new process it is possible to

recover organometallic compounds and/or metal carbonyls

more or less completely and in unchanged form, i.e.

without them being decomposed or changed in any other

way. In this context it is particularly significant

that the membrane does not lose its beneficial separ­

ating properties either through pressure or through

temperature influences in the organic media.

In the sense of the present invention organometallic

compounds are understood to be compounds in which

carbon atoms of organic groups are bound to metal

atoms. The metals also include the so-called semimetals

such as boron and silicon as well as phosphorus. Ac­

cording to the invention organometallic compounds are 

also compounds soluble in an organic solvent in which

the bond between the metal and carbon is formed by

nitrogen, oxygen or sulfur. Examples of these compounds

r 9 ft ft ft ft

nitrogen, oxygen or sulfur. Examples of these compounds 

are acetyl acetonates and dimethylglyoximes.
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The organometallic compounds, which also contain nitro­

gen and oxygen in addition to carbon, are preferably

derived from the elements of the groups IVA, VA, VIA,

VIIA, VIIIA and IB of the periodic table of the ele­

ments. Organometallic compounds of the elements mangan­

ese, cobalt, nickel, palladium, platinum, iridium and

rhodium have special importance.
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The term metal carbonyls is not restricted to compounds

consisting solely of metal and CO but also covers the

compounds which also contain other ligands such as

hydrogen, olefins, phosphanes, acetate and benzonit­

rile. Suitable carbonyls are those of the metals of

the groups VIA, VIIA and VIIIA of the periodic table,

in particular carbonyls of iron, cobalt, nickel, ruth­

enium, rhodium and iridium.
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The membranes used in accordance with the invention

consist of an aromatic polyamide, also called polyar-

amide, and are already known. The polymers are also

obtained by polycondensation from aromatic dicarboxylic

acids or dicarboxylic acid derivatives and aromatic

diamines in a dipolarly aprotie solvent. Suitable

carboxylic acid components are, for example, terephalic

acid, 4,4’ -diphenyldicarboxylic acid, 4, 4’ -di phenyl- 

etherdioarboxylic acid, 4, 4' -di phenyl sulfone dicar­

boxylic acid or 2,6-naphthalene dicarboxylic acid.
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Suitable diamine components are p-phenyltne diamine,

3,3' -dimethoxybenzidine, 3, 3' -dichlorobenzidine, 3,3'-

di methylbenzi di ne, 4, 4' -di ami nodi phenylmethane, 2,2-

bis(4-aminophenyl)propane or 1, 4-bis( 4-aminophenoxy)-

benzene.

Membranes of polyaramides containing various diamines

as monomers in addition to a carboxylic acid component

have gained special significance. Thus, for example,

polyaramides synthetised from terephalic acid, p-

phenylene diamine, 1,4-bis(4-aminophenoxy)benzene and

3,3'- di methylbenzidine have proved successful. The

amines can be statistically distributed in the poly­

mers. The polyamides can, however, have the structure

of block copolymers.

The average molecular weight of the polyaramides can

range widely. Normally the range is 5,000 to 200,000.

Polyaramides with a molecular mass of 10,000 to 50,000

are preferred.

A process which is described in the German patent

application P 38 02 030 has proved successful for

manufacturing the claimed membranes. The membranes 

disclosed in this publication consist of a copolyamide 

which is synthetised from three different diamines and 

a dicarboxylic acid. A solution of this copolyamide in

ί
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an aprotic polar solvent of the amide type, e.g. N-

methyl-2-pyrollidone, is spread onto a flat surface as

a liquid layer. This liquid layer is added to the

precipitating liquid, in particular water, which is

miscible in the solvent of the solution but precipit­

ates the polymer as a membrane. The precipitating

liquid is left to act on the precipitated membrane

until the solvent has beer completely replaced by the

precipitating liquid. If necessary, the membrane can be

subjected to heat treatment. Then the membrane is

dried, optionally after prior treatment with glycerin.
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The membranes prepared according to the process des­

cribed above are integrally asymmetric and are known in

principle to one skilled in the art. The membranes have

a very thin, active separating layer whose thickness is

0.05 to 5 u and a porous supporting structure. The

thickness of the membrane consisting of active separ­

ating layer and supporting structure can be 10 to 400

(J, it is preferably 50 to 200 u.

The shape of the membrane can be selected at will. It

be a disc and in particular a hollow fibre or

capillary, but can also have any shape suitable for the 

prescribed use. The decisive factor is to achieve 

maximum possible stability as possible and, moreover, 

as large a surface as possible p»r volume unit in order 

to attain a satisfactory throughput.
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It is recommended to pretreat the membrane before use.

In the simplest case it is immersed in the solution to

be separated. However, other conditioning processes are

also possible. If, for example, the membrane was pre­

pared by precipitation with water, the water is re­

placed, e. g. by i-propanol by placing the membrane in

i-propanol and replacing the alcohol several times.

Then the i-propanol is replaced in the same manner by

the organic medium in which the metal compounds to be

separated are dissolved. The type and method of condit­

ioning the membrane determine the operating conditions

to be observed in the claimed process.

With a given dissolved metal compound, the decisive

variables which can influence the separating process

are the pressure applied, the temperature of the solut­

ion, the type of solvent and the concentration of the

metal compound in the solution.

The separating procedure according to the claimed 

process can either be performed as pressure filtration 

or as dialysis. In the first case a pressure must be 

maintained between the retentate and the permeate sides

of the membrane which is greater than the osmotic 

pressure of th.£ system, i. e. of the solutionr of dif­

ferent concentration on both sides of the membrane. It

f
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is expedient if the difference in pressure across the

membrane is 0. 1 to 15 MPa, preferably 0. 1 to 10 MPa and

in particular 0. 2 to 2 MPa. In the second case a flush­

ing solution is passed in countercurrent or< the per­

meate side of the membrane. This process called dialy­

sis is particularly advantageous in a hollow fibre or

capillary module. Suitable flushing solutions are, for

example, organic solvents. The operating temperatures

of both process variants are 0 to 200°C and in parti­

cular to 130°C.
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The concentrations in the feed solution of the metal

compounds to be separated can vary widely. The claimed

process makes it possible to successfully separate

dissolved metal compounds whose concentration is only a

few ppm as w&ll as metal compounds whose concentration

is some per cent. However, it has proved expedient if

the concentrations of the organometallic compounds 

and/or the metal carbonyls in the organic medium do not 

exceed 20 f, by weight. Pith commercial processes feed 

solutions containing 2 to 400 wt. ppm of the metal 

compounds are of significance. They are used with

particular success.

The linear flow velocity across the membrane ranges 

from 0.1 to 10 m/sec, preferably 0,5 to 2.5 m/sec,
I
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The separating effect is probably due to the fact that

the small components of the solution used, which de­

pending on its origin contains, for example, unreacted 

starting materials, reaction products and, in some 

cases, a solvent or solvent mixture as a reaction 

medium, can diffuse through the active separating layer

more easily than the metal cot pound. Thus, the greater

the volume of the metal compound is and the greater the

difference in size between the metal compound and the

other components of the solution is, the better the 

separation is. It is expedient if the metal compound 

has at least a 50% larger cross-section than the lar­

gest organic component. To get a rough approximation 

the molecular weight of the components can be taken

instead of the size of the molecule to assess the

quality of the separation. It is advantageous if the

difference in molecular weight between the metal com­

pound and the organic components of the mixture is as 

great as possible.

The claimed process can be performed batchwise or 

continuously, in one or more stages. In general the 

membrane is located outside the reaction zone so that 

reaction conditions and separating conditions, e. g. 

pressure and temperature, can be optimised independ­

ently of each other,

i
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Hith the one-step variant the feed solution is added to

the mp.narane under pressure. In the simplest case the

pern. ?te is drawn off and the concentrated solution is

removed from the separating device as soon as the

desired concentration has been reached. This procedure

can also be performed continuously to increase the 

separating efficiency. The feed solution then flows 

along the membrane, is concentrated and continuously

drawn off, as is the permeate.

Multi-stage separation is performed with separating 

stages either in parallel or in series. The series 

configuration, in which the permeate is separated in 

every stage and the concentrated solution is passed to 

the next separating stage^ permits particularly effect­

ive use of the available system pressure, i.e. the 

operating pressure in the previous process step, and

permits the recovery of more highly concentrated solut­

ions. If, on the other hand, the permeate is passed 

into consecutive separating stages, the dissolved 

substances can be more or less ccmplately recovered 

regardless of the number of separating stages.

When using the pro'ess variants described above, the 

separating pfficiency of the membrane can be further 

improved by increasing the flow rate over the membrane 

by means of a circulating pump.
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Finally, by adding a flushing solution on the permeate 

side of the membrane in cocurrent and preferably in

countercurrent to the feed side, the concentration of 

j the dissolved substance in the permeate can be reduced
and thus the motive force (difference in concentrat- |

ions) increased (dialysis principle).

The new process has, inter alia, proved to be admirable )

for separating organometallic compounds and/or metal

carbonyls from reaction solutions in which they have, ;

for example, been used, as homogeneous catalysts. The
i ( iitii
' " following metal complex compounds soluble in organic

! ,, * 
ll‘ ' media and the reactions which are catalysed with them

1 ,, are given merely as examples of such compounds: Ni/Al
.·..<·
.... complex compounds, e. g. i-C . Hn A1 Cl„ / Ni Cl „ [ P( C,. Hc) .,) for

the dimerisation of butadiene to trans-1,4-hexadienfi

I and of butenes to octenes; Co/Al complex compounds, *

e. g. i-C H A1C1/CoCl t P( CH)3 for the dimerisation 
4 y z z ο o j z

of butadiene to cis-1,4-hsxadiene; phosphite-modified f

,- Ni/Al-alkyl compounds for the preparation of cyclo-

octadiene from butadiene; Pd( CH_ COO) „ / P( C„ ) _ complex (
□ Z Zoo

compounds for tbs preparation of octadi ene-1 , 7;
G

RuHClC P( C.Hc) _] _ or RhCll P( C.HK)- for the ί
6533 6533 i

t
homogeneous hydrogenation of olefins; RhCOt P( C-H-.)-] _ ?

6 5 3 2
for the hydroformylation of formaldehyde; |

S
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Ni [ P( p-CVH,. CH.) _] , / H+ for the hydrocyanation of butad- 
6 4 3 3 4

iene; I r( COD) [ P( C , H, , ) . ) Py (COD = 1 , 5-cyclooetadiene, 
o 11 3

Py = pyridine) for the hydrogenation of cyclic alkenes; /

RuCl.C P( C^H.) _] for the hydrogenation of terminal I
Z D 0 □ I

alkenes; ( Ru( BI NAP) ] ( CIO^) (BINAP = 2, 2' -bia( di phenyl- ί

phosphino) 1, 1 ' -bi naphthyl) for the asymmetric hydrogen­

' i
ation of olefinic double bonds; HRhCOtP( CcHc)_ for *

ο o d 3

the hydroformylation of alpha-olefinic compounds such j
ί

as allyl alcohol; PdC P(C6)31for the nucleophilic

alkylation of allyl systems and the functionalising I

oligomerisation of butadiene; rhodium complex compounds ί

such as HRhCOtP( C^Hr) .]_ and those which contain
6 5 3 3 .(,

triphenylphosphane or alkyl or aryl ammonium salts of |

sulfonated or carboxylated triarylphosphanes of the

general formula:

-n
.R1C. H, - X

6 4 X - ?
P " C,= H, - X HN - R
\ 6 3 4 

CcH,
X

- X
X R2

6 4 X
- —

as ligands. These compounds and their use are explained

in slightly more detail in the following. However, it 

i *3 naturally not intended to restrict the scope of the 

invention to the separation of this special compound

class. In the above general formula X stands for a

- - 1 2 sulfonate/SOg ) or carboxylate radicaltCOO ), x , x

3 12
and x are 0 or 1, R , R are each the same or differ-

it

i

A



iliwiiTihi

-15-

ii

ent alkyl radicals having 4 to 12 carbon atoms or aryl

or cycloalkyl radicals having 6 to 12 carbon atoms and 

1
R also denotes hydrogen.

In such catalyst systems disulfonated and tri sulfonated

or dicarboxylated and tricarboxylated triphenylphos­

phanes are particularly suitable as ligand anions. The

compounds do not need to be used in pure form but can

also be used as a mixture of disubstituted and trisub-

stituted phosphane.

0

-¾

β 0 9 oe β 0 βφ
0 9 9
0 0 ο 
β ο ο ο

ο β » 
Οο ο 

Ο βφ

Ο Οφ 
0 0 ο

0 0 9 0

0 9 0 0
ο

0 0 0 9

The cations of the ligands are derived from secondary

or tertiary amines. Preference is given to amines

containing a total of 16 to 36 carbon atoms. Examples

are di - 2-e thyl’· · xylami ne, di i sooc t ylami ne, diisononyl- 

amine, tri-n-octylamine, t ri i s ooc t ylami ne, triisononyl-

amine, iriisodecylamine.

I

0 · « <
0 « «ft· ft

«9 9
« 9 «• 0 9

«99««« 
< «

Apart from the phosphanes the rhodium complex compounds 

can contain other ligands such as H, CO amines, 7k·· 

aromatics, e. g. cyclopentadienyl orTv-olefins such as 

1 , 5-cyclooctadiene.

ξ
s

I

Together with the phosphane ligand present in excess 

the rhodium compounds form a catalyst system which, 

homogeneously dissolved in the organic reaction medium, 

can, for example, be used in the hydroformylation of

δ
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olefinically unsaturated compounds. The term olefinic-

ally unsaturated compounds covers straight-chain and I

branched olefins, regardless of the position of che
1

double bond in the molecule, as well as cycloolefins

such as n-hexene-1, n-heptene-1, n-octene-1, n-nonene-

1, di isobutyl ene, tri propylene, cyclohexene, oyclooct- |

ene. The olefinically unsaturated compounds also in­

clude dienes such as 1,3-butadiene, 1,5-hexadiene and

d.i cyclopentadiene as well as compounds containing

functional groups such as acrylic acid, acrylic acid I

ester, acrylonitrile, methacrylic acid, methacrylic

aciu ester, vinyl ester, vinyl ether and acrolein.

The reaction mixture formed during the hydroformylation

of the olefinic compound contains, for example, mainly

the reaction product, an aldehyde, by-products such as

thp alcohol derived from the aldehyde as well as

higher-boiling addition and condensation products of

the aldehyde. Furthermore, a solvent serving as react- |

$
ion medium can also be present. « ι»

i

Before the organic components of the reaction mixture 7

are isolated, e. g. by distillation, the rhodium complex j,'
; *

compound is generally separated. It is normally present »
; c

in the mixture in a concentration of 1 to 1,000, in T

particular 3 to 400 and preferably 20 to 200 ppm. I
1 -j

According to the new procedure it is now possible to !; |

1 '1 

i i



ΐ&α

-17-
almost completely separate the rhodium compound from

the reaction product. In this connection it is parti­

cularly important that the rhodium compound is recov­

ered in a form which permits its immediate re-use in

the synthesis.

ft

The following describes the preparation of a type of

membrane which can be used in the process etccording to

the invention. There is also a description of examples

of the separation of organometallic compounds or metal

carbonyls from reaction mixtures with said membrane

using the new procedure.

I

o ee 
0 0 4

O 0 0

ft « o 
O o
ο o e o

• 0 0O 0 4
O 0 0

0 00 0 O 4
0 00 9

0 o 0 0
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• 000

0 0 0 0 
ο o 0

0 0 0

O 0 0 
0 0 9

0 0 0

Oft Θ 
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O 0 o
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0 o

0 0 0 0 
0 0 0

0 0 0

0
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0 0

Preparation of the membrane

The polyaramide is prepared by condensation of

97-99 mole % terephthalic acid dichloride

25 mole % p-phenylene diamine

25 mole % 1,4-bis(4-aminophenoxy) benzene

50 mole % 3,3' -dimethylbenzidine 

in N-methylpyrrolidone as a solvent. Enough tere­

phthalic acid dichloride is used for the polyaramide to 

have a Staudinger index of 200 to 300 ml/g. The amount

of solvent is dosed so that a solution is formed con­

taining about 7 % by weight polycondensata. After 

condensation has taken place, the hydrogen chloride 

loosely bound to the solvent is neutralised by the 

addition of 100 mole % CaO. Then 5 % by weight anh.yd-

t

I
s
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-I

rous calcium chloride (related to the polymer solution)

is dissolved with stirring in the reaction mixture. The

solution is gently warmed, filtered and degassed. It

can be used directly for the preparation of the mem­

brane.

β «0 
9 a oO ft ft
ft ft ft ft 0 «*« »ft ft

ft ft 0
ft ft 6

ft ¢4

ft ft ftftft ftft * 0
β « β a 

«β o ft «

β · « * 
β « <

• ft t

β β ft 
4ft «• ft ft

ft « ·
ft Oft 

ο β a

*β ft ft · » « 
β <

t u * 
i < <C ί f

C ’ Γ I f

It is possible to prepare the membrane without a sup­

port or on a polyester non-woven as a support. In the 

following the preparation of a support-free membrane is 

described. The slightly warmed polyaramide solution is 

spread onto a glass plate with a doctor blade to form a

uniform film with a thickness of about 150 U and then

immersed in a water bath with a temperature of 2°C.

After approximately 20 minutes the membrane is pulled 

off the glass plate and placed in hot water with a 

temperature of 100°C for 5 minutes. Then the membrane 

is placed in i-propanol to replace the pore liquid, 

water, with alcohol. Then the membrane is placed in 

toluene for approximately 10 hours, after this treat­

ment it is suitable for performing separations. During 

all these operation care must be taken to ensure that

the membrane does not dry out.

Example 1

The separation of the catalyst, which consists of a 

rhodium complex compound and the triisooctylammoniurn

*

J
f
(■

.»

f I
( 'ft
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salt of tris(m-sulfophenyl)phosphane, from the raw

product of the hydroformylation of di cyclopentadiene

(DCP) is described below.

The separation is performed with 2,646 g of raw product

which contains TCD-monoaldehyde and TCD-dialdehyde ( TCD

= tri cyclodecane) in a weight ratio of 1 8 : 98,2, 24.8

ppm of rhodium (corresponding to 65,6 mg), a total of

698 ppm of phosphorus, i.e. P(III) and P( V) (corres­

ponding to 1,(: . 9 mg) of which there are 17.4 mmoles

of P(III)/kg ί corresponding to 1,427.2 mg) as well as

toluene as a solve..t.

The raw product is passed at 40°C and a pressure of 0. 5

MPa into a metal cell which is fitted with a membrane 

2
having a surface area of 20 cm manufactured according

to the above instructions. Any solution which does not

diffuse through the membrane is circulated at a rate of

approximately 8 1/h. The pass-over rate is approxi­

mately 0.15 m/sec.

After the experiment has been completed, 2,139.4 g of 

permeate (81 % of the feed) and 486. 6 g of retentate 

(18.4 % of the feed) are obtained. The permeate con­

tains a total of 357.3 mg of phosphorus (19.3 % of the

feed), of which 172.4 mg as a P( III) compound (12.1 % 

of the feed) and 2.29 mg of rhodium (3.5 % of the

I

/
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feed). The retentate contains a total of 77.9 % phos­

phorus (related to the feed) and 95 % of the rhodium

2
(related to the feed). The permeate flow is 12 l/(m x

. 2 
h) at the beginning of separation and 5 1/(m x h) at

the end of the experiment.

Under the temperature and pressure conditions of the

first separating stage 1,933 g of the permeate are

subjected to a second membrane filtration. The permeate 

2
flow is 17.5 1/(m x h) at the beginning of the experi- 

2
ment and 10 l(m x h) at the end. The results of the

separation are compiled in the following table:

Table 1

ft β ft • 0 6
• « «

• ft ftft β ftft « 0 ft
ft ft ft ft 0 0ft ft ft

• ft ftft ft ft
• 4 ft ft

ft ft ft I ft
ft I ft (

permeate retentate

ft ft < ftft ft ft « I ft
ft I ft

ft ft ftft ft ft

« ft ft
n · «

• o ·
«

ft « « « « « 
« t

amount ( % of feed) 73. 1 7. 2

P III ( % of feed) 8. 8 1 3. 1

Total P ( % of feed) 5. 6 1 3. 2

Rh ( % of feed) 0, 4 4. 3

Example 1 shoxs that when the claimed proce ss is used ,

over 9 9. 5 % of the rhodium and 94. 4 % of the pho s-

phorus(IXX) compound are retained.
t 4 I( r
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Example 2

The combined retentates from example 1 arc used as a

catalyst for the hydroformylation of DCP in toluene as

a solvent. After the reaction has been completed, GC

analysis shows a conversion of 97.8 % and a ratio of

monoaldehyde to dialdehyde of 2. 0 : 98. 0. At 40°C and a

2
pressure of 0.5 MPa the permeate flow is 10.5 1/( m x 

2
h) at the beginning and 3. 6 1( m x h) at the end of 

separation. The retention rates correspond to those of

example 1.

Example 2 shows that according to the claimed process 

the catalyst system and the excess ligand can be separ­

ated and recirculated in their active forms.

Example 3

Solutions containing higher concentrations of metal 

complex compounds can also be successfully treated 

according to the new procedure. The product of the

hydro ormylation of DCP using the catalyst system of 

example 1 but with an Rh concentration of 102 ppm is 

used as a starting material. It contains TCD-dialde- 

hyde, 16.5 mmoles of P(III)/kg, a total of 681 ppm of 

phosphorus and in addition toluene as a solvent.

■1Ϊ

<
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Separation takes place under the temperature and pres­

sure conditions and using the cell of example 1. In the
2

first run the permeate flow is 10 1/( m x h) at the 

2
beginning of the experiment and 3 1/( m x h) at the

end; in the second run in which the permeate of the 

2
first separation is used, 17 and 9 1/(m x h) .

The results of the separation are compiled in table 2.

ο β o β « β ο · β
Ο 0 0 
0 0 οο «■» ο

ο ο «0 0 0
Ο 0 0

Table 2

permeate I/II retentate I/II

Amount (g) 2, 383. 0 2,119 403. 8 217

P ’’ I (% of feed) 12. 9 8. 7 67. 0 12

Total P (% of feed) 1 6. 8 6. 3 76. 5 1 2

Rh (% of feed) 2. 5 0. 2 96. 3 2
9 0 «β Ο Ο ο

β ο ο ο
ο

0 0 0 0

Example 3 shoss that the amount of metal and ..igand

retained does not fall even Kith higher rhodium con­

cent rati ons.

Example 4

420 g of a product from the hydroformylation of 

hexadiene-1,5 with rhodium and tri phenylphosphane as 

catalysts are separated according to the claimed pro­

cess using the membrane cell of example 1. The Oxo raw 

product contains 333 ppm of Rh and 30 % toluene. The
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ratio of monoaldehyde to dialdehyde is 15 to 85. The 

2
permeate flow at 40°C is 5 1/( m x h) .

The membrane filtration leads to the results compiled

in table 3.

Table 3

Amount ( g)

Rh ( ppm)

Permeate Retente te

1 37 ( 32.4 t of feed) 27C (67.5 % of feed)

192 (19 % of feed) 400 (81 Ϊ of feed)

• 4 «• β «
« « <

• ♦ ·
« · 4
β Ο « β

» β Ο« · οο ©ο
Ο θ 0
• 0 4

0 9 0«

9 4(1 
«

9 4««

« « ί 4 
I i 1

« 1 (

As can be seen, 80% of the rhodium contained in the raw

product is separated.

The folloHing examples prove the advantageous physical

properties of the membrane used in accordance nith the

invention. A membrane with an average thickness of 270

U manufactured and located in a cell according to the

afore-mentioned regulations is used.

·«««<«

For separation the reaction mixture from the hydro­

formylation of DCP with rhodium and the triisooctyl-

ammonium salt of tris(m-sulfopheny1) phosphane as cat­

alysts is used. The rhodium concentration in the Oxo

ran product is 25.4 ppm, it also contains 23.4 mmoles 

in total of phosphorus/kg, 0.013 moles of P(III) and 

approximately 5Si % toluene. The ratio of monoaldehyde

i n
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it
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I

to dialdehyde is 2 to 98. The amount of rhodium and

phosphorus retained in thi. follosing examples 5 to 10

is roughly the same as in the experiment:: of example 1.

Example 5

« β β » Ο «

« β · 
β · *
4 β β <

• « ·
• β β

β 4 4

4 4 4• · ««444
• 4 « «

I 4 41 * «
* 4 4

<44444

For conditioning, the membrane is first measured for

thickness, washed with acetone and then with isopro- 

pano.l and then installed into the apparatus still moist

from the isopropanol. Immediately afterwards, the 

apparatus is filled with toluene and the isopropanol is 

displaced from the membrane by washing it out.

Then the permeate flow is measured at 25°C and 0.3 MPa.

2
It stabilises very quickly from 22 1/(m x h) at the 

2
beginning to 18 to 19 l/(m x h) .

Example 6

In order to determine the permeate flow and the prop­

erties of the membrane compared with a rhodium and

phosphane-free, raw TCD-dialdehyde from the hydro- 

formylecion of DOT, the toluene is displaced by a 

product freed from rhodium and phosphane by another 

means. The permeate now of the membrane does not

change.

ί
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This experiment shows that the membrane remains stable

in the Oxo raw product, i.e. no swelling takes place.

Example 7

At 0.3 MPa and 25°C the membrane is fed with the Oxo

raw product described above. Over a period of one hour

the permeate flow is determined in 12 measurements.

Immediately an averat> constant permeate flow of 5.7 

2
l/(m x h) establishes itself.

I
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Example 8

At a pressure of 0.5 MPa but otherwise under the same 

conditions as in example 7, the permeate flow is deter­

mined in 6 individual measurements over a period of 30 

minutes. An average value of 9.7 1/( m x h) is deter­

mined. Example 8 shows an almost linear rise in the

permeate flow with a pressure differential of 0.3 to

0. 5 MPa.

Example 9

f

v-

By gradually increasing the temperature from 25°C to 

40°C the permeate flow rises continuously to 13.6 1/( 

x h) . Thus its temperature coefficient is about

+ 2. 5%/ °C.

3
V‘i
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Example 10

The raw product from the hydroformylation of DCP used

in the previous examples is replaced again by toluene.

2
The permeate flow rises spontaneously to 40 1/( m x h) 

at 41 °C and stabilises at 26 1/( m2 x h) at 27°C and 0.5 

MPa. After 1 hour the experiment is interrupted, the 

membrane removed and its thickness measured. There is

almost no change in the thickness.

o · ftft ft · ft ftft
« ft ft ft ft ft 0 ft ft ft

ft ft ft 
ft ft a 

ft « a

« > 414 1(
t a !i

< ι ( ;

Example 10 shows that the membrane does not clog or

foul and that it remains stable.

The examples 5 to 10 all prove the efficiency of the

new process.

Example 11

Hi'I t I tit
The previously used membrane cell with a polyaramide

«. a a

membrane prepared according to the manufacturing pro-
ft« ft 

• ft ft
’ ’* cess described above is fed with a Cg aldehyde from the

Η ΗΠ 
t S

high-pressure hydroformylation of diisobutylene with

rhodium. The rhodium content in the Oxo raw product

(the metal being present as a carbonyl compound) is 4,3

ppm. The product contains no phosphorus. The permeate 

2flow is 39 1/( m x h) at the beginning of the experi-
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ment at 40°C and 0.5 MPa. It falls to 16.8 1/( m* 2 x h)

when there is a transition to the Cg Oxo raw product in 

2
the first run and is 11.6 l/(m x h) at the end of the 

experiment; the permeate flows in the second run (feed 

of the permeate of the first separation) are 14.5 and 

10.1 1/( m2 x h) .

The results are compiled in table 4:

Table 4

β ft ft 
e ft « 

β ft 6

• M
ft ft « 
ft · ft ·

ft «ft• ft ftft ft ft
ft ft ft 
ft ft <ft 9 ft ft

• ft ft ft ft
ft I ft ft

permeate 1 permeate 2 retentate 1 retentate 2

Amount(g) 625 517 132 104

Rh ( % of feed) 52 1 8 35 27. 9

After the experiment has been completed and the Oxo ran

product replaced by toluene, a permeate flow of 40
2

1/( m x h) is measured again.
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msTHE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A process for separating organometallic compounds

and/or metal carbonyls from their solutions in

organic media, characterised in that the solutions

ire brought into contact with a semi-permeable

membrane made of ar. aromatic polyamide (polyara-

mi de).

? A process according to claim 1, characterised in

that the solutions are brought into contact with the

semi-permeable membrane underpressure c/c^ereAYia/

°0 across s«aic/ Mewit/zme tAPa .
a «o
β 9 9
β a » o

o 00 3. A process according to claim 1, characterised in
0 0 00 0 0
• <■« that the separation of organometallic compounds

ft 0 4 0
and/or metal carbonyls is performed as dialysis with

I III

the aid of the semi-permeable membrane.

0 114 
A < I

4 · 4

β It0 ft «
« I I

w - I « « I* 4 <

t I I i I ( 
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4. A process according to one or more of the claims 1

to 3, characterised in that the membrane consists of 
cbsfriMed

a -s-La-fa-i-.F/fc-i-Q. or a block copo'j,yaramide.

5. A process according to one or more of the claims 1 

to 4, characterised in that the polyaramide is 

synthetised from terephthalic acid, p-phenylene 

diamine, 1, 4-bis( 4-aminophenoxy) benzene and 3,3'- 

dimethylbenzidine as monomer components.
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6. A process according to one or more of the claims 1

to 5, characterised in that the molecular weight

given as the average weight of the polyaramide is

5,000 to 200,000, preferably 1 0,000 to 50,000.

7. A process according to one or more of the claims 1

to 6, characterised in that the membrane has the

form of a capillary or a hollow fibre.

8. A process according to one or more of the claims 1

to 7, characterised in that the thickness of the
O « l>ft o
° separating layer of the membrane is 0.05 to 5 u.

o 9
0 9

SO β

ft Gw 
ft ύ

4 Ο Λ

a. 9. A process according to one or more of the claims 1ft *ft w « ft
•J·* to 8, characterised in that the difference in pres-

ft a <

sure across the membrane is 0.1 to 15 MPa.

*',“i 10. A process according to one or more of the claims 1
ll «

’’’*« to 9, characterised in that the metal compounds are

, . separated at temperatures of 0°C to 200°C, in parti-
a ftft .

I cular 40°C to 1 30 °C.
1 ί » 1

11. A process according to one or more of the claims 1

to 10, characterised in that 5 organometallic

compounds are derived from metals of the groups JVA, 

VA, VIA, V11A, VIIIA or IB of the periodic table.

r-J
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12. A process according to claim 11, characterised in 

that the organometallic compounds are derived from 

manganese, cobalt, rhodium, iridium, nickel, palla­

dium or platinum.

I
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13. A process according to one or more of the claims 1 

to 10, characterised in that the metal carbonyls are 

derived from metals of the groups VIA, VIIA or VIIIA

of the periodic table.

14. A process according to claim 13, characterised in 

that the metal carbonyls are derived from iron, 

cobalt, nickel, ruthenium, rhodium or iridium.

15. A process according to one or more of the claims 1 

to 14, characterised in that the concentration of 

the metal compounds in the solutions is 2 to 400 wt. 

ppm (related to the solution).

DATED this 18th day of December 1989.
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