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Abstract 

The separation of the decomposition products in two phase systems which accumulate in life time of the catalyst from the 
rhodium complex and the excess free ligands is very difficult. Ruhrchemie (now a subsidiary of Hoechst) has developed a 
process to remove the decomposition products chemically by a two-stage combination of extraction and reextraction with a 
pre-separation by membranes. Hoechst Ruhrchemie also developed the first successful industrial application of membrane 
technology for uni-phase systems allowing the continuous and simple separation of the catalyst system from the reaction 
product and its direct recycling into the catalysis. 

The first successful industrial application of 
water-soluble catalysts in the 0x0 process of 
Ruhrchemie/Rh&re-Poulenc is well known and 
has often been described [l]. One of the aspects 
of this process, which might not be so well 
known, is the possibility of using membrane 
technology within this system for the separation 
of Rhodium and unwanted by products/de- 
gradation products of the catalyst. In this pro- 
cess, olefins are converted under temperature 
and pressure with CO and hydrogen to the 
corresponding aldehydes. The reaction requires 
expensive catalysts such as rhodium-hydrido- 
carbonyl complexes. These rhodium complexes 
need an excess of free phosphorous ligands for 
their stability in the aqueous solution. 

One of the main objectives of all hydro- 
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formylation processes is the continuous and 
simple separation of the catalyst system from 
the reaction product and its direct recycling into 
the catalysis. In water-soluble systems like the 
Ruhrchemie/Rhone-Poulenc process this can be 
achieved by simple phase separation. 

The separation of the decomposition products 
which accumulate in the long term over the life 
time of the catalyst from the rhodium complex 
and the excess free ligands is much more diffi- 
cult. These products are formed, for example, 
through the oxidation of the free ligands. 

Ruhrchemie (now a subsidiary of Hoechstl 
has developed a process to remove the decom- 
position products chemically by a two-stage 
combination of extraction and reextraction [2]. 
The disadvantage of this two-stage process is 
the consequential high loss of rhodium (Fig. 1). 

There is a great difference in the molecular 
size of the rhodium-hydridocarbonyl complex 
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Fig. 1. Rhodium and ligand streams in the extraction/reextraction 
process. 

(molecular weight about 2,000) and the ligand 
and decomposition products (molecular weight 
less than 600). This is a typical separation prob- 
lem which can be solved by membrane technol- 
ogy. Therefore, in 1984 a membrane process [3] 
was developed in order to pre-separate the 
rhodium first and then to explore the high sepa- 
ration effect of the chemical extraction/reex- 
traction process (Fig. 2) between the ligands 
and their decomposition products. This process 
reduces the rhodium loss dramatically. 

For this separation problem a standard 
nanofiltration membrane with a design cut-off 
of 1,000 Da was used. 

The membrane stage was operated at a tem- 
perature of 30°C and a transmembrane pressure 
drop of 16 bar. A permeate flux of about lo-12 

Table 1 

Permeate flux 
(I/m2 /h) 

10 

Rhodium retention 
(% of feed) 

99 

Ligand retention 
(% of feed) 

98 

l/m2/h is necessary. It is therefore a cover-layer 
controlled process half way between nanofiltra- 
tion and reverse osmosis. 

The overall result of this elegant process is a 
drastic decrease in the original high rhodium 
losses to values below 0.1% of the feed, (Fig. 
3). 

The use of membrane technology is, how- 
ever, not restricted to the aqueous system. In 
addition to two-phase systems membrane tech- 
nology offers substantial advantages in single- 
phase (homogeneous) reactions. In contrast to 
two-phase systems, in single phase-separation in 
homogeneous systems a distillation for catalyst 
separation and recycling is normally used. The 
homogeneous catalysts and free ligands are usu- 
ally thermosensitive and are not able to with- 
stand the temperature needed to distill the higher 
boiling reaction products in homogeneous reac- 
tions. Another result is that distillation often 
leads to very high amounts of unwanted by 
products. 

One example illustrating these problems is 
the homogeneous hydroformylation of dicy- 

ligand recycle 

Fig. 2. Schematic showing of the integration of membrane technology in aqueous soluble catalysts. 
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Fig, 3. Rhodium and ligand streams for pre-separation by membranes. 

clopentadiene to tricyclodecane-dialdehyde in 
toluene solution. This process requires high 
amounts of rhodium per tonne of feed in order 
to achieve a high conversion rate. This rhodium 
remains after distillate separation in a quantity 
more than 3,000 times that of a solid residue 
with a melting point of 80°C. Such material can 
hardly be subjected to rhodium recovery. Direct 
recycling of the rhodium is impossible. In this 
case, membrane technology offers a solution to 
this separation problem and avoids the problem- 
atic thermal stress of distillation in a catalyst 
recycling loop. 

In view of the interesting use of membranes 
in organic solvents Hoechst has developed a 
specially modified catalyst system and a sol- 
vent-resistant nanofiltration membrane. The ma- 
terial of the membrane is a polyaramide [4] and 
the design cut-off is about 2,000 Da. The mem- 
brane is stable in nearly all solvents (for exam- 
ple, toluene or butyraldehyde) up to tempera- 
tures of 100°C and higher. 

Both the rhodium in complex form and the 
free ligands are retained on the membrane sur- 
face, concentrated and recycled direct into the 
hydroformylation reaction. The reaction product 
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Fig. 4. Membrane process for catalyst separation in solvents. 
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(tricyclodecanaldehyde) permeates under the 
prevailing pressure through the membrane. This 
all happens under mild conditions with no ther- 
mal stress. The technical process is carried out 
as a two-stage membrane system to increase the 
rhodium and ligand retention (Fig. 4). A suc- 
cessful three-month pilot plant trial produced 
the results in Table 1. 

ration of hydroformylation catalysts from the 
0x0 products. 
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