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1. A process for the recovery of rhodium from aqueous 

solutions containing rhodium complex compounds, 

characterised in that these solutions are treated in a first 

stage at 80 to 140°C with oxygen or an oxygen-containing gas 

in the presence of a water-spluble salt of a carboxylic acid 

having 7 to 22 carbon atoms, and in a second stage at 50 to 

140°C with hypochlorite.
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SOLUTIONS CONTAINING RHODIUM COMPLEX COMPOUNDS.
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Process for the recovery of rhodium from aqueous
solutions containing rhodium complex compounds

r

The present invention relates to a process for the 
recovery of rhodium from rhodium complex compounds 
which have been used as catalysts in the form of 
aqueous solutions.
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Rhodium complex compounds are being increasingly used 
as catalysts or catalyst constituents in industrial 
processes for the production of organic chemicals.

Thus the DE-CI-28 27 354 describes' a hydroformylation 
process which is characterised by the use of cata­
lytically active rhodium complex compounds which 
contain water-soluble sulfonated arylphosphines ns 
ligands.

The cost-effectiveness of such processes greatly de­
pends on the rhodium being recovered from the inactive 
catalysts without any appreciable loss. When the 
catalysts are used over a prolonged period, their 
activity and selective action diminishes. This reduc­
tion in performance is caused by various factors. In 
the course of time contaminants in the reactants lead 
to irreversible poisoning of the catalysts. Chemical 
transformations of the complex ligands under the reac­
tion conditions or reactions of the complex compounds 
with the reaction products can lead to a partial or
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complete loss of catalytic activity. Therefore, the 
catalysts have to be regenerated from time to time. All 
that is generally done is to recover the rhodium and 
transform it again into the compound used as a catalyst,
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A process described in the German patent application P 
36 26 536.5 has proved highly successful for the re­
covery of rhodium from aqueous solutions containing 
rhodium complex compounds. It consists in the fact that 
the water-soluble salt of a carboxylic acid having 7 to 
22 carbon atoms is added to the solution containing a 
rhodium complex compound in excess, related to the 
rhodium, the solution is then treated with an oxidant, 
in particular oxygen or air, at 50 to 200°C and the 
rhodium precipitated as a water-insoluble compound is 
separated. With this method 90% and more of the rhodium 
originally contained in the solution is recovered in 
commercial operations.

The remaining amounts of rhodium can only be separated 
by complicated means, e.g. by oxidation at high tempera­
ture and high pressure or by thermal decomposition, 
optionally in the presence of a carrier material onto 
which the rhodium can precipitate. However, when high 
temperatures are used, there is a danger of the rhodium 
occurring in a metallic form or in the form of com­
pounds which cannot be directly converted into the

ii

e/■·Λ

&
ί

ί



3

active hydroformylation catalyst.

Another method of separating rhodium is the use of
high-grade oxidants, such as hydrogen peroxide. How­
ever, their use on a commercial scale has its limits.
Arguments against them are economic considerations as
well as difficulties in handling the oxidants and
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environmental problems involved in their use.

The task of the present invention is to eliminate the
shortcomings described above and to separate the major
part of the rhodium from the aqueous solution by simple
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means. The noble metal is to occur in a form which
guarantees its trouble-free reuse as a hydroformylation
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rhodium from aqueous solutions containing rhodium
complex compounds. It is characterised in that these
solutions are treated in a first stage at 80 to 140°C
with oxygen or an oxygen-containing gas in the presence
of a water-soluble salt of a carboxylic acid having 7
to 22 carbon atoms, and in a second stage at 50 to
140°C with hypochlorite.

Surprisingly, the task described above is solved by the
new process. The claimed procedure not only ensures
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that rhodium is recovered in high yields but also that 
it can be transformed directly into the active hydro­
formylation catalyst, i.e. e.g. by simple treatment 
With carbon monoxide and hydrogen, optionally in the 
presence of complexing agents. Furthermore, it is 
remarkable that overall the treatment times are short, 
which improves the cost-effectiveness of the process. 
Finally, no substances occur during the process which 
have to be treated specially to avoid a negative impact 
on the environment.
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The aqueous solutions to be treated according to the 
new process can contain between 10 and 2000 weight ppm 
of rhodium in the form of a complex compound.

Preferably these are rhodium complex compounds which 
conform to the general formula HRh(CO> L._ , x being 
the numbers 1 to 3. L denotes water-soluble ligands, in 
particular phosphines of the general formula
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12 3Here, Ar , Ar and Ar each denote a phenyl or a naph- 

12 3thyl group, Y , Y and Y each a straight-chain or
branched alkyl group having 1 to 4 carbon atoms, an 

1 2alkoxy group, a halogen atom, an OH, CN, NOg or R R N 
1 2group, where R and R are each a straight-chain or

1 2branched alkyl group having 1 to 4 carbon atoms; X , X
3 _and X each denote a carboxy late-(COO ) and/or 

sulfonate-(SOg-) group, n^, ng and n^ are the same or 
different integers from 0 to 5. M stands for an alkali 
metal ion, the equivalent of an alkaline earth metal 
ion or zinc ion or an ammonium ion or quaternary alkyl
ammonium ion of the general formula N(R^R^R^R^)+, where 
3 4 5 SR , R , R and R are each a straight-chain cr orsnched 

alkyl group having 1 to 20 carbon atoms, and preferably
3R is a straight-chain or branched alkyl group having 7 

4 5 6to 18 carbon atoms, and R , R and R are straight­
- chain or branched alkyl groups having 1 to 4 carbon 
atoms; m^, mg and m^ are the same or different integers 
from 0 to 3, at least one number m^, nig or m^ being the 
same or greater than 1.

Apart from the rhodium complex compound the aqueous 
solution can contain free excess ligands as well as 

their conversion and degradation products. Finally, 
organic constituents, namely starting materials and 
products of the reaction which was catalysed by the 
rhodium complex compound, can be dissolved in the
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compound depending on their solubility in water as well as 
other substances which were used to perform the reaction, 
such as amphiphilic reagents.

According to the invention the solution of the 
comple: compound is initially treated with oxygen or an 
oxygen-containing gas, e.g. air, in the presence of a 
water-soluble salt of a carboxylic acid at 80 to 140°C. 
Optionally the reaction takes place at pressures of 0,1 to 
2.0 MPa, preferably 0.2 to 1.0 and in particula 0,3 to 0.7 
MPA®

It is preferable that the total concentration of 
the saline compounds in the solution to be worked up 
according to the new process is not to exceed 15% by weight. 
It is appropriate to keep to concentrations of 3 to 12, 
preferably 5 to 10% by weight of salt, related to the 
solution. If necessary, the salt concentration of the 
solution is to be adjusted to the above-mentioned values by 
adding water,

200 to 500, in particular 40 to 300 and preferably 
50 to 200 moles of carboxy,Ic acid salt are added to the 
aqueous solution per gramme-atom of rhodium.

The expression "saline compounds" used herein 
encompasses all salts which are contained in the solution. 
Free ligards and their "saline" transformation products and 
catabolic products are also included in the terms.

The carboxylic acid salts are derived from 
carboxylic acids having 7 to 22 carbon atoms. Salts of 
aliphatic, cycloaliphatic, aromatic and/or araliphatic 
carboxylic acids having 8 to 13 carbon atoms are given 
preference.
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Of them the monocarboxylic acids are particularly 
suitable. Above all salts of branched aliphatic monocar 
boxylic acids, in particular salts of 2-ethylhexanoic 
acid, isononanoic acid and isotridecanoic acid, have 
proved particularly valuable. The terms isononanoic 
acid and isotridecanoic acid are understood to be the 
reaction products of diisobutylene or tetrapropylene 
obtained by hydroformylation and subsequent oxidation.

It is appropriate to pass the oxygen or the oxygen- 
-containing gas through the heated solution via distri­
buting facilities arid optionally with stirring. It has 
proved successful to maintain a pH value of 4 to 8, 
preferably 5 to 7.5 and in particular 5.5 to 7 in the 
solution. The duration of the treatment depends parti­
cularly on the .selected temperature and the oxygen 
supply. Reaction periods of 1 to 3 hours are generally 
sufficient.

It is not necessary to remove the previously precipi­

tated water-insoluble rhodium compounds from the 

solution. The hypochlorite can be added to the solution

After oxidation with oxygen or the oxygen-containing
gas has been completed, rhodium separation is completed
in a second reaction stage by the addition of hypo­
chlorite.



in the same reactor immediately after completion of the 
oxygen feed and adjustment to the required reaction 
temperature.
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The hypochlorites preferred are the compounds soluble 
in watnr; the salts of calcium, sodium and potassium 
available on a commercial seals are used in particular.

Although it is possible to add the hypochlorite to the 
complex salt solution in substance, it is appropriate 
to use it dissolved in water. The concentration of this 
aqueous solution is not critical and can be varied 
within a wide range. It must only be ensured that the 
reaction solution is not excessively diluted.

The reaction with hypochlorite takes place at 50 to 
140, in particular 70 to 120°C, advantageously with 
stirring. The reaction time depends on the temperature, 
but is shorter than in the first reaction stage. It is 
about 0.25 to 1.5 hours.

In order to achieve an optimum action of the hypo- 
chlorites,ξρΗ values of between 3 and 6 and in 
particular of between 4 and 5 are maintained in the
reaction solution.

The oxidants used in the two reaction stages, oxygen
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and hypochlorite, are used in great excess, related to 
the rhodium.\2 to 20 nr of oxygen/hour and 150 to 350 
moles of hypochlorite are used per gramme-atom of 
rhodium. In this context it must be remembered that the 
amount of rhodium present in the solution is small and 
therefore the total amount of chemicals used is small.
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The rhodium compounds formed by oxidation are insoluble 
in water and precipitate as an oily layer on the aque­
ous solution. The two phases are separated in a simple 
manner owing to their different densities. However, it 
is appropriate to take up the rhodium compounds in a 
water-insoluble organic solvent. This solvent is added 
to the reaction mixture at the beginning of or during 
the reaction. However, it is preferable to add it after 
the reaction has been completed. Suitable organic 
solvents are aliphatic hydrocarbons such as cyclo­
hexane, aromatic hydrocarbons such as benzene, toluene 
or xylene, aliphatic carboxylic acids having 5 to 10 
carbon atoms Or their esters, . aliphatic or
cycloaliphatic ketones having 5 to 10 carbon atoms. 

Toluene is given preference.
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The extraction of the rhodium compound with the organic 
solvent takes place at temperatures of between 10 and 
100°C, preferably 40 to 60°C. If necessary, extraction 
can be repeated several times.
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The solution of the rhodium compound in the organic 
solvent can be used directly again as a catalyst compo­
nent. Naturally, it is also possible to transform it 
into a rhodium carbonyl compound by treatment with 
carbon monoxide and hydrogen or to convert it with the 
aqueous solution of the phosphorus ligand into a water­
-soluble rhodium complex compound.
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The new process permits up to 95% of the original 
amount of rhodium to be separated from the aqueous 
solution in economically viable reaction periods.

The invention is described in greater detail in the 
following examples. However, it is not intended to 
limit it to these particular embodiments.

The examples 1 to 3 describe the treatment of an aque­
ous solution containing rhodium complex compounds with 
oxygen (in the form of air) alone and example 4 with 
sodium hypochlorite alone. Examples 5 to 13 relate to 
the two-stage oxidation according to the claimed

t
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Examples 1 to 3

The amounts given ir, table 1 of 2-ethyl hexanoic acid 
and sodium-2-ethyl hexanoate are added in each case to 
1000 g of an aqueous solution containing 93 weight ppm 
of rhodium in the form of a complex compound with tri- 
-sodium-triphenylphosphine trisulfonate as a complex 
ligand and a total of 8.75 % by weight of salts. Over a 
period of 3 to 6 hours and at a pressure of about 0.2 
MPa air is passed through the solution which has been 
heated to 100 to 120°C. A water-insoluble rhodium 
compound furms which is separated by extracting with 
toluene twice. The residual rhodium content is deter­
mined in the remaining water phase. The reaction 
conditions and results of the tests are summarised in
table 1.

Example 4

1000 g of the solution employed in the examples 1 to 3 

are used. After adjustment cf the pH value in the solu­

tion by the addition of hydrochloric acid, the solution 

is heated to the reaction temperature and sodium hypo­

chlorite is added with stirring as an aqueous solution 

with a content of 13 % by weight of hypochlorite 

(related to the solution). The solution is left to 

after-react, cool and is extracted with toluene as in 

the examples .1 to 3. The reaction conditions and
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results of the test are compiled in table 2.

Examples 5 to 13

1000 g of the solution employed in examples 1 to 4 are 
used in each case. The samples are initially treated 
under identical conditions with air. Then the solution 
is reacted with sodium hypochlorite without prior 
separation of the precipitated rhodium compound. The 
reaction conditions and results of the tests are com­
piled in tables 3a and 3b.
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Table 1

Example
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pH value
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Temperature

C°C)
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Pressure
(MPa)
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Air
, 3/u (m /h .
_ ___ i_ ni_vy~ciu nu;

Time
(min)

Rh in aqueous
solution

(weight ppm)

Na-2-ethyl
hexanoate

(mol/g-at Rh)

2-ethyl
hexanoic acid
(mol/g-at Rh)

1 150 20 6.13 100 0.2 14 180 12.9
2 150 20 6.50 120 0.2 14 360 5.0
3 150 20 6.50 100 0.2 14 360 5.7

1
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Table 2
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Example pH value Temperature NaOCl

(°C) (mol/g-at Rh)

Time'

(min)

Rh in aqueous

solution

(weight ppm)

4 5.0 100 045 10+15 13

I
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* reaction and after-reaction time

r
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Table 3a - treatment with air Λ

Example Na-2-ethyl

hexanoate 
(moi/g-at Rh)

2-ethyl
hexanoic acid
(mol/g-at Rh)

pH value Tempera- Pressure 
cure (Mpa)
(°C)

Air

(m^/h . 

g-at Rh)

Time

(min)

5-13 150 20 6.5 100 0.2 14 60 I
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Example 3b
oeo

- treatment with NaOCl
o ooo ooo 0 o

Example pH value Temperature NaOCl Time
(°C) (mol/g-at Rh) (min)
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Rh in aqueous solution 
(weight ppm)

5 4.5 100 215 10+15
6 5.0 100 215 10+15
7 6.6 100 215 10+15
8 3.9 100 215 10+15
9 1.0 100 215 10+15

10 4.5 50 215 10+15
11 5.0 20 215 10+15
12 4.5 20 215 1440
13 4.5 100 22 10+15
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: >.3
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1. A process for the recovery of rhodium from aqueous 
solutions containing rhodium complex compounds, 
characterised in that these solutions are treated in a first 
stage at 80 to 140°C with oxygen or an oxygen-containing gas 
in the presence of a water-soluble salt of a carboxylic acid 
havizng 7 to 22 carbon atoms, and in a second stage at 50 to 
1409C with hypochlorite.

2. A process according to claim 1, characterised in 
that the treatment with oxygen or an oxygen-containing gas 
takes place at pressures of 0.1 to 2.0 MPa.

3. Process of claim 1 or claim 2 wherein the treatment 
with oxygen or an oxygen-containing gas takes place at 0.2 
to 1.0 MPa.
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4. Process of any one of claims 1 to 3 wherein the 
treatment with oxygen or an oxygen containing gas takes 
place at 0.3 to 0.7 MPa.

5. A process according to one or more of the claims 1 
to 4, characterised in that the treatment with hypochlorite 
takes place at 70 to 120®.

6. A process according to one or more of the claims 1 
to 5, characterised in that a pH value of between 3 and 6, 
in particular 4 and 5 is maintained in the solution to be 
treated with hypochlorite.
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7. A process according to one or more of the claims 1 
to 6, characterised in that 2 to 20 m3 of oxygen per hour 
and ISO to 350 moles of hypochlorite are used per 
gramme-atom of rhodium.

8. A process according to one or more of the claims 1 
to 7, characterised in that the precipitated water-insoluble 
rhodium compound is extracted with toluene.
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