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(57) Abstract: Disclosed 1s a method for synthesizing elemental rhodium, comprising the steps of: (1) providing an aqueous
suspension of diethylenetriammonium hexahalorhodate adjusted to a pH between -1 and +2 using hydrohalic acid; (2) adding
enough reducing agent to the suspension provided in step (1) for all of the diethylenetriammonium hexahalorhodate to be converted,
and letting the reaction continue until the formation of elemental rhodium has been completed; and (3) separating the elemental
rhodium formed in step (2) from the aqueous hydrohalic acid composition formed m step (2); halogen being bromine and/or
chlorine.

(57) Zusammenfassung: Verfahren zur Herstellung von elementarem Rhodium, umfassend die Schritte: (1) Bereitstellen einer mit
Halogenwasserstoffsaure  auf  emen  pH-Wert  von -1 +2  emgestellten  wiéssrigen  Suspension  von
Diethylentriammoniumhexahalogenorhodat, (2) Zugeben eier Zur vollstéandigen Umsetzung des
Diethylentriammoniumhexahalogenorhodats hinreichenden Menge an Reduktionsmittel zur in Schritt (1) bereitgestellten Suspension
und Reagierenlassen bis zum Ende der Bildung elementaren Rhodiums, und (3) Abtrennen des in Schritt (2) gebildeten elementaren
Rhodmums aus der mn Schritt (2) gebildeten halogenwasserstotfsauren wassrigen Zusammensetzung, wobel Halogen Brom und/oder
Chlor bedeutet.
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METHOD FOR PRODUCING ELEMENTAL RHODIUM

The present invention relates to a method for producing elemental rhodium from

diethylene triammonium hexahalogenorhodate.

It is known to separate rhodium or Rh*" from other precious metals in the process of
precious metals refining as a poorly soluble salt of aliphatic polyamine and trihydrogen
hexahalogenorhodic acid. A known representative of said salts is the complex salt of
diethylene triamine (DETA) and trihydrogen hexachlororhodic acid, i.e. the triethylene
triammonium hexachlororhodate represented by formula, Hz3(DETA)RhCIg or
(HaNC,H4sNHCoH4NH3)(RhClg). 1t is also known to boil said salts of aliphatic polyamine
and trihydrogen hexachlororhodic acid in aqua regia for further processing. In this
process, the organic components are decomposed through oxidation and ultimately an
acidic aqueous solution of HsRhClg is formed that can be subjected to further refining.
According to another known alternative, the salts of aliphatic polyamine and trihydrogen
hexahalogenorhodic acid are calcined in an oxygen-containing atmosphere and the

rhodium-containing oxidic residue is subjected to further refining.

The present invention consists of a method for producing elemental rhodium,
comprising the steps of:
(1) providing an aqueous suspension of diethylene triammonium
hexahalogenorhodate adjusted with hydrohalic acid to a pH value of -1 to +2;
(2) adding a sufficient quantity of reducing agent for complete conversion of the
diethylene triammonium hexahalogenorhodate to the suspension provided in
step (1) and allowing the reaction to proceed until the formation of elemental
rhodium is completed; and
(3) separating the elemental rhodium formed in step (2) from the hydrohalic
aqueous composition formed in step (2),

whereby halogen shall be understood to be bromine and/or chlorine, preferably chlorine.
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The terms and/or abbreviations, “halogen” or “hal”, used in the description and in the
claims

represent bromine and/or chlorine, preferably chlorine.

The terms and/or abbreviations, “hydrohalic acid” or “hydrohalic”, used in the description
and in the claims
represent hydrobromic acid and/or hydrochloric acid , preferably hydrochloric acid,

and/or hydrobromic and/or hydrochloric, preferably hydrochloric.

An aqueous suspension of diethylene triammonium hexahalogenorhodate, adjusted
with hydrohalic acid to a pH in the range of -1 to +2, preferably of -0.5 to +0.5, is
provided in step (1) of the method according to the invention. The determination of the

pH value is not associated with any special requirements and can be done with a

common pH meter.

Typically, the diethylene triammonium hexahalogenorhodate originates from the
precious metals refining known to a person skilled in the art or, to be more precise, from
the rhodium separation step in the scope of precious metals refining. Due to its poor
solubility in water and/or hydrohalic aqueous milieu, the diethylene triammonium

hexahalogenorhodate can be isolated therein in the rhodium separation step.

A preferred example is the above-mentioned diethylene triammonium

hexahalogenorhodate.

The procedure applied in this context can be such that the diethylene triammonium
hexahalogenorhodate is suspended in water and hydrohalic acid is added until the pH
value of the aqueous suspension is adjusted to within the range of -1 to +2.
Alternatively, the diethylene triammonium hexahalogenorhodate can just as well be

added to and suspended in a hydrohalic acid having a pH In the range of -1 to +2.
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The fraction of the diethylene triammonium hexahalogenorhodate in the aqueous
suspension provided in step (1) is, for example, in the range of 5 to 40 % by weight,

expediently 10 to 30 % by weight, relative to the total suspension.

In step (2) of the method according to the invention, a sufficient quantity of reducing
agent for complete conversion of the diethylene triammonium hexahalogenorhodate is
added to the suspension provided in step (1) and the reaction is allowed to proceed until
the formation of elemental rhodium is completed. The term, “suspension”, shall be
understood to mean that the diethylene triammonium hexahalogenorhodate is present

in suspension due to its poor solubility, i.e. the aqueous suspension therefore being

agitated, for example being stirred.

It is feasible to use one or multiple reducing agent(s) in combination. In the latter case,
the reducing agents can be added separately, i.e. one after the other, or at the same

time or overlapping in time.

Various oxidisable substances such as, for example, hydrazine, hydrazine hydrate,

Sn(ll) compounds, such as SnCl,, non-precious metals, such as zinc, iron, aluminium,

tin, are suitable reducing agents.
It is preferred to use iron as reducing agent, particularly in the form of iron powder.

The addition of the reducing agent can be based on exact stoichiometric considerations
or an excess as compared to theory, possibly needed for practical reasons, can be
added, if applicable. It is preferred to add aliquots of the reducing agent or reducing
agents to the agitated, for example stirred, suspension and to monitor the progress of
the reaction by means of a disappearance and/or dissolution of the diethylene
triammonium hexahalogenorhodate and the concurrent formation of elemental rhodium.
The progress of the reaction can also be monitored analytically, for example
supplementary to visual monitoring, for example by determination of the Rh®* content in
the aqueous phase of the reaction material or by measuring the redox potential of the
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aqueous phase of the reaction material. In this regard, a person skilled in the art will
understand the term, “sufficient amount of reducing agent”, not in a purely stoichiometric

sense, but based on the existing practical situation.

It is being assumed that the reduction reaction that is ongoing in step (2) can be

described as follows using diethylene triammonium hexahalogenorhodate and iron as

reducing agent for exemplary purposes:

2 [H3sNC2H4NH2C,HsNH3](RhClg) + 3 Fe — 2 [HsNC,H4NH,CoH4NH3]™ + 3 Fe®* +
2Rh| +12CI

Possibly, hydrogen formed from the iron in the hydrohalic milieu of the reaction material

may act as reducing agent as well; but this was not investigated in any more detail.

During step (2), the pH value of the aqueous phase of the reaction material is
maintained in the range of -1 to +2, preferably of -0.5 to +0.5, for which purpose it may
be necessary to add an appropriate amount of hydrohalic acid. The temperature of the
reaction material during step (2) is, for example, in the range of 20 to 70°C, preferably
40 to 65°C. The duration of process step (2) is, for example, in the range of 2 to 4
hours, whereby it may be expedient to keep stirring after the final addition of reducing
agent until the pH value is constant within the pH range of -1 to +2, preferably -0.5 to
+0.5, for example for 0.5 to 2 hours at 20 to 70°C, preferably 40 to 65°C.

The elemental rhodium formed in step (2) is present in particulate form, in particular as

spongy rhodium.

After the completion of step (2), the elemental rhodium formed in step (3) is separated
from the hydrohalic agueous composition formed in step (2). Conventional solid-liquid
separation procedures known to a person skilled in the art can be used in this context,
for example decanting, lifting, filtration or suitable combinations of said separation

procedures.
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The separated elemental rhodium can expediently be washed with water. Subsequently,
the rhodium, which is obtained largely or completely free of accompanying organic
substances in the method according to the invention, can be purified further. For
example, a treatment with chlorine and hydrochloric acid while forming an aqueous
acidic H3RhClg solution is feasible, which can then be purified further. Examples of

suitable cleaning techniques include ion exchange, extraction, and electrolysis.

Ultimately, the substance, HzRhClg, is the same result as is obtained in the above-
mentioned method of aqua regio boiling of a salt of aliphatic polyamine and

trihydrogenhexachlororhodic acid.

The hydrohalic filtrate, which is obtained during the separation of elemental rhodium
from the hydrohalic agueous composition formed in step (2) and contains cations in the
form of fully protonated diethylene triamine and halide anions, can also contain oxidised
reducing agent and/or oxidation products thereof depending on the type of reducing
agent used In step (2). If needed, said oxidised reducing agent or oxidation products of
the reducing agent(s) can be removed from the filtrate, for example, through a suitable
precipitation reaction; but there is no compelling necessity to do so. The hydrohalic
filtrate can be used and/or reused in the scope of a further process step (4) of precious

metals refining to precipitate Rh®* as diethylene triammonium hexahalogenorhodate.

One advantage of the method according to the invention is that it does not involve the
above-mentioned boiling of the salts of aliphatic polyamine and trihydrogen
hexahalogenorhodic acid in aqua regia. Accordingly, the production and ensuing need
to remove nitrous gases is avoided as well. As mentioned above, another advantage is
that the aliphatic polyamide is re-obtained in solution in hydrohalic acid-protonated
aqueous form and can be reused in precious metals refining for precipitation of Rh** as

poorly soluble diethylene triammonium hexahalogenorhodate.
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Examples

Example 1:

A total of 30 g solid diethylene triammonium hexachlororhodate were suspended in 150
ml of water, the suspension was heated to 60°C, and 10N hydrochloric acid was added
to adjust the pH to 0.5. Then, 10 g iron powder was added in aliquots to the suspension
while stirring and the sample was maintained at 60°C. The pH was checked during the
addition of iron and maintained at pH 0 to -0.5 by adding 10N hydrochloric acid. Stirring
at 60°C was continued for 2 more hours. The reaction material was separated by
suction filtration into elemental rhodium, in the form of spongy rhodium, and an acidic
aqueous filtrate containing dissolved diethylene triammoniumchloride. The spongy
rhodium was washed with water and then subjected to further refining by means of
chlorine and hydrochloric acid; the rhodium yield relative to the rhodium content of the

diethylene triammonium hexachlororhodate educt was: >99%.

Example 2:

A total of 30 g solid diethylene triammonium hexachlororhodate were suspended in 200
ml of water, the suspension was heated to 60°C, and 10N hydrochloric acid was added
to adjust the pH to 0.2. Then, 10 g iron powder was added in aliquots to the suspension
while stirring and the sample was maintained at 60°C.

The pH was checked during the addition of iron and maintained at pH 0 to -0.5 by
adding 10N hydrochloric acid. Stirring was continued for 2 more hours. The reaction
material was separated by suction filtration into elemental rhodium, in the form of
spongy rhodium, and an acidic aqueous filtrate containing dissolved diethylene
triammoniumchloride. The spongy rhodium was washed with water and then subjected
to further refining by means of chlorine and hydrochloric acid; the rhodium yield relative

to the rhodium content of the diethylene triammonium hexachlororhodate educt was:
>99%.
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Claims

1. Method for producing elemental rhodium, comprising the steps of:

(1) providing an aqueous suspension of diethylene triammonium
hexahalogenorhodate adjusted with hydrohalic acid to a pH value of -1 to +2;

(2) adding a sufficient quantity of reducing agent for complete conversion of the
diethylene triammonium hexahalogenorhodate to the suspension provided in
step (1) and allowing the reaction to proceed until the formation of elemental
rhodium is completed; and

(3) separating the elemental rhodium formed in step (2) from the hydrohalic
agueous composition formed in step (2);

whereby halogen is bromine and/or chlorine.

2. Method according to claim 1,
whereby the pH value of the aqueous suspension provided in step (1) is in the

range of -0.5 to +0.5.

3. Method according to claim 1 or 2,
whereby the diethylene triammonium hexahalogenorhodate originates from the

rhodium separation step of precious metals refining.

4. Method according to any one of the preceding claims,

whereby the diethylene triammonium hexahalogenorhodate is suspended in water
and hydrohalic acid i1s added until the pH value of the aqueous suspension is
adjusted to within the range of -1 to +2 or the diethylene triammonium
hexahalogenorhodate is added to and suspended in a hydrohalic acid having a pH

in the range of -1 to +2.

5.  Method according to any one of the preceding claims,
whereby the fraction of the diethylene triammonium hexahalogenorhodate in the
aqueous suspension provided in step (1) is in the range of 5 to 40 % by weight.
/
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Method according to any one of the preceding claims,

whereby the aqueous suspension is being agitated during step (2).

Method according to any one of the preceding claims,
whereby one reducing agent or a combination of reducing agents is used and the
reducing agents, in the case of a combination of reducing agents, are one after the

other, at the same time or overlapping in time.

Method according to any one of the preceding claims,
Whereby the reducing agent(s) is/are selected from the group consisting of

hydrazine, hydrazine hydrate, Sn(ll) compounds, zinc, iron, aluminium, and tin.

Method according to any one of the claims 1-7,

whereby iron powder is used as reducing agent.

Method according to any one of the preceding claims,
whereby the pH value is maintained in the range of -1 to +2 during step (2),

possibly by adding hydrohalic acid.

Method according to any one of the preceding claims,

whereby the temperature of the reaction material is maintained in the range of 20
to 70°C during step (2).

Method according to any one of the preceding claims,
whereby the hydrohalic filtrate obtained during the separation of the elemental

rhodium is used in a step (4) of precious metals refining to precipitate Rh°* as

diethylene triammonium hexahalogenorhodate.
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Method according to claim 12,

any reducing agent or oxidation products of the reducing agent(s) is/are removed

from the hydrohalic filtrate before using it in step (4).

Method according to any one of the preceding claims,

whereby the diethylene triammonium hexahalogenorhodate is diethylene

triammonium hexachlororhodate.
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