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Process for the Production of a PGM-enriched alloy

The invention relates to a pyrometallurgical converting process for the production of a PGM-

enriched alloy and to the PGM-enriched alloy itself.

The abbreviation “PGM” used herein means platinum group metal.

In general, the enrichment of PGMs by means of pyrometallurgical converting is well-known,
see, for example, S.D. MCCULLOUGH, Pyrometallurgical iron removal from a PGM-containing
alloy, Third International Platinum Conference ‘Platinum in Transformation’, The Southern Afri-

can Institute of Mining and Metallurgy, 2008, pages 1-8.

The invention is a pyrometallurgical converting process improved in terms of yielding a PGM-
enriched alloy having a considerable high PGM level and exhibiting a remarkably low PGM loss

into slag formed as by-product of the pyrometallurgical converting process.

The process of the invention is a process for the production of a PGM-enriched alloy comprising
0 to 60 wt.-% (weight-%) of iron and 20 to 99 wt.-% of one or more PGMs selected from the

group consisting of platinum, palladium and rhodium, the process comprising the steps:

(1) providing a sulfur-free PGM collector alloy comprising 30 to 95 wt.-% of iron and 2 to 15 wt.-

% of one or more PGMs selected from the group consisting of platinum, palladium and rhodium,

(2) providing a copper- and sulfur-free material capable of forming a slag-like composition when
molten, wherein the molten slag-like composition comprises 10 to 30 wt.-% of magnesium oxide

and/or calcium oxide and 70 to 90 wt.-% of silicon dioxide,

(3) melting the PGM collector alloy and the material capable of forming a slag-like composition
when molten in a weight ratio of 1 : 0.75 to 5 within a converter until a multi- or two-phase sys-
tem of a lower high-density molten mass comprising the molten PGM collector alloy and one or
more upper low-density molten masses comprising the molten slag-like composition has

formed,

(4) contacting an oxidizing gas comprising 0 to 80 vol.-% (volume-%) of inert gas and 20 to 100

vol.-% of oxygen with the lower high-density molten mass obtained in step (3) until it has been
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converted into a lower high-density molten mass of the PGM-enriched alloy (i.e. a lower high-

density molten mass of the composition of the PGM-enriched alloy),

(5) separating an upper low-density molten slag formed in the course of step (4) from the lower

high-density molten mass of the PGM-enriched alloy making use of the difference in density,

(6) letting the molten masses separated from one another cool down and solidify, and

(7) collecting the solidified PGM-enriched alloy.

“0 wt.-%" appears several times in the description and the claims; it means that the respective
component is not present or, if it is present, at best present in a proportion of no more than at a

technically inevitable impurity level.

The process of the invention is a process for the production of a PGM-enriched alloy comprising
0 to 60 wt.-% of iron and 20 to 99 wt.-% of one or more PGMs selected from the group consist-
ing of platinum, palladium and rhodium. It is preferred that the PGM-enriched alloy produced by
the process of the invention comprises 0 to 45 wt.-% of iron and 30 to 99 wt.-% of one or more
of said PGMs, in particular 0 to 20 wt.-% of iron and 40 to 90 wt.-% of one or more of said
PGMs. The PGM-enriched alloy made by the process of the invention may also comprise 0 to
60 wt.-% of nickel and 0 to 5 wt.-% of copper. Examples of other elements (elements other than
iron, nickel, copper, platinum, palladium and rhodium) which may be comprised by the PGM-
enriched alloy made by the process of the invention include, in particular, silver, gold, aluminum,
calcium and silicon. The PGM-enriched alloy made by the process of the invention may com-
prise one or more of said other elements in a total proportion of up to 10 wt.-%. Hence, the

PGM-enriched alloy made by the process of the invention may comprise or consist of:

0 to 60 wt.-%, preferably 0 to 45 wt.-%, in particular 0 to 20 wt.-% of iron,

20 to 99 wt.-%, preferably 30 to 99 wt.-%, in particular 40 to 90 wt.-% of one or more PGMs se-

lected from the group consisting of platinum, palladium and rhodium,

0 to 60 wt.-% of nickel,

0 to 5 wt.-% of copper, and
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0 to 10 wt.-%, preferably 0 to 6 wt.-%, in particular 0 to 3 wt.-% of one or more other elements,
in particular, one or more other elements selected from the group consisting of silver, gold, alu-

minum, calcium and silicon.

In an embodiment, the PGM-enriched alloy made by the process of the invention comprises or
consists of 0 to 20 wt.-% of iron, 40 to 90 wt.-% of one or more PGMs selected from the group
consisting of platinum, palladium and rhodium, 0 to 60 wt.-% of nickel, 0 to 5 wt.-% of copper
and 0 to 3 wt.-% of one or more other elements, in particular, one or more other elements se-

lected from the group consisting of silver, gold, aluminum, calcium and silicon.

In step (1) of the process of the invention a sulfur-free PGM collector alloy (hereinafter also

called “PGM collector alloy” for short) is provided.

The term “sulfur-free” used herein in the context of step (1) of the process of the invention
means that the PGM collector alloy may comprise sulfur in a proportion of no more than at a

technically inevitable impurity level of, for example, less than 1000 wt.-ppm.

PGM collector alloys are well-known to the person skilled in the art; they may typically be
formed during pyrometallurgic recycling of appropriate PGM containing waste material like, for
example, PGM containing waste catalysts, for example, used automotive exhaust catalysts. In
the course of such pyrometallurgic recycling the PGMs are separated by smelting the PGM con-
taining waste material, for example, ceramic supports having a PGM containing washcoat (like
used automotive exhaust catalysts) together with a collector metal like, for example, iron in an
oven, a so-called smelter. The PGMs form a PGM collector alloy with the collector metal, which

is separated from slag formed as by-product during smelting.

The PGM collector alloy provided in step (1) comprises 30 to 95 wt.-% of iron and 2 to 15 wt.-%
of one or more PGMs selected from the group consisting of platinum, palladium and rhodium. In
an embodiment, the PGM collector alloy may comprise 40 to 70 wt.-% of iron, 0 to 20 wt.-% of
nickel and 5 to 15 wt.-% of one or more of said PGMs. It is preferred that the PGM collector al-
loy comprises no more than 4 wt.-%, in particular < 1 wt.-% of copper. Examples of other ele-
ments (elements other than iron, nickel, copper, platinum, palladium and rhodium) which may
be comprised by the PGM collector alloy include silver, gold, aluminum, calcium, silicon, phos-

phorus, titanium, chromium, manganese, molybdenum and vanadium. The PGM collector alloy
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may comprise one or more of said other elements in a total proportion of up to 30 wt.-%. Hence,

the PGM collector alloy may comprise or consist of:

30 to 95 wt.-%, in particular 40 to 70 wt.-% of iron,

0 to 20 wt.-%, in particular 0 to 15 wt.-% of nickel,

2 to 15 wt.-%, in particular 5 to 15 wt.-% of one or more PGMs selected from the group consist-

ing of platinum, palladium and rhodium,

0 to 4 wt.-%, in particular 0 to 1 wt.-% of copper, and

0 to 30 wt.-%, in particular 0 to 20 wt.-% of one or more other elements, in particular, one or
more other elements selected from the group consisting of silver, gold, aluminum, calcium, sili-

con, phosphorus, titanium, chromium, manganese, molybdenum and vanadium.

In an embodiment, the PGM collector alloy comprises or consists of 40 to 70 wt.-% of iron, 0 to
15 wt.-% of nickel, 5 to 15 wt.-% of one or more PGMs selected from the group consisting of
platinum, palladium and rhodium, 0 to 1 wt.-% copper, 0 to 20 wt.-% of one or more other ele-
ments, in particular, one or more other elements selected from the group consisting of silver,
gold, aluminum, calcium, silicon, phosphorus, titanium, chromium, manganese, molybdenum

and vanadium.

In step (2) of the process of the invention a copper- and sulfur-free material capable of forming
a slag-like composition when molten (hereinafter also called “material capable of forming a slag-

like composition when molten” for short) is provided.

The term “copper- and sulfur-free” used herein in the context of step (2) of the process of the

invention means that the material capable of forming a slag-like composition when molten may
comprise copper in a proportion of no more than at a technically inevitable impurity level of, for
example, less than 1000 wt.-ppm and sulfur in a proportion of no more than at a technically in-

evitable impurity level of, for example, less than 1000 wt.-ppm.

The term “material capable of forming a slag-like composition when molten” used herein shall

illustrate that the molten material looks and behaves like a slag. It shall at the same time ex-
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press that it is not to be confused with the slag formed as by-product of the process of the in-
vention, i.e. the slag obtained after conclusion of step (4). Moreover, the material capable of
forming a slag-like composition when molten is not necessarily identical in composition with the
one or more upper low-density molten masses formed in step (3), although it forms at least a

predominant part of the latter.

The material capable of forming a slag-like composition when molten has a composition such
that the molten slag-like composition itself comprises or consists of: 10 to 30 wt.-%, in particular
15 to 25 wt.-%, even more particular 20 to 25 wt.-% of magnesium oxide and/or calcium oxide,
70 to 90 wt.-%, in particular 75 to 85 wt.-%, even more particular 75 to 80 of silicon dioxide,

0 to 20 wt.-%, in particular 0 wt.-% of iron oxide (in particular FeO),

0 to 20 wt.-%, in particular 0 to 10 wt.-% of sodium oxide,

0 to 20 wt.-%, in particular 0 to 10 wt.-% of boron oxide, and

0 to 2 wt.-%, in particular 0 wt.-% of aluminum oxide.

In an embodiment, the material capable of forming a slag-like composition when molten has a
composition such that the molten slag-like composition itself comprises or consists of 20 to 25
wt.-% of magnesium oxide and/or calcium oxide, 75 to 80 wt.-% of silicon dioxide, 0 wt.-% of
iron oxide, 0 to 10 wt.-% of sodium oxide, 0 to 10 wt.-% of boron oxide and 0 wt.-% of aluminum

oxide.

The material capable of forming a slag-like composition when molten and, as a consequence

thereof, also the molten slag-like composition itself does not comprise PGMs with the exception
of technically inevitable impurities. However, if the latter is present its proportion should be low;
preferably such proportion does not exceed, for example, 10 wt.-ppm in the material capable of

forming a slag-like composition when molten.

The material capable of forming a slag-like composition when molten itself is a combination of
substances and may comprise the afore mentioned oxides or only said oxides, however, this is
not necessarily the case. It may instead or additionally comprise compounds capable of forming
such oxides or oxide compositions when heated during formation of the one or more upper low-
density molten masses. To name just a few examples of such type of compounds: carbonates
are examples of compounds which may split off carbon dioxide and form the corresponding ox-
ides when heated and melted during formation of the one or more upper low-density molten

masses; silicates are examples of compounds which may form the corresponding oxides and
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silicon dioxide when heated and melted during formation of the one or more upper low-density
molten masses; borates are examples of compounds which may form the corresponding oxides
and boron oxide when heated and melted during formation of the one or more upper low-density

molten masses.

In step (3) of the process of the invention the PGM collector alloy and the material capable of
forming a slag-like composition when molten are melted in a weight ratio of 1 : 0.75 to 5, prefer-
ably 1:0.75 to 3, even more preferably 1 : 1 to 3 within a converter until a multi-phase system
of a lower high-density molten mass comprising the molten PGM collector alloy and two or more
upper low-density molten masses jointly comprising the molten slag-like composition has
formed or, in an embodiment, until a two-phase system of a lower high-density molten mass
comprising the molten PGM collector alloy and an upper low-density molten mass comprising

the molten slag-like composition has formed.

The converter is a conventional pyrometallurgical converter vessel or crucible furnace which
allows for melting the PGM collector alloy and the material capable of forming a slag-like com-
position when molten. The converter has one or more openings at its top and it may have a cyl-
inder- or pear-like shape, for example. Its construction may be such that it allows for a rotating
and/or rocking movement to allow support of mixing of its contents. Preferably it is tiltable to
allow for pouring out molten content thus enabling performing step (5) of the process of the in-
vention. Its inner which has contact with the multi- or two-phase system of the lower high-
density molten mass and the one or more upper low-density molten masses is of a heat-
resistant material as is conventional for pyrometallurgical converter vessels, i.e. a material
which withstands the high temperatures prevailing in process steps (3) and (4) and which is
essentially inert towards the components of said multi- or two-phase system. Examples of use-
ful heat-resistant materials include silica bricks, fireclay bricks, chrome-corundum bricks, zircon

mullite bricks, zircon silicate bricks, magnesia bricks and calcium aluminate bricks.

In the course of step (3), first of all, the PGM collector alloy and the material capable of forming
a slag-like composition when molten are introduced into the converter, either as premix or as
separate components. The process of the invention is a batch process and it is preferred not to
introduce the entire batch all at once and then to heat and melt the contents of the converter,
but to introduce the materials to be melted portionwise and adapted to the melting speed. Once
the entire batch has melted, said multi- or two-phase system of a lower high-density molten

mass and the one or more upper low-density molten masses is obtained.
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Heating of the converter contents in order to melt the latter and thus form the multi- or two-
phase system means raising the temperature of the converter contents to, for example, 1200 to
1850 °C, preferably 1500 to 1800 °C. Such heating may be performed by various means either
alone or in combination, i.e. for example plasma heating, indirect electrical heating, arc heating,
inductive heating, indirect heating with burners, direct heating with one or more gas burners
from the above and any combination of said heating methods. Direct heating with gas burners
capable of producing said high temperatures in the range of 1200 to 1850 °C is a preferred
method. Examples of useful gas burners include gas burners run with hydrogen or a hydrocar-

bon-based fuel gas and oxygen or nitrous oxide as oxidant.

After conclusion of step (3), i.e. once the multi- or two-phase system has formed, step (4) of the
process of the invention is performed. In step (4) an oxidizing gas comprising or consisting of 0
to 80 vol.-% of inert gas and 20 to 100 vol.-% of oxygen, preferably 0 to 50 vol.-% of inert gas
and 50 to 100 vol.-% of oxygen, in particular 0 vol.-% inert gas and 100 vol.-% of oxygen (i.e.
oxygen gas) is contacted with the lower high-density molten mass obtained in step (3) until the
latter has been converted into a lower high-density molten mass of the PGM-enriched alloy, i.e.
the PGM-enriched alloy, has formed. Any gas inert towards the lower high-density molten mass
can be taken as the inert gas, in particular argon and/or nitrogen. In preferred embodiments,
contact between the oxygen or oxygen containing oxidizing gas and the lower high-density mol-
ten mass can be made by passing or bubbling the gas through the lower high-density molten
mass from the bottom of the converter and/or by means of a gas lance the exhaust of which
being immersed into the lower high-density molten mass. The duration of the contact with the
oxidizing gas or, in other words, the amount of oxidizing gas employed depends on when the
PGM-enriched alloy of the desired composition has formed. In still other words, the contact with
the oxidizing gas is maintained for such period of time, until a PGM-enriched alloy with a de-
sired composition according to any of the afore disclosed embodiments has formed; this will
typically take 1 to 5 hours or 2 to 4 hours, for example. The development of the composition of
the lower high-density molten mass during performance of step (4) until the PGM-enriched alloy
of the desired composition has formed, can be tracked by standard analytical techniques, for
example, XRF (X-ray fluorescence) analysis. As by-product an upper low-density molten slag is

formed in the course of step (4).

The contact with the oxidizing gas leads to an exothermic oxidation reaction in the course of

which nonprecious elements or metals are converted into oxides and absorbed by the one or
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more upper low-density molten masses. The oxidation process of step (4) results in depletion of
elements or metals other than the PGMs, in particular in depletion of iron and, if present, other
nonprecious elements or metals within the lower high-density molten mass or, if taking the re-

verse view, in PGM enrichment within the lower high-density molten mass.

After conclusion of step (4), i.e. once the PGM-enriched alloy of the desired composition has
formed, step (5) of the process of the invention is performed. In said step (5) the upper low-
density molten slag formed in step (4) is separated from the lower high-density molten mass of
the PGM-enriched alloy making use of the difference in density. To this end, the content of the
converter is carefully poured out making use of the well-known decantation principle. Once the
upper low-density molten slag is decanted the lower high-density molten mass of the PGM-

enriched alloy is poured into suitable containers.

Steps (3) to (5) of the process of the invention constitute a sequence of steps, in particular in
direct succession. This needs to be understood in such sense that no further steps or at least
no further fundamental steps are required or performed between or during said steps (3) to (5).
Examples of optional non-fundamental steps are (i) the removal of part of upper low-density
molten mass in the course of step (4) or (ii) addition of PGM collector alloy and/or material ca-

pable of forming a slag-like composition when molten in the course of step (4).

After conclusion of step (5) subsequent step (6) is performed, in which the separated molten

masses are allowed to cool down and solidify.

After solidification the solidified PGM-enriched alloy is collected in step (7). It may then be sub-
ject to further conventional refinement, for example, electrometallurgical and/or hydrometallurgi-
cal refinement in order to finally obtain the individual PGMs either as metal or as PGM com-

pound or as a solution of the latter.

It is the advantage of the process of the invention that the PGM-enriched alloy collected in step
(7) is distinguished by a relatively high PGM content. This relatively high PGM content means
less effort and less consumption of chemicals with a view to said further refinement processes.
It is a further remarkable advantage of the process of the invention that the slag formed as by-
product during step (4) comprises a very low PGM content of less than 50 wt.-ppm. It is not fi-
nally understood why, but it is believed thatthe 1: 0.75t0 5 or 1 : 1 to 3 weight ratio combina-

tion of the specifically composed PGM collector alloy provided in step (1) and the specifically
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composed material capable of forming a slag-like composition when molten provided in step (2)
is key in particular with regard to the remarkably low loss of PGMs into the slag formed as by-

product during step (4) of the process of the invention.

Examples

Example 1:

A premix of 500 kg of a sulfur-free PGM collector alloy comprising 49 wt.-% of iron, 13.1 wt.-%
of nickel, 8.1 wt.-% of silicon, 4.6 wt.-% of palladium, 3.2 wt.-% of chromium, 2.5 wt.-% of titani-
um, 2.2 wt.-% of platinum, 1.3 wt.-% of manganese, 0.6 wt.-% of rhodium and 0.4 wt.-% of cop-
per, 120 kg of calcium oxide, 450 kg of silicon dioxide, 15 kg of sodium carbonate and 15 kg of
borax was portionwise introduced into an already 1500°C hot cylindrical natural gas-heated fur-
nace and further heated to 1700 °C. After a melting time of 10 hours a two-phase system of a
lower high-density molten mass comprising the PGM collector alloy and an upper low-density
molten mass comprising a slag-like composition was formed. Oxygen was introduced into the
lower high-density molten mass via a ceramic pipe with an oxygen flow of 900 I/min. After 2.5
hours the oxygen introduction was stopped. The upper low-density molten mass was poured
into cast iron slag pots in order to cool down and solidify. The lower high-density molten mass
was then poured into graphite molds in order to cool down and solidify. After solidification and

cooling down to ambient temperature both materials were analyzed by XRF.

Examples 2 and 3:
Example 1 was repeated with the difference that the oxygen introduction took 2.75 hours (Ex-

ample 2) or 3 hours (Example 3).

The results of the XRF analysis are compiled in Tables 1 and 2. All values are in wt.-%, except

the values for the PGM content in the slag which are in wt.-ppm:

Element Example 1 Example 2 Example 3
Fe 19 12 12

Ni 52 55 49

Cu 2 2 2

Pt 9 11 10

Pd 16 17 24

Rh 2 3 3
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Table 1: Composition of the solidified lower high-density mass (PGM enriched alloy)

Element Example 1 Example 2 Example 3
PGM 48 49 40

Fe 28 30 33

Ni 1 1 2

Table 2: Composition of the solidified upper low-density mass (slag)
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CLAIMS

1. A process for the production of a PGM-enriched alloy comprising 0 to 60 wt.-% of iron
and 20 to 99 wt.-% of one or more PGMs selected from the group consisting of platinum, palla-

dium and rhodium, the process comprising the steps:

(1) providing a sulfur-free PGM collector alloy comprising 30 to 95 wt.-% of iron and 2 to 15
wt.-% of one or more PGMs selected from the group consisting of platinum, palladium and rho-
dium,

(2) providing a copper- and sulfur-free material capable of forming a slag-like composition
when molten, wherein the molten slag-like composition comprises 10 to 30 wt.-% of magnesium
oxide and/or calcium oxide and 70 to 90 wt.-% of silicon dioxide,

(3) melting the PGM collector alloy and the material capable of forming a slag-like composi-
tion when molten in a weight ratio of 1 : 0.75 to 5 within a converter until a multi- or two-phase
system of a lower high-density molten mass comprising the molten PGM collector alloy and one
or more upper low-density molten masses comprising the molten slag-like composition has
formed,

4) contacting an oxidizing gas comprising 0 to 80 vol.-% of inert gas and 20 to 100 vol.-%
of oxygen with the lower high-density molten mass obtained in step (3) until it has been con-
verted into a lower high-density molten mass of the PGM-enriched alloy,

(5) separating an upper low-density molten slag formed in the course of step (4) from the
lower high-density molten mass of the PGM-enriched alloy making use of the difference in den-
sity,

(6) letting the molten masses separated from one another cool down and solidify, and

(7) collecting the solidified PGM-enriched alloy.

2. The process of claim 1, wherein the PGM-enriched alloy comprises or consists of:
0 to 45 wt.-% of iron,

30 to 99 wt.-% of the one or more PGMs,

0 to 60 wt.-% of nickel,

0 to 5 wt.-% of copper, and

0 to 10 wt.-% one or more other elements.
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3. The process of claim 1, wherein the PGM-enriched alloy comprises or consists of:
0 to 20 wt.-% of iron,

40 to 90 wt.-% of the one or more PGMs,

0 to 60 wt.-% of nickel,

0 to 5 wt.-% of copper, and

0 to 3 wt.-% of one or more other elements.

4. The process of claim 2 or 3, wherein the one or more other elements are selected from

the group consisting of silver, gold, aluminum, calcium and silicon.

5. The process of any one of the preceding claims, wherein the PGM collector alloy provid-
ed in step (1) comprises 40 to 70 wt.-% of iron, 0 to 20 wt.-% of nickel and 5 to 15 wt.-% of the

one or more PGMs.

6. The process of any one of the preceding claims, wherein the PGM collector alloy com-

prises no more than 4 wt.-% of copper.

7. The process of any one of claims 1 to 4, wherein the PGM collector alloy comprises or
consists of:

30 to 95 wt.-% of iron,

0 to 20 wt.-% of nickel,

2 to 15 wt.-% of the one or more PGMs,

0 to 4 wt.-% of copper, and

0 to 30 wt.-% one or more other elements.

8. The process of any one of claims 1 to 4, wherein the PGM collector alloy comprises or
consists of:

40 to 70 wt.-% of iron,

0 to 15 wt.-% of nickel,

5 to 15 wt.-% of the one or more PGMs

0 to 1 wt.-% copper,

0 to 20 wt.-% of one or more other elements.
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9. The process of claim 7 or 8, wherein the one or more other elements are selected from
the group consisting of silver, gold, aluminum, calcium, silicon, phosphorus, titanium, chromium,

manganese, molybdenum and vanadium.

10. The process of any one of the preceding claims, wherein the molten slag-like composi-
tion comprises or consists of:

10 to 30 wt.-% of magnesium oxide and/or calcium oxide,

70 to 90 wt.-% of silicon dioxide,

0 to 20 wt.-% of iron oxide,

0 to 20 wt.-% of sodium oxide,

0 to 20 wt.-% of boron oxide, and

0 to 2 wt.-% of aluminum oxide.

11. The process of any one of claims 1 to 9, wherein the molten slag-like composition com-
prises or consists of:

20 to 25 wt.-% of magnesium oxide and/or calcium oxide,

75 to 80 wt.-% of silicon dioxide,

0 wt.-% of iron oxide,

0 to 10 wt.-% of sodium oxide,

0 to 10 wt.-% of boron oxide, and

0 wt.-% of aluminum oxide.

12. The process of any one of the preceding claims, wherein the PGM collector alloy and the
material capable of forming a slag-like composition when molten are melted in a weight ratio of
1:0.75t030r1:1to 3.

13. The process of any one of the preceding claims, wherein the temperature of the convert-
er contents is raised to 1200 to 1850 °C.

14. The process of any one of the preceding claims, wherein the oxidizing gas is oxygen.

15. The process of any one of the preceding claims, wherein the contact between the oxidiz-
ing gas and the lower high-density molten mass is made by passing or bubbling the gas through
the lower high-density molten mass from the bottom of the converter and/or by means of a gas

lance the exhaust of which being immersed into the lower high-density molten mass.
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16.  The process of any one of the preceding claims, wherein the contacting with the oxidiz-

ing gas takes 1 to 5 hours.
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