Selective Cu recovery from Cu slags using regenerative leaching method with
ammonium peroxodisulfate
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Cu slags are by-products obtained during roasting, smelting and refining of Cu. Global production of these slags
is estimated at 37.7 Mt per year.(Phiri et al., 2022) Cu slag is formed when quartz is added to the melt for the
removal of Fe as silicate, e.g. after roasting of Cu-Fe-sulfide minerals like chalcopyrite (CuFeS;). Economic
recovery strategies for utilizing the raw material potential of those raw materials are not available at the current
state. Instead, the slag is used as an abrasive, construction material and for gravel applications. This approach is a
particularly downcycling, as the containing Cu, with a general content between 0.5 and 2%, is a strategic raw
material.(Banza et al., 2002; European Commission, 2023; Gorai et al., 2003; Zivkovic et al., 2009) It is used in
large quantities of 20 Mt in 2020 for electrification across all strategic technologies, whereby substitution is
challenging due to its superior performance in electrical applications.(European Commission, 2023) With the
increase in demand for such technology metals like Cu to decarbonize energy consuming processes, mining
activities will increase in the coming years, which is why the quantities of slag produced will also increase.
Previous hydrometallurgical recycling strategies for the utilization of the raw materials contained in the slags,
which are generally associated with lower energy consumption compared to pyrometallurgical processes, are
mostly limited to acid leaching and the transfer of all metals contained into solution. In the case of Cu, almost
complete leaching is achieved by these methods, but there is no selectivity. Thus, in the case of the slag investigated
here, the separation of co-leached Fe, Zn and As must be carried out to recover Cu in high purity. This separation
problem becomes more complex, as Cu slags are known to accumulate rare earth elements (REE) and these are
also transferred into solution
during leaching processes.
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Figure 1:Selective Cu leaching from copper slag by ammoniacal
(NH4)2S20s leaching and subsequent REE chlorination. The leaching
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geopolymers, thus meeting the requirement for a zero-waste concept.
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soluble [Cu(NH3)*]?* complex is formed. However, if Cu slag is leached with ammonia, a leaching yield of only
25% is achieved (Figure 2). In comparison, sulphuric acid leaching achieves yields of up to 50%. Even if
ammoniacal leaching only shows a low leaching yield, this process stands out with a Cu selectivity of 50%
compared to a selectivity of only 1% for sulphuric acid leaching. To enhance the leaching efficiency this work
focuses on the use of oxidizing agents, with a particular emphasis on ammonium peroxodisulfate ((NH.).S2Og) as
a regenerative alternative to conventional oxidants such as hydrogen peroxide (H20,).(Lavrenko et al., 2019; Zhu
et al., 2016) While H.0: is widely used due to its high oxidizing potential (E° = 1,78 V)(Faulkner and Bard, 2001)
and environmental compatibility, it suffers from poor thermal stability, rapid decomposition at elevated
temperatures, and limited selectivity in complex matrices.(Shang et al., 2017) In contrast, (NH4)2S;0s offers a
higher redox potential (E° = 2,01 V)(Fernandes et al., 2021), enabling more effective oxidation to form Cu-
containing phases with a higher solubility. Moreover, (NH4)2S,0g generates only ammonium sulfate as by-
products, which can be oxidized back to (NH4)2S20s by electrolysis, meeting the requirements of a zero-waste
concept. Figure 2 shows that the use of (NH4)2S20s as an oxidizing agent increases the Cu yield to 50%, which
corresponds to the reference value for sulfuric acid leaching. The selectivity remains constant at 50% compared to
(NH4)2S20¢-free leaching in ammonia, whereby only Si, K, Ca and non-noble Zn are transferred into solution in
addition to Cu. This means that in the case of Cu recovery by e.g. electrolysis, the co-leached elements do not
reduce the product purity. In addition, all REEs contained in the Cu slag remain in the residue, which enables
selective recovery by e.g. solid-state chlorination (Figure 1).
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Figure 2: Comparison of achieved leaching yields. The element contents were determined using ICP-OES and -
MS.
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