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Abstract

Valuable metals may remain in dissolved form after primary recovery in anode-slime leachates, refinery side
and bleed streams, recycling leachates and process waters. When target metals are dilute, impurity levels are
high, or further purification requires reagent-intensive steps, conventional recovery can become unattractive.
Circular hydrometallurgy therefore needs selective unit operations that recover value or remove problematic
elements without major changes to existing flowsheets.

This contribution presents pulse-based electrodeposition-redox replacement (EDRR) as a tunable
electrochemical method for recovering dissolved metals from complex hydrometallurgical streams. In a
typical cycle, a controlled cathodic pulse deposits a less noble carrier layer. During an open-circuit interval,
more noble target ions replace the deposited surface layer through redox replacement. Repeated cycles build
an enriched metal-bearing deposit that can be harvested for downstream refining.

EDRR is not a universal process for every feed, but a selective recovery step whose operating window must
be validated for each stream. Key factors include pulse conditions, replacement time, cathode material,
electrolyte chemistry, pH, impurities, mass transport and feed concentration. Stream-specific testing defines
which metals can be recovered, which impurities may interfere, and what recovery, purity and residence
time are technically and economically meaningful.

Published EDRR literature supports the principle for noble and trace metal recovery [1]. Reported examples
include selective gold recovery from multi-metal chloride media [2] and platinum recovery from industrial
hydrometallurgical process solutions [3]. Industrial implementation requires linking this evidence base with
practical constraints such as solution variability, deposit handling and integration into side-stream, bleed-
stream or polishing operations.

A practical development pathway consists of laboratory scoping, pilot validation and industrial service
installation. Used in this way, pulsed electrochemical recovery can support circular hydrometallurgy by
improving metal recovery, reducing residual losses and adding a selective, low-chemical recovery step to
existing industrial processes.
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