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Abstract

Hydrometallurgical zinc production generates large quantities of iron-rich jarosite/goethite-
type sludges. Due to their elevated contents of zinc, lead, arsenic and other heavy metals,
these residues are commonly classified as hazardous waste. At the same time, they contain
valuable metals and an iron-rich matrix that may be valorized if the heavy metals can be
selectively removed. This work presents a circular hydrometallurgical treatment route for the
selective removal of zinc, lead and arsenic from jarosite-type sludge using roasting followed
by three sequential leaching steps under ambient conditions. Investigated jarosite-type sludge
was first roasted in air to thermally decompose jarosite phases and modify the solubility of the
target elements. Roasting at 700 °C for 1 h was identified as the optimal pretreatment to
convert zinc into water-soluble sulfate species, whereas iron was transformed mainly into
water-insoluble hematite. The roasted material was then treated by a three-step leaching
sequence. In the first step, nearly complete zinc extraction was achieved by water leaching.
In the second step, approximately 85% of lead was removed using a concentrated sodium
chloride solution through the formation of soluble Pb—CI complexes. In the third step, alkaline
leaching removed more than 90% of arsenic and residual lead, resulting in an overall lead
removal above 98%. Throughout the process, iron dissolution remained very limited, allowing
iron to remain concentrated in the final solid residue, containing 55 wt.% Fe and less than 1
wt.% heavy metals (as Zn + Pb + As).

To evaluate the scalability of the concept, a five-month column leaching experiment was
performed on granulated and roasted sludge as a laboratory-scale simulation of heap
leaching. The long-term column test confirmed the selective metal extraction observed in
batch experiments, with high zinc removal, substantial lead extraction during chloride
leaching, and arsenic removal during alkaline leaching. Iron leaching remained negligible. A
subsequent 24 h shaking test demonstrated a strong reduction in the water-leachability of
several hazardous metals, including Cd, Cu, Ni, Pb and Zn, compared with the initial sludge.
The resulting metal-bearing leachates could be further processed for metal recovery, while
the Fe-rich residue may be considered for further upgrading and valorization in ironmaking or
construction-related applications. Because all leaching steps are performed at room
temperature and atmospheric pressure, the process is compatible with heap-leaching
operation. Overall, this work demonstrates a circular hydrometallurgical approach for
transforming hazardous zinc-production sludge into recoverable metal streams and a
potentially useful secondary iron resource.



