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Microstructure–Tribology Relationships in ZnO–
MoS₂ Composites Consolidated by Advanced

Sintering Techniques

ZnO-based ceramics are promising candidates for functional and wear-resistant components due to their com-
bined electrical, optical, and tribological properties. In this work, ZnO composites containing 2.5 wt.% MoS₂
were consolidated using three distinct sintering routes: Microwave Sintering (MW), Spark Plasma Sintering
(SPS), and the Cold Sintering Process (CSP), in order to establish how each densification mechanism gov-
erns microstructural development and, consequently, tribological behavior. Particular attention was given to
the role of grain size, porosity distribution, and phase dispersion in enabling self-lubricating responses. Mi-
crostructural characterization by FESEM, together with density measurements, revealed marked differences
among the three techniques, with variations in grain growth kinetics and residual porosity linked to the heat-
ingmode and processing parameters. Thesemicrostructural changes are expected to directly affect wearmech-
anisms and frictional performance by modifying contact conditions, load-bearing capacity, and the formation
of lubricating tribofilms associated with MoS₂. Overall, the results demonstrate that tailoring the sintering
route provides an effective pathway to engineer ZnO–MoS₂ composites with microstructures optimized for
improved tribological functionality.
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