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Abstract

The development of lightweight, multifunctional materials with tunable electrical and dielectric
properties is of increasing interest for electromagnetic interference (EMI) shielding and emerging
electronic applications. In this work, a new family of hierarchical nanocomposites based on rare-earth-
doped ZnO (RE:ZnO; RE = La, Er, Sm) and graphene nanoplatelets (GNPs) is investigated. The material
concept combines the tunable defect chemistry and dielectric response of RE-doped ZnO with the
conductive network provided by graphene, targeting controlled charge transport and enhanced
interfacial polarization. RE:ZnO/GNP composites were prepared through an electrospinning—
calcination route that enables the transformation of precursor fibrous structures into self-organized
three-dimensional microclusters. The nature and concentration of the rare-earth dopant strongly
influence the resulting morphology, generating distinct architectures ranging from compact clusters and
short needles to dense nanobrushes and highly porous structures. The incorporation of graphene
produces a further morphological transformation, with graphene becoming integrated within the oxide
architecture rather than acting simply as a surface additive. This synergistic interaction leads to complex
hierarchical structures and extended conductive pathways. Rare-earth doping and graphene
incorporation modify the ZnO electronic structure and significantly affect charge-transport mechanisms.
The results demonstrate that electrospinning—calcination can serve not only as a synthesis method but
also as an effective morphology-engineering strategy for constructing three-dimensional oxide/carbon
networks. The combination of dopant-controlled defect chemistry, hierarchical architecture, interfacial
polarization, and enhanced electrical transport makes RE:ZnO/GNP microcluster composites promising
candidates for tunable EMI shielding as well as sensing, photocatalytic, electronic, and other
multifunctional applications.
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