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Polymer composites with enhanced thermal conductivity are attracting increasing interest
for thermal management applications in electronics, sensors and functional 3D-printed
components. In this work, UV-curable resin formulations loaded with hexagonal boron nitride
(h-BN) and graphite flakes were developed and processed by Digital Light Processing (DLP) 3D
printing. The effect of filler content on viscosity, printability, microstructure and
thermal/electrical properties was investigated. Reliable DLP printing was achieved up to high
h-BN loadings, with through-thickness thermal conductivity increasing from about 0.25 W/mK
for the neat resin to about 1.95 W/mK for composites containing 40 wt% h-BN. At fixed h-BN
content, graphite addition enabled further tuning of thermal and electrical conductivity,
although with trade-offs in processability and mechanical response. A phenomenological
percolation-type model was used to describe the evolution of thermal conductivity with filler
loading. In addition, X-ray computed tomography and ultrasonic testing were applied to
selected DLP-printed h-BN/graphite composites to assess porosity, internal discontinuities
and layer integrity. The results highlight the potential of h-BN/graphite UV-curable composites
as printable multifunctional materials for thermal-management applications and show how
non-destructive testing can support process—structure—property correlation in additively
manufactured polymer composites.
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