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Phase change materials (PCMs) have low thermal conductivity, which can be improved by
incorporating carbon nanoparticles. The aim of the present study is to examine the factors
influencing improved thermal conductivity and to determine the optimal range of these
factors for achieving the highest enhanced thermal conductivity. For this purpose, 480
experimental data points from previous studies on improving thermal conductivity using
carbon nanoparticles were collected. These data were then analyzed using design of
experiments (DOE), response surface methodology (RSM), and analysis of variance (ANOVA)
to identify the sensitivity of the response to each independent variable. The results showed
that over 80% of the changes in improved thermal conductivity in both solid and liquid
phases were due to three factors: the concentration of nanoparticles, the interaction between
nanoparticle concentration and the thermal conductivity of the phase change material, and
the interaction between nanoparticle concentration and the thermal conductivity of the
nanoparticles. Contour plots indicated that the minimum required concentration for
achieving the maximum improved thermal conductivity in both solid and liquid phases is 8.6
wt%. Furthermore, when the nanoparticle concentration was below 1 wt%, the thermal
conductivity of the liquid phase showed a positive correlation with the thermal conductivity
of the pure PCM. This correlation became negative at nanoparticle concentrations exceeding
3 wt%. Given the several factors affecting PCM’s thermal conductivity, focusing on the three
mentioned parameters can help reduce the time and cost involved in manufacturing optimal
PCMs at industrial scale.

Keywords: Phase Change Material, Carbon Nanoparticles, Thermal Conductivity, Response
Surface Methodology, Sensitivity Analysis.
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