Anisotropic mechanical and thermal properties of graphene nanosheets/alumina composites
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Graphene is a good candidate as a filler material for nanocomposite applications due to its
unique electrical, thermal and mechanical properties, as well as its two-dimensional (2D) nature and
high aspect ratio. Therefore, it has attracted attention not only in polymer-matrix composites, but also
in ceramic-based composites [1-4]. In this study, graphene-based dispersions with a relatively high
concentration (~1.3 mg/mL) were prepared in isopropyl alcohol (IPA) within a short sonication time (90
min) by utilizing a high surface area nanographite powder as a starting material. The dispersion of
graphene nanosheets in a low boiling point solvent such as IPA is an advantage for composite
applications due to its easy removal from the system. Graphene nanosheets were incorporated into a-
Al,O3 powder with 0, 3, 5, 7 and 10 vol.% contents. The resulting graphene/Al,O; powders were
sintered by spark plasma sintering (SPS) at 1300-1500°C (depending on the graphene content) and at
50 MPa for 5 min. Hardness and fracture toughness values of the prepared composites were
measured from Vickers indentations and the corresponding crack-length measurements of both
through-thickness (parallel to the SPS pressing axis) and in-plane (perpendicular to the SPS pressing
axis) directions. Similarly, through thickness and in-plane thermal diffusivity measurements were
performed from room temperature up to 600°C in N, atmosphere. Besides the measured anisotropic
mechanical and thermal properties of the graphene nanosheet/alumina composites, microstructural
evaluation of alumina with graphene content, which was investigated by scanning electron
microscopy, will be discussed in this presentation.

References

[1] Miranzo, P., Garcia, E., Ramirez, C., Gonzalez-Julian, J., Belmonte, M., Osendi, M.l., J. Eur.
Ceram. Soc., 32 (2012) 1847-1854

[2] Fan, Y., Jiang, W., and Kawasaki, A., Adv. Funct. Mater., 22 (2012) 3882-3889

[3] Liu, J., Yan, H. and Jiang, K., Ceram. Int., 39 (2013) 6215-6221

[4] Centeno, A., Rocha, V.G., Alonso, B., Fernandez, A., Gutierrez-Gonzalez, C.F., Torrecillas, R. and

Zurutuza, A., J. Eur. Ceram. Soc., 33 (2013) 3201-3210


mailto:ybozkaya@anadolu.edu.tr

