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Abstract

The use of nanostructured composite powders based on alumina or zirconia and graphene makes it
possible to obtain ceramic materials with high density and electrical conductivity. They are
necessary for the development of small-sized high-speed electronic devices with a wide range of
functions and low energy consumption due to the presence of specific interactions in complex
nanostructures and reduced energy loss to the environment. An original method for the synthesis of a
chemically uniform composite powder based on oxygen-free graphene and nanostructured
aluminium and zirconium oxides was developed at IMET RAS (Moscow). The uniqueness of this
method lies in the combination of sol-gel synthesis and ultrasonic exfoliation of graphene sheets
from the surface of synthetic graphite in an aqueous-organic colloid [1-3]. Synthesized graphene -
metal oxide powders were characterized by XRD, TEM, HRTEM (EELS), vibrational spectroscopy,
diffusion aerosol spectrometry and elemental analysis. It was shown that the method allows
obtaining ultrafine dispersed metal (Zr and Al) oxides while avoiding graphene agglomeration in the
bulk material. Lately our focus has been on rheological studies, which showed that even a low
graphene content, 0.8-2.0 wt.%, provides a decrease in the compressibility of composites compared
to pure metal oxides obtained under the same conditions.

The dependence of compressibility on stress was determined, compressibility modulus, ultimate
strain values of the linear section and compressibility coefficient was calculated. A comprehensive
comparative analysis of the results for composites and pure nanopowders of aluminium and
zirconium oxides was carried out. At the initial stage, at low pressure, a linear increase in the strain
value as a function of stress was observed, which is characteristic of the elastic strain region. Then,
the curves bent due to the transition of the systems to the area of plastic deformation due to the
generation of dislocations. In the case of a composite, this kink is due to a change in the mechanism
that occurs at a slightly higher stress and a lower degree of deformation in comparison with pure
oxide. Such an effect of graphene additives on rheological properties was observed in the case of
graphene-containing composites based on both alumina and zirconia.

Compressibility parameters were calculated for graphene-alumina and graphene-zirconia
composites, and they were compared with data for pure zirconia and alumina. Because the
compressibility modulus is equal to the tangent of the angle of the linear section of the rheological
curve, it has been determined that its value for the composite powder is more than doubled compared
to pure metal oxide. For example, for a graphene-alumina composite, the limit value of linear strain
is more than a quarter lower than this parameter for pure alumina. Also, the compressibility factor
for this composite is 1.85 times smaller than for pure alumina. The results for the graphene-zirconia
composite have a similar character: the compressibility modulus of the composite is one and a half
times higher than that of the pure zirconia nanopowder; the ultimate strain of the composite
decreased by 8% compared to pure nano zirconia; the compressibility coefficient of the composite
also reduced by 42% compared with pure nano zirconia [4,5].

It was found that the elasticity of the obtained sintered composite material is higher than that of
ceramics made of pure metal oxide. The results obtained allow us to consider our development to be
promising for creating technology of fine-grained ceramics with improved mechanical properties,
such as hardness, impact strength and bending strength.

Keywords: Graphene ceramics; rheology; compressibility modulus, nano zirconia composite, nano
alumina composite.
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