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Nanostructured composite powders based on oxygen-free graphene and Zr/Ce oxides
for advanced ceramics
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This study focuses on the development of novel nanostructured composites based on cerium or zirconium oxides and oxygen-free graphene, which are in
high demand for applications in electronics, energy, and catalysis. The main objective is to propose an efficient synthesis method for hybrid powders
combining sol-gel and sonochemical techniques, ensuring uniform nanoscale distribution of components and optimal properties of the resulting ceramics.
The formation mechanisms of graphene suspensions and hybrid structures are theoretically substantiated, and the influence of graphene on mass transfer
and sintering processes Is elucidated. The results obtained form the basis of a technology that enables the production of high-density and structurally
homogeneous fine-grained ceramics for a wide range of modern applications.
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SEM
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Vacuum sintering Spark plasma sintering like grain structure with predominantly

The ceramics exhibit fine equiaxed and smgrain 3-5 um, combined with high

W material homogeneity and a relative
! density of 97.6-98.0%. The
microstructure is characterized by
pronounced intergranular boundaries
with weak sintering, as well as the
presence of fine granules and cubic
ZrO, crystallites on the surfaces of
rounded grains. The preferential grain
orientation is attributed to the presence
of graphene sheets, on which the ZrO,
crystallites were originally anchored.

- Fine-grained ceramics with a
grain size of less than 1 micron
were obtained, most of the grains
. were rounded and had a diameter
S of 100-300 nm. On the chip, the
&% material looks uniform, individual
grains with sizes of 400-500 nm
are observed only sporadically.

about 30 nm, as well as a combination
of well- and poorly sintered areas &

size. The relative density of such a
sample is 80.4%. An atypical pore of
5x0.5 ym in size was revealed, formed
due to the non-uniform distribution of
the powder and limited by 1-2 grains, |
while no signs of grain destruction or |
intergranular spaces were detected.
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Conclusions
1. A positive effect of graphene on the ceramic microstructure has been demonstrated, enabling the production of dense (98%) and fine-grained material with high structural

homogeneity via the SPS method.

2. Oxygen-free graphene on the surface of MO, crystallites accelerates surface oxygen exchange processes, making these composites promising for electrical engineering and
catalysis.

3. The incorporation of graphene sheets and the method of their integration into the structure significantly affect the activation energy of sintering and the mechanism of mass
transfer.

4. The obtained results can be used to develop an efficient technology for sintered ceramics production at all stages, starting from precursor solutions and colloids.
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