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Abstract The physical properties of ceramic materials including oxides are greatly influenced by the material density.
Therefore, various efforts have been made to increase the material density. One of the most popular strategies is to use
sintering additives in sintering materials. The conventional sintering additive was a spherical powder having a three-
dimensional structure. In this study, sintering additive with 2-dimensional (2D) layer structure was used to increase the
sintering density of cerium oxide and its effect was confirmed. In this study, 1 nm-thick TiO, and MnO, nanosheets were
used as sintering additives.
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Fig. 1. Layered structure material exfoliation process (a) Layered structure pristine, (b) hydrated structure, (c) the swelling
nanosheets, (d) the exfoliated nanosheets.
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Fig. 2. The colloidal suspension including the exfoliated

nanosheets. The delaminated titanium oxide (a) and manganese

oxide (b) nanosheets show clear Tyndall light scattering due to
the dispersion of the number of nanosheets in water.
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Fig. 4. XRD results of GDC and GDC with titanium oxide
nanosheets.
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Fig. 3. () TEM image of the the delaminated titanium oxide nanosheets (the inserted image is a SEM image of KTLO). (b) AFM
image of the delaminated titanium oxide nanosheets.
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Fig. 5. A picture of pelletized sintering-samples at various
temperatures and nanosheets concentration.
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Fig. 6. (a) Relative density as a function of sintering tempera-
ture. Black square indicates pure GDC, red circle GDC with
titanium oxide nanosheets and blue triangle GDC with manga-
nese oxide nanosheets, respectively. (b) Relative density as a
function of nanosheets concentration at 1350°C.
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