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Synthesis and Thermal Expansion in Nanosized Hafnium Oxide
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Abstract: HfO, nanoparticles with size of 4 nm were prepared through solvothermal process, and the lattice
thermal expansion of nano and bulk HfO, was studied by X-ray atom pair distribution function (PDF) method.
The results showed that in nanoscale HfO,, the lattice thermal expansion along @ and ¢ axis increased, while b
axis slightly decreased, and eventually volumetric thermal expansion increased. Meanwhile, the anisotropy of the
thermal expansion of the nanosized HfO, is larger than that of the bulk. The origin was that size effect induced a
large structural distortion, mainly the reduction of the next nearest neighbor Hf-O-Hf bond angle, and then

heating process triggered the relaxation of the distortion to equilibrium position.
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Fig.I TEM images of HfO,nanoparticles
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Fig.2 SPD spectra of HfO, sample
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Fig.3 FT-IR spectra of HfO, nanoparticles before and

after calcination
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Table 1 Lattice constants of HfO, samples at RT

Sample a/ nm b / nm ¢/ nm B V / nm
Bulk 05124 05169 05293 99.38 0.138 3
Nano 05115 05177 05285 99.26 0.138 2
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Table 2 Coefficients of thermal expansion of HfO,

samples
Sample al C! b/ C! c/C! V /!
Bulk 5.85x10° 1.68x10° 7.38x10° 15.9x10°
Nano 6.27x10° 1.25x10° 9.46x10° 17.5x10°
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Fig.5 Temperature dependence of HfO, cell volume
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