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" Research question A

Zircornia (Zr0O,) is a functional ceramic widely used in aerospace, automotive, and medical industries. In the past, 1200°C is
the ideal sintering temperature for high quality densification.
* Pros: high density (relative density higher than 80%) and high hardness

\  Cons: high energy consumption during synthesis — how to reduce it? /

[ Research goal Reducing sintering temperature while maintaining high density and high hardness of sintered ZrO, }

/ Approach #1: cold sintering with solvents \ / Approach #2: liquid phase sintering \

 Sintering aid melts at a certain temperature and becomes liquid that
fills in between the solid powder particles
Pros:
v’ particle rearrangement enhanced by wetting
v' due to nonzero solubility of solid powder in the liquid phase, mass
transport enhanced by diffusion of solute ions;

 Liquid phase (solvent) dissolves solid ceramic particulate at low
temperature
Pros:
v’ particle rearrangement enhanced by wetting
v' Kinetic: Mass transport enhanced by diffusion of solute ions;
v Thermodynamic: Solvent phase evaporates upon heating,

Cons:
ielding a supersaturated solution for precipitation !} | | | | | | |
ConsY SO PR X  sintering T needs to be higher than melting T of sintering aid,;

. . . . . X  sintering aid remains in the system, which could alter
\ X  low density, thus requiring further annealing/sintering stepJ + \ stoichiometrfl nd affect various p»;operties J

- I
This work: Combined cold sintering through in-situ conversion of Zr(OH), to ZrO, and H,O at 400°C and liquid phase

sintering aided by Bi,0, in the temperature range of 817 °C - 900 °C
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Experimental methods Results

Material: 4 different powder system
(a) Pure Zr(OH), , (b) pure ZrO,, (c) Pure Zr(OH), -
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Densification:
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g 1. A density of 87% successfully achieved with a sintering temperature as low as 900 °C in a ‘single sintering step’ from pure Zr(OH), at A

Conclusion: 300MPa 2, 2. The 5wt% Bi,0,-Zr(OH), system achieved the highest relative density (99%) when sintered at 1200 °C and 50MPa. 3. The 10wt%

Bi,0;-Zr(OH), system sintered at 900 °C - 50MPa dwell conditions had the highest hardness of value of 6.6 Gpa at a relative density of 72% [2])
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