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Fig. 1 Preparation process flow chart of porous zirconia
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Table 1 Compositions and cooling rate of suspensions

Volume fraction of Mass fraction Cooling rate/

Sample " lid loading/%  of PVA/%  (‘C-min’)
S10-1 10 1 25
S10-4 10 4 25
S10-8 10 8 25
S15-1 15 1 25
$20-1 20 1 25
$32-1 32 1 25
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Fig. 2 Effect of PVA concentration on viscosity of

suspension
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Fig. 3 Schematic diagram of influence mechanism of amount of PVA and solid loading on porous structure (blue is ice,

green is zirconia)
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Fig. 4 Microstructures of porous zirconia prepared with different PVA concentrations after sintering at 1250 ‘C((a), (¢), (€))
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Fig. 5 Microstructures of porous zirconia prepared with different solid loading: (a) 10%; (b) 15%; (c) 20%; (d) 32%
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Table 2 Sintering shrinkage, porosity and compressive

strength of samples

S . Mean
Sintering - Porosity compressive  Fracture
Sample Shrinkage/ fraction/ P
o % strength/ mode
MPa
S10-1  25.0+£0.2  75.0+0.3 4.5+0.5 Buckling
S10-4  27.740.2  72.9+0.1 14.842.1  Buckling
S10-8  33.4+0.8 62.7+0.7 58.9+13.1 Brittle
S15-1  25.0+#0.2  65.1+0.4  253+1.7  Buckling
S20-1  25.1£0.2  54.7+0.9  75.1£10.3 Brittle
S32-1  25.1+40.2  35.3+1.2 270.1493.1  Brittle
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Fig. 6 Schematic diagram of two fracture modes and corresponding stress—strain curves of samples: (a) Schematic diagram
of porosity and fracture mode; (b) Stress—strain curve for buckling fracture; (c) Stress—strain curve of brittle fracture
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Fig. 7 Influence of bridge structure (orange frame) on stress distribution under pressure load: (a) Sample S10-1: reduced
bridge structure between ceramic walls; (b) Sample S10-4: more bridge structure between ceramic walls (orange frame);
(c)—(d) Finite element analysis of influence of number of bridge structures on stress distribution (compressive load is 1 MPa)
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Porosity control and compressive strength of
porous zirconia prepared by freeze casting

70U lJin-zhu, XIONG Hui-wen, HUANG Yu-juan, ZHOU Ke-chao, ZHANG Dou

(Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: The porous zirconia prepared by freeze casting with a porosity fraction ranging from 35.3% to 75.0%
were prepared by changing the solid loading and binder concentration. The rotational rheometer, scanning electron
microscope (SEM) and universal testing machine were used to characterize the viscosity of the suspensions, and
the microstructure and compressive strength of porous zirconia. The results show that the solid loading increases
from 10% to 32% (volume fraction), the porosity samples decreases from 75.0% to 35.3%. The binder
concentration increases from 1% to 8% (mass fraction), the sintering shrinkage of the samples increases from
25.0% to 33.4%, thus decreasing the porosity from 75.0% to 62.7%. The compressive strength test results show
that the decrease of porosity increases the average compressive strength from 4.5 MPa to 270.1 MPa and makes the
fracture mode change from progressive buckling fracture to catastrophic brittle fracture. The analysis of the
compressive strength shows that the increase of the bridge structure between the ceramic walls contributes to the
improvement of the compressive strength of porous zirconia.

Key words: freeze casting; porous zirconia; porosity fraction; compressive strength

Foundation item: Project(52074365) supported by the National Natural Science Foundation of China; Project
(2020GK2062) supported by the Special Funding Support for the Construction of Innovative
Provinces in Hunan Province, China
Received date: 2021-01-29; Accepted date: 2021-06-30
Corresponding authors: ZHANG Dou; Tel: +86-731-88877196; E-mail: dzhang@csu.edu.cn
XIONG Hui-wen; Tel: +86-15387311652; E-mail: huiwenxiong@csu.edu.cn
wE E B



