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Abstract: 20% nano ZrO, (3Y) powders were added to high purity submicron Al, O, powders, then
composite ceramics were prepared by high-pressure dry pressing and constant heating, multi-stage,
short insulation sintering method at different temperatures. The effect of sintering temperature on
mechanical properties of composite ceramics was investigated, the phase composition and microstruc-
ture of composite ceramics were analyzed by XRD, EDS and SEM. The results show that the sintering
temperature affects the mechanical properties and microstructure of composite ceramics greatly., The
relative density, vickers hardness and fracture toughness reach the maximum value, respectively
98.6%, 18.54GPa and 9. 3MPa + m?under atmospheric sintering at 1600°C and insulation 8h. While
the grain size of the matrix is about 1. 4-8. 1pym and ZrO, phase transition is 34. 6 %. Composite ceram-
ics have excellent microstructure sintered at 1600 C. The fracture mode of the composite ceramics is
intergranular-transgranular mixed fracture mode. The fracture toughness of the composite ceramics is
improved by phase transition toughening, intragranular particles toughening, crack deflection and
other aspects when adding nano-sized ZrO, (3Y) powder.
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Table 1

Relative density,grain size, Vickers hardness and fracture toughness of 20% ZrO,(3Y) /Al O,

composite ceramics sintered at different temperatures

Vickers microhardness/ Fracture toughness/

Sample Sintering temperature/ C Relative density/ % Crystal size/pm
GPa (MPa » m!'/?)
AZ1 1450 91.2 0.5-1. 8 11. 77 3.0
AZ2 1500 94. 7 0.4-2.3 14. 68 4.8
AZ3 1550 96.9 1.2-7.2 15.75 6.7
AZ4 1600 98. 6 1.4-8.1 18. 54 9.3
AZ5 1650 97.4 2.3-13.1 17. 34 8.5
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Fig. 2 SEM photographs of fracture surfaces of 20% ZrO,(3Y)/Al; O3 composite ceramics sintered at different temperatures
(a)1450°C 3(b)1500°C 5 (c)1550°C ;(d)1600°C ;(e)1650°C ; (f) pure Al, O3 ceramic sintered at 1650 C
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Fig.3 SEM image(a), BSE image(b) of thermal etching surface of 20% ZrO,(3Y)/Al,O; composite ceramics sintered at 1600 C
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Fig.4 SEM images (a-1);(b-1);(c-1);(d-1) and EDS (a-2);(b-2);(c-2) ;(d-2) of the four areas of thermal
etching surface of 20% Zr0,(3Y)/Al,O; composite ceramics sintered at 1600 C
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Table 2 Chemical composition of different areas in thermal
etching surface of 20% ZrO, (3Y) /Al O, composite

ceramics sintered at 1600 C

Element O(K) AIK) Zr(L)
Area 1 39.08 57.18 3.74
Area 2 37.40 18.08 44.52
Area 3 31.10 52.21 16. 69
Area 4 30. 46 41. 46 28.09
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Fig.5 The XRD patterns of polished (a) and fractured surfaces (b) of 20% ZrO,(3Y)/Al, O3composite

ceramics sintered at 1600 C and SEM image (c¢) of crack extension
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