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Fig.1  XRD patterns of SiO
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Table 1  Physical properties of SiO

2

 ceramics sintered at 

different temperatures 

Linear shrinkage/% 

Temperature/ 

V 

LS1 LS2 

Relative density/ 

% 

Porosity/ 

% 

800 2.7 2.5 63.9 36.1 

900 9.5 7.9 79.8 20.2 

1000 19.0 13.9 90.8 9.2 

1200 19.6 16.1 92.8 7.2 

1400 20.2 17.2 94.5 5.5 

Parameters: heating and cooling rate, 5 °C/min; holding time, 2 h 
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Fig.2  Cross-section morphologies of AS
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 composites fabricated at different temperatures: 

(a, e) 800 V, (b, f) 900 V, (c, g) 1000 V, and (d, h) 1100 V 
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Table 2  Properties of AS

f

/SiO

2

 composites fabricated at different temperatures 

Temperature/V Density/g·cm

-3

 Porosity/% 

Flexural strength/ 

MPa 

Elastic modulus/ 

GPa 

Shear strength/ 

MPa 

Fracture toughness/ 

MPa·m

1/2

 

800 1.90 24.6 90.1±16.0 17.2±2.7 9.0±0.8 3.4±0.4 

900 1.97 21.8 119.7±7.5 25.6±1.6 10.8±0.7 4.0±0.4 

1000 2.11 16.3 86.3±7.3 26.7±1.0 8.7±1.8 2.1±0.2 

1100 2.13 15.5 45.2±2.1 28.2±1.8 7.0±0.5 1.3±0.2 
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Fig.3  Typical flexural load-displacement curves of AS
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Fig.4  Fracture surfaces morphologies of AS
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 composites fabricated at different temperatures: 

(a, e) 800 �, (b, f) 900 �, (c, g) 1000 �, and (d, h) 1100 °C 
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Table 3  Properties of the fiber and matrix in AS
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 composites fabricated at different temperatures 

Elastic modulus 

Temperature/� 

Fiber/GPa Matrix/GPa E

f

/E

m

 

Critical fiber length, l

c

/µm Load transfer factor, β 

800 115.1±6.7 11.9±0.6 9.67 39.0 0.070 

900 116.6±4.2 23.6±1.4 4.94 26.6 0.084 

1000 119.9±8.3 28.3±0.5 4.24 22.8 0.091 

1100 140.3±0.9 56.3±7.3 - - - 

r

f

=5 µm, ν

m

=0.078, φ
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=3.3, V

f

=40% 

 

 

 

 

 

 

 

 

 

 

 

� 5  AS

f

/SiO

2

�
���)*+,-.-/012 

Fig.5  Typical shear load-displacement curves of AS
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Abstract: The mineralization and sintering behaviors of SiO

2

 gels were investigated. Results show that after calcining at 500 °C, the 

decomposition of Si-OH in the amorphous gels finishes. With the sintering temperature increasing, crystallinity of the products strengthens 

gradually. After calcining at 1400 °C, cristobalite is precipitaed from amorphous SiO

2

. As sintering temperature increases, the relative 

density, elastic modulus and hardness of SiO

2

 ceramics all increase gradually. Three-dimensional aluminosilicate fiber-reinforced silica 

matrix composites were fabricated by sol-gel process and the effects of sintering temperature on the density, microstructure and mechanical 

properties of the composites were investigated. The results indicate that the composites prepared at 900 °C display the highest mechanical 

properties, whose density is 1.97 g/cm

3

. The average flexural strength, interlaminar shear strength and fracture toughness of the composites 

are 119.7±7.5 Mpa, 10.8±0.7 MPa and 4.0±0.4 MPa·m

1/2

, respectively. Moreover, with the sintering temperature increasing, the pullout 

fiber shortens gradually and eventually disappears at the composite fracture surface. 

Key words: oxide; composites; sol-gel process; microstructure; mechanical properties 
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