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Fig.1 XRD patterns of SiO, gel powders calcined at different

temperatures
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Table 1 Physical properties of SiO, ceramics sintered at
different temperatures

Temperature/ Linear shrinkage/% Relative density/ Porosity/

T LS1 LS2 % %
800 2.7 25 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¢/SiO, composites fabricated at different temperatures:

(a, ) 800 C, (b, £) 900 C, (c, g) 1000 C, and (d, h) 1100 C
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Table 2 Properties of AS¢/SiO, composites fabricated at different temperatures

Flexural strength/ Elastic modulus/ Shear strength/ Fracture toughness/

Temperature/’C  Density/g-cm™  Porosity/% MPa GPa MPa MPa-m'”?

800 1.90 24.6 90.1+16.0 17.242.7 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 452421 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¢/SiO,

composites
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Fig.4 Fracture surfaces morphologies of AS¢/SiO, composites fabricated at different temperatures:

(a, €) 800 C, (b, £) 900 C, (c, g) 1000 C, and (d, h) 1100 °C
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Table 3 Properties of the fiber and matrix in AS¢/SiO, composites fabricated at different temperatures

Elastic modulus

Temperature/ 'C

Critical fiber length, /./um Load transfer factor, f

39.0 0.070
26.6 0.084

22.8 0.091

7i=5 um, vin=0.078, @nax=3.3, Vi=40%

Fiber/GPa  Matrix/GPa  E{/E,
800 115.1+£6.7 11.9+0.6 9.67
900 116.6+4.2 23.6x1.4 4.94
1000 119.94+8.3 28.3+0.5 4.24
1100 140.3+0.9 56.3+7.3
£
212-
S0f /]
=
8
(‘na 8: /800C
2 6}
m -
g 4t
= 1000 °C
s oL
5] 2_ \1100 C
= 0 L L L L L L
00 01 02 03 04 05 06 07

Displacement/mm

5 ASySiOr AR RHI) S T BY ) 24 -0 B i £k

Fig.5 Typical shear load-displacement curves of AS¢/SiO, composites

C il % (1 2 A AR BB A BIUIR, 1100 CHil
# AR R R, 1000 C il 4 1
A FORHI B O TR A B G5 BT DR A A

4 % i

1) SiO, &t A T 5 L4544, 6. 500 C I » Si0,
Hele b Si-OH 584 ML, Bl 45 4B el FE 1) 4k 2 T
PG PR B, 22 1400 CHBRE S AT T A
SiO, FEARMIBELE IR ALK (~1000 C)H, IR £ 4k
B Si0, 5 A MR 25 1 2 10 S Ak 38 B AR B
S AR E AR VL S N

2) BEE A BR BE T, AR R



* 1286

G E AR

847 %

Thimn LB FRAS, 25 Mo AE . BY 1) 5 S5 R W R4 )
PEY R BT S G AR R #5900 C il & M= G 41k
()75 vE e, FLEs dh R B L By D) i LR ) P Oy
524 119.7+7.5 MPa. 10.8+0.7 MPa 1 4.0£0.4 MPa-m'?.

3) Bl AL R LI T, ASySIO, E A5 kKT
Mk KA KR s Rk, FEEH T4
B AR (P S A B LW BRAIC, SRS AT 4 i A B2
T A48 TR A8 Ay A 346 DR - B T K

SE MK

[1] Di Salvo D T, Sackett E E, Johnston R E ef al. J Eur Ceram
Soc[J], 2015, 35(16): 4513

[2] Volkmann E, Tushtev K, Koch D et al. Composites Part A:
Applied Science and Manufacturing[J], 2015, 68: 19

[3] Wang Yi(E£ X), Liu Haitao(XI|###%), Cheng Haifeng(F2 ¥ 1)
et al. Journal of Inorganic Materials(JCHLAF B 2EH)[I], 2014,
29(7): 673

[4] Qi Gongjin, Zhang Changrui, Hu Haifeng. J Non-Cryst Solids
[J1, 2006, 352(36-37): 3794

[5] Han Shuang(%# %), Jiang Kaihui(# L #), Tang Junwu(fF %
%) et al. Rare Metal Materials and Engineering(Wifi 4 J&#4
RS T )], 2009, 38(S2): 458

[6] Li Duan, Zhang Changrui, Li Bin et al. Mater Des[J], 2012, 34: 401

References

[7] Li Binbin, Lin Long, Zhu Jianxun et al. Ceram Int[J], 2012,
38(5): 4017

[8] Wang Yi, Cheng Haifeng, Liu Haitao ef al. Ceram Int[J], 2013,
39(8): 9229
[9] Jia Dechang(%i 1 &), Zhou Yu(fdl k), Lei Tingquan(75 #EA).
Aerospace Materials & Technology(‘F At #l 1. °2)[J], 2001,
31(1): 29
[10] Wang Hongsheng, Wang Chonghai, Wei Qihong et al. Rare
Metal Mat Eng[J], 2012, 41(S3): 178
[11] Zhou Shaojian(J& £ %), Lian Yunqing(§ = ¥5), Yang Jie(#)
%) et al. Fiber Reinforced Plastics/Composites(JE W/ E A
FENI], 2014(8): 27
[12] Song Yangxi(AKFH ). Thesis for Master(fil -t & 3C)[D].
Changsha: National University of Defense Technology, 2010
[13] Tian Hao, Liu Haitao, Cheng Haifeng. Powder Technol[J],
2013, 239: 374
[14] Li Kai(% Y1), Xia Feng(: X), Xiao Jianzhong(i4 #H) er
al. Bulletin of the Chinese Ceramic Society(f£ & W R)[J],
2010, 29(6): 1451
[15] Zhang Litong(5k 3. [/]). Fiber-reinforced Silicon Carbide
Ceramic Composites—Modelling, Characterization & Design
(ET Y DI BRACRE R I S B AR — R0, RAE 5 i) [M].
Beijing: Chemical Industry Press, 2009: 45
[16] Wang Yi, Cheng Haifeng, Liu Haitao et al. Mater Sci Eng
A[J], 2013, 578: 287
[17] Wang Yi, Liu Haitao, Cheng Haifeng et al. Ceram Int[]],
2015, 41(1): 1065

Fabrication and Properties of Aluminosilicate Fiber-Reinforced SiOQ, Composites

Chen Jian', Wang Yi'?, Huang He', Meng Haidong', Wang Xiaoliang'
(1. Equipment Academy of The Rocket Force, Beijing 100094, China)
(2. Science and Technology on Advanced Ceramic Fibers and Composites Laboratory,

National University of Defense Technology, Changsha 410073, China)

Abstract: The mineralization and sintering behaviors of SiO, 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,. As sintering temperature increases, the relative
density, elastic modulus and hardness of SiO; 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’. 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'? 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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