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Effect of Heat-Treatment Temperature on Properties of SiO,¢/SiO, Composites
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Abstract: It is of great practical significance to develop thermal insulation materials with integrated load bearing and thermal
insulation for energy saving and emission reduction in high-temperature engineering. In this work, SiO,¢/SiO, composites were
prepared by a precursor impregnation heat-treatment method with quartz fiber needled felt as a reinforcement and silica sol as a
precursor. The effect of heat-treatment temperature on the density, porosity, mechanical properties and thermal properties of
Si0,¢/Si0, composites was investigated. The composition and microstructure of the composites were characterized by X-ray
diffraction and scanning electron microscopy. The coefficient of thermal expansion and thermal conductivity of composites were
measured by a push rod method and a transient hot-wire method. The results indicate that the apparent porosity and mechanical
strength firstly increase and then decrease with the increase of heat-treatment temperature. The sample after heat-treatment at 450 C
has the optimum overall performance (i.e., the flexural strength of 23.5 MPa, and the compressive strength of 61.9 MPa). The fracture
mechanism is a ductile fracture. At 300-700 C, the thermal expansion coefficient of the sample is 0.564x107%/°C. The thermal
conductivity of the samples decreases with the increase of temperature, and it is as low as 0.096 W/m-K at 700°C. The SiO,¢/SiO,
composite prepared has some advantages in the integrated application of load bearing and thermal insulation, and meets the harsh
requirements of hot pressing and sintering, non-ferrous metallurgy and other industries.
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Fig. 2 XRD patterns of SiO,¢/SiO, composites after different
heat treatment temperatures

22 EEREBSIE

g A o ) RS R OB RS 45 ) 7E D (0.50+
0.03)g/em’. HIEI 3 AT 0L, 6 AiRFEMIE UL il 2k
FARL, 21 RIS R S I K N I R, P
BIIK 76.24%. BEEIZBIREIGIN,  1Y AR [
i, 28 4 AEIRICER 3 IRAG A2 FE (1 T 34 8 K R AN
N 1.06%. 900 CH UL G AFEMEERKN, A
125 glem®, WEEFEIZEN 121 glem®. Si0,/SiO,
AWM B S R R A 1 32 B 2 SN AR
JRTRIREAY, o RV TR REAL LB S 7E /K P SR B IRAS I
TR BEAE 7K 43 BB 78 A T el 48, 2 2Rk
A0 TR NL o e T 1 PN 308 65 ) Dl ke S T 285 45 44
(—SiOSi—), K[l JZ7E o5 A Ik # 5 (—SIOH) At 5
(—OH), MR A : —SiOH+HOSi—>—SiOSi—+H,0,
e R T A e e T o A5 e v TR A AR A e v
MRk — E AR RE R B VR R, I b, AR
T A o 3TV 30 43 R B B A 4 B R AR 2 TR )
B, f43 Si0./Si0, EAMEIEUH . #it HEEA
R TE) P S K R 5 O B A 3G o, e 3 R AT DA G
TR AR 1) A AR, (HSERR b, BB REE
Jiz 38 3ok Vi 4 A FH W B 2T A () R T, 7 T ) B R
LT SEAl 348, RFUAREswmE™, e
AR N BT A IR L BA [ 1 & 2 (AT, 1235

Intensity

(((((¢




+ 2008 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(7): 2005-2014

2022 4

RO B I AR, BURE i 2298 21 J0 W) . 4 FR A AT
MNBUE LTRSS A .

—a— 400 C
—— 450 C
—— 500 C
1217 5 550 C
—— 600 C
— 900 C

Apparent density/(g-cm™)

0.6 F

0.4

0 i 2 3 4
Cycle index
3 AFEBSEHIEE G SiOy/SiO, B A BB L i £

Fig. 3 Densification curve of SiO,¢/SiO, composites after
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Fig. 5 Microstructure of Si0,¢/Si0O, composites at different heat treatment temperatures
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Table 2 Comparison of properties of SiO,¢/SiO, composites
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fraction/%
0.56x107° 0.096 )
Needled 232 450 1.21 23.5 61.9 . 3 This paper
(300~700 C) (700 C)
Needled 15.4 450 1.53 35.0 [16]
Z: 14.0 0.55x107°
3D 1.78 . 0.838 [30]
X: 132 (20~1 000 C)
0.48x107° 0.560
3D 50.0 700 78.0 . 5 [35]
(700 C) (300 C)
6 0.660
2.5D 432 1.58 67.0 83.0 0.31x10 . [34]
(0~300 C)
2.5D 0.83x10°° 0.135
30.0 0.95 15.0 . i [15]
(hollow fiber ) (25~800 C) 250
2.5D 800 1.72 63.9 0.52x107 0.600 [31]
2.5D 41.0 800 1.66 101.4 [36]
2D 45.0 800 1.39 97.0 0.32x107° 0.350 [32]
0.590
2D 800 109.0 . [4]
(25 C)
Chopped 1200 0.29 2.8 0.049 [33]
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B RE IR AV, LI R A4 355K F A D 2 4 T A
BRI R AR A N e ki sl B 4577 . B X T
Si0,¢/Si0, &AM KT I £F4E ik 4 3258 2.5D
(D ALEHOF 2D GusR fi i, T B A4k
M E(40% 4, Bl s M E &M LB A T 500
IR, E A R R M A 2 5 3 BR ) T LA
R AR A A o 2.5 44 2 T FB A2 o 3 o s
— MR T AL AT RAT s 2D G 2T 3 5 (1) &2
AR BRI R B 2 A A R 2 I
%, SR DU E TR #] & . 3D g2 T
Bl & 2 SRR BRI 124k, (Bl T
1l P 8 P A8 i 5 A A 43 6 Rk PN [ 4 i f 55
K PN A A= AR TE B A BT N T
AR AR S . R 3D &I B BT £ 1) Si0,¢/Si0, H &
MRME B — 58 AR 3R 1 R 5 & AR A #ui
Ik RER#GE, Bl & T2, FEERERE,
&SR % .5/ 18

3 £

1) B Pab BRI BE T 5, Si00¢/Si0, B &k}
WA YE AN AR 1) 5 SRR FE G 5, R = A
5 FEE R T P 5 ) RIS I v S PR AR I A
450 C AL FE 1 4 4 5 IR 45 A 15 L AL
BEMp AR, M TN P IR,
Re A A R B AL B 4h 2R 4 . PR PR 9 N

61.9 MPa, — & H58EN 23.5 MPa, WJE X
BIRITE R 2 .

2) {E 300~700 CIIXTEHH, 450 CHubH G
MFE AR R, 7E 700 CHEAFER G R E
0.096 W/(m'K). il KAk BA 122 sm i, g
K ZBUG . TR A, EARBRR A — R
77 A B A .
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