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Table 1.  Average linear thermal expansion coefficient (CET) of some important materials based on LAS system.

System/material CET/10¢ ! Temperature range/ °C

Li,0-Al;,04-2Si0, (LiAlSiOy4, Eucryptite) 6.2 25—800
Liy0-Al,04-3Si0, (Solid solution of eucryptite) Negative near zero CET 25—1000
Liy0-Aly,04-4Si0, (5-LiAlSiyOf, -Spodumene) 0.9 25—1000
Li;0-Al,053-6510, (LiAlSi3O0g, Virgilite) 0.5 25—1000
Li;0-Al,05-8510, (LiAlSi Oy, Petalite) 0.3 25—1000
LiO0-Aly03-10S10, 0.5 25—1000

LAS + TiO, (Pyroceram) -0.07—0.30

LAS + TiOy + ZrO, (Cer-Vit) 0.05—0.30

Hercuvit (LAS-based transparentlow expanding glass-ceramic) 0—0.3
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Fig. 1. XRD patterns of [-spodumene: (a) [-LiAlSi,Op;
(b) ICSD No. 01-071-2058.
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Fig. 2. XRD patterns of spodumene/silicon carbide composi-

tes.
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Fig. 3. XRD patterns of 40SP sample in the starting and
the sintered at 1550 C.
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Table 2.  The atomic bond lengths, cell volume and density of tetragonal and hexagonal spodumene.

Phase Si, Al-O/A Li—O/ A Si, Al-Li/A  O—O (Li tetrahedra)/A

O—0 (Si, Al tetrahedra)/A V/A3  D./g-em®

Te-SP 1.643 2.081

2.628/2.710 3.339
HeSP  1.641 2.068 2.609 3.337

2.682 520.671 2.374
2.679 128.790 2.399
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B4 BT /AP R SR P S T T O AR
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(a) 25SP; (b) 30SP; (c) 35SP; (d) 40SP

Fig. 4. SEM micrographs of the fracture surface of spodumene/silicon composites: (a) 25SP; (b) 30SP; (c) 35SP; (d) 40SP.
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15 {40 >
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Bl 5 SRR /RRAL fil S B e B0 AL R A TR
Fig. 5. Apparent porosity and Young’ s modulus of the

spodumene/silicon carbide composites.

®3 PN/ RALRE S AR AR PERE

Table 3. Characteristics of spodumene/ silicon carbide composites.
(B-Spodumene content/  Apparent porosity/  Bulk density/ Young’s modulus/  « (-150—25 C)/  « (25480 C)/
mass% % g-cm® GPa C! ¢!
SP25 38 1.81 95.3 + 0.1 0.23 x 10 1.83 x 10°¢
SP30 32 1.82 123.8 + 0.4 0.60 x 106 2.95 x 106
SP35 19 2.24 204.2 + 0.5 0.53 x 106 5.71 x 106
SP40 29 1.95 119.6 + 0.5 1.14 x 106 2.50 x 106
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Fig. 6. Expansion versus temperature of the spodumene/sili-

con carbide composites.
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Fig. 7. Microcrack of 35 SP composite.
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Abstract

Silicon carbide (SiC) is widely used due to the lower coefficient of thermal expansion (CTE), high thermal
conductivity and excellent mechanical properties. However, the self-diffusion coefficient of SiC relative to that of
oxide ceramics is very low, it is difficult to sinter at lower temperature. The B-spodumene has ultra low or even
negative thermal expansion coefficient combined with good thermal and chemical durability, which melts at
1423 °C. Accordingly, the present study focuses on the use of (-spodumene as a flux at lower sintering
temperature and the preparation of lower CET composite ceramics. The effects of spodumene on the sintering
behavior, phase relations, thermal expansion and mechanical properties of spodumene/silicon carbide composites
are discussed.

A high pure (-spodumene LiAlSi,Oy compound with nearly zero thermal expansion coefficient is
synthesized via solid phase sintering. Spodumene/silicon carbide composites are fabricated by the adding 25, 30,
35 and 40 mass% synthesized -spodumene powder to 75, 70, 65 and 60 mass% «a-SiC matrix, respectively. Both
(G-spodumene and SiC are fabricated by conventional pressureless liquid sintering technique, and the batches are
uniaxially pressed into discs and rectangular bars, then sintered at 1550 °C for 2 h in an Ar atmosphere.

The results show that the SiC and (-spodumene do not react during sintering, and the [-spodumene
changes from tetragonal phase into hexagonal phase, the cell volume has a considerable shrinkage. A certain
amount of liquid phase can help to enhance the density, improve Young’s modulus and promote the sintering
behavior of SiC. When the feedstock contains 35% S-spodumene, the Young’s modulus reaches to (204.2 4+ 0.5) GPa.
Excess porosity is formed when liquid phase is too much during sintering, The Young's modulus of the sample
40SP is (119.6 + 0.5) GPa. It is determined that the Young’s modulus of these materials are affected by
porosity and internal microcracks. This study indicates that the content of -spodumene and porosity are the
dominant factors to control the CET of composites, but the porosity has a stronger effect. Besides, the
microcracks, which are formed by the interaction of various internal stresses, are also an impotant factor. The
materials with nearly zero thermal expansion are developed in a lower temperature range from —150 °C to 25 °C,
the spodumene content in the most stable composite reaches 40 mass%, and the CET of composite is close to
that of Si (qys ¢ = 2.59 x 106 C1) in a temperature range of 25-480 °C.

Keywords: silicon carbide, S-spodumene, thermal expansion, Young’s modulus
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