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Reaction Mechanism and High-Temperature Oxidation Behavior of Reactively Sintered
ZrB,-SiC-Zr,Al,Cs Composite Ceramics

GUO Qilong™?, HUA Liang*, LIU Ronghao®, YING Hao?, LI Leilei*?, WANG Jing“?
(1. School of Civil Engineering, Northwest University for Nationalities, Lanzhou 730124, Ching; 2. Key Laboratory of New Building
Materials and Building Energy Efficiency of Gansu Province, Lanzhou 730124, China)

Abstract: ZrB,-based composite ceramics have great potential for applications at ultra-high temperatures, but the low toughness and
poor oxidation resistance of them limit their practical applications. In this work, the Zr, B,C, Al, C and Si raw powders were used to
prepare ZrB,—SiC-Zr,Al,Cs composite ceramics by reactive spark plasma sintering. The reaction processes and mechanism were
studied. The effects of Zr,Al,Cs content and oxidation temperature on high-temperature oxidation behavior of multiphase ceramics
were investigated for revealing the anti-oxidation mechanism. The results indicated that the B,C reacted with Zr to form ZrB, at
900 C, and then the SIC formed at 1 100 ‘C. At 1400 ‘C, the Zr,Al4Csformed from the reaction of ZrsAlsCs, ZrC and Al,C; which
formed at the early initial reaction stage. And the Zr,Al,Cs transformed into Zr;Al,Cg with further increasing temperature. The main
phases of the composite ceramics after oxidation are ZrO,, ZrSiO,, aluminosilicate and SiO, glass. With increasing Zr,Al,Cs content,
the surface of the oxide layer of the composite ceramics became uneven, loose and porous, while obvious long strip grains and
inhomogeneous distribution of glassy phases were also observed. This study not only provides a new experimental reference for
in-depth understanding of the high-temperature oxidation behavior of ZrB,~SiC based multiphase ceramics, but also provides new
experimental and theoretical support for developing high-performance ZrB,—SiC based high-temperature composite ceramics.
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Table 1 The designed compositions of multiphase ceramics

w/%

Sample No. ¢(Theoretical Zr—Al-C)/% - o(Alculated Zr-Al-C)/%
Zr Si B,C C Al
ZSAO 0 68.67 10.54 20.79 0 0 0
ZSA1 10 68.71 8.42 19.48 0.81 2.58 9.45+0.5
ZSA2 20 65.85 8.67 17.20 294 5.34 19.76+1.0
ZSA3 30 62.80 8.95 14.80 521 8.24 27.94+1.5
ZSA4 40 59.55 9.24 12.22 7.62 11.37 37.14+2.0
p—Volume fraction;w—Mass fraction.
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Table 2 Open porosity, relative density, bulk density and grain size of ZrB, of multiphase ceramics

Sample No. Open porosity/% Relative density/% Bulk density/(g-cm ™) Grain size of ZrB,/um
ZSA0 1.87 95.6 5.13 5.5+1.2
ZSA1 0.29 97.0 5.20 1.8+0.5
ZSA2 0.14 98.2 5.07 1.7+0.4
ZSA3 0.24 97.6 4.92 1.1+0.3
ZSA4 0.41 96.7 4.79 3.0£0.9
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Fig. 10 XRD patterns of the multiphase ceramics after 1 h oxidation at various temperatures
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Fig. 13 SEM surface morphologies and EDS of the multiphase ceramic after 1 h oxidation
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(a) SEM image of area A in Fig. 14(b) (b) 1400 C

(d) SEM image of areaC in Fig. 14(e) () 1600 C (f) SEM image of areaD in Fig. 14(e)
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Fig. 14 SEM cross-sectional morphologies of the sample ZSA3 after 1 h oxidation
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