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Fig.1 XRD patterns of HfB, composites fabricated by reactive

spark plasma sintering
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Fig.2 Displacement of the HfB, composites during reactive spark plasma sintering: (a) HZSC5, (b) HZSC10, and (c) HZSC15
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Table 1 Relative density and mechanical properties of HfB,
composites fabricated by reactive spark plasma
sintering
Sample  Relative  Microhardness, Bending Fracture
No. density/% HV/GPa strength/ Toughne]s/zs
MPa /MPa-m
HZSC5 77.97 21.35+0.9 284+17  3.20+0.11
HZSC10 96.61 26.80+1.2 504+40  4.66+0.21
HZSCI15 95.68 22.44+1.0 301+28  3.89+0.36
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Fig.3 SEM images of fracture surface of HfB, composites fabricated by reactive spark plasma sintering: (a) HZSCS, (b) HZSC10,

and (c) HZSCI15
3 &

1) BL ZeC ¥r. Si WA C B HB, IBe4s )
), A B T he4E (SPS) £ 1600 °C. 40 MPa
H 356, B LA 2% H A 25 5 ik 96.61% (1) HIB,-
ZrSip-SiC P B 2 A M RL . e 45 Bl 5 218 2] 10% I,
It A T RE S B AT B ip (0 g 2 kR, LR . P o
JEE RN 24800 1k 43 )34 % 26.80+1.2 GPa. 504+40 MPa
H1 4.66+0.21 MPa-m'?.

2) WA NI T ZrSi, M1 SiC, FFAESN R
s N RAEFEHE A T HIB, HEAREOR AR, 28k T
HfB, M & (ke g B0 Ab, M, BRI Si 14 sl
ZrSiy B AE e 4 1 AR O BOB AR b be gl . M £
THAEMENNEEE T35 RE

SE Mk
[1] Fahrenholtz W G, Hilmas G E, Talmy I G et al. Journal of the
American Ceramic Society[J], 2007, 90(5): 1347

References

[2] Silvestroni L, Sciti D. Journal of the American Ceramic Society
[J1, 2011, 94(6): 1920

[3] Wang H, Lee S H, Feng L. Journal of the European Ceramic
Society[J], 2014, 34(15): 4105

[4] Xiang H, Feng Z, Li Z et al. Journal of the American Ceramic
Society[J], 2017, 100(8): 3662
[5] Monteverde F. Journal of Materials Science[J], 2008, 43(3):
1002
[6] Brown-Shaklee H J, Fahrenholtz W G, Hilmas G E. Journal of
the American Ceramic Society[J], 2011, 94(1): 156
[7] Zhao X T, Wang H L, Shao G et al. Solid State Phenomenall],
2018, 281: 438
[8] Sairam K, Sonber J K, Murthy T S R C et al. International
Journal of Refractory Metals and Hard Materials[J], 2012,
35(1): 32
[9] Lee S J, Seong Y H, Baek S S et al. Journal of the Korean
Ceramic Society[J], 2010, 47(6): 534
[10] Sciti D, Bonnefont G, Fantozzi G et al. Journal of the
European Ceramic Society[J], 2010, 30(15): 3253
[11] Zapata-Solvas E, Jayaseelan D D, Lin H T et al. Journal of
the European Ceramic Society[J], 2013, 33(7): 1373
[12] Wang H, Lee S H, Feng L. Ceramics International[J], 2014,
40(7): 11 009
[13] Monteverde F. Journal of Alloys and Compounds[J], 2007,
428(1): 197
[14] Giircan K, Ayas E. Ceramics International[J], 2017, 43(4):



© 554+

Wt &R TR

849 3

3547

[15] Jin H, Meng S, Xie W et al. Ceramics International[J], 2017,
43(2): 2170

[16] Wu W W, Estili M, Nishimura T et al. Materials Science and
Engineering A[J], 2013, 582(2): 41

[17] Guo Qilong(¥k )3 J£), Pei Junjun(3£ ZE %), Wang Jing( L )
et al. Rare Metal Materials and Engineering(%i{i 4z J& A4 %}
5 TH)[J], 2018, 47(S1): 282

[18] Zou J, Zhang G J, Kan Y M. Journal of the European
Ceramic Society[J], 2010, 30(12): 2699

[19] Ni D W, Liu J X, Zhang G J. Journal of the European
Ceramic Society[J], 2012, 32(13): 3627

[20] Hu D L, Zheng Q, Gu H et al. Journal of the European
Ceramic Society[J], 2014, 34(3): 611

[21] Balak Z, Shahedi Asl M, Azizieh M et al. Ceramics Interna-

tional[J], 2017, 43(2): 2209

[22] Sciti D, Balbo A, Bellosi A. Journal of the European Ceramic
Society[J], 2009, 29(9): 1809

[23] Sonber J K, Murthy T S R C, Subramanian C et al. Inter-
national Journal of Refractory Metals and Hard Materials[J],
2010, 28(2): 201

[24] Ru Honggiang(%i4L.5%), Zhang Xin(5k %%), Zhang Heng(ik
%) et al. Rare Metal Materials and Engineering(%i {5 4z J& #4
B T AE)[I], 2018, 47(S1): 319

[25] Zhou Shenlin(J& & #), Zhang Jiuxing(7K /A %), Liu Danmin
(X)) et al. Rare Metal Materials and Engineering(Fify
S EF RS TR [J], 2011, 40(6): 1045

[26] German R M. Sintering Theory and Practice[M]. New York:
Wiley, 1996

Preparation of HfB,-ZrSi,-SiC Composites by Reactive Spark
Plasma Sintering and Its Properties

Ma Shichen', Zhao Xiaotong', Shao Gang', Wang Hailong', Xu Hongliang', Lu Hongxia', Fan Bingbing', Zhang Rui’
(1. Zhengzhou University, Zhengzhou 450001, China)
(2. Zhengzhou University of Aeronautics, Zhengzhou 450046, China)

Abstract: ZrC, Si and C powders were used as the sintering aids to enhance the densification and the mechanical properties of HfB,, using
the in-situ reaction between ZrC-Si-C at sintering temperature. The result shows dense HfB,-ZrSi,-SiC ceramic composites are fabricated
by reactive spark plasma sintering at 1600 °C for 10 min under a pressure of 40 MPa. With increasing the amount of ZrC-Si-C, the Vickers
hardness, the flexural strength and fracture toughness of the sintered samples increase first, and then decrease. HfB,-10wt% ZrC-Si-C
composite shows the best comprehensive mechanical properties. The Vickers hardness, flexural strength and fracture toughness of
HfB,-10% ZrC-Si-C composites are 26.80:+1.2 GPa, 504+40 MPa and 4.66+0.21 MPa-m'?, respectively.

Key words: HfB,; spark plasma sintering; in-situ reaction; mechanical properties
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