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Abstract: In recent years, boride ceramics have become the hot topic and focus all over the world, due to their excellent
properties, such as high strength and hardness and wide application in the fields of refractory materials, nuclear industry,
aerospace and cutting tools. Ceramic materials including binary borides, ternary borides, quaternary borides and
high-entropy borides will be introduced and the current research progress of multi-component borides ceramics will be

discussed. The application and the development process of boride ceramics are summarized. The performance improvement

strategies and prospects of multi-component borides are are prospected.
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of Fe,B (the black and white balls representing B and Zr) ¥
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Tab. 1 Properties of three groups of diboride ceramics

. 3 Melting Vickers . Bending Thern.la!
Density/(g-cm™) point/°C hardness/GPa MOE/GPa CTE/K strength/MPa Conduffw‘f-‘{
(W-m K™
ZrB, ¥ 6.12 3245 23.0 489 6.9x10°° 460 60.0
TiB, ! 4.53 3225 34.0 530 4.6x10° 400 78.1
CrB, 5.60 2200 26.9 307 — — —
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Fig. 2 Crystal structure of M,SB (M=Zr, Hf) (the blue,
yellow and green balls representing B, S and M) ')
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Fig. 3 Crystal structure of Cr,AlB, (the blue, red and
green balls representing Al, Cr and B) P¥
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Fig. 4 Crystal structure of MoAB, (A=Fe, Co, Ni) (the blue,
red and green balls representing Mo, A and B) ¥
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Tab. 2 Performance parameters of ternary borides in different systems

Bulk moduli Shear moduli Young’s moduli G/B Poisson’s Debey
B/GPa G/GPa E/GPa ratios vV temperatures
Mo,FeB, ! 274 160 394 0.579 0.26 646
Mo,NiB, B! 295 164 393 0.520 0.28 639
Nb,SB ! 186 116 287 0.625 0.24 573
Zr,SB 1] 142 102 247 0.719 0.21 548
Hf,SB [ 151 111 267 0.735 0.21 426
MoAIB 7 213 146 357 0.685 0.22 —
WAIB 27 232 146 362 0.629 0.24 —
Fe,AlB, ¥ 238 146 309 0.610 0.28 781
Cr,AlB, ¥ 241 191 431 0.790 0.21 923
Mo,AlB, ¥ 253 171 394 0.610 0.24 854
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Fig. 5 Crystal structure of A, MT;sB, (A=Zr/Hf, M=Mn/Fe,

T=Ru) (the orange, blue, gray and green balls

representing A, M, T and B) [%)
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Fig. 6 Crystal structure of high entropy borides (the
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Tab. 3 Preparation technology and parameters of high entropy boride powders

Preparation method T/°C  Lattice constant a/c Rartlcle Densn_)lf Pu(f ity
size/nm  /(g-cm™) 1%
. boroth 1 reducti
(Hfy2Zr0,2Tag ;Nby  Tig ) B, (¢4 POTOTEHRE EEHEHOR 1700 3.113/3.379 310 - —
. Carbo/boro-thermal
(Hfy ,Nbg,Tag » Tig 221, »)B, 1] reduction 1950 3.102/3.371 450 8.32 —
. [66] Carbo/boro-thermal 3 .
(T10_2Ta0_2Nb0_2Zr0_2Hfo_2)B2 reduction 1700 3.106/3.378 5-500 8.25
(Hfy 2Moy > Tag ;Nbg , Tig ,)B, 1] SHS 2000 3.100/3.313 300 8.56 96.0
. Carbo/boro-thermal
[72]
(Hfo'zzrolle0‘2T30.2Nb0'2)B2 reduction 1650 3108/3368 300 8.24 98.6
. [75] Carbo/boro-thermal -
(Hfo_zzro_2T10_2T30_2Nb0_2)B2 reduction 1650 3.170/3.540 310 99.4
(Z1925Tag 25Nbg 25 Tig 25) B, [ MMR 1000 — 28-56 — 94.0

B 7 (Hfy,Zry,Tag,Nby,Tig,)B; BIE#HREI XRD Eit(a). TEM B (b). STEM B R EXf M H#I EDS REHEE (c)
Fig. 7 Properties of the (Hfy,Zrg,Tag,Nbg,Tig,)B, ceramic powders 4 (a) XRD image; (b) TEM image;
(c) STEM image and EDS compositional maps
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Tab. 4 Properties of high entropy boride ceramics
. o Relative Vickers
Preparation method TeC density/% hardness/GPa
(Hf()‘zzro‘zTao‘sz()JTiO‘2)B2 [34] SPS 2000 924 —
(Hfy2Z19,Tag ;Moy , Tig )B, ¥ SPS 2000 92.4 —
(Hfy ,Zry ,Mo0g ,Nby , Tig 5)B, *¥ SPS 2000 92.3 21.9+1.7
(Hfy2Moy ,Tag 2Nbg »Tip2)B: [54] SPS 2000 92.2 22.5+1.7
(Mo0g2Z19 ,Tag ,Nbyg , Tig ,)B, P4 SPS 2000 92.1 —
(Hfy2Zrg 2 Tag ,Cro » Tig2)B, SPS 2000 92.2 21.0+2.8
(Tig2Zrg ,Hfy ;Nby 1 Tag )B, 7 SPS 2000 98.1 20.9+1.1
(Tig2Zre 2Hfy ;Moo , Wy 5)B, 7 SPS 2000 97.5 26.0+1.5
(Hfy 2 Zrg,Tag ,Cro 2 Tig2)B, ¥ Carbo/boro-thermal reduction+SPS 2000 99.1 29.3+0.9
(Tig»Zro Nbg ,Hfy ,Tag 2)B, 8 Carbo/boro-thermal reduction+SPS 2050 97.9 26.8+1.7
(Hfy»Zr9 »Tig»Tag 2Nbg ,)B, (% Carbo/boro-thermal reduction+SPS 2000 99.5 20.5+1.0
(Hfy»Zrg > Tip , Tag »Crg »)B, Arc-melting 1600 — 19.0-23.0
. Carbo/boro-thermal
[70]

(T10'2Zr0'szO'sz0'2TaO‘2)B2 reducti0n+h0tpressing 1800 998 237i07
(Hfy 2Moy 2 Tag ;Nbg ,Tig ,)B, " SHS+SPS 1950 92.5 22.5+1.7
(Hfy 2Zr( 2 Tig ,Tag ,Nbg 5)B, 721 SPS+SPS 2000 98.9 25.4+0.5
(Cry,Mny ,Fe ,Coy Moy ,)B 73] SHS+SPS 1600 90 12.3+0.5
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