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Effect of High-Entropy Boride Content on Microstructure and Mechanical
Properties of Silicon Nitride Ceramics

LIN Ruilin, GU Qiankun, LUO Sichun, ZHANG Yan, GUO Weiming, LIN Huatai
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Silicon nitride (Si;N4) ceramics have a wide potential application in industrial processes, but high fracture toughness
and hardness are always difficult to be handled, thus affecting the application of SizN, ceramics. In this paper, silicon nitride
ceramics were fabricated via spark plasma sintering at 1 600 ‘C with high-entropy boride phase (Hfy,Zry,Tag,Cro,Tig2)B, as
sintering aids. The effect of (Hfy,Zr;,Tag,Cry,Tip,)B, on the phase assemblage, densification, microstructure and mechanical
properties was investigated. Compared with (Hfy,Zrq,Tay,Cr,Tig,)B,-free SizNy ceramic, the addition of only 1.0% (in volume
fraction) (Hfy»Zr,Tag,Crg,Tig,)B, in the ceramic can increase the mass fraction of B-Si;N, from 38% to 53% at 1 600 ‘C, showing a
bimodal microstructure. As a consequence, the fracture toughness of SisNy-based ceramic increases from (5.4+0.3) MPa-m"? to
(6.9+0.2) MPa'm'?, and the hardness maintains (20.240.2) GPa. The relative density of Si;Ny-based ceramics decreases and the
phase transformation enhances with increasing the high-entropy boride fraction to 2.5% and 5.0%, thus leading to a decrease in
the hardness.

Keywords: silicon nitride ceramic; high-entropy boride; phase assemblage; microstructure; mechanical properties
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Table 1 Starting composition of Si;N, composites ¢/%

Sample No. Si3N4 MgO Yb203 (Hfo_zzro_zTao_zcro_zTio_z)Bz

SN 95 3 2 0
SNB-1 94 3 2 1
SNB-2.5 92.5 3 2 2.5
SNB-5 90 3 2 5

¢—Volume fraction.
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Fig. 1 XRD patterns of Si;N, ceramics sintered at 1600 'C
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Table 2 Content of B-Si;N, phase, Relative density, Vickers hardness and Fracture toughness of Si;N, composites

Sample No. w(B-SizN4)/% Relative density/% Vickers hardness/GPa Fracture toughness/(MPa-m'?)
SN 38 99.1 20.7+0.3 5.4+0.2
SNB-1 53 98.6 20.2+0.2 6.9+0.2
SNB-2.5 59 96.4 19.1+0.3 6.7+0.3
SNB-5 63 95.0 17.4+0.5 6.0+0.2

w—DMass fraction.
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Fig.2 SEM images of polished and etched surfaces of Si;N, ceramics
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Fig. 3 Indentation and crack propagation of Si;N, ceramics

(5.4£0.2) MPa-m'?, RN T EMWAL G, BES
SNB-1. Ff SNB-2.5 FIWr )M 3k A3 B ATt
HH T (Hfp 2 Zro 2 Tag 2Cro2Tig2)By ¥R IIEED, Wi
PE RT3 AR T (Hfy 2Zrg 2 Tag 2Cro 2 Tip2) By A
0-SisNy #78 B-SisNy, T T H MBI MR
. #RIM, FES SNB-5 BT EUEE FME£, 8
(I FLBR AT BE BN T ZLVE Sk, (43 T 2B P AR T
ff SNB-1. A SNB-2.5 J 1fij F&1E -

3 3l FE T SN 5 REE SNB-2.5 [ IR TE

(b) Crack propagation of sample SNB-1

2 pm

(d) Crack propagation of sample SNB-2.5



25055 6 1 MELER S

AL S BT SiaN, P B A 5 PERE K 2 .

1503 -

BRREY FeM o I 3 aTRAE Y, FRAL SN 1
RO, MY R H; s SNB-2.5
MIRAK ST, 3R ARBOY YT, Bk ok fid
R RO AR RSP, KT AT
JERLTT, DR 1 AR AR .

3 £

1) RAInE e, R SPS 7E 1600 C
il 8 1) SisNy P& AN a-SisNy, A # DL
i RLA 3, Vickers Al BE 5 W 2890 14 43 1) (20,7
0.3) GPa 5(5.4+0.2) MPa-m"?;

2) ¥Shn 1.0% (Hfy2Zro,Tag2Cro,Tig2)B, fEH#E T
SisNy P[] a—B AHAL, FRAGAIE B, RE
KUK, (RAFFE(20.240.2) GPa, 1T K 44 P 1
BnE T (6.940.2) MPa-m'?;

3) mEI S ER N E] 5.0%8, #E—D R
Bt SizNg A, (EEUR IR, 5 E0E A
H BB o

SE R

[1] KRSTIC Z, KRSTIC V D. Silicon nitride: the engineering material of
the future[J]. J Mater Sci, 2012, 47(2): 535-552.

[2] ZOU B, HUANG C Z, CHEN M, et al. Study of the mechanical
properties, toughening and strengthening mechanisms of Si;Nu/Si3Nyy/
TiN nanocomposite ceramic tool materials[J]. Acta Mater, 2007,
55(12): 4193-4202.

[3] xI&l, WEMS, HEA, & bedBhin EAE R T T R ) 2
TERERIRZ R[], RERR #5273, 2020, 48(12): 1865-1871.

LIU Jian, XIE Zhipeng, XIAO Zhicai, et al. J Chin Ceram Soc, 2020,
48(12): 1865-1871.

[4] SUBRAMANIAM S, NITHYAPRAKASH R, ABBAS G, et al.
Tribological behavior of silicon nitride-based ceramics-A review[J].
Jurnal Tribologi, 2021, 29: 57-71.

[5] BADRAN Z, STRUILLOU X, HUGHES F J, et al. Silicon nitride
(Si3Ny) implants: the future of dental implantology?[J]. J Oral
Implantol, 2017, 43(3): 240-244.

(6]

(7

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

GUO S Q, HIROSAKI N, YAMAMOTO Y, et al. Hot-pressed silicon
nitride ceramics with Lu,O; additives: Elastic moduli and fracture
toughness[J]. J Eur Ceram Soc, 2003, 23(3): 537-545.

BIidE, TRA, X, 5. TN SHERS SLN,-TIN ZARM &
BAREE AN SRR RE A [T]. RERR R 23R, 2020, 48(3): 375-380.
WEI Wanxin, YU Junjie, LIU Weijian, et al. J Chin Ceram Soc, 2020,
48(3): 375-380.

LUO S C, GUO W M, PLUCKNETT K, et al. Improved toughness of
spark-plasma-sintered SizN4 ceramics by adding HfB,[J]. Ceram Int,
2021, 47(6): 8717-8721.

WU L X, GUO W M, LI J X, et al. SisN4—ZrB, ceramics prepared at
low temperature with improved mechanical properties[J]. J Eur Ceram
Soc, 2017, 37(13): 4217-4221.

YU JJ, WEI W X, GUO W M, et al. Enhanced mechanical properties
of SizN4 ceramics with ZrB,—B binary additives prepared at low
temperature[J]. J Eur Ceram Soc, 2019, 39(15): 5102-5105.

XIANG HM, XING Y, DAI F Z, et al. High-entropy ceramics: Present
status, challenges, and a look forward[J]. J Adv Ceram, 2021, 10(3):
385-441.

ZHANG Y, JIANG Z B, SUN S K, et al. Microstructure and
mechanical properties derived from
boro/carbothermal reduction[J]. J Eur Ceram Soc, 2019, 39(13):
3920-3924.

ZHANG Y, SUN S K, GUO W M, et al. Fabrication of textured
(Hfy2Zro»Tag,Cro2Tip2)B, high-entropy ceramics[J]. J Eur Ceram Soc,
2021, 41(1): 1015-1019.

FU L, ENGQVIST H, XIA W, et al. Spark plasma sintering of
biodegradable Si;N4 bioceramic with Sr, Mg and Si as sintering
additives for spinal fusion[J]. J Eur Ceram S°C, 2018, 38(4):
2110-2119.

EVANS A G, CHARLES E A. Fracture toughness determinations by
indentation[J]. J Am Ceram Soc, 1976, 59(7-8): 371-372.

LIN R L, BAO W C, YU J ], et al. Effect of ZrB, and its oxide
impurities (ZrO, and B,0Os3) on hot-pressed SizN4 ceramics at low
temperature[J]. J Eur Ceram Soc, 2021, 41(13): 6763—6766.

TR, HeT B A U ) v R e ) AR B I B S [D). )
M TR R, 2019.

YU Junjie. Silicon nitride ceramics with high hardness and toughness

of high-entropy borides

based on microstructure tailoring[D]. Guangzhou: Guangdong
University of Technology, 2019.

GUO WM, WUL X, MA T, et al. Chemical reactivity of hot-pressed
SisN4—ZrB, ceramics at 1 500-1 700 ‘C[J]. J Eur Ceram Soc, 2015,

35(11): 2973-2979.



