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Effect of Titanium Boride on Microstructure and Properties of Boron Carbide by
Pressureless Sintering
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(1. School of Material Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. National Key Laboratory of Science and Technology on Materials under Shock and Impact, Beijing Institute of Technology,
Beijing 100081, China)

Abstract: B,C-TiB, multi-phase ceramics were prepared in a pressureless vacuum sintering-furnace at different temperatures with
TiB, added into B,C matrix as a second phase substance, and C and Si as sintering aids. The density, hardness, bending strength and
fracture toughness of the samples were determined. The influences of composition ratio of B,C-TiB, and sintering temperature on the
microstructure and mechanical properties of the multiphase ceramics were investigated by X-ray diffraction, energy dispersive
spectroscopy and scanning electron microscopy. The toughening mechanism of ceramics was discussed. The results show that the
optimum density and comprehensive mechanical properties of the multiphase ceramics (i.e., the relative density of 94.59%, the
Rockwell hardness of 87.62, the bending strength of 182 MPa, and the fracture toughness of 3.97 MPa-m"? can be obtained at a
sintering temperature of 2200 ‘C and TiB, content of 30%. The TiB, particles can effectively nail the grain boundary, inhibit the
growth of B,C grains and play a role in fine-grain strengthening. The TiB, and laminated graphite phase hinder the crack growth, thus
improving the fracture toughness.
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Fig. 1 XRD pattern and BSEM photograph of B,C-TiB,
multiphase ceramics by pressureless sintering
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Fig. 3 Influence of TiB, content and temperature on density
radio and hardness of multiphase ceramics

Kl 4 24 B4C-TiB, EAHM &2 Mhis# FERE TiB, i
BB 2. HIE 4 T R AP o
FEBE TiB, EXG Mg 0, H 2 150 CHeg: ke
il 58 5 5 T 2200 “CRESE IRE

Bl 5 s il s Al S ) SEM . HIEL S
AL, KEA/NOERIR TiB, B2 0 A fE B,C Feik
s gkER),  HEE IR R R B R
S, IR UL om0 S R R T e e 4 I AR R
TiB, URATHL AR T, 0] T BoC R MIEES), M
) TSRO, R SRt ER, SRTS
mhag LI N, FLBE TiB, & &M, 4THAER &
R, s R R, 2 R A R A
TR, SN I RO R~ RN B A
T AR R K RIS A R R R R . S X
FEPRIELRE R 2E S ARBR #E Y SEM il BSEM, A] i



2 48 B 3 W

PR S BRI T S Be S5 0 A 225 K A R RE ) 52 ) + 359 -

2 150 CHEEEHIRE S TiB, Bk K K FFA &, 4
PRARFEHE R 2] 2200 °C, #54 TiB2 Bki K K.
ARG HIARE T 2 150 “CRess it 8 AR M 2 s s
BRI G . 55 AH TiB, PN EE T M e (1 I 249)
PEH 2 200 °Chesh i) B P W 24 T i K
2150 F1 2200 “Cloa s ity 5 AH P 7 W 2390 1 de v 9 2
WL 1T15 M1 2T30, %&ik 3.86 F13.92MPa'm'?, #
2.2MPa-m'? 73R T 75%H1 78%.

190f —=—2150 C 187
—e—2200C 182

180} 175 177

) "

S 170} 168

: s

2 160}

20150}

£ 14

2uob "
130+ 12¢
1203 5 20 25 30

w (TiB,)/%

B4 TiB, & &5 il s S M B 25 b oim FZ R S
Fig. 4 Influence of TiB, content and temperature on bending
strength of multiphase ceramics

(b) 2T15

5 ESHISLI T SEM R
Fig. 5 SEM photograph of fracture after bending tests

TR I TiB, FIHAZIK RE 0T KT B4C HI#k
K R8T, BT ALY B4C—TiB, &M M e &t T FE v
HF) SRR, 7555 A TiB, Uk 4 #5774 —
SEFRRLN JJ, [RILE TiB, UKL [l ) B4C Ay ™
oy N [ EVANA R R NTY S Y (O E S E 225
XA I3, K R A mi AN GeTE, N n 12
g AT, M HTEFEE 2 MR E, ERER
W 24 15 LA e

P 6 WL 5 R RE L ) SEM R o B 1B 6 7T I,
FLGUR TiB, R A HAEHNE 6 F1#HikFTR).
LY RINARSUAS] TiB, BRI, TE%1d TiB, M
B, N7 RO kT, WREEZNRER, &5
T S AH P S (B R 1

(b) 2T30

Blo R W)L IS FE G ) SEM TSR T
Fig. 6 SEM photograph of samples after measuring fracture

toughness

7 NBEWRABMHMBESH T SEM
BSEM [ v 1E LS BRI C fER LR IR K
TEEWRAEM, WK 7a FE 7 Frs, KT B4C
AL AR K A SR A — R FE R A1 RGUR A H T B
ey QNI =R R TE S Tl R S et
IR, AR A ARG K, B &
W gbER K. 2/ 7c A 7d bRl WL, i 1A



(REMRR #7110

J Chin Ceram Soc, 2020, 48(3): 356-361

2020 4F

(a) SEM photograph of laminated graphite phase
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(b) BSEM photograph of laminated graphite phase
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(d) BSEM photograph of cleavage steps
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Fig. 7 SEM and BSEM photograph of laminated graphite
phase and cleavage steps
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