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In-Situ Synthesis and Mechanical Properties of TiN-TiB, Composites

CAO Hui, ZHANG Yibin
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Abstract; With titanium and hexagonal boron nitride powders as raw materials, TiN-TiB, composites were fabricated via
spark plasma sintering (SPS) , and the effects of sintering holding time on the microstructure and mechanical properties of
the composites were investigated. The results indicate that at a sintering temperature of 1600 °C , with pressure of 50 MPa
and holding time ranging from 10 min to 20 min, the prepared TiN-TiB, composites consist of TiN and TiB, phases. As
holding time increases from 10 min to 20 min, the interfacial bonding between phases is strengthened and atomic
diffusion becomes more sufficient. Consequently, grains grow gradually and exhibit a more regular morphology. The
mechanical properties of the composite firstly increase and then decrease with prolonged holding time, closely correlated
to grain growth. With holding time of 15 min, the composite presents optimal mechanical properties; its hardness,
flexural strength and fracture toughness reach (21.5+0.18) GPa, (618+18) MPa and (5.45+0.07) MPa - m"?,
respectively.
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ARSI S FH v A AKRY (T, 4l KT 99.5%, Riir
5 wm) 5757 ZALI (hBN , 465 KT 99% , kife3 pm)
R JECRE e R R e 3 2R A, B AR LA RN

3Ti + 2BN ==2TiN + TiB, (1)

Ti 5 hBN #5115 5508 B TiN A 5 Bl L T
=1, B JEF M hBN HORB O 5 Ti O AE B TiB, 5 e
JE B TiN-TiB, 5 FHPH % .

DB J5i 4 4 BR (BREHE 5:1) B ok ZmE R4
TEAT R R ERBEHL(QM-3SP4, T 5L KA AT ) rhBk B
3 h,#%3# 300 t/min, ZRJG7E 90 CT AT T 6 h,
it 150 H (0.17 mm) #if5 , A @20 mm A3 B4 2
f#iFH SPS %45 ( LABOX-3250, H 4% & -1 H i Tl bk =
b)) TR, . RSN LA IR (<107 Pa)
FHEH 2 100 C/min, f & i EE 1600 C |, 4l & 7
50 MPa, &R AE 235120 10 .15 .20 min,

1.2 RESNIR
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fif 3 kg, PRI 15 s; 5 F MRS 2B 240 1

2 SEEREVRE

WIS

B 1 AR IR EHE R TiN-TiB, &2 A+ 8HK XRD
Bl L AT, ZE R AR IR B )R, TiN-TiB, & &
MR AH L B A AR5 A AR #47 TiN FT TiB, iX P
Ty AH A8 B, A 7 AR AR B9 W AH PR R B ) A
10 mindé 0% 15 min, TiB, 7 5 16 558 BF 2 A Wa 5 At
SR ORI A ORI AR AR S R e R 2

JE LR AN 5 A 3R BB ARG . TiB, A7 5 e i B2 )

2.1

R R AR A AR P AT B e B T
X4 RE R th T OR Uit A v | B DR UL TR) 3 A
JL N AR 212 A T TiB, A s 3 4 4 L A AR 25
i — DA T ) AR, JE A R A (] B A S 0 )
Z I B B R FE 43, B 22 0 IR R G Ak o TiB, , #E 1T
AR G AR Y L T 5 R B TiB, R A
AR T AT SR PRI N TR] IS N3] 20 min
TS e BER N, R SRR i K, 25 B TR IR IR
5] 15 min, 4 B) T4 TiB, 76 TiN-TiB, &4 bl
AR & T BHE S TiB, ARRZE Y 582, e i &2
G EHERE R T

10 min . . . .
20 30 40 50 60 70 80
20/

AERBHE T TiN-TiB, E &M £H XRD Eif
Fig.1 XRD patterns of TiN-TiB, composites after
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different holding times
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Fig.2  Microstructure images of TiN-TiB, composites sintered with different holding time and EDS spectra of corresponding regions
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Fig.3 Mechanical properties of TiN-TiB, composites
sintered with different holding time
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Table 1  Comparison of mechanical properties of different materials
K BORH R — Wik, AR,
kR oF U BB/ GPa (MPa - m"?) MPa
TiN-TiB, VNS 21.5+0.18 5.45+0.07 618+18
TiN-TiB, k[ 2] 14.8 5.8 449
TiN-TiB,  CHR[ 6] 20.6 4.0 650
TiN CHik[ 14] 15.6 2.7 140
TiB, SR 15] 12.7 45 330
:I_: N
3 45ie

1) LA Ti 5 hBN A JERL, 28 SPS T2 ({41 B[]
10~20 min BEZ5IEEE 1600 °C JE 11 50 MPa) #4511
TiN-TiB, E5 MK, WAL TiN A5 TiB, A, o4t
FHAERY

2) Bl PR B R S £ A 2 8] A 25 6 i R R
R T BN e A, SR KT B AR )
TR,

3) ARIEEEE] 15 min B, RE & S PERE B4R, i
BE USSR W RBP4 B8 #] (21.5£0.18) GPa,
(618+18) MPa (5.45+£0.07) MPa - m"*,
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