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Fig.2 XRD patterns of Ti-1.18TiB samples annealed at different

temperatures
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Fig.3 SEM microstructures images of the Ti-1.18TiB samples annealed at different temperatures: (a) untreated, (b) 900 C, (c) 1000 C,

(d) 1100 °C, and (e) 1200 C
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Fig.4 HTLCM microstructures of the samples annealed at different temperatures: (a) 900 C, (b) 1000 C, (c) 1100 C, (d) 1200 C,
(e) 1300 °C, and (f) 1400 C
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Fig.5 EBSD analysis of the pure Ti samples annealed at different temperatures: (a) untreated, (b) 900 ‘C, (c) 1000 ‘C, (d) 1100 C,

and (e) 1200 C
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Fig.6 EBSD analysis of Ti-1.18TiB samples annealed at different temperatures: (a) untreated, (b) 900 ‘C, (c) 1000 C, (d) 1100 C,
and (e) 1200 C
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B T . ARLHREE I I 0 B R (B 9) T LB, H
TR S, KER TiBw A TR 221 .

75

. 0w C .| 30¢ = 900 C vb
6ol o oo :g K:1.816><105m/s/
v 1200 C
c + K=8.025x10" m/s
2 45¢
(5]
.(% 'y
= 30} K=1.219x10" m/s
©
o K=6.278>10™" mis
15+ K=1.385>10° m/s 5|
0 0 .
0 1 2 3 0 1 2 3

K7

A T L PR I 18] AR R RS AR A B UL HE 25

Fig.7 Grain size variation and linear fitting of samples at different temperatures for different time: (a) Ti samples and

(b) Ti-1.18TiB samples
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Fig.8 Tensile strength and Vickers hardness of specimens heat

treated at different temperatures
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Fig.9 SEM morphologies of tensile fracture for sample heat treated at 1200 °C
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NI 381 B R AE, sk far A% 326 9 A0 A FH 4 1000 °C #ikb
R IA B B KAE, ik 91 {A N 50.54 MPa.
253 O A= N # B & i&LALH
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i, BT A SRR R . O T R AT ] I HL
f) 22 #L A R AR A Labusch #5578 .

r 1(Ficw)”
Ao'ys — e ] )
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2, S it %5 R 7, L 0.42~0.44 . 383 SEM-EBSD
ST, Fo NEBCKAHEAER 71, ¢ MR EFIKRE,
w A TR 15 GO BT IR B, b 9 AH G K & . Shotal®”!
NS R R O JEF [ R kR
(Fm*w/4Gb®) YPHL 4.17x10°, 4 N J& [ A ik,
i, (Fm*w/4Gb®) Y3 Y 3.29x10%. iX 5 A. Issariyapat!™®
BENOEH 8 BT S RAE A, Rk b #

e [ 3 S A A 320 T 48 R AR FE R ) O R N 5
BHEWME LR,

XF Ti-1.18TiB & A i A AR b BEANTEA [F) 3
HEAT #Ab 3 5 e B B0 g B AT VR, 45 SRR 2.
THEASE] O A1 N B BRI B 5 A fE R B s BRI )
330 MPa 3 K F| 1 200°C #Ab )5 /) 376 MPa. M+
ATULE 1, BEE IR KREM T &, 455 5T ke
B /N, TiBw R AT AL 328 5 A 1) DT R AR 5 38 K ok
/N o TR g I o A A B P T T, AR et R 2R B K
i TiBw K42 EL7E 1100 °C R IZ#H16 k, 1100 C j i
TG, TiBw KA KL . 5 A b R 0 35 5 S 3
KGR/, oA N ] 3 5 A e 1) B DR B PR s AR A
2438 KR N 900 Al 1000 “C R, A4 RF 1) HE 1 5 5 A1 S
B FE TG R 47 o (H 2 458 O T R # 1100 C ULk
i, NS R, AR A AEES, FHLAL I TiBw
TEZ AN IE R TRk, M5 &M EHE
I A 8 B B R AT I 2 B AT A AR B . i 1100 CHR
JORFER B AE SR PR A ZBOK . 2% BATIR, Mk
(158 & 7E 1000 °C i ik 21 KAH, Bk 515 20 1 # e
5SEPrEEYI & . (E4H SR . B AL AR O/N
(1 [ 75 5 Ak LR s AL, O AN IG5 I [V i Ak
B 5 E MR BE SR T - BER 25, 7 1000 °C R R i 5
e AE AT LLIA £ 355 MPa.
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Table 1 O and N contents of Ti-1.18TiB samples annealed at
different temperatures (@/%)

Annealing temperature/C O N
Untreated 0.2435 0.2881
900 0.2762 0.2932
1000 0.2898 0.2952
1100 0.3124 0.3123
1200 0.3238 0.3136
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Table 2 Theoretical contribution value of different strengthening factors (MPa)
Annealing . . . . . . .
. Basis Pure Ti  Grain refinement  TiBw load transfer O/N solution  Theoretical strength ~ Actual strength
temperature/'C
Untreated 450 58.31 32.86 330 872 838
900 450 55.74 39.32 348 893 898
1000 450 53.06 50.84 355 909 908
1100 450 21.90 46.50 370 889 839
1200 450 1.67 3.62 376 832 801
. Xi’an: Xi’an University of Technology, 2018
3 % it
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Microstructure and Mechanical Properties of Ti(N)-TiBw Composites
Prepared in situ by Ti-BN Powder Metallurgy

Che Yanl’z, Li Shufengl’z, Nan Yingyingl’z, Pan Dengl’z, Liu Leil’z, Zhang Xinl‘z,
Zhou Shengyinl’z, Yang Shenghuil'2
(1. School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China )
(2. Xi’an Key Laboratory of Advanced Powder Metallurgy Technology and New Materials, Xi’an 710048, China)

Abstract: Ti(N)-TiBw composites were prepared by spark plasma sintering (SPS) with pure Ti powder and BN powder as raw materials.
The effect of annealing temperature on microstructure evolution and mechanical properties of Ti(N)-TiBw composites was studied. Results
show that Ti and BN react in situ to form dense TiBw and N solution strengthened titanium matrix composites when sintered at 1000 °C.
TiBw is distributed in the primary particle boundary in the form of needle like network. With the increase of heat treatment temperature,
the aspect ratio of TiBw first increases and then decreases, reaching the maximum at 1100 °C. However, when the annealing temperature is
above 1100 °C, TiBw coarsens gradually, and the microstructure changes from needle shape to short rod shape. The pinning effect of TiBw
on the matrix is obviously weakened, and the grain size of Ti matrix coarsens gradually. The morphology evolution of TiBw follows
Ostwald ripening mechanism. As the heat treatment temperature increases, the ultimate tensile strength of the composites first increases
and then decreases, reaching a maximum value of 908 MPa at 1000 °C. The strength improvement is attributed to grain refinement, TiBw
load transfer and O/N solution strengthening.

Key words: titanium matrix composite; in situ reaction; Ostwald ripening mechanism; grain growth kinetics; reinforcement mechanism
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