526 BEE 11 )
Volume 26 Number 11

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 4F 11 A
Nov. 2016

XEH/S: 1004-0609(2016)-11-2287-09

(TiB,+TiC,)/Ti & &4} #
IR AT

A5 RN IE

R, AR BEREL R oMY, SLUAEC HEFC

(1. R TR it EdiEpt iy f S sLie =, KR 030024;
2. MR/RIE TN RS: 4 s o #uin T SR A sE B0 =, WA JRIE 150001)

OB RN AR S A FA R BU(TiB, +TiC, )/ Ti ZAMEL, FFRIZ R E SR 600~750 C
F R 2T R BRI (TiB+TIC,) & &l 0 B2 7.5%(A I B0, (TiBy+TiC,)/Ti &AM EHEAY]
U B SRR o JJEAFRI R E A TiBy, & TiC, (KA AL B3 T B ARG S I BThRE,  JFBE(TiB+TiC,) 14
PN EIOHE RN BEA RN ETH R, (TiBy+TiCy)/Ti &AM RHUh i B B P 0, TiB,, & TiC, %3
PR RIS AR AE F 3 B0 T 40 A B AR A s (TIBL+TIC,)/ Ti &AM RHE 600~700 °C (T2 HLEI D TiB,, A1 TiC,

(RIWTEAE 750 “C 3 siAH 5 54 ) 1 JBO RS «

KR REESMEL B4 s rEeg; KRB

RESZES: TF 804.3 XERARERD: A

RIURLIE s R 2 S A RHPTMCs) R AR L
Y L= B e ) B T 2 P P TS Tt
KA EA )z N T 7 PTMCs A2 (11 i
A, SRS, B AERAR T TiB,, A1 TiC, 3455 AH
BT IRZHFH IRTE, X BT TiB,, 45 TiC,
F B0 R, [ ST 1 A 7 9 1 % 1) J it A R
WZ Mg G Bar, AT st 54h, TiB,
5 TiC, TR A 0w o — Y 5 1Y) KR 52 G DRE T HL
BB A 7 1 48 BRI A S MR 05 7 B R R
BEFL R & O S rhe gkl yibg
BeiE% . o, R LI B A AT RR
SRR R, LRI, AR R
PRS2z N 4% PTMCs™ ),

AJTRAE, TR PTMCs (1954 H (W2 sk &4
(HEfl b, HE— g )RR R IR . AR
B DX PTMCs @i 2447 AT TR 2 0t
31—‘{'[10—12]o

GENG Z51%[(TiB+Y,05)/Ti & & MBI R
B A EHE 400~600 C i [l A 147 5 FE 347 L LA
(i, HLIG P m Al & S0 2 S ARk il 0 2k
B 7 B /E B . RAHOMA % U HF 9% 2.2%
(TiBy+TiC,)/TB-20 E &M EHE 550~650 C T (1) Hriii /1

SVERE, S I BT 1 R A 20k SR BB O T s T B
QI I 10%TiC/Ti & A M BHE 600~900 Chrff 112
ITAIWIFOR L, TiC Hz&ERe ) 5 g AR AsE
K, AR REBEE T E e, AT, BIE R A
M i ) SR S A B e RS DR S
RAB VA . 5 L E N 600 C ¥
(TiB+TiC,)/Ti ZAMEL, BFGTE i E AR T 4
R =i 24T S P PR A E e DL Rk AR A
FEVE T T, T iR R RS N E AR 2
PERE T 2T A I TR b

DRI, A SCAE 6 A R AR B 90 (TiB, +TiC,)/Ti
ZAMEHE 600~750 C il b J1 22 MERE AT 3447
HHATWEIE, R R AN R A A DR i b A ) 2%
Rk, AR E SRR A ARG N T B it — e 1 2
WA

AHFFE T 2R 5U(TiB+TiC,)/Ti &AM R
FAE R 00 2.5% 5% 7.5%)F FH KA 4 35
PR NSRS, B NIE o REEEKE S

HEETH: BRARFHAIEEEIIE (51504163, 51505323); Abni R K5 & mARHE & 55 9050 = 5 4:(2014-ZD06)

Yk BHA: 2015-10-23; 1&iTHHA: 2016-07-13

BEMESE: KK, @I#E%, WML fik: 0351-6010022; E-mail: zcj0408@163.com



2288 TP A € < R A AR

2016 4F 11 H

Ti-6A1-2.5Sn-4Zr-0.7Mo-0.3Si, 3 AH TiB F1 TiC(fA
UL 1D Ti 5 B,C. C RyJgifr e B ™, J5l
MERER I HE474K(99.9%) B,C HA(98%, 2~2.5 pm).
1K (99%, 2~5 pm). AR EL(99.99%) . P EE
(99.9%)~ HFAHEE(99.9%) 4 inf(99.9%), H—HH K-
ORI 4o 4% BRI IC ELA M AR TR A J5 74 s BT sl
B, PRI U A A A KA A B 2 SR A I
W, A ERUERGINA5), F I AR TP AT WA
FE, RJEHEEREFE(RT N d 120 mm X 210 mm).

WFEE EUIHGARE DAE IR T 2 GOSN J) 2 PR
AR . K Leica DM—2700 %2 W A5 (OM) RIC A5
AEiE{X (EDS) /) Quanta 200FEG #4741 o 1~ b 145
(SEM) M 2 52 & M ORI B AL 2R, W0 A 23 #r F H
D/max—B #Y Jig & B X B & T 4. A
Instron—5500R (1186) 4! FL -7 BE AR 56 WLk 47 ik hr
PEAEIIAR, FrHiE N 0.5 mm/min, FLARIEE 354
600, 650, 700 F1 750 ‘C. HfhulE h ik, FriE
A RS h 20 mmX 5 mm X2 mm. F7{HIKT 41 21F%
F Hitachi S=570 41 Bl 5e W 4%

2 KWEER

2.1 WL
Bl 1 B s A AN AT 43 25 (TiB +TiC, )/ Ti E&

I BN NSNS BT

2 AFEABUB(TIB+TIC,)/Ti AR BAMA L

PEHE XRD . HIE 1 oLLUE, EAME 8 H
Ti. TiC F TiB AR, HE&A RKIF A Ek
WA . B4, M(TIBATIC)EWAAEUNT 5%
I, TiB #1 TiC [MATHIEEEAG AR, BEEHAAF
3N, FTS ISR AT BTG . XRD 04l AR
A < SR FH 7K VA i 1 2 B2 TR VAR MR B AR 8545 Ti 5 BoC
C Z A RS S A6 4% (TiB W +TiC, ) Ti &Mk

Bl 2 B A AR SR (TiB G +TIC, )/ Ti E&
MRHBAZ . B 2 LA, Mk & &5k

u n—g-Ti
+—TiB
A—TiC
0 Y SR Y W Y
. KON A.».M
®. A A A M
@ A A
30 4I0 5I0 6I0 7I0 80

26/(°)
1 ANFEABUBU(TIB,ATIC,)/Ti A MK XRD i#%
Fig. 1 XRD patterns of (TiB,+TiC,)/Ti composites with
different fractions: (a) Matrix alloy; (b)
2.5%(TiB+TiC)/Ti; (¢) 5%(TiB+TiC)/Ti; (d) 7.5%(TiB+TiC)/Ti

volume

Fig. 2 Microstructures of composites with different volume fractions of (TiB,+TiC,) reinforcements: (a) 0%; (b) 2.5%; (c) 5%; (d)

7.5%
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Table 1 Microstructural parameters of (TiB,,+TiC,)/Ti composites

Ti

Element  w/%
B 43.44
Ti 53.86
Al 2.68

Energy/keV

Ti
Element w/%
C 41.01

Ti 56.18
Al 2.81

C Al J Ti
A A l A
0 1 2 3 4 5
Energy/keV

Bl 3 5%(TiBy+TiCy)/Ti Z AR RS LKA N X K
T
Fig. 3 Microstructure of 5%(TiBw+TiCp)/Ti composites and

EDS analysis of corresponding areas: (a) Microstructure; (b)

EDS analysis, area 4; (c) EDS analysis, area B

Aspect ratio Volume fraction/%

Material d/um Alpm
Average value TiBy, TiC, TiBy, TiC,
Without (TiB+TiC,)/Ti 1033.2 9.72 - - - - -
2.5%(TiBy+TiC,)/Ti 137.9 6.42 5.84 8.56 2.49 1.35 1.12
5%(TiB,+TiC,)/Ti 87.7 6.06 8.45 13.6 2.68 2.57 2.28
7.5%(TiB,+TiC,)/Ti 61.1 5.24 8.82 15.7 2.52 3.52 3.83
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Table 2 Elevated temperature tensile properties of (TiB,+TiC,)/Ti composites with different volume fractions of (TiB,+TiC,)

reinforcements
) 600 C 650 C 700 C 750 °C
Material
op/MPa /% op/MPa /% oy/MPa /% oy/MPa /%
Without (TiB+TiC,)/Ti 556.3 11.3 486.2 154 413.5 25.6 368.7 57.6
2.5%(TiB+TiC,)/Ti 646.5 9.6 580.8 10.1 488.3 18.6 394.2 49.3
5%(TiBy+TiC,)/Ti 662.6 4.57 608.7 52 502.9 12.3 398.7 42.4
7.5%(TiB,+TiC,)/Ti 689.1 2.14 627.5 35 522.2 9.7 407.6 37.9
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Fig. 5 Matrix microstructures within deformation zone of 5%(TiB,+TiC,)/Ti composites tested at different temperatures: (a)

600 C; (b) 650 C; (¢) 700 °C; (d) 750 C

M 6(a)~(c)r] LAF Y, TiB,, M TiC, 7R firh &
AMErE R, AR R AE TR . FFR TiB, K&
TiC, BN LI /> A 7E T 1200, 308 A SR B T
MR IR 5 . AN, BERA B 0 T, K
W E SR B2 A, HE TR E] 700 1C
i, UKL S 12.3%(0L3 2), ELERI IR
MELF|KE TiB, M TiC, M Ik 4 i RFAE O 1
6(c)). IXFH 700 C TG 5AH 5 HE A 2 A AT 46
SRR B, REE AR AN, AR
JEX AL LB, 1F 600 CHrfiinf, KAeHH
TiB,, FIJUSFBERI TiC, WHiAd 5 & A W 24 (0L 1
6(d)). PR — D8, W% TiB,, & TiC, £
SENZ, IFHAAEEY KOLE 6(e)FI(D). 1XF %
e T REAE I B T, PR S AR T K R
7 Bi7s ol 5%(TiBy+TiC,)/ Ti &M EHE 750 C
I A L SR TE X R ES. K 7() v DL, T
CIp R PIET, Wi LT WEAS] TiB,
TiCpo R HEWTFESAA R AR KIS TE 4,

T TiBy, Al TiC, B9 AR L AR A TE AR, FEARAR
JEHB T TiB,, Al TiC,. MWK 7(b) AT LA i, AZTEIX
RN TiBy M TiC, H#E S SR A ik, (1
SIAF L5 e A ST A T R IR FLIR s AR WL5E 3] TiB,,
HTIC, WP, B2 Y s AR TR 7 i AR LI
TiByo XFZJEHT 750 C NI ™ E#RA, 1ML
FESRAR b By T R R I AR RIS, IR
i P4 TiB,, A1 TiC, INJTRECE . 534F, TiB,, Al TiC,
LRI R BOE O, A AR R R 4 5
A5 AR AR TEAIT L, PR, TiB,, A1 TiC, 45 344
) SEEL ARG, HUBe S B R A RS «

3 Sith5Ie

AW IR RIS TiBy, S TiC, B 5RAH I S5 AL A 1
BER AR SRR A TERE, WK 2 PR,
JEUAE 1 A 8 S R OO e A 2 (1 i v 3 AT I 5 A



2292 rpEAT 4R 2R 2016 4F 11 H

- oy ol |

6 5%(TiBy+TiCo)/Ti A BHEA RN Iz 0 A A7 X 3
Fig. 6 Morphologies of fracture surfaces ((a), (b), (c)) and longitudinal sections near fracture surfaces ((d), (e), (f)) of
5%(TiB,,+TiCp)/Ti composites tested at different temperatures: (a), (d) 600 C; (b), (e) 650 C; (c), (f) 700 'C

Bl 7 S5%(TiBy+TiC,)/Ti ZAMEE 750 “C R BT 11 S AR T X B3R
Fig. 7 Morphologies of fracture surfaces (a) and longitudinal sections near fracture surfaces (b) of 5% (TiB,+TiC,)/Ti composites

tested at 750 'C
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Tensile mechanical behavior and failure mechanism of
(TiB,,+TiC,)/Ti composites at elevated temperature

ZHANG Chang-jiang', ZHANG Shu-zhi', HOU Zhao-ping', LIN Peng', KONG Fan-tao>, CHEN Yu-yong®

(1. Shanxi Key Laboratory of Advanced Magnesium-based Materials, Taiyuan University of Technology, Taiyuan 030024,
2. National Key Laboratory for Precision Hot Forming of Metals, Harbin Institute of Technology, Harbin 150001)

Abstract: Titanium matrix composites reinforced with different volume fractions of (TiB,+TiC,) were prepared by
vacuum induction melting technology, the high temperature tensile mechanical behavior of (TiB,,+TiC,)/Ti composites at
600~750 ‘C was investigated. The results indicate that the prior S grain size and o lath width are gradually refined with
the (TiB,+TiC,)/Ti (volume fraction) increasing from 0 to 7.5%. The in situ TiB,, and TiC, can improve the ultimate
tensile strengths of the matrix alloy significantly, and then increase with the increase of (TiB,+TiC,) volume fraction.
With the increase of the tensile temperature, the ultimate tensile strength decreases while the elongation increases. The
strengthening effects of (TiB,,+TiC,) on matrix alloy are mainly attributed to the grain refinement, load transfer and solid
solution of C. The fractograph characteristic of the composites reveals that fracture of TiB,, and TiC,, is the main failure
mechanism of the composites at 600—700 ‘C while interfacial debonding dominates the fracture mechanism of the
composites at 750 C.

Key words: titanium matrix composite; microstructure; high temperature tensile property; failure mechanism
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