22 % 8
Vol.22 No.8

TERERERFIR

The Chinese Journal of Nonferrous Metals

2012 4F- 8 H
Aug. 2012

TEHES: 1004-0609(2012)08-2311-06

MR L & ALOS/TICN-Ni-Ti [ EE S RIBYLELR 5145

F %, AR, SHEH
CRAER: MRS R E S A LS A TS0 5, TR 110004)

W OE: RS ERRE A% ALOy/TI(CN)-Ni-Ti PR ARk, SRH X RERATH S st o Bkt Bl
FIIAH AL BN S Gl by, IESORE Sl T 2N BVIARA J A AR ) 2 e RE RO S 45 RG] Ni A T OV
IR P Z AP EHR SRR BIVE: WEEN T 1600 CIN, SARPRHR ) 25 P AR RE AR 1 TH iy Th i e

IS, SAMEH 2R T B 4R E5 I 1600 °C o ARIELIN A 2 30 min I, #14 #9 ALO/Ti(C,N)-Ni-Ti
V&AM B T2 MR e tE, AR S5 8 TEF) 99.4%, FUZS 3 A 820 MPa, Wik H) 9.3 MPa-m'?.
KBEIR: PR OMEL SR BREEL; HRReLh: J1ErERe

FESHES: TQ174.75 XHEFRERD: A

Microstructures and properties of
Al O3/TiCN-Ni-Ti composites fabricated by hot pressing

LI Qian, SUN Xu-dong, XIU Zhi-meng

(Key Laboratory for Anisotropy and Texture of Materials, Northeastern University, Shenyang 110004, China)

Abstract: Al,O5/Ti(C, N)-Ni-Ti composites were fabricated by vacuum hot pressing. The microstructures of the materials
were characterized by XRD and SEM, and the effects of sintering temperature and holding time on the phase components,
microstructure and mechanical properties were investigated. The results indicate that the addition of Ni and Ti can
significantly increase the strength and toughness of the composites. The mechanical properties of the composites improve
with increasing hot pressing temperature while the temperature is lower than 1 600 ‘C. When the hot pressing
temperature is above 1 600 “C, the increase of temperature or excess extension of holding time will not only lead to the
overgrowth of Al,O; grains and the decomposition of Ti(C,N), but also promote the aggregation of the melted metallic Ni,
which is detrimental to the mechanical properties. The Al,O3/Ti(C,N)-Ni-Ti composite sample sintered at 1 600 C for 30
min achieves a relative density of 99.4%, a bending strength of 820 MPa and a fracture toughness of 9.3 MPa-m"?.
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Fig. 1
1 600 °C: (a) Al,05/Ti(C,N)-Ni-Ti; (b) Selected points of EDS

BSE SEM images of composites hot-pressed at
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Table 1 EDS analysis results of points 4, B and C in Fig. 1(b)

Mole fraction/%

Point
Al O C N Ti Ni

A4 47.55 33.82 532 440 7.04 1.38
B 279 087 27.83 2201 42.84 452
C 13.76  11.25 1.54 1.13 8.45  61.57

22 MEBEN ALOYTI(C,N)-Ni-Ti ZRAELRY
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WAHHES] Ti(C N/ MNIRE 38l , A7 R ek Z A4k
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B A0S FE I, R U, T DA I
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i) BRI O, Wi g LA sess, Wi B 21
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PIRSE, A WA R AR EUR, MR A 2
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ISR INGIETIZZ I P 0] TEAS AR WA N TG TR 7t
2917

7t ALOYTI(C,N)FZE A K, Ti(C,N)RTRE 3 2257
AAAE ALO; [ AL, S A4 i kS 2 it b R T 4L A
o ¥R Ni E25 TI(CN)Fki 454, & R5m ik i
FIIVER . (e RIEE SR RS, —hT
WG PR FAR NI . 4y MR GEE 2
T RS SR I e B 2RI o 1 SR A P P A
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) i SR I 3 2 GU S 228 B i ST ) et N T
b, TR TR . RAULE B SR AL S A Bl e
B, WINT RO RN, a7 BRI

Fig. 2 Fracture morphologies of composites hot-pressed at various temperatures for 30 min: (a) 1 450 °C; (b) 1 500 C; (¢) 1 550 C;

(d) 1600 C
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SRS BRAAA B PR

P i :
B3 NIt ) 5 b 7 15
Fig. 3 Fracture morphologies of composites after being held

at 1 600 ‘C for various times: (a) 45 min; (b) 60 min
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2 1) EDS A HT 45 R —8 X e T Ti & 53
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B TI(CN) ) W (ky, ko)A E R AT ik, X2
i Ti(CN) bR i AbtE C 2 s i i i ok,
ZUH TI(CNERR SRR i Ny, ST
) 587N A1 BEAW A o 3X AN ISR T2 22 H Ti(CN) IR 23 it I
IE(R(3)) FEP, ORI [ 5AK 11 1 2 (d) i A2 T 5
Ky RIS B ZEA LRI I [A] 25 Il Ti(CN) 73 il o

Ti+C=TiC (1)
2Ti+N,—2TiN )
2TiC,N, ,=2TiC,+(1-x)N, 3)

R A EH P 4(b)~(d) P W %2 21| B 5 PRy i T ) S
ALO; {7 SFHEAEARIR IS 6] 4 60 min I G35 8958, 1560
AL Os fibr ST 2 DRl i TR] 4y ik i e g e KK

= — TiCy;No3
° Al O4

30 4|0 SIO 6b 7b 80
26/(°)
4 1600 CHREANF N TR FRR TS ALOy/ TICN-NITi 44}
) XRD i
Fig. 4 XRD patterns of Al,O3/TiCN-NiTi composite before
and after hot-pressed at 1 600 ‘C for various holding times:
(a) Green compact prior to sintering; (b) 30 min; (c) 45 min;
(d) 60 min
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BB RS B (R T, MRRRL I T R & 1, AL
i/ Bgob, MR REE TR L MG, D) s Re
e MIEREIA ] 1650 CHE, ALO; Shkiff KK
Ti(C, NI/ AL G R, DRI, A ) f s 55 R0 ) 1 446
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(72 kg
Table 2 Mechanical properties of Al,O3/Ti(C,N)-Ni-Ti hot-

pressed at various temperatures for holding time of 30 min

Temperature/  Bending strength/  Fracture toughness/
C MPa (MPa'm'?)
1 450 583 7.1
1 500 692 7.6
1550 773 8.7
1 600 820 9.3
1 650 724 8.5

25 EETNiWBEMR

Kl 5 Bl 1600 °C R 4K LR 60 min T 1 650
C N AR 30 min AR SEM 15 tH ] 5(a)
ATLLEH], 1600 CHLRIHIE 2] 60 min B, I Ni
FRATRE:, RO DX BT AW A UR B Ni AHAEAE,
IR T N BB 1) SR BRI, DR i
(B IX PRI G . I S(o)PTLAE 2, i
EBEER) 1 650 CHE, Ni FIRSEESFE TI(CN)
SRR, TE AU [ R ) &5 44 BN,

5 1600 ‘CAHI 1650 CHULJEA R Ni LM SEM &
Fig. 5§ SEM images of enrichment of Ni of composites hot-
pressed at 1 600 and 1 650 ‘C for various times: (a) 1 600 C,
60 min; (b) 1 650 ‘C, 30 min
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LR3I 1] 24 30 min IS AR A B A

2) HUERIESE XS ALOs/Ti(C,N)-Ni-Ti i % 5 A1k
(TR BE S B k. YRR 1 600 CTEE NI, B
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