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Toughening and strengthening mechanisms of the mechanical

properties of Al,O;/(W, Ti)C nanocomposite

ZHOU Yong-hui, Al Xing, ZHAO Jun, YUAN Xun-liang, XUE Qiang
(School of Mechanical Engineering, Shandong University, Jinan 250061, China)

Abstract: Al,O;/(W, Ti)C ceramic nanocomposites were fabricated from nanocrystalline - Al,Os, micro-crystalline a-Al, Oy
and (W, Ti)C. The flexural strength and fracture toughness can be remarkably increased by adding nano Al,O; (11% ) particles
into Al, O; mairix. The flexural strength, fracture toughness and hardness are respectively 840 MPa, 6.55 MPa*m' and 20. 1
GPa. TEM experiments indicate that low contents of nano-particles could refine matrix grains, and the microstructure of the mate-
rial is a homogenous skeleton structure. The fracture characteristics are mixed by inter-granular fracture and trans-granular frac-
ture. Strengthening and toughening mechanisms are interpreted due to intra-granular and inter-granular grain synergistic residual
stress, changes of fracture manner and an increase of the fracture toughening.
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K a-AL Oy HFARAE A 30 nm; ALK oAl O,
R R 0.5 pms HOK (W, Ti) C 23K 5 18 14
AR AT, BEA K G A I FOK R K 9
B, B4R 220 1 pm LU 5 BIRESR MO F1 NiO 2401
24l Sl 99.99% .

ALO,/(W,Ti)C 4K E A M EM B sk 1
Fiim A4k AL Oy KRS ARAR 3 BN BT (L 81
K e, WS 03 e A BRI 2R P 3 TN s R i ( PMAA-
NH, ), 5 IR G W pH B, HLA R i i 75 40 1K
40 min, Hil BT SR 43 B 4F 1O 40 K M K HOKL,
RE FH B R K — I R BRI TR & 48 h J5 ,
2, 120 H 01 0, RO B IR S8R
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1650 ~ 1750 °C, [ /1 30 MPa, {5 i [d] 10 ~ 20 min.
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Table 1 Compositions of Al, Oy/(W,Ti)C nanocomposite %

Material ~ @(0.5pum  @(30nm (1 ym ¢(Other
symbol a-ALOy)  «-ALO;)  (W,Ti)C)  additives)
AWTn 0 54 45 1
AWT30 27 27 45 1
AWT20 36 18 45 1
AWTI15 40 14 45 1
AWTI10 43 11 45 1
AWTS 45 9 45 1
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R = A i AT 2 5 B 5 BE R 20 mm,
JNZREE LA 0.5 mm/min . W7 22 5)PE FAE B2 R H IR
P IR AT A 196 N AR 15 s, F 400 x Y627
B R RSO . H A R A Y

TXA-840 IF 4 Hi 3% (SEM) F11 H 37, H-800 325 5 1 %
(TEM) MREEH L i o2l 21
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1650 ~ 1700 °C \JE /14 30 MPa £ 10 min N33 /1Y
JiErkRe . R LR 2 AT SR gk AL O, 1
TRFR BN 119 B 5245 BRI T 25 58 52 70 4 G A
B feth, 43931k 850 MPa 1 20. 1 GPa. 1 &1 3 AT UL, 44
K ALO, BTN R 1%, 18% ,27% I}, 52 & b
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Fig.1 Relation of the flexural strength and the content of Al, O,
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Fig.2 Relation of the hardness and the content of Al, Oy
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Fig.3 Relation of the fracture toughness and the content
of Al O,
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Fig.4 SEM micrograph of the fracture surface of AWTn
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Fig.5 SEM micrograph of the fracture surface of AWT10
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Fig.6  SEM micrograph of the fracture surface of AWT20
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(a) Intra-granular and inter-granular grain
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(b) Grain refining and skeleton structure
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Fig.7 TEM micrograph of AWT10
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(b) Deflection of crack in sample
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Fig.8 SEM micrograph of indentation fracture of AWT10
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