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Table 1  Physical properties of the original powder 

Raw powder Average diameter Density/g·cm

-3

 Purity/% 

Al

2

O

3

 0.5 µm 3.97 �99.9 

Al

2

O

3

 50 nm 3.97 �99.9 

(W, Ti)C 2�4 µm 9.49 �99 

TiC 50 nm 4.938 �99 
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Table 2  Composition of (W, Ti)C powder 

Sample TiC/WC 

Ti content, 

ω/% 

C content, 

ω/% 

Average 

diameter/µm 

CK24 30/70 25±0.5 10.1±0.2 3±1 

CK32 40/60 32±0.5 10.9±0.15 2±0.5 

CK40 50/50 40±0.5 12.5±0.15 2.5±0.5 
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[� 21.83 GPa�¬¾�� 7.56 MPa·m
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Table 3  Conditions of hot pressing sintering 

Sintering 

condition 

Sintering 

temperature/� 

Holding 

time/min 

Pressure/ 

MPa 

(1) 1600 18 30 

(2) 1650 20 30 

(3) 1700 15 30 
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Fig.1  Diagram of three-point bending force direction and 

Vickers indentation 

Three-point bending 

force direction 

Vickers 

indentation 

MM layer 

IM layer 



�3850�                                           �n�)*+"#                                          � 47� 

 6""7839:;<=>&?@A)*"

Table 4  Mechanical properties of biomimetic structure 

ceramic cutting tool materials 

Layered 

material 

Relative 

density/ 

% 

Flexural 

strength/ 

MPa 

Vickers 

hardness/ 

GPa 

Fracture 

toughness/ 

MPa·m

1/2

 

BM24-1 98 770 19.80 6.66 

BM32-1 92 630 18.10 6.23 

BM40-1 89 590 19.09 5.89 

BM24-2 98 790 20.10 7.23 

BM32-2 94 730 19.89 6.58 

BM40-2 90 650 20.50 6.01 

BM24-3 98 880 20.20 7.40 

BM32-3 98 870 21.83 7.56 

BM40-3 92 770 20.91 6.63 
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� 2  HI)*RSTU 

Fig.2  Fracture morphologies of cutting tool materials: (a) SG4 

tool material and (b) BM32-3 matrix material 
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Fig.3  Fracture morphology of BM32-3 bi-material interface 
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Fig.4  Vickers indentations at different material surfaces 
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Fig.5  Crack propagation of BM32-3 material surface: (a) crack 

propagation and bifurcation and (b) transgranular fracture 

and crack bridging 
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� 6  BM32-3)*A¡��WXYZ 

Fig.6  Interlayer crack propagation of BM32-3 material: (a) crack 

propagation through the bi-material interface and (b) en- 

larged detail view of region C 
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Abstract: According to different sintering conditions and TiC/WC composition ratio, three-layer biomimetic composite ceramic tool materials 

were prepared by hot pressing sintering process. The mechanical properties of the biomimetic composite ceramic materials were tested, and 

the fracture surface morphology and crack propagation were analyzed. The flexural strength, Vickers hardness and fracture toughness are 870 

MPa, 21.83 GPa, and 7.56 MPa·m

1/2

, which are higher than those of SG4 homogeneous ceramic cutting tool material. Section morphologies 

show that the biomimetic composite ceramic material has finer microstructure than SG4 ceramic cutting tool material, and the grain size shows 

multi-scale characteristic. Fracture surfaces demonstrate a transgranular/intergranular mode. The crack propagation path of the surface layer 

shows crack deflection and bifurcation of the crack tip. The crack is also deflected as crack passing through the bimaterial interface. 

Key words: biomimetic structure; composite ceramic cutting tool material; microstructure; mechanical properties 
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