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Microstructure and Mechanical Properties of Microwave Sintered
Ti(C,N)-WC-ALO;5/Ti(C,N)-WC Laminated Ceramics
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(State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, School of
Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: Ti(C,N)-WC—-ALO;/Ti(C,N)-WC laminated ceramic materials with different layers and layer thickness ratios were
prepared via microwave sintering. The variation of residual stress with layer number and layer thickness ratio was revealed by a finite
element method, and the effects of layer number and layer thickness ratio on the macro-mechanical properties and micro-structural
characteristics of the material were investigated. The results show that compared with the homogeneous material, the fracture
toughness of the laminated material increases to 11.42 MPa'm'?, which is 2.5 times greater than that of the homogeneous material,
indicating a superior toughening effect. The main reason is a combined effect of macroscopic residual compressive stress and massive
microscopic crack deflections. The fracture mode of the laminated material is an effective mixed fracture mode. In such a mode, the
transgranular fracture of the surface layer and the intergranular fracture of the matrix layer alternate, which is conducive to the
increase of fracture toughness and to the improvement of the overall strength of the material.
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Table 1 Composition ratio of laminated TWA/TW composite ceramic materials

wl%

Sample No. Components
Ti(C,N) wC ALO; Co Ni Mo
™ Ti(C,N)-WC-Co-Ni-Mo 67.0 15.0 0 4.8 7.2 6.0
TWA Ti(C,N)-WC-Al,05—Co-Ni-Mo 55.0 10.0 20.0 4.0 6.0 5.0

w—Mass fraction.
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Table 2 Physical property parameters of laminated TWA/TW composite ceramic materials

Sample No. Density/(g-cm °) ax10%K™! E/GPa v
™ 6.26 8.32 553 0.21
TWA 5.52 8.03 434 0.23

o is thermal expansion; E is elastic modulus ; v is Poisson'’s ratio.

FE TWATW EEFEMEHIOSHBTHNE 3 REEEEAWEME 75 e, HE5E 5
BN o SERRIZREGE M T CABT L2 RS/ MR E 0. RUZ B LGN, o 4% X FE A SR i, A S o ol e
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Wear AR A e, BotSE SRRy 6 mm, KEM  BRERG B IEMEREIRTE, Wl R ARG R H], LK
WELN 13 mm. BREILRREEESREZERE WS RKEm, ERNEE8 3. 5. 7, BE
MtfE. fE—EuEp, #/AZEMZEL, TR WAL 2, 4, 6.

*3 BE TWATW EGREMRERIRT

Table 3 Structural design of laminated TWA/TW composite ceramic materials

Sample No. Number of layers Thickness ratio Thickness of substrate layer/mm Thickness of surface layer/mm
T™W 1 6.00
LC3-1 3 1 2.00 2.00
LC5-1 5 1 1.20 1.20
LC7-1 7 1 0.86 0.86
LC7-2 7 2 1.20 0.60
LC7-4 7 4 1.52 0.38
LC7-6 7 6 1.62 0.27

LC is the abbreviation of laminated ceramics, and the numerical code is the number of layers — layer thickness ratio, for example, "LC7-2" means the number of

layers is 7, and the layer thickness ratio is 2 for the laminated TWA/TW ceramic composite.
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Table 4 Mechanical properties of laminated TWA/TW composite ceramic materials

Surface fracture toughness

Sample No.  Relative density/%  Surface hardness Hy/GPa

Matrix layer hardness ~ Fracture toughness of matrix layer

Kic/(MPa-m'?) Hy/GPa Kic/(MPa-m'?)

™ 98.25 13.48 4.56 13.48 4.56
LC3-1 96.49 13.46 6.38 8.47 7.04
LC5-1 96.90 13.33 7.16 9.77 9.27
LC7-1 96.87 13.40 9.08 11.62 8.33
LC7-2 96.82 13.38 11.42 11.15 733
LC7-4 97.54 12.71 10.37 13.10 7.75
LC7-6 97.19 12.62 9.38 14.16 721
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Left is the schematic diagram of LC7-2 finite element modeling; Right is the

schematic diagram of quarter finite element meshing.

K1 &2 TWATW S8 EMEA R &'
Finite element simulation of laminated TWA/TW
composite ceramic materials
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Fig. 2 Radial stress distribution nephogram of laminated TWA/TW composite ceramic materials
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Fig. 3 Maximum radial stress in laminated composite ceramic materials as a function of number of layers and layer thickness ratio

(a) LC3-1 (b) LC5-1 (c) LC7-1 (d) LC7-2

(e) LCT-4 (f)LCT-6
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Fig. 4 SEM images at interface of stacked composite ceramic materials with different number of layers and layer thickness ratio

(a) Ti element distribution picture (b) Al element distribution picture (c) W element distribution picture

K5 BREAPEME LCT-1 SR

Fig. 5 Energy spectra at the interface of LC7—1 laminated composite ceramic material
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Fig. 6 Cross-sectional SEM images of LC7-2 of laminated composite ceramic material
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