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f-sialon.
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Table 1 Composition of micro-nano-composites

(@)

h,=4mm A

Volume fraction/%
Composite ~ a-SisN;  TiCy7No3 AIN  a-ALO;
de Y103

€ 002 05 05 05 01 05

pum  pm pm pm  pum  pm
A 17.75 53.25 10 5 10 0 40
B 16.50 49.50 15 5 10 0 40
C 15.25 45.75 20 5 10 0 40
D 19.25 57.75 15 0 0 32 48
E 18.00 54.00 20 0 0 32 48
F 16.75 50.25 25 0 0 32 48

(b)

2h+hp=4 mm

hJhy=hglh=0.3

2h +2hy+h =4 mm c

B/ hy=hylhg=hgh=0.3

2h 2+ 2hp+hp=4 mm

&3 &3

1 AR R E B P B B AR

Fig. 1 Graded ceramic material with different layer numbers: (a) S-1 with 1 layer; (b) S-3 with 3 layers; (c) S-5 with 5 layers; (d)

S-7 with 7 layers
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20 3I0 4I0 5I0 6I0 7I0 8l0
260/(°)
2 1750 C. 35 MPa ZF R BE4S 60 min S-1 HI4H AN
-5 BLiFERLAZ XRD i
Fig. 2 XRD patterns of initial powder of S-1(a) and surface
layer of S-5(b) sintered at 1750 “C and 35 MPa for 60 min
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Fig. 3 Effect of sintering temperature on flexural strength and
Vicker’s hardness(a) and fracture toughness and residual

stress(b) of S-5 sintered at 35 MPa for 60 min
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Fig. 4 Fracture microphologies of surface layer of S-5 at
1650 “C(a) and 1800 “C(b) under 35 MPa for 60 min
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Fig. 5 Effect of holding time on flexural strength and Vicker’s hardness(a), fracture toughness and residual stress(b) of S-5 sintered

at 1750 “C under 35 MPa

Fig. 6 Fracture micrographs of surface layer of S-5 at 1750 C under 35 MPa for 20 min(a) and 60 min(b)
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Fig. 7 Effect of layer number on flexural strength and
Vicker’s hardness(a), fracture toughness and residual stress(b)
of ceramic material sintered at 1750 ‘C under 35 MPa for

60 min

I 8(c)rI WL, B-sialon AffLFT TiCo,Nos fbif%
fill FLH LEROGHE, S g5 A RIF(XIE C)e TiCosNos
R RLAL T B-sialon fihL (1) P EB(IX 458 D)alids FAL (X 35
E), TER T WIS 09 i P — i RDVE A5 R PR Ao &5 4« L
PR (1) TiCo 7N 3 WURLICEAR A 2R R E , JLdih E AT
1E 200 nm VAW .

B S8 SR R 1) P K 28 B8ORS R AL 40 43 )
TR IR RECRISR R L, AERR4E VA
PR AERA BN A R AN 7, Horp TiC 7N 5 R
SRETFRLN JRAS,  B-sialon SRLAR ) 4L T h7 M IR
A, UM TR PR . 2SI g A b JaiB . )
EEAE R, BRI RS T da s # 2 i 3
BRI, AN R ] 8(b) BT s RS B i 4 o 4234
UL A B DI, mTa I B 1A TGS 43 e
2he, WHLURE] “ETHL ERT,  Mfide R

B8 1750 'C.35 MPa ke4f 60 min Jii S-7 #K}3E /= SEM Al
TEM LS

Fig. 8 Micrographs of surface layer of S-7 sintered at 1750 C
under 35 MPa for 60 min: (a) SEM image; (b), (c) TEM images
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Fig. 9 Electron diffraction patterns of TiC, 7N ; phase [411](a)
and f-sialon phase [001](b)
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Mechanical properties and microstructure of
graded micro-nano-composite ceramic tool material

ZHENG Guang-ming', ZHAO Jun?, CHENG Xiang', XU Ru-feng', LI Li'

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China;

2. School of Mechanical Engineering, Shandong University, Ji’nan 250061, China)

Abstract: In view of the urgent need for high-performance tools when high-speed machining aviation difficult-to-cut
material nickel-based super alloy, a sialon graded micro-nano-composite ceramic tool material was prepared by
hot-pressing sintering. The effects of sintering temperature, holding time and layer number on the mechanical properties
and microstructure of the tool material were investigated. The phase identification was carried out by X-ray diffraction
(XRD), and the fracture surface microstructure of the composites was characterized by scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). The results show that S-sialon phase is formed at 1750 ‘C and 35
MPa for 60 min. The optimum mechanical properties of the ceramic material with 7 layer numbers are gotten: a flexural
strength oy is 840 MPa, a surface layer Vickers hardness HV is 17.32 GPa, a surface layer fracture toughness K¢ is 8.96
MPa-m'?, a surface layer residual stress o, is —423 MPa, which meet the requirements for cutting tool materials. The high
properties can be attributed to the addition of micro and nano grains and the suitable graded structure.

Key words: micro-nano-composite; residual stress; graded ceramic tool; hot-pressing; mechanical property
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