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Abstract: SizN, ceramics were prepared by an oscillating pressure sintering technique when Al,O;, Y,05 and TiC additives were
introduced into SizN4 powders. The microstructure, grain size and mechanical properties of silicon nitride ceramics at different
temperatures (i.e., 1700, 1 725, 1750 and 1775 ‘C) were analyzed. The effect of TiC additive on the particle densification and
interface bonding of the ceramics were discussed. The results show that Si;N, ceramics can be fully densified at 1725 C in the
oscillating pressure sintering process, thus obtaining a high bending strength of (1421+59) MPa and the Vickers hardness of (16.1+0.3)
GPa, respectively. The aspect ratio of the sample also firstly increases and then decreases with the increase of temperature, and the
maximum grain aspect ratio reaches at 1725 “C. The aspect ratio decreases and the grains become coarser when the temperature
further increases to 1 775 ‘C. The flexural strength and the Vickers hardness of silicon nitride decrease with the decrease of
length-diameter ratio when the temperature higher thanl 725 °C.
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(a) SEM photograph

(b) EDS map spectrum of Fig.1 (a)
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Fig. 1 SEM photograph of SisN, powder after mixing and
DS map spectrum

1.2 SHERENRSE LS

¥ IR IR AU I EACEER RN N 424 100 mm
(A S B Borp, W BCE AEIRG R 1R 45 4 R
8 MPa (115 /7 R A A 5 5 FH BE 1 e &5 T
TR Z A IR (A& 2), J3 s InHEE F Ja A s
B WNRE ST EZE 30 MPa. §7 N IEEIA F) 900 CHt
ERTHFANBEBARS, RIERTR. S L
F24 1200 CUL EFHRIEZARFTTE] 10 'C/min. i
FEiEE] 1600 CHF, FE1HE K JJ 30 MPa (1244l F&
In—/MEE RN 3 Hz, 5 MPa (3RS 11, (RF R
EABEBIRRE R, RN BRI, ERERE
1100 ‘C 2 A 4ERF1E 2 [k 77 30 MPa, 1100 C 5k
B RWFFIESE 4 NMREGIRE AL 73908 1700,
1725, 1750, 1775°C.



2 48 B 6 W

R 5 PR e A BALRE R B RO L D)2k e -+ 805 -

1800 Sintering temperature
1600 | Pressure
p -
> 1400 F
5 = T
S 1200 —z R A {rmrerasaene s A N
°ED 800 | ’f
g 600 ’:" 30 MPa|
400 |/
200 _f: 25 MPa :
9 0 Time/s 1
0 L 1 " 1 n 1 " 1 " 1 PR
0 50 100 150 200 250 300

Time/s

2 YRV JIbe s T2

Fig. 2 Sintering curve of oscillating pressure process
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Table 1 Microstructure parameters of Siz;N, materials

Sintering ~ Average length Average width Average aspect Relative

temperature/’C  of grains/um  of grains/um ratio of grains  density/%

1700 0.8243 0.3039 33591 98.84
1725 1.0401 0.3502 3.6000 99.84
1750 1.0754 0.3445 3.5078 99.85
1775 1.1568 0.4517 3.3685 99.83
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Fig. 4 SEM photographs of silicon nitride ceramic sections at different temperatures
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Fig. 5 SEM images of silicon nitride etched surface at different temperatures
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