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Synthesis of SisN, from Domestic Silica-stone by Direct Nitriding Method
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Abstract Si3N, ceramics have been identified as one of the promising structural ceramics. This study has been
carried out to investigate of the synthetic behaviors of SisNy derived from domestic silica-stone by direct
nitriding method. The silicon nitridation reaction has been studied in the temperature range of 1300~1550°C.
Below the 1400°C, the nitriding rate was measured to be 16%. For the temperatures higher than the 1400°C,
B-SizN, phase was formed mainly, and the nitriding rate showed above 98%. With the increasing of sample
weight of silicon powder, the nitriding rate and -SisN, phase increased at 1400°C for 2 hours. The shape and
particle size of SizsN,; powder synthesized at 1400°C for 2 hours showed the irregular angular-type and 10 ym,

respectively.
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3SiCls + 4NH; = SizN, + 12HCl(amorphous) (3)
Si;N(amorphous) = SizN, @)
3SiCl, + 16NH; = 3Si(NH), + 12NH,Cl (5)
3Si(NH), = SizN4+ N>+ 3H, 6)
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Table 1. Chemical composition of domestic silica-stone.
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C : Computer D : Measuring unit,
E : Aluminar tube F : Electrical furnace
G : Sample holder H : Thermocouple
1 : Temperature controiler 1+ Rotary pump

Fig. 1. Experimental apparatus of CAHN balance.
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Si0; ALO; Fe, O3 CaO TiO, KO Na,0 P,0s
Composition(wt.%) 99.74 0.02 0.001 0.006 0.002 0.02 0.005 <0.01
Table 2. Chemical composition of the silicon after the acid leaching.
Al(wt.%)  Fe(wt.%) Ca(ppm) K(ppm) Mg(ppm)  Mn(ppm)  Na(ppm) Balance
HNO; Leaching 0.016 0.025 27 70 8.8 12 36 Si
HCI Leaching 0.0084 0.034 26 109 49 12 69 Si
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Fig. 2. Variation of reaction ratio with reaction temperatures of
Si powder for 2 hours by the direct nitriding method.
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Fig. 3. XRD patterns with reaction temperatures of Si powder
for 2 hours the direct nitriding method ; (a) 1300°C, (b)
1350°C, (c) 1400°C, (d) 1450°C, (e) 1500°C, and (f) 1550°C.
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Fig. 4. Variation of reaction ratio with reaction time of Si
powder at 1350°C.
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Fig. 5. Schematic diagram of Si;N, formation from Si metal
powder by the direct nitriding method.
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Fig. 6. Variation of fraction of @-Si3N, and B-Si;N; with
different temperatures of Si powder for 2 hours.
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Fig. 7. Variation of reaction ratio with sample weight of Si
powder for 2 hours at 1400°C.
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Fig. 8. XRD patterns with sample weight of Si powder for 2
hours at 1400°C; (a) 20 mg, (b) 30 mg, (c) 50 mg, (d) 150 mg,
(e) 1000 mg, and (f) 2000 mg.
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Table 3. Chemical composition and specific surface area of SisN,.

Si Al Fe Ca N 0 BET(m/g)
Composition(wt.%) Bal. 0.07 0.04 0.03 39.0 0.7 9.0
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Fig. 9. Variation of reaction ratio with sample weight of Si
powder for 2 hours at 1400°C.

Fig. 10. SEM photograph of SisN, powder synthesized at
1400°C for 2 hours.
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