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ABSTRACT Amorphous Si–Al–C–N ceramics with varied aluminum contents, which were derived from
polyaluminasilazanes at 1200 %, were heat–treated at 1400–1800 %. The structures of precursors and
the crystallization behaviors, free–carbon and microstructure of Si–Al–C–N were characterized by Infra-
red spectrometry, X–ray diffraction, Raman spectra and transmission electron microscopy. The effects
of aluminum contents, crystallization temperatures and times on crystallization properties of amorphous
Si–Al–C–N were investigated. The results show that amorphous Si–Al–C–N ceramics are amorphous at
1400 %, but include free-carbon. Nano–scale β–Si3N4 and α–Si3N4 nuclei are precipitated at 1500 %.
The α–Si3N4 nucleus transforms into β–Si3N4 after treated at 1600 %, at the same time, a minute
quantity of α–SiC and 2H–SiC/AlN solid solution nuclei precipitated. At 1700 % a large number of
2H–SiC/AlN solid solution crystals and a few α/β–SiC crystals precipitated besides β–Si3N4, and the β–

Si3N4 phase in the Si–Al–C–N ceramic with lowest aluminum content disappears. At 1800 % only β–SiC
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and 2H–SiC/AlN solid solution crystal are observed. But phase separation takes place at this temperature,
leading to the formation of AlN–rich and SiC–rich solid solution region, respectively. With increasing alu-
minum content, crystallization ability of amorphous Si–Al–C–N ceramics and quantities of grain increase.
Nano-scale crystals precipitate from the amorphous Si–Al–C–N at 1500%, but even until 1800% the pre-
cipitated crystals are still nano–scale crystals. The high-temperature crystallization process of amorphous
Si–Al–C–N with high covalence is a process controlled by thermodynamics.

KEY WORDS inorganic nonmetallic materials, high-temperature crystallization behavior, precursor-
derived, amorphous, SiAlCN
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Table 1 Synthesis ratios prepared for polyaluminasilazanes with different aluminum contents

Polysilazane AlH3·NMe3 PASZ
Sample

/g /mmol /mL /mmol Mass/g Si/Al

S1 15.0 200.0 25.0 40.0 15.9 5/1

S2 15.0 200.0 17.9 28.6 15.7 7/1

S3 15.0 200.0 13.9 22.2 15.5 9/1

= N−H(in PSN) + H−Al ≡ (in AlH3 ·NMe3) →= N−H ≡ +H2 ↑ (1)

CH2 = CH− (in PSN) + H−Al ≡ (in AlH3 ·NMe3) → CH3 − CH(Al ≡)−+ ≡ Al− CH2 − CH2− (2)
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Fig.1 IR spectra of PSN, S1, S2 and S3
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Fig.2 XRD patterns of the residues of S1, S2 and S3

treated at 1500 o for 2 h
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Fig.3 XRD patterns of S1, S2 and S3 heat–treated

at 1400 o (a), 1500 o (b), 1600 o (c),

1700 o (d), 1800 o (e) for 2 h
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Fig.4 Raman spectra of S1 pyrolyzed at 800 o and

heat-treated at 1400 o
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Table 2 Relative contents of crystalline phases of S1, S2 and S3 treated at 1700 o and 1800 o

Sample S1 S2 S3

β–Si3N4 38.8% 23.8% 0.0%

1700 o 2H–SiC/AlN 56.8% 64.8% 86.2%

α/β–SiC 4.4% 11.4% 13.7%

2H–AlN 75.9% 69.1% 52.0%
1800 o

2H–SiC 24.1% 30.9% 48.0%
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c 5 S3 q 1600 oy` 1 h l 2 h Y XRD st

Fig.5 XRD patterns of S3 heat–treated at 1600 o

for 1 h and 2 h
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Fig.6 TEM images of S1 (a), S2 (b) and S3 (c) heat–

treated at 1600 o
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