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Abstract
Polymer-derived ceramics (PDCs) are one kind of structure controlled composite by molecular design which are obtained by the thermal decomposition of organic polymers. PDCs have attracted extensive attention for years due to a variety of unique and superior properties, including excellent thermal stability, great creep resistance, as well as unusual electric behavior. The amorphous structural evolution (<1450 ºC) is rather worth studying since many of the functional properties are related to this unique nanodomain structure. In this work, the liquid-phase polysilazane (PSN2) with a low viscosity (15-80 cP at 25 ºC) was selected as the original polymer. The crack-free, fully dense SiCN ceramics were prepared by a simple liquid forming route and subsequent pyrolysis. The pyrolysis temperature ranged from 1000 ºC to 1400 ºC. The 29Si solid-state NMR study indicated that the nanostructures in the Si-containing area mainly contained SiCN3 unit, SiC4 unit and SiN4 unit. And with the pyrolysis temperature increasing, SiCN3 unit concentrations decreased, the SiC4 unit and SiN4 unit increased. This tendency is well agree with the subsequent crystallization of SiC and Si3N4 at higher temperature. In addition, the structural evolution within the free carbon area was studied by Raman spectrum, which revealed the graphitization of amorphous carbon and the lateral growth of nanographite, as the pyrolysis temperature increased.
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Figure captions:
Fig.1 A fully dense specimen cross-linked at 200 ºC (left), and pyrolyzed at 1100 ºC (right). 

Fig.2 (a) 29Si solid-state NMR spectra of the SiCN pyrolyzed at different temperatures; and (b) curve fitting of 29Si NMR for the SiCN ceramic pyrolyzed at 1100 ºC.
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Fig.1 A fully dense specimen cross-linked at 200 ºC (left), and pyrolyzed at 1100 ºC (right).
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Fig.2 (a) 29Si solid-state NMR spectra of the SiCN pyrolyzed at different temperatures; and (b) curve fitting of 29Si NMR for the SiCN ceramic pyrolyzed at 1100 ºC.
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