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Abstract

Abstract

Polycarbosilane (PCS) and polymetallocarbosilane (PMCS) which is PCS with small
amount of metallic atoms are the precursors to produce silicon carbide (SiC)-based
ceramics and ceramic fibers. The structures and properties of the precursors will affect the
producing processes of SiC-based ceramics and their properties. Therefore, it is important
to understand the structures and properties of the precursors in order to provide a scientific
basis for achieving excellent properties of SiC-based ceramics by designing from the
molecular level of precursors. Since PCS-type precursors are low in molecular weight,
complicated in molecular structures and sensitive to synthesis conditions, the conventional
polymer theories and characterization methods can not be directly used for PCS-type
precursors. No information about their accurate molecular and aggregation structures has
been available so far.

In this work, a series of PCS and polyaluminocarbosilane (PACS) samples were
prepared and characterized by conventional elemental analysis and Nuclear Magnetic
Resonance (NMR) spectroscopy. The quantitative methods in analyzing molecular
structures of PCS/PACS including Si—C linear, cyclic, branching segments and
heteroelements were established based on the elemental analysis results and NMR data;
New peak in *°Si NMR was reported and the peak was assigned to HSiC,0; The SiH peak
in 'H NMR could be further deconvoluted into Si—-Hy (x=1,2) through which the
corresponding linear and cyclic structures were determined. The mixed theoretic structural
model based on several simplified ideal structural models was proposed in combining both
wide-angle X-ray scattering analysis and molecular simulation methods. The quantitative
methods in analyzing local-ordering distances and medium-range ordering in aggregation
structures of PCS/PACS were also developed. By applying the abovementioned
quantitative analysis methods into PACS and its fibers, the effects of such preparing
parameters as temperature and amount of reactants on the molecular and aggregation
structures were preliminary investigated.

The results indicated that PCS/PACS molecules mainly composed of Si-C six-member
single rings with small amounts of linear segments and condensed rings. The relative ratios
of Si-C cyclic, linear and condensed segments for solid PCS (S-PCS) and liquid PCS
(L-PCS) were determined to be 3.3:1:0.4 and 2.0:1:0.1, respectively. The average degree of
branching of S-PCS was approximately 0.42, indicating that there were 4 possible

branching points in average every 10 silicon or carbon atoms. The existing form of



Abstract

heteroelement in PCS was oxygen which is in the forms of Si—-O-Si and Si—-O-H, while
the existing forms of heteroelements in PACS were oxygen and aluminum which are in the
forms of Si—O-Si and Al-O-Si. The medium-range ordering distance in precursors were
derived by the interactions of close-packed cluster particles formed by curling chains and
neighbored rod-like straighten chains, in particular the contributions from the former. The
appearance of B-SiC fine crystallites (1~2nm) structure in amorphous SiC-based ceramics
was due possibly to the close-packed cluster particles formed by curling chains.
Accordingly, the values for the average distance of curling chains cluster particles (77)
and average distance of straighten chains (7<) were evaluated to be T =11.150A,
7¢ =7514A in PCS, and 7° =9.943~11.988A, T° =7.167-8.236A in PACS. The
minimum relative ratio of Si-C cyclic and linear segments, the lowest distribution
coefficient of molecular weight, the maximum number molecular weight and the highest
soft melting temperature were obtained for PACS prepared from S-PCS at 320°C. However,
the PACS prepared from L-PCS did not follow the same pattern. The Si-C cyclic and linear
structures were preferentially distributed within the cross sections and longitudinal cross

sections of PCS fibers.

Key words: SiC-based ceramic precursor; polycarbosilane; polyaluminocarbosilane;

molecular structures; aggregation structures
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