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Abstract

Abstract

The preparation of polymer derived ceramics (PDCs) involves synthesis of
polymeric precursors, followed shaping, and final pyrolysis. The PDC route enabled
significant technological breakthrough in ceramic science and technology, with
polymers as starting materials. The composition and microstructure of ceramics are
directly influenced by the molecular design of the preceramic precursors, thus there is
an emormous potential in tuning the properties of the PDCs by using tailored
polymers. Polysilazane (PSZ) is one of the important preceramic polymers. The PSZ-
derived Si-C-N and Si3N4 ceramics show great physical, chemical and mechanical
properties. They are not only used as high temperature resistant materials, but also
promising in the fields of microelectronic devices and lithium ion battery, etc.

In order to improve the cross-linking of the polymeric precursors, increase the
ceramic yield, improve the thermal stability of the final ceramics and prepare the
magnetoceramics, our research interests focus on the metal and boron-modified
copolysilazanes (CPSZs), including their cross-linking and ceramization. Moreover,
the thermal stability and magnetic properties of the final ceramics were evaluated.
The structure, composition and molecular weight of the precursors were investigated
by Fourier transformed infrared (FT-IR) spectroscopy, nuclear magnetic resonance
(NMR), and gel permeation chromatography (GPC). The composition, crystallization,
microstructure and magnetic properties of resultant ceramics were studied by FT-IR,
thermal gravimetric analysis (TGA), X-ray diffraction (XRD), scanning electron
microscope (SEM), high resolution transmission electron microscopy (HRTEM) and
vibrating sample magnetometer system (VSMs).

Firstly, CPSZ/Cp,TiCl, hybrid precursors (PTSZ) with different Ti content were
prepared by the blending of CPSZ and Cp,TiCl,. It was suggested that the
introduction of Cp,TiCl, improved the cross-linking of the hybrid precursors via
transamina, hydrosilation and dehydrocoupling reactions, which was responsible for a

relatively high ceramic yield of 75.2% at 1200 <C. The polymer-to-ceramic conversion
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was complete at 900<C, and it gave an amorphous ceramic. Further heating induced
partial crystallization, and the Ti element was in the form of TiC in the SiCN/TiC
composite ceramics.

Secondly, SICNFe magnetoceramics were obtained by the pyrolysis of iron-
modified CPSZ (PFSZ) precursors which were synthesized by using CPSZ and
Fe(acac); as starting materials. The results showed the chemical reaction between the
CPSZ with Fe(acac)s did occur. The ceramic yield of PFSZ precursor is ca. 25%
higher than original PSZ. It was also suggested that a-Fe nanoparticles (10~20 nm)
were uniformly dispersed in amorphous SiICN(O) matrix, which might be responsible
for the soft magnetization of the resultant SICNFe ceramics. Maoreover, iron contents
and magnetic properties of SICNFe ceramics could be easily controlled by the amount
of Fe(acac)s in the precursors.

Finally, boron-modified polysilazane (PBSZ) precursors were prepared by the
chemical reactions of CPSZ and dimethylamine broane (DMAB), involving
hydroboration and dehydrocoupling reactions . The results indicated that the B-N
covalent bonds were formed in the PBSZ precursors. The introduction of DMAB
improved the cross-linking of precursors and the ceramic yields. It was suggested that
the BN suppressed the crystallization of ceramics and the decomposition of SigN4. As
a result, the size of micropores and crystallite dimension were reduced, while the

thermal stability and the density of ceramics were dramatically promoted.

Keywords: Polysilazane; Modification; Ceramic composite; Silicon nitride; Silicon

carbide
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