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Abstract

Abstract

Silicon carbide (SiC) ceramic has been widely applied in high technology fields
such as information, machinery, energy, aviation and aerospace, because of its
superior physical and chemical performance such as high-strength, high modulus,
high temperature resistant, low density, corrosion resistant and antioxidant, and it is
considered as one of the most brilliant materials applied in aviation and aerospace in
twenty-one century. Nowadays, the main preparation method of SiC ceramic is
polymer derived ceramic (PDC), and polycarbosilanes (PCSs) are extensively studied
as the precursor of SiC prepared via the PDC route. However, with the development
of technology, higher requests to the properties of SiC ceramic put forward in each
application field, and the main method for preparation of high-performance SiC
ceramic is the introduction of heterogeneous elements to the PCSs. Hence, for
obtaining higher performance SiC ceramic, the key point is to synthesize the PCSs
with heterogeneous elements.

In our work, a series of hyperbranched polycabosilanes with transition metals (Fe,
Ti) were synthesized via polymer route or monomer route. SiC based composites were
obtained after cross-linking and pyrolysis of the resultant precursors. Thus, our
research interests mainly focus on the synthesis, cross-linking and polymer-to-ceramic
conversion of precursors as well as the properties of the resultant ceramics. The
structure, composite and molecular weight of precursors were investigated by Fourier
transformed infrared (FTIR) spectroscopy, nuclear magnetic resonance (NMR) and
gel permeation chromatography (GPC). The cross-linking, the structural evolution
during the polymer-to-ceramic conversion of as-synthesized precursors were studied
by FTIR, solid-state **C magic angel spinning (MAS NMR) and thermal gravimetric
analysis (TGA). The composition, thermal behavior, crystallization, microstructure
and magnetic properties of resultant ceramics were investigated by energy dispersive
spectrometer (EDS), X-ray diffraction (XRD), scanning electron microscope (SEM),

transmission electron microscope (TEM) and vibrating sample magnetometer (VSM)
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system.

Firstly, magnetic SiC ceramics were obtained after cross-linking and pyrolysis of
hyperbranched polyferrocarbosilane (AHPFCS), which was synthesized by reactions
between oxygen-free vinylferrocene (VF) and allylhydridopolycarbosilane (AHPCS)
with isopropyl alcohol solution of chloroplatinic acid as a catalyst. The results show
that the as-synthesized precursor has hyperbranched structure and low oxygen content
via addition reactions between the Si-H or C=C in AHPCS and C=C in VF. The
introduction of VF improves the cross-linking of the precursors and ceramic yields
significantly. It is suggested in the 1300 <C resultant magnetic SiC ceramics, a-Fe
nanoparticles (~10nm) were uniformly dispersed in amorphous SiC(O) matrix, which
might be responsible for the soft magnetization of the ceramics. Moreover, iron
content of the ceramics could be easily controlled by the amount of VF in the
precursors, leading to the tailored magnetic properties.

Secondly, boron-modified AHPFCS precursors with hyperbranched structure
namely AHPFCS-Bs, were prepared by the hydroboration between B-H in 9-borabi-
cyclo [3, 3, 1] nonane (9-BBN) and C=C in AHPFCS. The results show that cyclo-
pentadienyl resonance in VVF has changed after the introduction of 9-BBN, which
indicates that chemical environment of iron element had also changed in precursors
and cross-linked samples. The iron content in ceramics increases with the
introduction of 9-BBN into the precursors, due to the mass loss of VF caused by low
boiling point decreasing. The results also show that the incorporation of a small
amount of boron (< 1 wt%) into precursors could increase the ceramic yield and
improve sintering and ceramic densification to some extent. It indicates that the
1500 <T ceramics contained B-SiC, a-SiC, graphite, and the iron element in ceramics
as the form of o-Fe and FeB ferromagnetic particles. Furthermore, the saturation
magnetization of the ceramics increases by the introduction of boron element.

Finally, hyperbranched polytitanocarbosilane (HPTICS) was firstly synthesized
by Grignard coupling reaction and reduction reaction, using (chloromethyl)
trichlorosilane (CI3SiCH,CI), (chromethyl)methyldichlorosilane (Cl,(CH3)SiCH,CI)

and bis(cyclopentadienyl)titanium dichloride (Cp,TiCl,) as raw materials. The results
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suggest that the titanium element inserts into the molecular chain in the form of
chemical bonding, and dispersed in the precursors at atomic level. In comparison
with HBPCS prepared by the same route using CIsSiCH,CI and Cl,(CH3)SiCH,CI as
raw materials, the ceramic yield of HPTICS significantly increases, which is ca. 33
wt% higher than that of HBPCS in 1200 <C, and the ceramic densification is

improved as well.

Keywords: Hyperbranched; Vinylferrocene; Bis(cyclopentadienyl)titanium dich-

loride; Silicon carbide; Single source precursor
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