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Abstract

Abstract

The polymer derived ceramic (PDC) route has been considered as one of the
most popular methods to prepare silicon carbide (SiC) based ceramic composites for
its advantages. Polycarbosilanes (PCSs) have been of particular interest as precursors
to SiC. Of all the PCSs, a hyperbranched polycarbosilanes (HBPCS) maybe regarded
as excellent precursors for SiC ceramic matrix sources because of their unique
structures and favorable properties, such as lower viscosities, more favorable
solubilities, and larger amounts of reactive end-functional groups. Recently, the
introduction of hetero-elements into might endow SiC with excellent electrical and
magnetic properties, which is attractive in the high performance ceramic fileds.

In this work, three hybrid precursors of titanium, zirconium, iron-containing
polycarbosilanes were synthesized, and SiC-based ceramic composites were prepared
via pyrolysis of the as-synthesized hybrid precursors. 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, chemical elemental
analysis, thermal gravimetric analysis (TGA), X-ray diffraction (XRD), Raman
spectroscopy, scanning electron microscope (SEM), high resolution transmission
electron microscopy (HRTEM), and vibrating sample magnetometer system (VSMs).

Firstly, in order to lower the curing temperature and to increase the ceramic yield,
a hybrid precursor of titanium-containing polycarbosilane was prepared by blending
hydridopolycarbosilane(HPCS) and tetrabutyl titanate (TBT), namely HPCS-TBT,
followed by crosslinking and pyrolyzing at high temperatures to form SiC(Ti)
ceramics. The results showed that the cross-linking reaction of HPCS-TBT hybrid
precursor took place via condensation between the Si-H bond of HPCS and butoxy
group in TBT leading to the formation of Si-O-Ti bonds. The ceramic yield of hybrid

precursor was significantly enhanced by introduction of TBT. The ceramic yield at

I



Abstract

1,400°C was 83%. The characteristic peaks of B-SiC and TiC appeared until 1600°C.
The growth of SiC crystals was inhibited by the formation of TiC. The Ti content in
the ceramic could be controlled by varying the TBT content in the feed.

Secondly, with the purpose of improving the thermal stability and dielectric
properties of final ceramics, SiC/MC/C(M=Zr, Ti) composites were prepared via
pyrolysis of a polymeric precursor, namely AHPCS-Cp,MCl, hybrid precursor
prepared by the blend of allyhydridopolycarbosilane (AHPCS) and
bis(cyclopentadienyl) M dichloride (Cp,MCL).It indicated that dehydrocoupling,
hydrosilylation and dehydrochlorication were involved in the cross-linking of the
hybrid precursor, which were responsible for a relatively high ceramic yield. For the
AHPCS-Cp,ZrCl; hybrid precursors, the ceramic yield at 1200°C was 75.5%. The
polymer-to-ceramic conversion was complete at 900°C, and it gave amorphous
ceramic. Further heating at 1350°C induced partial crystallization, and then the
characteristic peaks of B-SiC and cubic ZrC appeared at 1600°C. For the
AHPCS-Cp,TiCl, hybrid precursors, the ceramic yield at 1200°C was 82%. The
characteristic peaks of B-SiC and TiC appeared at 1350°C. The ceramic composites
showed the best densification when the ration of Cp,TiCl, percent was 25%. When
the ration raised to 50%, the ceramic composites possessed excellent dielectric
properties (average dielectric loss tan6=0.34).

Finally, to enhance the magnetic properties, Fe-SiC ceramic composites were
prepared via pyrolysis of a polymeric precursor, namely AHPCS-Fe(CO)s hybrid
precursor prepared by the blend of AHPCS and Fe(CO)s. It demonstrated that
Fe(CO)s first decomposed into nanosized multinuclear carbonyl derivatives and CO.
Then the CO reacted with the AHPCS at the interface, forming the Si-O-Si linkage
and rending AHPCS cross-linked. The ceramic yield at 1200°C was 83%. SiC had
nucleated at 900°C. 1300°C, SiC and a-Fe crystallites grew. The presence of iron was
responsible for the growth of B-SiC crystallites. The Fe-SiC ceramics containing

1.51% iron had a saturation magnetization 3.08emu/g.

Key  words: Hypebranched  polycarbosilanes,  Tetrabutyl titanate,
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Bis(cyclopentadienyl)  zirconium  dichloride, Bis(cyclopentadienyl) titanium

dichloride, Iron pentacarbonyl, SiC ceramic matrix composites
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