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Abstract A new kind of organometallic precursor for Si/Zr/C/N-based ceramics was synthesized from the amine exchange
reaction of hexamethylcyclotrisilazane (D;) and tetrakis(diethylamino)zirconium (Zr{NEt,],). Pyrolysis was performed
under nitrogen at 800°C in a tube furnace equipped with a temperature program controller. The highest pyrolytic yield was
67.5%.
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Zirconium nitride (ZrN) has excellent properties, such as high hardness, high melting point, corrosion resistance,
high electrical conductivity and so on. In recent years, the alloying of ZrN with other covalent refractory
materials such as Si;N, or SiC is becoming a research hotspot. According to the literature!’, Si/Zr/C/N-based
ceramics were prepared by mixing zirconium/zirconium oxide powders with polymers (polysilazane,
polycarbosilazane and polysilane) and pyrolyzing the resultant polymer/metal composite powders. Now, attention
has been directed to the pyrolysis of ceramic precursors containing zirconium in their structures. In general, the
dispersion of zirconium at the atomic level in the precursors may control the stochiometry and the microstructure
of the resulting ceramics. Chandra® used organohalodisilane to react with ZrCl, in the presence of a
redistribution catalyst under argon and obtained zirconium-containing polysilane, which contained less that 1%
zirconium. We have studied the condensation reaction of hexamethylcyclotrisilazane lithium salts (D;N“) and
zirconium tetrachloride (ZrCly) to synthesize the polyorganozircosilazane as Si/Zr/C/N-based ceramic
precursor”™. In this paper, another novel method, the amine exchange reaction of hexamethylcyclotrisilazane
(D;Y) and tetrakis(diethylamino)zirconium(Zr[NEt,],), was investigated to obtain Si/Zr/C/N-based ceramic
precursors.

EXPERIMENTAL

IR spectra were recorded on a FT-IR spectrometer (PE-80). The content of carbon and hydrogen were measured
with a Heraeus CHN-Rapid instrument. The nitrogen content was analyzed by using Coulomb titration ). Silicon
and zirconium were determined by inductively coupled plasma emission spectroscopy (ICP; IRIS/AP).

General procedure for the Reaction and Pyrolysis

Polyorganozircosilazane was prepared by the reaction of D;N and Zr[NEt)), following the literature
procedure!®®. The reaction was performed in a three-necked flask equipped with a thermometer, an inlet for
purging the gas and a reflux condenser. D" (0.1 mol) and 60 mL of toluene were introduced into the flask under
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nitrogen. To the solution, Zr[NEt]4 (0.075 mol) was added in a standard glove box at room temperature. The
mixture was stirred for 48 h at refluxing temperature. Then the solution was distilled to give precursor (36.86%)
as an orange-red solid. The zirconium content of precursor is 32.70%.

Pyrolysis was carried out under nitrogen in an SK2-1-10 tube furnace equipped with a KSW-2-11
temperature controller. The temperature was programmed from ambient temperature to 300°C at 1 K/min, held at
300°C for 1 h, and then was raised from 300°C to 800°C at 2 K/min, and held at 800°C for 2 h. The highest
pyrolytic yield was 67.5%.
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Characterization of Precursor

It can be seen from Table 1 that the contents of Si, C, H and Zr are consistent with the theoretical values, but the
content of N is somewhat lower. This is because the samples were weighed under air, and the Zr-N bond could
be easily broken by water when coulometry was used to determine the N content.

Table 1. Elemental analysis of precursor
Element Si C N H Zr

Caled. (%) 27.20 23.81 13.60 5.83 30.07
Found (%) 28.94 25.90 9.56 5.43 32.70
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Fig. 1 Infrared spectrum of precursor

From Fig. 1, we can see that the N—H peak (1163 cm™) in the precursor disappears on comparing with D",
and the stretching vibration peak of Si—N—Si shifts from 925 cm™ to 935 cm™. In addition, new absorption
peaks appear at 800, 1023 and 469 cm™. According to the literature™, the peak at 800 cm™ is attributed to the
Si—N—Zr absorption, and the peak at 469 cm™ belongs to the Zr—N absorption. The broad peak at 3414 cm’
may result from the absorption of water in air.
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