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Structural Characterization of a Polyaluminosilazane Precursor Pre-
pared by Polymerizing Hexamethylcyclotrisilazane with Aluminum
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A new polyaluminosilazane precursor was prepared by poly-
merizing hexamethylcyclotrisilazane (HMCTS) with aluminum
acetylacetonate and the structure of the precursor was charac-
terized by FT-IR and XPS analysis. Result shows that alu-
minum was incorporated mainly in form of AI—N bond. Oxy-
gen was also detected and found that it was mainly bonded to
silicon.
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Introduction

Si3N4/SiC composites, which have enhanced fracture
strength in comparison with monolithic Si;N, materials, are
candidate materials for high-temperature application as en-
gine and turbine parts or as cutting tools, as well as having
mmportance for microelectronic devices.!'> However, the
conventional fabrication of dense composites is difficult,
owing to the different sintering behavior of the SisN, and
SiC powder particles used as the starting materials.3 One
promising alternative route is to start from silicon carboni-
trides, Siz,,N4C,,,, which are single phase materials
with a homogeneous distribution of silicon, carbon and ni-
trogen at an atomic level.* Usually, polysilazane precur-
sors containing Si—N-—Si units have been used because a
single phase of Si/C/N could be obtained by pyrolysis.!*S

However, the polysilazane derived ceramics are easy
to crystallize at temperature higher than 1440 C due to
evolution of nitrogen.> To solve the problem, the polysi-
lazanes can be chemically modified to produce quaternary
systems like Si/B/C/N,® which have shown a much im-
proved thermal stability as well as a more controlled crys-
tallization behavior. Besides boron, another promising
candidate is aluminium since AIN, Al;0;, SiAlON and
other Al-containing materials show interesting properties
such as high strength, high hardness or resistance to ther-

mal shock and oxidation. Up to now, polyaluminosilazanes
(PASNs) have been synthesized either by polymerizing
hexamethylcyclotrisilazane (HMCTS) with triethylalu-
minum (TEA)” or by the condensation reaction between
AlH3-N(CH3)3 and Si(NHCH;)4 at — 78 °C.% However,
the above aluminum-containing reagents are either very air-
sensitive or too costly to be commercially used. Instead,
we synthesized a new PASN using aluminum acetylaceto-
nate [Al(AcAc)3] and the structure of the precursor was
studied by FT-IR and XPS analysis.

Experimental

All liquid organosilicon compounds were purchased
from Xinghuo Organosilicon Factory and purified by distil-
lation. Xylene was commercially available and was dried
by refluxing over sodium and distilled under a nitrogen at-
mosphere. Al(AcAc); was purchased from Aldrich chemi-
cal company and used as received. Reactions were carried
out in oven dried glass equipment with flowing high purity
nitrogen as the protecting gas.

The PASN was synthesized as follows: In a 250-mL
three-necked, round-bottomed flask equipped with a reflux
condenser, a dropping funnel and a gas inlet tube, 5.0 g
of aluminum acetylacetonate was added firstly, then 100
mL of freshly distilled xylene and 10 mL of HMCTS were
charged by syringe after the air in the flask was replaced
by dry nitrogen. The reaction mixture was heated up to the
boiling point of xylene and maintained at the temperature
for 30 h, then the solvent was removed by distillation un-
der nitrogen. The brown solid was dried under vacuum to
give 11.2 g of brittle material. PASN is somewhat sensi-
tive to air and moisture, so it should be kept under an in-
ert atmosphere .

Fourier-transform infrared (FT-IR) spectra were ob-
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tained with a Perkin-Elmer 2000 IR spectrometer in the
wavenumber range 4000—400 cm ~! using standard proce-
dures. Aluminum and oxygen content were analyzed in-
strumentally at the National Key Laboratory of Powder Met-
allurgy of China. Molecular weight distributions were de-
termined by gel permeation chromatography (GPC) by us-
ing a Waters-244 analyzer and s-Styragel columns calibrat-
ed with polystyrene standards and by using tetrahydrofuran
(THF) as diluents at a flow rate of 0.5 mL/min. The X-
ray photoelectron spectroscopy (XPS) was recorded (FRR
XPS spectrometer) with Al Ka as the excitation source on
the fresh fracture surface of PASN. The pressure in the
spectrometer was at the 10~° Pa level. The binding ener-
gies were obtained with respect to the Cj, peak of graphitic
carbon at 284.1 eV.

Result and discussion

The FT-IR spectra of HMCTS and PASN are shown i m
Fig. 1 (a) and (b) respectively. The peak at 925 cm~
was typical of asymmetrlc stretching of Si—N—Si, while
the peak at 700 cm~! was Si—C symmetric stretching.
The peaks at 3392 and 1170 em ™! were assigned to the
N—H bond and the peaks at 2950, 2900 and 1410 em™!
were assigned to the C—H bond. A sharp absorption at
1250 em ™! was due to the deformation of Si—CHj3. In ad-
dition, a sharp peak at 1080 cm ™! may be assigned to the
cyclic structure of HMCTS or Si—O bond. 1.9

As to the difference, the strong N—H peaks in HM-
CTS became too weak to be detected in PASN. At the
same time, Al—N peak located near the C—H bond at
1400 cm~! came to appear. Based on this point, It is
known that the polymerization process was done by the for-
mation of Al—N bond with the consumption of N—H
bond. As shown in Scheme 1, acetylacetonate was gener-
ated as a byproduct in the process.
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Also, a weak peak at 1710 cm ™' could be detected in
PASN, which is probably due to H—O—H (H,0) vibra-
tion introduced during measurement.

Fig. 2 is the XPS wide scan of the fresh fracture sur-
face of PASN. The peaks assigned to ALy (74.2 eV),
Sipp(101.9 eV), Sin (160.5 eV), Ny,(398.2 eV), Oy,
(531.9 eV) and oxygen auger are visible.!® According to
the area ratio of the main peaks, an empirical formula like
SiC; oNo 7Alg.100.3H, could be proposed. This is in good
agreement with the elemental analysis, which showed Al
and O content were 3.01%, 4.86%, respectively. The
precursor has a number-average-molecular-weight of 1324
and could be solved in benzene, toluene, xylene, THF
and so on. Accordingly, the precursor has similar proper-
ties to those reported in the literature,”’® but superior in
that the raw material is relatively stable and cheap.

To obtain more information about the structure, the
core level deconvolution spectra of the main peaks are
shown in Fig. 3. The Siyp peak was deconvoluted into
100.5, 102.1 and 104.2 eV and assigned to Si—N, Si—
C and Si—O,"! respectively. It is obvious that Si is bond-
ed mainly to C, N and weakly to O.
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Fig. 1 FT-IR spectra of the (a) hexamethylcyclotrisilazane and (b) polyaluminosilazane.
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Fig. 2 XPS wide scan of the fresh fracture surface of polyalumi-

The deconvoluted peaks of C;, centered at 284.5,
283.0 and 286.4 eV were assigned to C—Si, C—H and
C—O0 or C = 0.'>13 The binding energies of C—O and
C = O were near.!* Also, the deconvoluted N, incorporat-
ed N—Si (398.0 eV) and N—Al (400.5 eV), and the
deconvoluted Oy, incorporated 0—Si (532.4 V) and O =
C or 0—C (530.9 eV). Due to weakness, the Aly, peak
could not be deconvoluted but showed a main peak as-
signed to AI—N bond at 74.4 eV.'5 As an unwanted ele-
ment, oxygen was found mainly bonded to silicon. It may
come from HMCTS as Si—O bond or from the environment
when exposed to air.
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Fig. 3 Core level deconvolution spectra of Siy,, Cy,, Ny, Aly, and Oy,.
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