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Abstract

Nanometer AIN powders were prepared by combining spray pyrolysis with carbothermal reduction and nitridation (CRN). The aluminum
oxide/carbon composite powders prepared by spray pyrolysis from a sucrose spray solution were several microns in size, with hollow and porous
structures. Precursor powder with 67 wt% carbon content was transformed into phase-pure AIN powder by CRN at temperatures above 1,400 °C.
The hollow-structured AIN powder was ground to 20 nm mean size by simple milling.

© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Nano-sized nitride powders have attracted recent research
attention due their superior physical properties when compared
with conventional micron-sized powders. They require only
low-temperature sintering, and have good mechanical-proper-
ties and high-temperature superplasticity [1-8].

Aluminum nitride ceramics are attractive materials to the
electronics industry due to their high thermal and very low
electrical conductivities and thermal expansion coefficients
similar to silicon’s [9,10]. The high melting point, good thermal
stability and corrosion resistance of molten aluminum and
cryolyte ensure the growing application of AIN in other fields.
Rare earth-doped AIN has been investigated because of its
potential applications in blue-UV optoelectronic and micro-
electronic devices [11-19].

Syntheses of nano-sized AIN powders by gas and solution
phase reactions have been extensively studied for a long time
[1,20-28]. In gas phase methods, nano-sized AIN powders are
formed by direct nitridation of vaporized Al metal, using
various heat sources, such as rf plasma, transferred-arc plasma,
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laser beams and electron beams [1,20-23]. Carbothermal
reduction and other low-temperature chemical approaches have
also been attempted to prepare nano-sized AIN powders [24—
28]. Qin et al. prepared fine AIN powders by the carbothermal
reduction of a combustion-synthesized precursor [29].

Spray pyrolysis has advantages in that it can control the
morphology and mean size of multicomponent oxide powders.
Therefore, spray pyrolysis has been used in the preparation of
the precursor powders for oxide materials [30-34]. It has
recently been applied in the preparation of nano-sized oxide
powders using spray solutions with organic additives. Metal
oxide/carbon composite powders with hollow and thin walled
structures have been transformed into nano-sized metal oxide
powders after treatment at high temperatures under atmo-
spheric conditions [35-37]. Metal oxide/carbon composite
powders prepared by spray pyrolysis have also been used as
precursors for the preparation of oxynitride phosphor powders
by carbothermal reduction and nitridation (CRN) [38].

In this study, nano-sized AIN powders were prepared by
combining spray pyrolysis and CRN. Aluminum oxide/carbon
composite powders prepared by spray pyrolysis were trans-
formed into nano-sized AIN powders by CRN.

2. Experimental

The spray pyrolysis system used in this work is described in
detail elsewhere [34]. It consisted of a droplet generator, quartz
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reactor, and particle collector. A 1.7 MHz ultrasonic spray
generator with six vibrators was used to generate large
amounts of droplets, which were carried into the high-
temperature tubular reactor by a carrier gas. The droplets and
particles evaporated, decomposed and/or crystallized in the
quartz reactor (length 1,200 mm and diameter 50 mm). The
aluminum precursor was aluminum nitrate nonahydrate; it
was used in this work at 0.1 M. The concentration of the
sucrose carbon source was also fixed at 0.1 M. The flow rate
of the air carrier gas was 40 Lmin'. The reactor was
maintained at 900 °C. The nitridation of the powders was
performed in a tube furnace at temperatures between 1,200
and 1,550 °C under a nitrogen atmosphere. Residual carbon
in the nitridation product was removed by firing in air at
700 °C for 1 h.

The crystal structures of the as-prepared and post-treated
AIN powders were investigated by X-ray diffractometry
(XRD, RIGAKU, DMAX-33). Particles’ morphologies were
investigated by scanning electron microscopy (SEM, JEOL,
JSM 6060) and high-resolution transmission electron micro-
scopy (TEM, FEI, Technai, 300 K). The precursor’s thermal
properties were measured on a thermo-analyzer (TG-DSC,
Netzsch, STA409C, Germany) between 40 and 900 °C (10 °C/
min).

3. Results and discussion

The morphology of the aluminum oxide/carbon composite
powder prepared by spray pyrolysis is shown in Fig. 1. The
particles were hollow and spherical. The high flow rate of the
carrier gas and the high rate of gas evolution by the
decomposition of the aluminum precursor and sucrose was
responsible for their hollow structures. The precursor’s TG
curve (Fig. 2) clearly shows two weight losses below 600 °C.
The first pronounced weight loss at below 200 °C was related to
the evaporation of adsorbed water. The second weight loss at
below 600 °C was related to the decomposition of carbon. The
exothermic peaks at 379 and 475 °C in the DSC curve (Fig. 2)
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Fig. 1. SEM image of the precursor powders prepared by spray pyrolysis.
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Fig. 2. TG/DSC curves of the precursor powders prepared by spray pyrolysis.

indicate the decomposition of residual carbon. The weight
losses by the evaporation of water and by the decomposition of
carbon were 9 and 67 wt%, respectively. This work employed
spray pyrolysis at a high flow rate of carrier gas, 40 Lmin ',
which resulted residence times of the particles inside the hot
wall reactor as short as 0.5 s. Therefore, incomplete decom-
position of the carbon components was observed even in an air
atmosphere.

Fig. 3 shows XRD patterns of the post-treated powder at
various temperatures under nitrogen gas. Nitridation of the
aluminum oxide powders occurred even at the relatively low
temperature of 1,200 °C. However, complete nitridation of the
aluminum oxide powder was not observed when the
temperature reached 1,300 °C. Phase pure AIN powder was
only obtained at post-treatment temperatures above 1,400 °C.
The carbon component of the precursor improved the
nitridation reaction of aluminum oxide. Phase pure AIN
powder was therefore prepared by a combined carbothermal
reduction-nitridation method.
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Fig. 3. XRD patterns of the AIN powders post-treated at various temperatures.
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Fig. 4. SEM images of the AIN powders post-treated at the various tempera-
tures.
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Fig. 5. SEM images of the AIN powders obtained after milling process.

Fig. 4 shows the AIN powders’ morphologies. The
powders post-treated at various temperatures under nitrogen
were fired in air at 700 °C for 1 h to eliminate any residual
carbon. The AIN powders maintained the spherical
morphologies of the precursor irrespective of the treatment
temperature. Fig. 5 shows the AIN powders’ morphologies
after milling using a planetary mill. The spherical shape of
the AIN powder was lost after milling when the post-
treatment temperature reached 1,550 °C. The powders with
hollow structures were transformed into nano-sized powders
by milling. Fig. 6 shows TEM images of the AIN powder
post-treated at 1,500 °C before and after milling. The
powders had an aggregated structure of nano-sized primary
powders. The mean size of the particles measured from the
TEM image Fig. 6 (b) was 20 nm.
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Fig. 6. TEM images of the AIN powders post-treated at 1500 °C.

4. Conclusions

Aluminum oxide/carbon composite powders were prepared
by spray pyrolysis and used as precursors for the production of
AIN powders. Sucrose was used as a carbon source. The
precursor’s spherical shape and hollow structure were main-
tained after post-treatment at 1,500 °C. The AIN powders

prepared by combining spray pyrolysis with carbothermal
reduction and nitridation (CRN) had aggregated structures of
nano-sized primary powders. Nano-sized AIN powders were
obtained by the milling of the hollow and porous powders.
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