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ABSTRACT

A novel method of synthesizing non-oxide ceramic
powders by the combination of low temperature
combustion synthesis (LCS) and carbothermal reduction is
introduced in this paper. Firstly, a homogeneous precursor
consisting of fine oxide and carbon particles was prepared
by the LCS method using a mixed solution. Subsequently,
the non-oxide ceramic powders were fabricated by the
carbothermal reduction of the LCS precursor. Several kinds
of nanosized non-oxide ceramic powders including AIN,
TiN, ZrC, and SiC were successfully synthesized by this
modified carbothermal reduction route. The advantages of
LCS, such as energy saving, easiness and quickness, well-
defined chemical compositions, and homogeneous
distribution of the elements can be fully taken in this
method. Owing to the fact that the carbothermal reduction
conditions were improved greatly and the non-oxide
ceramics powders with fine particles and uniform
distribution were produced at lower temperatures and
shorter reaction times.
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1 INTRODUCTION

Non-oxide ceramics including carbide, nitride, boride,
and silicide, and their composites have been applied widely
in many fields due to excellent physics and chemical

properties [1-11]. The preparation methods of non-oxide

ceramics powders include carbothermal reduction (CR) [5-
7], direct nitriding or carbonizing of according metal [12,
13], selfpropagating high-temperature synthesis (SHS) [8],
and chemical vapor deposition (CVD) [4] et al. Among
various methods, the non-oxide ceramic powders prepared
by the CR method exhibit high purity, well dispersibility,
good sinterability, and the particle size and morphology can
be well controlled [9-11]. Moreover, the CR method has

already been applied widely in industrialization production
due to its low cost and suitable mass production [1-3].

Although the carbothermal reaction mechanisms of
preparing non-oxide ceramics powders are varied at present

[1-3], many researches indicate that the species, particle

size, and mixing homogeneity of starting materials have
significant effect on the reaction conditions and properties

of the synthesized non-oxide ceramics powders [14-16].

One of the most effective approaches for improving
carbothermal reduction conditions and preparing non-oxide
ceramics powders with fine granularity is to prepare a
homogeneous mixture of oxide and carbon by the chemical
method. It is well-known that LCS is one of the most
appropriate chemical methods to prepare the oxide-based

materials [17-22]. The LCS method exhibits the advantages

such as energy saving, easiness and quickness, well-defined
chemical compositions, and homogeneous distribution of

the elements [17-22].

In present work, the LCS method is modified by adding
water-soluble organic carbon source (for example, glucose,
sucrose, soluble starch, citric acid et al) to the mixed
solution of the aim nitrate (or the soluble material of
including target elements and nitric acid) and organic fuel.
The uniform mixing of the target elements and organic
carbon source on the atomic or molecular level can be
successfully achieved in solution. As the combustion
reaction takes place, the nitrate and the organic carbon
source are transformed into fine oxide and carbon particles
respectively by the heat generated in the reaction, and the
oxide particles are uniformly dispersed into the carbon
matrix which is formed by the dehydration and
carbonization of organic carbon source. In this way, a
precursor that contains a homogeneous mixture of very fine
oxide and carbon particles can be obtained. Several kinds of
precursors consisting of fine oxide and carbon particles
were firstly prepared by the LCS method using aluminum
nitrate, zirconium nitrate, titanium sulfate, silica sol, nitric
acid, urea, glucose, etc. as raw materials. Subsequently, the
prepared precursors were successfully transformed into
several kinds of non-oxide ceramics powders such as AIN,
TiN, ZrC, and SiC by the modified CR method.

2 EXPERIMENTAL SECTION

All the chemicals are of analytical grade. Although the
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procedure is very general, we focus in this first contribution
on the synthesis of AIN. In a typical synthesis for the
preparation of AIN powders, aluminum nitrate (37.5 g),
urea (6 g), and glucose (26.4 g) were dissolved in distilled
water (200 ml) in a 2000 ml glass, and subsequently the
solution was heated in air on an electrical furnace to
prepare the precursor. As the heating continued, the
solution swelled accompanying with the release of a lot of
gases. The whole process only took several minutes
resulting in a porous and foamy mixture of (Al,O3+C)
precursor. The nitridation reaction of the precursor was
performed in a tube furnace. The precursor was heated at
1400 °C for 3 h with a 1 L/min flow rate of nitrogen.
Similarly, a LCS precursor of (SiO,+C) mixture, derived
from silicic acid, polyacrylamide, nitric acid, urea, and
glucose mixed solution, was maintained at 1500 °C for 3 h
with a 0.5 L/min flow rate of argon to obtain SiC powders.
Then, a LCS precursor of (TiO,+C) mixture, derived from
titanium nitrates (prepared by precipitation method using
titanium tetrachloride as materials), citric acid, and glucose
mixed solution, was heated to 1100 °C for 3 h with a 1
L/min flow rate of nitrogen to prepare TiN powders.
Moreover, a LCS precursor of (ZrO,+C) mixture, derived
from zirconium nitrate, urea, and glucose mixed solution,
was heated to 1500 °C for 3 h with a 1 L/min flow rate of
argon to prepare ZrC powders. The particle size and
morphology of four kinds of precursors exhibit obvious
diversity (Fig. 1), which may be ascribed to the nature of
materials composition in different solution systems.

X-ray diffraction study of the calcined products was
carried out in an X-ray diffractometer using CuKa radiation
(XRD, Rigaku, D/max-RB12). XRD results and the MDI
Jade software package were used to determine the lattice
parameters of the synthesized powders. The particle size
and morphology of precursors and calcined products were
observed by scanning electron microscopy (SEM, JSM-
6301F) and field emission scanning electron microscopy
(FE-SEM, JSM-6701F), respectively.

Figure 1: SEM images of precursors: (a) Al,O3+C; (b)
S|02+C, (C) T|02+C, (d) ZrO0,+C

3 RESULTS AND DISCUSSION

Fig. 2 shows the typical XRD patterns and FESEM
images of four kinds of products. It is obvious in Fig. 2a
that the sample, synthesized at 1400 °C, exhibits only the
peaks corresponding to AIN, indicating that pure hexagonal
AIN (JCPDS card 25-1133) is obtained via the modified CR
route. Moreover, the AIN powders exhibit well-dispersed

spherical particles with diameter of 50-80 nm. In another

run, SiC is obtained successfully by a similar route. Fig. 2b
demonstrates the XRD pattern and FESEM image of the
SiC product synthesized at 1500 °C. The XRD pattern
revealed the presence of B-SiC (JCPDS card 29-1129). A
low-intensity peak at about 26=33.6° can be indexed to the
stacking faults [23], which is marked with SF. SiC powders
are mostly comprised of spherical particles with diameter of
80-120 nm, and contain minor amount of rod-shape
crystals with a diameter of 100 nm and a length of up to
several micrometers (Fig. 2b). Fig. 2c shows the XRD
pattern and FESEM image of TiN powders synthesized at
1100 °C for 3 h. The XRD pattern displays the formation of
TiN phase. The lattice parameter is calculated to be a=4.241
A, which is in good agreement with cubic TiN (JCPDS card
38-1420, a=4.242 A). The synthesized TiN powders exhibit

well-dispersed spherical particles with diameter of 80-100

nm, as shown in Fig. 2c. Furthermore, ZrC has also been
synthesized successfully by a similar route. It is obvious in
Fig. 2d that the pure-phase of ZrC is observed in the 1500
°C sample. The lattice parameter is calculated to be a=4.692
A, which is nearly consistent with cubic ZrC (JCPDS card
35-0784, a=4.693 A). The ZrC powders, synthesized at
1500 °C, consist of well-distributed spherical particles
ranging from 80 to 120 nm (Fig. 2d).

486 NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6274-5 Vol. 1, 2012



Intensity(a.u.)

2-Theta (deg)

Intensity (a.u.)

20 30 40 50 60 70 80
2-Theta (deg)

)

Intensity (a.u

20 30 40 50 60 70 80
2-theta (deg)

20 40 60 8
2-Theta (deg)

Intensity(a.u.)
S —TT T
2

Figure 2: XRD patterns and FESEM images of synthesized
products: (a) AIN; (b) SiC; (c) TiN; (d) ZrC

4 CONCLUSIONS

A novel preparation method of non-oxide ceramics
powders by combining the LCS and CR is presented in this
paper. It utilizes adequately the advantages of LCS and CR
methods, which can produce non-oxide ceramic powders
with high-quality at low cost and in large scale. This work
has broadened the applications of the LCS (LCS is usually
just used as the method for the synthesis of oxide ceramic
powders) and enriched the theory and practice of the
combustion synthesis. And this study would be of great
importance in promoting the use of LCS method for the
synthesis of other nanosized non-oxide ceramics powders
such as WC, WN, MoC, MoN, VN, TiB,, BN, SizN,, and
S0 on.
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