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Abstract: Nanometer @ AL O3 powders were synthesized by the method of low-temperature combustion synthesis

(LCS) with aluminum nitrate nonahydrate and urea as raw materials. The prepared powders were studied by XRD,

TG-DTA, FT-IR and TEM. It is found that the average size of particles is 60 80 nm. The optimal synthetic condi-

tions are obtained, i.e., the suitable fuel is urea; the molar ratio of oxidizer to fuel is 1:

2 and the igniting tempera-

ture is 700 C. The results show that the size of particles is governed by synthesizing temperature, the fuel and the

molar ratio of oxidizer to fuel. TEM image of the particles collected shows that the crystal habits of particles have a

spheric structure and particles are polycrystal.

Key words: low-temperature combustion synthesis; nanoparticle; @ Al2Os powder

CLC number: TF123.7° 2

Document code: A

1 INTRODUCTION

Recent progress in the preparation and charac
terization of materials on the nanometer size scale
has introduced a new point of view for physics and
chemistry in the world about materials with grain
sizes(d) less than 100 nm because of the expecta-
tion of their unique properties.

The nanometer alumina (Al:O3) powders are
very important materials because of their interest-
ing properties and many technological applica-

173 . . . g
U1 such as in ceramics materials, optical

tions
materials, catalyst materials and structure materi
als. There are many manufacturing technologies to
be used to produce nanometer alumina, such as
gelsol method, vapor deposition method and hy-
drothermal process'*® . Low-temperature combus-
tion synthesis ( LCS) method” utilized the exo-
thermicity of the reaction between an oxidizer and a
fuel to directly synthesize the oxide phase from the
molecular mixture of the precursor solution. The
combustion reaction was initiated by bring the exo-
ergic materials up to the ignition temperature
whereupon combustion occurred simultaneously
throughout the sample in a thermal explosion'® .
Advantages of LCS method included: 1) higher
purity of products; 2) low energy requirements;
3) relative simplicity and high efficiency of the

process; and 4) cheaper raw materials' ' .
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In this work, the nano-structured alumina
powder has been synthesized from aluminum ni

trate nonahydrate by LCS using urea as fuel.
2 EXPERIMENTAL

In order to choose the suitable fuel, different
chemicals such as urea, citric acid and ammonium
oxalate were used as fuels for the combustion
processes.

Further study was carried out to investigate
the reaction using aluminum nitrate nonahydrate
and urea as starting materials. Stoichiometric con-
tents of aluminum nitrate nonahydrate and urea
were dissolved in distilled water in a crucible. The
crucible containing the resultant solution was
placed in a muffle furnace which was pre-heated to
the given temperature. During the heating, the
solution in the crucible was evaporated and got
boiling, releasing large amount of gases. Upon
continued heating, the solution suddenly foamed
up and caught fire, leaving a finely pow dered mass
in the form of a very low density sponge. The
grain size, morphology and microstructure of the
product were studied for different molar ratios of
AI(NOs3)s * 9H20 to CO(NH2)2 and igniting tem-
peratures.

The prepared powders were characterized by

XRD ( D/max-RB), TG-DTA ( Universal V2.6D

Correspondence: ZH Al Xir jing, Professor, PhD; Tel: + 86 24-83687729; E-mail: xjzhai@ mail. neu. edu. cn



< 1104 Trans. Nonferrous Met. Soc. China Oct. 2005

TA Instruments), FT-IR(Perkin-Ecmer2000) and
TEM (PHILIPS EM420) techniques.

3 RESULTS AND DISCUSSION

3.1 Choice of fuel

Alumina has been previously synthesized by
combustion synthesis process using various fuels,
such as urea, citric acid, glycine and glycol'". Tt
is noted that the choice of fuel alters the exother-
micity of the combustion reaction, which has a
strong influence on the properties of the prod-
uct'?,

Firstly, citric acid is used as fuel. Various
molar ratios of Al (NOs3)s * 9H20 to CsHsO7 °
H-.0 (6: 5(E1l), 6: 3(E2), and 6: 1(E3)) are
used for reactions at 600 ‘C. Fig. 1 indicates that
all the powders synthesized with citric acid as fuel
are amorphous alumina.
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Fig. 1 XRD patterns of powders synthesized
using citric acid as fuel

Similar experiments that use ammonium ox-
alate as fuel are carried out. The reactions are igni
ted at 600 C with Al(NOs3)s*9H.0/
(NH4)2C204 * H20 molar ratios of 8: 15(E4),
4. 3(ES) and 16: 3(E6). The powders prepared
using ammonium oxalate as fuel are amorphous
alumina, as shown in Fig. 2.

Finally, using urea as fuel, ¢ALOs powders
are obtained. Fig.3 shows the XRD pattern of the
powder prepared with molar ratio of Al (NOs)s *
9H:0 to CO(NH2)2 of 11 2. 5. In comparison
with the XRD data of & Al:Os obtained from PDF
card (No. 81 ~1667), all the XRD peaks are con-
sistent with peak position of ® A2O3 phase.

As we know, adAlbO;3 synthesized by sintering
of AI(OH)s requires temperature above 1200 C.
The energy generated is not enough in combustion
reactions using citric acid or ammonium oxalate as
fuel. Therefore, urea is selected as the suitable fu-
el, for the higher temperature (about 1400 C) is
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Fig.2 XRD patterns of powders synthesized

using ammonium oxalate as fuel
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Fig.3 XRD pattern of powders synthesized
using urea as fuel

achieved in the reaction'™ '

3.2 Effect of molar ratios of AI(NQOs)3 * 9H:0 to
CO(NH:) 2

The molar ratio of aluminum nitrate nona-
hydrate to urea plays an important role in control-
ling the morphology and gain size of the synthe-
sized powder. Given the exothermic redox reaction
yields N2, H20 and CO2, the stoichiometric com-
position is calculated to be 1. 1.25 on the basis of
the equivalent ratio theory. However, this ex-
cludes the possibility of formation of NO or NO2 in

5] T herefore various oxidizers to fuel

molar ratios (1: 1, 1: 1.5, 1.2, 1. 2.5, 1. 3
and 1. 3.5) are used for reactions at 750 ‘C. The

XRD analysis of the asprepared powder shows

the process

that the generation of yellowy amorphous alumina
powders is found when ratios are 1 1 and 1: 1.5
(Figs. 4(a) and (b)), whereas if ratios are 1: 3
and 1: 3.5 (Figs.4(e) and (f)) gray nano-crystal-
line alumina powders are yielded. Only the ratio is
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1: 2o0r1: 2.5 (Figs.4(c) and (d)), white foamy
nano-crystalline alumina powders can be obtained.
Fig. 4 shows the XRD pattern of the prepared alu-
mina powders. Because of the relatively smaller
particle size, 1: 2 is the preferred molar ratio of
the staring materials. 850 C wh
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Fig.4 XRD patterns of prepared alumina pow ders
prepared with different AI(NOs)3 ¢ 9H20/
CO(NH2) 2 molar ratios
(a) —1: 1.0; (b) —1: 1.5; (¢) —1: 2.0;

(d) =17 2.5; (e¢) —1: 3.0; () —1: 3.5

3.3 Effect of different igniting temperatures

Igniting temperature is another important fac
tor to the reaction. Elevating igniting temperature
from 400 to 850 C with the optimal molar ratio is
used to investigate the influence of the tempera
ture.

Fig. 5 shows that amorphous alumina pow ders
are obtained when the igniting temperature is 400
‘C. Only when the temperature is above 400 C
nano-crystalline alumina powders can be obtained.
Particle size calculated by the Scherrer formula is
listed in Table 1. Because of the relative smaller
particle size and high speed of the reaction, 700 C
is the optimal igniting temperature.

Table 1 Particle size of powders prepared
with different igniting temperatures

Igniting Particle size/ Igniting Particle size/
temperature/ C nm temperature/ C nm
450 75.4 700 69. 8
500 72.2 750 86.2
550 84.5 800 85.8
600 88.9 850 87.1
650 88.0

3.4 Thermal investigation
Fig. 6 shows the TG-DT A curves of the mix-
ture of AI(NO3)s * 9H20 and CO(NH2)2. The

Fig. 5 XRD patterns of alumina powders
prepared at different igniting temperatures

measurements are performed at the rate of 5 C/
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Fig. 6 TG-DTA curves for mixture of
AI(NO3)3 * 9H20 and CO(NH2)2

min in air.

The TGA curve shows that a rapid mass loss
occurs between 150 ‘C and 300 ‘C, which is caused
by the large amount of gas generated during the
decomposition of the mixture. And 21.20 % mass
loss at 174. 26 C is due to the decomposition of
urea.

In the TG curve, the endothermic peak at
53. 88 T is attributed to the melting and decompo-
sition reaction of AI(NO3)s * 9H»0:

AI(NO3)s * 9H.0 ™

AI(NOs)s * 6H20+ 3H.0

Subsequently, basic nitrate (AI(NO3); *
3A1(OH)3 * 5/2H20) is formed at 160.72 C.

The decomposition of CO(NH2)2 is found to
be an exothermic course and its reaction tempera-
ture is about 180 C. On the further heating process,
(HNO)3 is formed at 220. 15 C and 246. 34 ‘C''%.

3.5 FT-IR analysis

Fig. 7 illustrates the infrared spectrum of the
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prepared powders ignited at 350, 450, 550, 650
and 750 C respectively. When ignited at 350 C,
two absorption peaks are observed at 3 300 cm™'
and 1500 cm™'. The former is attributed to O —H
bending band and the latter to the O —H stretching
band. When ignited at 550 C, 650 C and 750 C,
absorption peaks appearing at 400, 600 and 800
em” ' are assigned to the Al —0 peaks of ®ALOs.
However, Al —0 peaks observed at 400, 600 and
800 cm™ '
sharp.

when ignited at 450 C are not very
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Fig. 7 FT-IR spectra of as-prepared pow ders
ignited at different temperatures

From the investigation of infrared spectra, we
can come to the conclusion that Al.Os powders
with dramatic A1 —0O peaks can be synthesized by
setting the igniting temperature above 650 C. T his
result is consistent with that of XRD measure

ments[m .

3.6 TEM images and electron diffraction patterns
of samples

The morphology and particle size of AL Os
nanocrystalline are observed by TEM. Fig. 8( a)
shows the TEM image of &AL O; nanocrystalline
powder. It is clearly seen that the particles are
nearly spherical in shape and the average particle
size of the sample is about 60 =80 nm. This agrees
very well with the results of XRD measurements.
Fig. 8(b) shows a selective area electron diffraction
pattern. The diffraction rings indicate that the
sample is polycrystal.

4 CONCLUSIONS

1) The optimal reaction conditions for synthe-
sizing ¢Al:O3; nanocrystalline powders by low-
temperature combustion synthesis method are: u-
sing urea as fuel, oxidizer to fuel molar ratio of 1:
2, and igniting temperature of 700 C.

2) The polycrystal ¢Al:O; powders have an

Fig. 8 TEM image(a) and corresponding electron
diffraction pattern(b) of ® Al2Os powders

average gain size of about 60 ~ 80 nm and are ap-
proximately spherical in shape.
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