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TOM TAT

NGHIEN CUU, CHE TAO NANO 0-Al,03 BANG PHUONG PHAP KHUON MEM SU
DUNG PUONG SUCROSE

Trong nghién cizu nay cac hat a-Al O3 kich thuée nano da dwoc téng hop bang phan #ng nhiét sinh
sir dung dwong sucrose vira lam tac nhan kha (nhién ligu), vira 1am khudén mém. San pham a-Al,03
thu dwoc dd dwoc phan tich bang céc ki thugt SEM, XRD va DLS. Két qud XRD x&c nhdn si hinh
thanh céc tinh thé nano a-Al;03, trong khi anh SEM cho thdy kich thwéc hat nam trong pham vi kich
thieéc nano. Nghién cizu cho thdy viéc tang nong dé dwong sucrose dan dén s hinh thanh cac hat a-
Al;0; nhé hon. Két qua chi ra khi tang nong d@é sucrose trong dung dich thi kich thieéc hat a-Al,03
sé tro nén nho hon, véi dwong Kinh trung binh dwdi 50 nm. COng trinh nay gidi thigu vigc wng dung
méi cua sucrose trong quy trinh ché tao bgt a-Al,O3 kich thuéc nano. Nghién ciu mé ra huwéng méi
trong viéc san xudt cac hat nano oxit nhém pha a én dinh, ¢ tiém nang ing dung trong nhiéu linh
vuc khac nhau.

Tir khod: Khuén mém, phwong phdp dot chdy; hat nano, a-Al,03; duong

could be obtained only at about 1200° C,

1. INTRODUCTION . .
however at high temperatures alumina

Alumina was one of the most widely used could be aggregated and making a large
materials today, serving as a versatile particle size and small surface area. This
material in many applications[1]. Due to results making a-form was not suited for
its ample polymorphism, aluminum oxide catalyst support and in grinding ball
exhibited multiple phases that influenced application [5].

its surface properties and

Recently, several research groups have
shown that nanocrystalline  Al,O;
displayed a great toughness, hardness,
thermal and chemical stability [6] [7].
However, the structural imperfection of
this material could reduce these properties
[8], [9], [10]. The high-purity, uniformly
sized, equiaxed nanoparticles of Al,O;
might make it to be high performance
nanoceramics. Rabindra et al. used
thermal decomposition of Al-ion to
produce o-Al,O3; nanocrystals (15-20
nm), with a BET surface area of 194 m?/g

microstructure[2]. Recently, alumina had
widely been used in many catalytic
support applications due to its high
porosity [3]. However, the refractory and
heat-resistant properties of supporting
material were required in some
applications. Therefore, it was necessary
to convert y-phase into a-phase because
of the low temperature resistance of y-
Al,O3. The a- Al,O; was known as a
material with thermodynamically stable,
chemically inert, and excellent
temperature resistant [4]. But, a- Al,O;
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[11]. However, the high porosity of
alumina might present several drawbacks
in applications performed at high
temperature.

At a recent time, various synthesizing a-
alumina methods were studied, for
example  precipitation,  combustion,
microwave, wet chemical, and sol-gel
techniques [12] [13] [14], [15], [16] [17]..
The particle size obtained in those
mentioned methods providing particles
typically between 60-500 nm. For
example, Hasanpoor et al. [15] obtained
Al,O3 with the size of 200-300 nm using
plant extracts. But the scalability in a large
production was limited due to several
drawbacks such as low yield, poor uniform
in morphology. Additionally, combustion
synthesis stood out for its simplicity and
effectiveness, using aluminium nitrates and
fuel in exothermic reactions reaching
>1200°C [18]. Recent studies
demonstrated that aluminum nitrate could
produce a-Al,O3 nanoparticles sized in the
range of 100 nm at 900-1100°C [17]. The
way to produce a-Al,O; with nanosize
below 100 nm was still difficult at the
present time.

This study introduced a novel, low-cost,
and scalable method using distinct amount
of sucrose as a fuel additive to produce pure
nanocrystalline a-Al,O; at 1200°C. The
result might provide a scalable
methodology for the fabrication of a-Al,03
nanoparticles.

2. METHOD
2.1. Preparation method

Both materials AI(NO3z); and sucrose
(from Xilong) were used a precursor and
fuel, respectively, to synthesize a-Al,03
nanoparticle. Sucrose was gradually
added to 50 ml solution of AI(NO3); at
varying concentrations. The obtained
mixture was constantly stirred for two

hours to ensure its homogeneity. After
that, the solution was evaporated to
acquire a slurry mixture. Then, the
obtained slurry was then roasted at 250° C
for several hours, causing sucrose
decomposition and the formation of black
foam. The mixture was expanded 4-8
times during dehydration of sucrose to
form a charcoal. Finally, the foam was
treated at 1200° C for two hours in air to
obtain a-Al,O3; nanoparticle powder.

2.2. Material characterization

The X-ray diffraction (XRD) patterns of
samples were recorded using a Bruker D8
Advance apparatus at 40 kV and 40 mA,
using Cu Ka radiation (A = 0,15406 nm).
The crystal size values were determined
from the XRD pattern using Scherrer's
equation (dxrp). The morphology of the
samples was studied using scanning
electron microscopy (SEM, FEI Quanta
FEG 650 model) DLS analysis is utilized
in  Malvern 2000. The elemental
composition of the alumina was
investigated using XRF spectroscopy
(SRS 3000 Bruker) and LECO
combustion analysis GDS900.

I11. RESULT AND DISCUSSION

3.1. The influence of sucrose
concentration on the yeild of Al,Os.

In order to study the effect of distinct
amount sucrose, the Al(NO3); and sucrose
molar ratio was varied in the range of 0.5-
4 (Table 1).

Table 1: The AI(NOs); and sucrose ratio during
the combustion reaction.

Sample AI(NO3); : sucrose  Yeild,%
denote (molar ratio)
Al-1-0 1:0 93,7
Al-1-0,5 1:0,5 92,9
Al-1-1 1:1 94,5
Al-1-2 1:2 96,1
Al-1-4 1:4 93,8
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The result presented in Table 1
demonstrates that sucrose did not affect to
the yeild of Al,Os.

MS-NKL 5,06V 5 B x50.(

Figure 1: SEM images of (a) Al-1-0; (b)-Al-1-0,5;
(c)-Al-1-1; (d)-Al-1-2; (e)-Al-1-4.
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However, the main of this study aimed to
investigate the effects of sucrose on the
size of a- Al,O3 nanoparticles. Therefore,
higher sucrose concentration is expected
to reduce crystal size of alumina. We
already knew that, AI(NOs)3 -9H,0, with
diameter of AI** cations was 0.53 nm,
which was used as the alumina source.
The purpose of this study was that sucrose
coated the alumina cations to limit crystal
growth of the formed alumina oxide.
Thus, the produced product might present
a small particle size which is suitable for
catalyst and ball milling application.

3.2. Characterization of the prepared
Al,O3

In this work, the microstructure and
morphology of alumina oxide was
analyzed using SEM technique. Figure la
showed the agglomerated particle of
Al,O3 with the absence of sucrose. The
obtained material with sizes ranging from
300 to 700 nm. These particles formed
bulk Al,O;. The Al,O3 particles from
thermal degradation in the presence of
sucrose as fuel were shown in Figures
1b,c and d,e. It could be seen that, using
sucrose as fuel and template resulted in
more homogeneous particle size and
morphology (Figures 1d—e). Additionally,
the particle size dramatically decreased
with rising sucrose concentration.

Al-1-2

Intensity (Percent)

Size (d. nm)
Figure 2: DLS results of Al-1-0,5; Al-1-1; Al-1-2;
Al-1-4

Figure 2 showed the DLS particle size
distribution of obtained Al,O3 samples.
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DLS was vital technique for studying
particle size and predicting agglomeration
or size uniformity. However, this analysis
technique might sometimes give false
results because of self-agglomeration
particles. Figure 2 showed that all
samples in the presence of sucrose had
Al,O5 particles smaller than 100 nm,
except the sample Al-1-0.5, which
provided particle size larger than 1000
nm. At the high sucrose concentration
(Al-1-2), the particle sizes were in the
range 20-50 nm. For the sample Al-1-4,
two particle size ranges were presented:
under 100 nm and also a small size
around 1000 nm. This phenomenon was
possibly due to carbon residue from
sucrose during thermal calcination at

1200°C.
To evaluate the effect of sucrose on Al,O3
particle size during Al(NO3);

decomposition, we compared DLS data
from samples with and without sucrose.

0000

10 100

1000

Size (d. nm)

Figure 3: DLS results of sample with sucrose and
without sucrose

Figure 3 showed that, after thermal
calcination, the carbon from sucrose was
absolutely burned off, making to the
formation of Al,O3 nanoparticles. In the
absent of  sucrose, the obtained Al,Os
showed significantly sizeable particles,
even larger than 1000 nm in size.

The SEM and DLS results showed that
sucrose played an important role in the
preventing  self-agglomeration  during
thermal decomposition and resulting in
nano-sized Al,O3 particles. The possibly
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mechanism could be described as
Al(NO3)3; decomposes, sucrose gradually
carbonizes into charcoal, which preventing
agglomeration  during the  thermal
decomposition at initial stage (200-250° C)
[19].

To define the crystal phase of the
obtained alumina, the X-ray diffraction
(XRD) patterns was performed for all
nano-sized Al,O; samples (Figure 4).
Diffraction peaks at 25.55, 35.13, 37.74,
43.35, 52.54, 57.46, 66.48, and 68.21
were observed, corresponding to Miller
indices 012, 104, 110, 013, 024, 116, 214,
and 300. These peaks were directly
associated to the hexagonal phase of bulk
Al,O3;. The space group R3c, from
JCPDS-ICDD file no. 46-1212, was used
to define the diffraction peaks. Figure 4
presented only diffraction peaks of a-
Al,O, the absence of impurity diffraction
peaks indicated that all powder samples
illustrate high purity.

Table 2: FRX results of Al-1-0,5; Al-1-1; Al-1-2;

Al-1-4 samples
Samples Element Mass %
Al,O3 99.1
MgO 0.05
Al-1-05 CuO 0.08
Zn0O 0.03
Al,O3 99.2
MgO 0.10
Al-1-1 CuO 0.12
NiO 0.09
Al,O3 99.4
MgO 0.08
Al-1-2 CuO 0.06
NiO 0.04
Al,O3 98.3
MgO 0.05
Al-1-4 NiO 0.06
Sio, 0.09
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The elemental composition of obtained a-
Al,O3; nanoparticles was analyzed using
X-ray fluorescence (XRF) and LECO
techniques. Recently, the FRX tool
calculates chemical elements in the stable
oxide form, which resulted in the total
percentage of oxidized species exceeding
100%. In this work, the FRX data showed
that the all samples provide nearly 100%
a- Al,O3 (Table 2).
Table 3: LECO analysis of the obtained a-Al,O3
nanoparticles

Material FRX analysis LECO analysis
Al% C%
Al-S-1-0,5 99.5 0
Al-S-1-1 99.4 0
Al-S-1-2 99.6 0
Al-S-1-4 98.5 0.59

The XRF analysis illustrated that all
samples contained a small trace amount of
other oxides, which due to the preparation
step or impurities presented in precursors.
Among these samples, Al-1-2 showed the
highest purity form of a- Al,O3. LECO
analysis was also used in this work to
check for carbon impurity. The LECO
result indicated that the sample with a
lower sucrose concentration provided
pure a- AlOs;, while the sample with

higher sucrose amount had small trace
carbon residue (Table 3). The excess
carbon could affect the combustion of
charred sucrose, and the formation of o-
Al,O3 particles might have the carbon
residue at 1200°C.

At last, based on characterization results
from SEM, DLS, XRD, LECO, and XRF
analysis techniques, optimal synthesis
condition of a-Al,O3 nanoparticles at
1200°C required a ratio of sucrose and
aluminum nitrate equal or less than 2.

4. CONCLUSIONS

In conclusion, the use of sucrose as fuel
and template for the fabrication of a-
Al,O3 nanoparticle offerred a
straightforward method for producing
stable a- alumina oxide in nanosize. To
our knowledge, this was the first work of
using sucrose as soft template and fuel
combustion to generate stable o- Al,Os3
nanoparticles. Analysis through SEM,
XRD, and DLS revealed that the particle
size ranges from 20 to 50 nm. XRD
results further confirmed that the obtained
particles were in the stable a- Al,O3
phase. This study presented a novel
methodology for producing stable o-
Al,O3 nanoparticles, with promising
commercial application.
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Figure 4: The X-ray diffraction (XRD) patterns of all nano-sized Al,O; samples
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