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ABSTRACT

ARTICLEINFORMATION

As aresult of great surface area and a great number of energetic sites, ceramic nanocomposites are being consid-
ered as good adsorbents and catalysts. Al,O, nanoparticles are widely used in high-tech applications owing to their
excellent properties. Besides, Bi-based oxides have been the center of attention for applications such as remedia-
tion of hazardous wastes and wastewater photochemical degradation of organic contaminants and remediation of
hazardous wastes. In this research, the synthesis of Bi,0,-Al,Bi,O, nanocomposite and its mechanical properties
as a novel composition were investigated. The results showed that the prepared Bi,0,-Al,Bi,O, sample exhibited

the Al,Bi,0, crystalline peaks. Additionally, the prepared nanocomposite showed no impurities. The mechanical
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properties of the Bi,0,-Al,Bi,O, sample were improved in comparison with Al

offer it as a promising alternative to Bi,0,-Al,O, composite ceramic.
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1. Introduction

Due to significant advances in the production of nanostructured
materials with new properties, many researchers have focused on the
engineering of multi-functional macroscopic materials by structure de-
sign at the nanometer scale. One of the fast-growing areas of composites
research is the development of nanocomposites [1, 2].

Novel material properties can be achieved by decreasing the parti-
cle size to the nanometer scale [3]. In addition to the properties of the
matrix and reinforcement, the properties of nanocomposite depend on
the morphology and interfacial characteristics of the constituents [4, 5].
The surface area to volume ratio of reinforcements is a morphological
property determining the relationship between the structure and property
of nanocomposites [3].

Nanocrystalline ceramics have the potential to be used as catalyst
supports [6, 7] and adsorbents [8-11] owing to possessing a large sur-
face area and a high number of energetic sites for the interaction with
contaminants [12, 13]. Due to the excellent properties of Al,O, nanopar-
ticles, they have found ways to the ceramic industry and high-tech appli-
cations [14]. Crystal phases of AL,O, includen, 9, 0, v, and a-Al,O,, and
among all these phases, the strongest absorption belongs to a and y due
to possessing the highest surface area for the majority of photocatalytic
reactions [15-18].

Owing to properties such as good environmental compatibility, di-
electric permittivity, low toxicity, high retractile indicator, and conve-
nient band gap energy about 2.8 ¢V, Bi-based oxides, especially Bi,O,,
have been widely studied. These oxides are good candidates for different
green applications including remediation of hazardous waste substances
and photochemical (visible light) degradation of organic contaminants
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in wastewater [18-25] Bi,0, is used in some industries including optical
coatings, gas sensors, optoelectronics, and solid oxide fuel cells [26, 27].
Trivedi et al. [28] studied the thermal, physical, and atomic properties
of Bi,O, treated by biofield energy [29]. According to the results, the
physical and atomic characteristics of Bi,0, changed by biofield energy
treatment, which makes it more useful to be used in solid oxide fuel
cells [30].

Dehkordi et al. [31] used Transient Liquid Phase (TLP) route by
Bi,0, reinforcement to join alumina to alumina. Bi,O, was used because
of its low melting point [32]. A thin interlayer of Bi,O, was placed be-
tween the ceramic bodies [33]. The results showed the interfacial com-
pound growth between Bi,O, and Al,O, at 880 °C upon the TLP process
[34]. Higher mechanical properties of the interfaces were observed for
longer joining times. Neiman et al. [35] studied differences between
the interaction of microsized Al O, or nanosized Al,O, with microsized
Bi,0, [36]. Nano-Al O, showed higher reactivity and stronger adhesion
to micro-Bi,0, leading to the encapsulation of micro-Bi,O, in a shell
composed of ALO, and interaction products [37]. Above 400 °C, the
presence of BiAlO,, Al,Bi,,O,,, and Al Bi,O, phases was confirmed, and
at higher temperatures, the main complex intermediate was Al,Bi,O,.
At 730 °C, phase transfer from a-Bi,O, to 3-Bi,O, was achieved. By
further increase in the temperature to 780 °C, the solid phase was de-
composed in interaction products, and the 6-Bi,O, phase was separated.
The grains of 3-Bi,0, [38] with high conductivity formed a connected
charge percolation resulting in a 2.5-fold conductivity increase between
770 °C to 800 °C.

Different methods are employed for the production of metal oxide
nanoparticles including electrodeposition, precipitation, sol-gel, hydro-
thermal, and combustion methods [39, 40]. A common synthesis meth-
od is the sol-gel route. Homogeneity and the production of high purity
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Fig. 1. XRD patterns of the (a) Bi,0,-Al,Bi,0, and (b) Bi,O, nanopowders.

materials are some advantages of the sol-gel method [41, 42]. In this
study, Bi,0,-Al,Bi,0, nanocomposite was synthesized using the sol-gel
method and its mechanical properties were evaluated. Based on previous
studies regarding the phases formed in Bi,O, and Al,O, nanocompos-
ites, this new nanocomposite is expected to have improved mechanical
properties and can be utilized as novel and efficient materials for various
applications.

2. Materials and methods
2.1. Materials

All reagents and chemicals i.e. Bismuth (III) nitrate (Bi(NO,),, Alu-
minum nitrate nonahydrate (AI(NO,),) and Ethanolamine (2-Aminoeth-
anol) C,H,NO in this research were obtained from Merck (Darmstadt,
Germany) without further purification. All Glass containers underwent
alkali washing and rinsing before application.

Synthesis procedure

To prepare the samples, 300 mmol of 2-aminoethanol was added to
50 ml of water. Then, the solution was added dropwise to a solution
containing aluminum nitrate (40 mmol) and Bi(NO,), (40 mmol) in dis-
tilled water (200 ml) while the solution was stirred during mixing. Stir-
ring continued for another 60 min. Finally, the precipitates were filtered,
washed, and heat-treated at 600 °C for 3 h.

2.2. Characterization

The tensile properties of the nanocomposites were evaluated as per
D3039-ASTM at room temperature at a crosshead speed of 5 mm/min
using an Instron 6025 device. The samples were prepared by sintering
(600 °C for 3 h) with dimensions of 150 x 25 x 3 mm. A three-point
bending tester (Instron 6025) was used to measure the bending strength
of the nanocomposites. The test was performed according to D790-
ASTM at a crosshead speed of 2 mm/ min at room temperature. The
length, width, and thickness of the samples were 90 mm, 10 mm, and
3 mm, respectively. A Zwick pendulum impact tester was used to study
the impact strength of the samples. The results are the average of five
repetitions.

The Vickers hardness of the samples was measured at ambient tem-
perature using Instron, Wilson-Wolpert Tukon 2100B. The applied load

Fig. 2. SEM micrographs of the Bi,0,-Al,Bi,0, nanopowder.
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Fig. 3. Vickers hardness of the Bi,O;, AL,O;, Bi,0,-Al,0, and Bi,0,-A1,Bi,O,
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samples.

and loading time was 10 N and 10 s, respectively. The samples were
polished prior to the measurement and the measurement was repeated
three times for each sample. The structure of the powders was studied
using X-ray diffraction analysis (XRD) (Philips X’ Pert, The Nether-
lands) operating at 30 mA and 40 kV. Cu-Ka radiation with A = 15.405
nm was used, and the step size was 0.02°. X Pert HighScore software
was utilized to identify the crystalline phases of the powder [43]. The
gold-coated fracture surface of the samples was studied by the scanning
electron microscopy (SEM) analysis (Hitachi S-3400N, Japan). The op-
erating voltage of the microscope was 15 kV [44, 45].

3. Results and discussion
3.1. Microstructural analysis

To identify the crystal structure and parameters, the quantitative and
non-destructive method of XRD is widely used. The XRD diffraction
pattern of the prepared powder is illustrated in Fig.1. The peaks ap-
peared at 20 of 24.79°, 25.85°, 27.13°, 27.66°, 28.09°, 31.45°, 33.20°,
and 46.51° are related to the Bi,O, phase and the peaks at 15.83°,29.64°,
30.21°, 35.21°, 41.10°, 48.82, 52.01, 54.91, and 59.35° represent the
presence of Al Bi,O,. The Al,Bi,O, and Bi,0, phases have monoclinic
and orthorhombic crystal structures, respectively. Additionally, no im-
purities were detected in the powder composition. The average crystal
sizes of the powder estimated from the Debye-Scherrer equation was
obtained to be around 24 nm. The microstructure of the Bi,0,-Al,Bi,0,
nanopowder is illustrated in Fig. 2. As seen, the particle size of the nano-
powder is in the range of 30-60 nm.

3.2. Mechanical properties

The results of Vickers hardness for ALO,, Bi,O,, Bi,0,-AL0,, and
Bi,0,-Al,Bi,0, are represented in Fig. 3. According to the results, the

Bi,0,-Al,Bi,0, sample showed the highest hardness compared to other
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Fig. 4. (a) Flexural strength and (b) flexural modulus of the Bi,O,, AL,O,, Bi,O,-
Al O, and Bi,0,-Al,Bi,0, samples

samples, revealing that the Bi,0,-Al,Bi,0, composite can be consid-
ered as a good alternative to the Al,O,-Bi,0, composite. The Vickers
hardness data indicated that Bi-O chemical bonds in Bi,0,-Al,Bi,0,
composite are considerably strong. The Bi,0,-Al,Bi, O, samples exhib-
ited 260.29, 302.21, and 37.64 MPa enhancement in Vickers hardness
compared to ALO,, Bi,0,, and Bi,0,-Al,0,, respectively. The increase
in hardness in the composite indicates a good bond between the Bi,O,
and ALO,.

The bending test was carried out to measure the flexural modulus
and flexural strength of the samples. The flexural modulus and flexural
strength of ALO,, Bi,O,, Bi203-A1203v and Bi,0,-Al,Bi,0, samples are
observed in Fig. 4. The results show that the highest value of bending
strength is associated with Bi,0,-Al,Bi,0,. Significant increase in flex-
ural modulus and flexural strength of Bi,0,-Al,Bi,0, sample exhibited
in Fig. 4. When we use Bi,O, its impact on its mechanical properties
such as flexural modulus and flexural strength can be seen. The good
effect of Bi,0,-Al,Bi,O, can be attributed to the proper relationship cre-
ated between Al,O, and Bi,0,.

Failure toughness of the samples is obtained from the impact test. As
shown in Fig.5, The fracture toughness of the A1,O,, Bi,O,, Bi,0,-AL,0,,
and Bi,0,-Al,Bi,0, samples are 0.5, 0.6, 0.8, and 1.8, respectively. The
Bi,0,-Al,Bi,0, samples showed the highest fracture toughness com-
pared to other samples and Bi,0, show the lowest fracture toughness.
The most important reason that can be the cause of this result is the for-
mation of agglomerates and agglomerates at Bi,O,, where failure occurs
earlier than expected.

4. Conclusions

In this research, Bi,0,-Al, Bi,O, nanocomposite was synthesized via
the sol-gel method. The formation of the Al,Bi,O, was confirmed by the
XRD analysis without any impurities in the composite structure. The
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samples

mechanical properties of the AL O,, Bi,O,, Bi,0,-AL,O,, and Bi,0,-Al-
,Bi,0, samples were evaluated and the results showed that Vickers hard-
ness, bending strength, and failure toughness of Bi,O,-Al,Bi,O, was the
highest amount among other samples. Therefore, this ceramic composite
can be a good alternative to the Bi,0,-Al,O, composite.
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