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Abstract:

In recent years, polymer composite materials have become very attractive due to their new
properties successfully derived from the combined properties of polymer compounds in a single
material. These composite materials are used to reinforce polymers, in particular, to improve their
physical and mechanical properties when used in additive manufacturing. In the current work, we
have synthesized SnO, powder by the solgel technique. The SnO, powder prepared was
characterized by XRD to have a structure that is polycrystalline and a grain size is around 8.08 nm,
absorbance in UV-visible, FTIR to know the chemical band and the morphology of the particles is
observed by the MEB. The results showed good structural and optical properties of the prepared
SnO, powder. for use as reinforcing material of PLA polymer in the future
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1- Introduction

In recent years,polymer composite materials have become highly attractive because of their novel
properties derived successfully from the combined properties of polymer composites into a single
material [1].Polylactic acid (PLA) is produced from renewable feedstock, and it is one of the
most important biobased thermoplastic polyesters due to itsrenewability, biodegradability and
biocompatibility, and mechanical properties compared to polystyrene (PS) [2]. PLA is rapidly
gaining recognition in variousnew applications besides biomedical, such as industrial packaging,
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the automobileindustry, and electronics [3].The limitations of PLA are its main characteristic
brittleness/hardness and low hardness below the glass transition temperature (Tg), and therefore
it must be annealed to produce more flexible films. However, plasticized PLA films exhibit poor
thermal, mechanical and barrier properties, due to the large amounts of hydrophilic plasticizers
such as polyethylene glycol (PEG) required for film flexibility and processability [4]. Research
efforts are therefore focused on improving the performance of PLA, mainly by mixing it with
other biopolymers or incorporating nanofillers. The incorporation of nanoparticles (NPs) as
particulate fillers into polymer matrices is an important technology that can lead to significant
improvements in PLA properties (mechanical, thermal, barrier, etc.) [5]. Polymer
nanocomposites are made by dispersing inorganic or organic NPs in a thermoplastic polymer or a
thermoset polymer.Nanoparticle NPs have been studied for their optical, electronic, electrical,
and chemical properties, such as high active area, high stability, wide bandgap, and confinement.
With these properties, metal oxide nanoparticles (NPs) are at the center of attention[6]. the
increased research interest in SnO, nanomaterials is due to their tunable physical and chemical
properties [7]. SnO, nanoparticles are transparent in the visible range and are highly reflective in
the NIR region with a wide energy bandgap ¢3.64 ¢V). These are n-type semiconductors due to
the presence of oxygen vacancies at room temperature (non-stoichiometry). Besides all these

properties, SnO, nanomaterials have high chemical and mechanical stability, low cost and
environmental friendliness [8]. Hence, these materials find widespread applications as

transparent conducting electrodes e.g. solar cells, in optoelectronic devices [9], as gas sensors
[10], and as a catalyst for oxidation of solids [11].Different physical and chemical methods are
available for the synthesis of potentially useful tin oxide nanoparticles; these available methods
are tedious and posean environmental threat. It is obvious fromthe electrical, electronic and
structural properties of an atomic cluster of metal oxide NPs how to convert into crystallite size
and the size of the NPs can be regulated by the soft chemical synthesis methods [12].Many
methods have been incorporated for the synthesis of SnO, NPs, e.g. sol-gel method [13],
chemical precipitation [14], hydrothermal method [15], etc. Although apart from various SnO,
synthesis processes, the sol-gel method offers various advantages over other methods in terms of
better homogeneity, high purity, phase-pure powders at lower processing temperatures,

controlled stoichiometry and flexible formation of intense monoliths, thin films and NPs.

The main objective of this work is to synthesize sol-gel SnO, NPs and their structural, optical
and morphological properties, to use them in the reinforcement of PLA polymer for use in

additive manufacturing.
2- Experimental

SnO, NPs were synthesized via the sol-gel method; Precursor materials used included Tin

chloride (SnCl,.H,0O) (C,H;OH), and monoethanolamine (C,H,NO) as a stabilizer.The
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synthesis process is schematically described in Figure 1. After the recovery of nanoparticles,

annealing is carried out in a muffle furnace at a temperature of 500°C for 1 hour.

Mixture + heating in a closed vessel at

80°C for 2 hours

Mixture + heating
under open vessel 80°C

--"""--.h Powder

Mixture + heating

under open vesse| 80°C

MNanoparticles of Sn;

Fig.1. Diagram of the synthesis process.

The structural analysis of samples was performed using a Bruker X-ray diffractometer (D8
Advance) with CuKa radiation (A = 1.54 A). The absorbance of NPs of SnO, over the visible
range was recorded by UV—vis Shimadzu UV 2600i Spectrophotometer, FTIR spectrum analysis

for functional group identification was done by making pellets of the samples using a jasco

FT/IR 6800 spectrometer and the morphological of nanoparticleswere investigated by scanning
clectronic microscopy JEOL -JCM 5000 NeoScope .

3- Results and discussion

a) Structural proprieties

Figure 2 shows the XRD patterns of the as-prepared powder. All diffraction lines were indexed
on the tetragonal structure of SnO,; inconsistent with the reported data (JCPDS file no. 96-152-
6638). No traces of unidentified peaks were present in these patterns, which confirms that only

pure SnO, NPS were obtained. The XRD patterns show broad peaks matching the expected
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diffraction reflections of the (110), (101), and (211) corresponding to the tetragonal structure of
SnO, NPs and Space group (P 42/m n m).The inter-planar spacing of NPs of SnO, was
estimated using Bragg's equation [16] and produced in the following table:

ni
28in 6

d =

(1)
A small difference in d-spacing between the experimental and standard data was observed.

The crystallite size (average) was calculated using the Debye-Scherrer formula [16]:

0.91

D= (2)

- Bcos O

Where "D" represents the crystallite size, A represents the wavelength of the X-ray, and B

represents the full width at half maximum (FWHM).
Table: Structural parameters

20 d(A) hkl FWHM D (nm) o(line/m?) € (%)

26.71 333 110 1.0367  8.06 1.53 10" 0.25
33.94 2.63 101 0.93096 897 1.24 10" 0.22
38.25 235 200 0.88484 9.51 1.10 10" 0.20
5191 175 211 1.0808  7.88 1.61 10" 0.24
5499 1.66 220 0.7121 1200  0.69 10" 0.15
57.95 158 002 1.2291  6.97 2.0510" 0.26
61.84 1.49 310 0.88487 9.73 1.05 10" 0.18
65.33 1.42 301 3.5627 243 16.93 10"  0.74
71.29 132 311 12189  7.15 1.95 10" 0.24
78.85 1.21 321 1.2091  7.29 1.88 10" 0.23
83.83 1.15 140 1.0795 823 1.47 10% 0.20

The average crystallite size of SnO, nanoparticles was found to be approximately 08.08 nm.
Results show that the prepared material is pure as no any other peaks are observed in the pattern.
The lattice constants of unit cells a and ¢ as well as their cell volume were calculated using

tetragonal phase Relations
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Fig. 2. XRD patterns of SnO, nanoparticles.
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V = d®c (4)

Where d represents interplanar spacing and hkl denotes miller indices of the lattice planes, as we
can see that the lattice constants and unit cell volume are very similar to JCPDS values ‘a=b=4.70

A, c=3.16 A’ and volumeV=69.80 A”’ of the typical tetragonal rutile structure [17].
b) FT-IR analysis

FT-IR spectroscopy is an important tool for structural elucidation and compound analysis. The
FT-IR spectrum of SnO, nanoparticles is shown in Figure 3. Three main bands appeared at
approximately 3408 cm™, 1627 cm™ and 650 cm™. The stretching vibration corresponding to the
pristine Sn—O sample was indicated by the peak at 522 cm™, while the stretching modes of Sn—
O-Sn were indicated by the peak at 640-660 cm™ [18]. The band around the 1630 cm™ region
is attributed to the bending vibration of the H,O molecules, confined in the SnO, sample. The

minimum transmittance on the 3400 cm™ wavelength is related to the O—H stretching vibration
of the adsorbed H,O molecules.

—— FTIR SnO, NPs

S

\

@ x 1627 cm™

£ 3408 cm™
5 - 1162 cm™

'_

650 cm™

T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)

1563

Tob Regul Sci.™ 2023 ,9 (2):1559 - 1568



Rahima Zellaguret.al
Elaboration and Characterization of Sno,synthesis by Sol-Gel Method for PLA Polymer

Reinforcement

Fig. 3. FTIR spectra of SnO, nanoparticles.
9) Optical analysis

The optical absorbance spectrum of the synthesized SnO, nanoparticles is recorded in the
wavelength range of 200 nm and 1400 nm is shown in Figure. 4. The spectrum shows that a net
absorbance is in the wavelength range of about 270 nm and about 450 nm. A similar net

absorbance was observed in previous reports on SnO, nanoparticles [6].
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Fig.4. Absorbance spectra of SnO, nanoparticles.

We calculate the bandgap of SnO,nanoparticles from UV-visible spectra using the TAUC
method. Using the equation a(v ) hv = A (hv-Eg ) " where hv is the energy of the incident

photon. [19]. Eg is the authorized energy difference, A is a constant, a(V) is the absorption

coefficient of the Lambert-Beer law and n = 1/2 for the authorized direct transition [ 20].

The following procedure was performed. First, by comparing the TAUC equation and the
straight-line equation (Eq. (1) and (2)) setting the y-axis equal to zero will give us the equation of
the x-axis. (3), then plot the extrapolation of the first linear region on the x-axis, which will be

the bandgap energy Eq. (4).

a(v) hv= A (hv -E)" (1)
y = m(x) )
0=A (hv -E) (3)
hv=F )

g
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Figure 5 shows the extrapolating of the linear part of the curve between (ahv)’ and photon

energy (hv), the value ofthe optical bandgap of SnO, NPs is 3.4 eV.
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Fig.5. Eg of SnO,nanoparticles.

d) Morphological image

Fig.6. SEM image of SnO,nanoparticles.
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The SEM images of the SnO, nanoparticles synthesized by the sol-gel method at different
magnifications are shown in Figure 6 (a, b, ¢). Detailed analysis of the images indicates the
nanoparticlesto be formed from the platelets. The formation of nanoparticles is due to sol-gel

synthesis at high temperatures [21].
4- Conclusion

Synthesis tin oxide is used as a tin chloride precursor ethanol as a solvent and monoethanolamine
as a complexing agent by the sol-gel method. XRD showed that they possessed a SnO, phase
with a tetragonal unit cell structure. Results show that the prepared material is pure as no any
other peaks are observed in the pattern. The average crystallite size determined from XRD was
found to be 8.08 nm.absorbance is in the wavelength range of about 270 nm and about 450 nm
FTIR analysis of the nanoparticles showed that they were slightly hydrated in nature. The
presence of water-bound bonds on the nanoparticles is due to their wet synthesis. The
morphology of SnO, nanoparticles to be formed from the platelets. These results favor the

application of these NPs of SnO, in reinforced polymer PLA.
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