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POTENTIAL SEMICONDUCTOR MATERIALS FROM
IRRADIATION OF SILICON DIOXIDE (SiO2): EFFECT OF X-
RAY EXPOSURE ON THE STRUCTURE THROUGH ACID
PRECIPITATION METHOD
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This paper aims to determine the effect of X-ray radiation on the structure
of silica dioxide (SiO:) obtained from sodium silicate (Na:SiOs) through the acid
precipitation method. The variations of cyan-X energy used are 0 KeV, 120 KeV,
170 KeV, and 220 KeV. Characterization was carried out using X-ray diffraction
(XRD) to analyse changes in crystal structure, Fourier Transform Infrared
Spectroscopy (FTIR) to identify changes in chemical bonds, and Particle Size
Analyzer (PSA) to evaluate particle size distribution. XRD results showed before X-
Ray irradiation, it showed that combined phase of crystallin (tridymite and
cristobalite) and amorphous of SiO,. While, after irradiation processing, intensity of
amorphous SiO2 is increased and the crystalline phase is decrease drastically. It
may cause that energy of X-Ray had broken the Si—O bonds in the surface area and
reform the crystalline form to amorphous phase, FTIR analysis revealed
modifications in the Si—O-Si group, and PSA results showed that the higher the X-
ray voltage, the greater the particle size due to dislocation and defects. From the
results of this study, it can be concluded that SiO; can be produced from Na:SiOs,
and X-ray radiation can convert the structure of SiO: into amorphous, which has the
potential to increase its efficiency as a semiconductor material. However, further
research is needed to evaluate the thermal conductivity, charge capacity, and
stability of materials in order to optimize applications in electronic technology.
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1. Introduction

1.1. Semiconductor Material and Future Prospect

Semiconductor materials are substances that have electrical conductivity
between that of conductors and insulators. They form the foundation of modern
electronics and are crucial for various applications in power electronics, wearable
devices, photocatalysis, and transistors [1-4]. The demand for semiconductor
materials has intensified due to the rapid development of artificial intelligence,
microchips, and other advanced technologies [5].

Although semiconductors are essential for technological progress, their
production is not environmentally friendly. This has led to a growing emphasis on
sustainable practices in semiconductor fabrication, including recycling and
reducing emissions [5]. Additionally, the semiconductor industry faces challenges
related to water scarcity, prompting the development of water reclamation
technologies to meet the high water demands of manufacturing processes [4].
Semiconductor materials are urgently needed across various sectors, from
consumer electronics to industrial applications.

The future prospects of semiconductors include the development of wide
bandgap materials for improved power electronics [1], the use of 2D materials in
wearable energy sources [6], and the creation of heterostructures for enhanced
photocatalytic efficiency [3]. Furthermore, there is a growing focus on sustainable
practices and innovative packaging solutions to address environmental concerns
and meet the increasing demand for high-performance semiconductor devices
[5,7].

1.2. Silicon Dioxide as Semiconductor Material

Silicon dioxide (SiO;) can be used as a semiconductor material,
particularly in its amorphous form, and can be extracted from sodium silicate
through various processes. SiO: is widely used in semiconductor applications due
to its excellent insulating properties and ability to form high-quality interfaces
with silicon. In the semiconductor industry, SiO> is commonly used as a gate
dielectric in metal-oxide-semiconductor field-effect transistors (MOSFETs) and
as an insulating layer in integrated circuits [8]. The amorphous nature of SiO>
allows for uniform electrical properties and reduces defects in the material,
making it suitable for various electronic applications.

SiO; can be extracted from sodium silicate (Na,SiO3) through different
methods, each with its own advantages. One method involves precipitation silica
nanoparticles using supercritical CO», where CO; acts as both an antisolvent and a
reactant [9]. Another approach uses a simple solution method to synthesize
amorphous silica from sodium silicate, which can then be dispersed in various
agents for applications such as paint coatings [10]. The extraction of SiO; from
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sodium silicate and its subsequent use as a semiconductor material demonstrates
the versatility of this compound. The precipitation method can be used [9], and
the solution method for synthesizing [10] are two effective approaches for
obtaining SiO; from sodium silicate. These methods allow for the production of
high-quality SiO; suitable for semiconductor applications, highlighting the
importance of sodium silicate as a precursor in the semiconductor industry.

Sodium silicate can be from municipal solid waste incineration bottom ash
[11]. Similarly, rice husk ash from agricultural waste has been employed to
synthesize sodium silicate [12]. Coal gasification coarse slag, typically destined
for landfills, can be transformed into high-modulus, low-impurity sodium silicate
using a novel acid activation depolymerization—dilute alkali dissociation method
[13]. Sodium silicate derived from waste materials shows promise in various
applications; this study uses it as the main component of making silicon dioxide
(Si0O2). This highlights the importance of carefully considering the specific
application and environmental conditions when utilizing waste-derived sodium
silicate.

1.3. Best Semiconductor Characteristic

High-mobility semiconductors are sought to replace silicon in the
microelectronics industry as silicon-based transistors approach their physical
limits. Both bulk materials (like silicon-germanium and III-V semiconductors)
and low-dimensional nanomaterials (such as carbon nanotubes and transition
metal dichalcogenides) have been explored [7]. The key characteristics of a good
semiconductor material include high mobility, low effective mass, and a high-
quality native oxide as a dielectric counterpart with strength and a high-quality
band gap.

Semiconductor materials possess several key characteristics that make
them suitable for various electronic applications:

e Bandgap: The most crucial property of a semiconductor is its bandgap,
which determines its electrical and optical properties. Wide-bandgap
semiconductors like SiC, GaN, and diamond offer superior performance
for high-power applications due to their ability to handle higher blocking
voltages, switching frequencies, and efficiency [14]. The bandgap can be
tuned through various methods, such as controlling layer numbers,
heterostructuring, strain engineering, and chemical doping, especially in
2D materials [15].
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Fig. 1. Simplified energy band diagram of a semiconductor (A. Chaves ef al., 2020) [15].

Crystal Shape: For practical applications, the ability to dope a material is
governed by intrinsic properties such as absolute band edge positions and
defect formation energies [16]. Amorphous materials have emerged as
promising candidates for improving semiconductor performance due to
their unique structural and electronic properties. Amorphous oxide
semiconductors, in particular, have gained attention for their potential in
display panels and monolithic 3D applications [17]. The disordered
structure and thermodynamic metastability of amorphous inorganic
semiconductors contribute to their distinctive electrical and optical
properties, making them suitable for various technologies including solar
cells, photoelectrocatalysis, and photocatalysis with high strength and
good irradiation tolerance [18].

Fig. 2. Local atomic shape arrangement in SiO; crystalline (E. Gorlich, 1982) [19].

Chemical Bond: The Si-O and Si-O-Si bonds play crucial roles in
determining the properties and characteristics of SiO> materials, which in
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turn affect semiconductor performance. The structure of SiO; is primarily
composed of Si04 tetrahedra units, with Si-O bonds forming the backbone
and Si-O-Si bonds connecting these units [20]. The Si-O bond length is
typically around 1.62 A, while the Si-O-Si bond angle is estimated to be
147+10° [21]. This structural characteristic can affect the material's
behavior in semiconductor applications. The Si-O and Si-O-Si bonds also
play a role in defect formation and charge trapping, which are critical for
semiconductor performance. For instance, a SiO> tetrahedra unit with a
wide O-Si-O angle (>132.0°) can act as an electron trapping site in
unstrained amorphous SiO> [22]. Additionally, under uniaxial tensile
strain, a Si0O4 unit with a wide O-Si-O angle and a long Si-O bond
(>1.660A) can form a novel intrinsic electron trap [22]. These defects can
significantly impact the electrical performance of semiconductor devices.
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Fig. 3. Pauling’s resonance hybrid model of a-quartz silica, SiO; (S. A. Miller, 2023)
[20].

e Structural properties: The structural characteristics of semiconductors
play a crucial role in their performance. For instance, bismuth-bearing I1I-
V semiconductor alloys have been investigated for their potential as
narrow-gap materials with improved structural properties compared to
current infrared detection materials [23]. On the size particle aspect,
smaller particle sizes generally offer advantages for semiconductor
materials. In the case of colloidal semiconductor nanocrystals, smaller
particle sizes lead to stronger quantum confinement effects, which can be
beneficial for tuning optical and electronic properties. Ferreira et al. [24]
discuss how the bandgap of semiconductor nanocrystals is size-dependent,
with smaller particles typically exhibiting larger bandgaps due to quantum
confinement. This allows for precise control of optical properties by
adjusting particle size [24]. For lithium-ion battery electrodes, Blaubaum
et al. [25] report that narrower particle size distributions with smaller
particles generally result in better cell performance, including improved
charge/discharge characteristics, capacity, efficiency, and cycling stability.
However, this trend has a lower limit, as extremely small particles can
negatively affect performance [25]; smaller particles (62-306 nm range)
yielded much better adjuvant effects than larger particles. This
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demonstrates that the benefits of smaller particle sizes can extend beyond
traditional semiconductor applications [26].

e Magnetic properties: Some semiconductors, such as Mn-based III-V and
II-VI diluted magnetic semiconductors, exhibit carrier-controlled
ferromagnetism, which is valuable for spintronics applications. Mn-based
-V and 1II-VI are materials that exhibit carrier-controlled
ferromagnetism. III-V semiconductors are composed of elements from
group III (such as gallium or indium) and group V (such as arsenic or
phosphorus) of the periodic table, while II-VI semiconductors consist of
elements from group II (such as zinc or cadmium) and group VI (such as
sulfur or selenium) [27].

Other materials, such as p-type oxide semiconductors [28] and strained Ge
channels on SiO; virtual substrates [29], are being explored to enhance
semiconductor device performance and expand their applications in various fields.
In the test, all of the above indicators can be produced with an important
instrument, namely X-ray diffraction (XRD), to determine the crystal structure,
besides that to determine the particle content and chemical bonds and the
condensation they contain, Fourier Transform Infrared Spectroscopy (FTIR), then
finally the Particle Size Analyzer (PSA) can also be used to find out the amount of
particles contained, the results of the three tests can support each other and be
associated with each other to Conclusions of the study.

1.4. Irradiation Used for Improvement Properties Materials

Several studies have evidenced that electromagnetics wave improved
material’s performance [41-43]. X-ray radiation has been utilized to improve the
properties of silica dioxide materials and develop semiconductor materials.
However, X-ray exposure and semiconductor performance are complex and
depend on various factors [30].

In previous research, oxide thin film transistors (TFTs) based on gallium
indium zinc oxide have demonstrated superior X-ray radiation hardness compared
to organic TFTs. When exposed to X-ray radiation, flexible oxide TFTs
maintained a constant mobility of 10 cm? V! s™! even after exposure to doses of
410 krad, while organic TFTs lost 55% of their transport performance [31]. This
exceptional resistance to ionization damage is attributed to the intrinsic properties
of oxide semiconductors.
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Fig. 4. Sketch of the theoretical conditions for X-ray (L. A. September, 2023) [32]

This semiconductor has good-strength materials, tunable band gaps, and
amorphous effective crystal growth via solution processes [33]. However, it's
important to note that while these materials are excellent for X-ray detection, the
impact of X-ray radiation on their long-term performance and stability needs
further investigation. In conclusion, while X-ray radiation can be used to study
and potentially improve certain semiconductor materials, particularly in terms of
radiation hardness, it is not a universal method for enhancing semiconductor
performance. The effects of X-ray radiation on semiconductors are highly
dependent on the specific material and its intended application.

2. Materials and Methods

2.1. Preparing materials and tools

This study utilizes sodium silicate (Na>SiO3) with a purity level of 99.90%
as a base material, hydrochloric acid (HCI) and water. The tools used in this study
include glass instrumentation, namely beaker cups, measuring flasks, magnetic
stirrers, separation funnels, thermometers, stirring rods, analytical scales, ovens,
and the use of ionizing radiation on samples is carried out using an X-ray aircraft
with a voltage range of 0 KeV to 250 KeV. After solution preparation, the next
step is characterization using some instruments such as X-Ray Diffraction (XRD),
Particle Sizer Analysis (PSA), and Fourier Transform Infrared (FTIR).

2.2. Conversion of sodium silica (NaxSiO3) to silica dioxide (SiO:) by acid
precipitation method with HCI

The first step was weighed 12 mg sodium silicate (Na:Si0s) using an
analytical balance and transferred into a glass beaker. It was then dissolved in 150
ml of distilled water to obtain a homogeneous solution. Separately, 50 ml of 2 M
hydrochloric acid (HCI) solution was prepared by diluting 36% w/w concentrated
HCI stock solution with distilled water. This 2 M HCI solution was used for the
precipitation process.
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The HCI solution was added dropwise to the Na.SiOs solution while
continuously stirring with a magnetic stirrer to prevent localized precipitation and
ensure uniform mixing. The addition continued until the pH of the solution
decreased to approximately 6.5, which was monitored using a calibrated digital
pH meter. Minor adjustments were made by adding either additional HCI or
distilled water to precisely reach the target of pH.

Once the desired pH was achieved, the resulting silica (Si0:) precipitate
was filtered from the liquid phase. The precipitate was subsequently washed three
times with distilled water to remove residual ions and impurities. After washed,
the SiO: precipitate was dried in an oven at 65°C for 1 hour. This drying step was
sufficient to remove moisture content without inducing structural changes or
thermal degradation of the SiO..

2.3. Material Modification

Si0; is put into plastic clips with each weight of 8 grams. This initial stage
is important to ensure that the material is in a ready-to-use condition before
proceeding with the experimental process. Then, SiO; is fired ionizing radiation
using an X-ray aircraft with several voltage variations, namely 120 KeV, 170
KeV, and 220 KeV in the same time range, namely 15 minutes at a distance of
one meter from the source of the X-ray aircraft.

2.4. Characterization

After the SiO; has been fired X-ray radiation according to the specified
exposure energy, then the characterization process is carried out on the SiO» that
has been fired to observe the changes or results that occured. Characterization of
Si0, semiconductor materials is carried out using FTIR, PSA, and XRD. The use
of FTIR aims to identify changes in functional groups in SiO» after exposure to X-
rays. Furthermore, an analysis was carried out using PSA to evaluate the size
distribution of SiO, particles both before and after X-rays. Finally, the
characterization uses XRD to analyze the crystal structure of the formed SiOo.
The IR spectra were recorded using a “Bruker Alpha" Fourier Transform Infrared
(FTIR) spectrophotometer, operating in the range of 4000400 cm™. The
Attenuated Total Reflectance (ATR) technique was employed to measure the
surface functional groups of the SiO. powders without any special sample
preparation.

Particle size distribution was analyzed using a “Malvern Mastersizer
3000" Particle Size Analyzer (PSA), employing laser diffraction with a green
visible light source (A = 532 nm). Measurements were based on D90 values,
representing the diameter below which 90% of the sample volume exists. The
samples were dispersed in deionized water prior to measurement to avoid
agglomeration and to ensure accurate sizing. The crystalline structure of the
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samples was characterized using an X-Ray Diffraction (XRD) system, specifically
a “Rigaku" diffractometer equipped with a Cu Ko radiation source (A = 1.5406 A),
operating at 40 kV and 30 mA. Data were collected over a 20 range of 10° to 80°
with a step size of 0.02° and a scanning speed of 2°/min. XRD analysis was used
to determine the phase composition and degree of crystallinity of the SiO2 samples
before and after irradiation.

After characterization, an evaluation is carried out regarding the need for
modification. If modifications are evident in the initial method or procedure used,
the data resulting from the direct characterization is collected and stored for
further analysis process. The data is then interpreted to obtain relevant
conclusions according to the research objectives.

Na,SiOs Acid (HCI) Filtering &
preparation | | dissolution Drying
]

r=/

Dig Distance Source
to Sample

|/ SiO; crystal

Characterization —b/ Result /

X-Ray radiation|
bombardment

X-Ray tube
specification

Result and Conclusion

Fig. 5. Work flowchart

3. Results and discussion

3.1. X-Ray Diffraction Result

A crystal is characterized by a regular succession of basic units: atoms,
ions or molecules, in a periodic three-dimensional network [44]. Crystalline and
amorphous materials differ significantly in their atomic structure and resulting
properties. Crystalline materials possess long-range periodic order in their atomic
arrangement. For amorphous material the atomic arrangement is more like liquid
and has no long-range periodicity [34,35].

The differences between crystalline and amorphous materials significantly
impact their properties. Crystalline metals generally exhibit good deformability
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but low strength and poor irradiation tolerance, while amorphous materials often
display poor deformability but high strength and good irradiation tolerance [36].
These distinctions in structure and properties make the study of crystalline-
amorphous hybrid structures particularly interesting, as they can potentially
combine the advantages of both ordered and disordered components, leading to
emergent collective properties [37].

XRD works by observing the diffraction pattern produced when a
monochromatic beam of X-rays is scattered at specific angles from each set of
lattice planes in a sample[38] [39]. The 20 (two-theta) function in XRD refers to
the angle between the incident X-ray beam and the diffracted beam. This angle is
crucial in determining the interplanar spacing of the crystal lattice, as described by
Bragg’s law [40]. The diffraction pattern, including the positions (20 angles) and
intensities of the diffraction peaks, correlates to a specific crystal structure [40].

In the results of research that has been carried out using XRD, 4 types of
sample tests are carried out based on variations in X-ray ionizing radiation energy.
In samples with an energy of 0 keV or without exposure to X-ray radiation, a
diffractogram with a peak was obtained to illustrate that SiO; at 0 keV energy is
mixed in amorphous and crystalline phase. It matches with ICSD 98-016-2660
where there is a gentle slope at 20 = 22.5873° which indicates that the SiO;
formed is an amorphous phase [45]. Moreover, several kinds of structures can be
present in both crystalline and amorphous phases. The structure factor (SF)
obtained from the experimental scattering intensity depends directly on the
fraction of crystallites and their sizes. As they grow, the half-width of peaks
decreases. The height of peaks of the corresponding crystalline phases increases
with their volume fraction. At the same time, the SF of the amorphous phase
becomes less clearly pronounced [46].

From the result of diffractograms 0 keV, it showed that combined phase of
crystallin (tridymite and cristobalite) and amorphous of SiO;. This statement was
supported by intensity before and after exposure of X-Ray irradiation. Intensity of
amorphous SiO; before exposure less than 3000 counts. While, after irradiation
processing, intensity of amorphous SiO; is 3000 counts. It may cause that energy
had broken the Si—O bonds in the surface area and reform the crystalline form to
amorphous phase.
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Fig. 6. Diffractograms, a) 0 keV; b) 120 keV; ¢) 170 keV; d) 220 keV

Then, in samples with ionizing radiation energies of 120 keV, 170 keV,
and 220 keV, a diffractogram showed that the sample was not crystalline
(amorphous). The XRD diffractogram of irradiated SiO, samples at energies of
120 keV, 170 keV, and 220 keV, as shown in Figure 6, does not have the specific
and pointed peaks of samples with energies of 0 keV. The interaction of X-ray
with SiO> produces a photoelectric effect by not ruling out the possibility of a
Compton effect. The photoelectric effect will cause SiO> to experience an increase
in the number of electrons, and the addition of electrons will affect the structure of
Si0». Crystal structures that have become amorphous may produce content with
different chemical bonds than SiO, samples described in Section 3.2.

Among the various types of changes in crystal structure due to the
influence of X-ray ionizing radiation will cause defects in the SiO; crystal, as the
amount of X-ray energy intensity given will be proportional to the exponent of the
thickness or morphology of the crystal itself. The three energy ranges used are
enough to bombard the SiO: crystal so that a defect appears in the crystal,
changing the lattice angle from the total eight tetragonal lattice angles to the loss
resulting from the 20 diffractogram.

[ =17 (1)

The amorphous properties found in SiO> crystals will result in higher
thermal conductivity values compared to their crystalline structure. In addition,
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the strength of the material with amorphous properties will increase, and the
distance between the valence band and the conduction band in the gap band will
be closer. These three results are needed to produce better-quality semiconductor
materials.

3.2. Fourier Transform Infrared (FTIR) Result

Silica dioxide (SiOz) in this study has a peak spectrum at typical
wavelengths of 1057 cm™ and 1110 cm™ with symmetrical wave characteristics
due to molecular vibrations with large Gaussian numbers. After the shooting using
X-rays, the appearance of peaks at a certain wavelength change.

Based on Figure 7 and Table 1, in silica dioxide samples exposed to X-
rays at a voltage of 120 keV, the spectrum is disturbed so that small peaks
(resembling falls) in the spectrum range of 500-750 cm™. The large band around
3400 cm™! is due to the presence of the water. It might be possible that the samples
were not dried sufficiently, both the time and the temperature used. So, the SiO;
unvaporized perfectly.

In Si0, samples that are exposed to X-rays at voltages of 170 keV and 220
keV have similar spectrums. Similar measurement figures can be seen in the Si—
O-Si bond range and in the N—H bond range. This is due to the crystal effect that
undergoes a transition of shape to amorphous (defect); therefore, the molecule will
undergo vibration, which is irregular and moves freely at the degree of increase in
density, resulting in spectral melting. A new weak peak observed around 2314
cm ' in the FTIR spectra of irradiated SiO2 samples may indicate the formation of
carbon related species, such as C=C triple bonds or C=C double bond. High-
energy X-ray irradiation can induce bond breakage and defect formation,
potentially facilitating the incorporation of carbon fragments surface. Although
atmospheric CO: typically contributes signals in this region, the consistent
appearance of this peak following irradiation suggests that structural
modifications associated with irradiation cannot be entirely ruled out. Further
chemical analysis is required to definitively confirm the presence of carbon
radicals. This is due to the vibration (vibration) of the material, which experiences
increased sensitivity as the applied voltage increases. This effect appears at
voltages starting at 170 keV or in the range above 120 keV, so further research is
needed using voltages between the range of 120 keV to 170 keV to find out at
what voltage carbon radicals begin to appear and at what energy this effect ends.
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Fig. 7. Spectral results at separate dose variations

Table 1.
FTIR Results with Physical Characteristic
No | Wavelength (cm™) Bonding Function Cluster Name Information
1. 1110 Si—-0O Silica oxide Symmetric
2. 1057 Si—0-Si Silica dioxide Symmetric
3. 1653 C=0 Carbon dioxide Symmetric
4 2314 C=C / C=C Carbon triple bond/doub'le bond Asymmetric
(carbon related species)
5. 3348 O-H Trapped water that vaporized Symmetric
perfectly during drying processing

X-ray exposure also affects the chemical bonds in SiO> materials. The
increased energy in the range of 120 KeV to 220 KeV is not spared from the
occurrence of a Compton effect that can break Si—O and can be replaced by a new
unstable bond, for example, the C-C bond at a wavelength of 2314 cm!. These
radicals can affect the density of the material, in addition to the presence of
significant peak drops at high X-ray aircraft voltages, which also indicate that the
density level is getting bigger and causes the crystal to be very sensitive to
vibration (vibration). The increase in material density and the modification of
crystals into amorphous from the point of view of FTIR testing is very promising
for the use of this modified SiO; as a technologically advanced material in the
semiconductor field.
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3.3. Particle Sizer Analysis (PSA) Result
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Fig. 8. Particle size analyser result

The particle size analyzer (PSA) is used to investigate the extent to which
X-ray radiation affects the morphological state related to the size of the SiO»
crystal lattice. PSA measures SiO> particles using visible light on the green
spectrum, with a total reading of 90 times (D90), which is interpreted as an
average of 90 data spreads. This amount of data is intended to increase the level of
accuracy through the distribution of data from instrument readings.

From the available data, the higher the tension of the X-ray tube given to
the sample, the higher the particle size data, which means that in this study, the
tension is directly proportional to the particle size. The data on the sample with a
voltage value of 0 KeV (without X-rays being fired) shows data of 9896.64 nm
and an increase in particle size of 3.32 nm to the sample given X-ray radiation at a
voltage of 120 KeV, the difference in particle size decreases at a voltage of 170
KeV to 120 KeV, which is 1.33 nm, then the value decreases at a voltage of 170
KeV which causes the graph to appear sloping, This is in accordance with the
exponential principle of X to I so that it can be concluded that the higher the
voltage of the X-ray plane to radiate the SiO» sample, the larger the crystal
particles will be, this is suspected to be due to the occurrence of dislocations and
defects, as evidenced by the results of XRD and FTIR.

Actually, the amount of particles needed to become a good semiconductor
material is smaller particles because they have a high level of efficiency and
charge, but in terms of quality of the band gap, the larger particle size is
considered to be more profitable, in terms of the physical and chemical properties
above, it is necessary to carry out further specific tests to determine the level of
efficiency which includes, thermal conductivity, charge capacity, material
stability, as well as band gap.
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4. Conclusion

This study presents the results of characterization using an X-ray
diffractometer, Fourier transform infrared, and particle sizer analysis to determine
the success of SiO2 synthesis from NaySiO; and the effect of X-ray radiation on
the structure of SiO>. NaxSiOs; has been successfully fully converted to SiO».
Then, from the results of the XRD, it can also be known that X-ray radiation can
affect the structure of the crystals and turn them into an amorphous form. Our
findings prove that SiO2 can be obtained from Na>SiOsz, which can increase the
compound's functional value. X-ray radiation can also change the structure of
crystalline SiOz to amorphous SiO2,

Before X-Ray irradiation, it showed that the combined phase of crystallin
(tridymite and cristobalite) and amorphous of SiO,. While, after irradiation
processing, the intensity of amorphous SiO» is increased and the crystalline phase
is decrease drastically. It may cause that energy of X-Ray had broken the Si—O
bonds in the surface area and reform the crystalline form to amorphous phase.
This phenomenon is more advantageous in semiconductor applications. However,
further research is needed to determine and evaluate the material's thermal
conductivity, charge capacity, and stability.
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